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Summary 

SUMMARY 

Physical and biological characteristics of the Pacific Gas & Electric Company (PG&E) Diablo 

Canyon Power Plant (DCPP) discharge receiving waters were monitored from January 1999 

through December 1999 under Monitoring and Reporting Program 90-09 revised by the Central 

Coast Regional Water Quality Control Board (CCRWQCB) in February 1995. Comprehensive 

reports on the effects of the discharge on the marine environment have been previously submitted 

to the Board (Tenera 1997, Tenera 1999a, and Tenera 1999b). This report identifies new or 

continuing effects of the DCPP discharge on nearshore marine communities by qualitatively 

comparing the results from 1999 with results from the 1995-1998 study period in the most recent 

progress report (Tenera 1999b). These comparisons were made using graphical analyses of 

community composition and individual taxa, and multivariate analysis of community change.  

This report also contains the results of several special studies conducted during 1999.  

The Receiving Water Monitoring Program (RWMP) was reviewed by the CCRWQCB staff and 

their consultants in 1998, and as a result, several changes to the program were made and 

implemented in early 1999. The changes primarily consisted of expanding the frequency of 

sampling for the biological tasks from two times per year to four times, adding some stations to 

each study, and eliminating the separate studies for black and red abalone and dissolved oxygen.  

Although specific studies for black and red abalone were eliminated from the program, abalone 

continued to be sampled as part of the intertidal horizontal band transect and subtidal benthic 

studies.  

Seawater Temperatures 

As part of the Receiving Water Monitoring Program (RWMP) we collected data on ambient 

seawater temperatures during 1999 to describe natural variability. The oceanographic conditions 

in 1999 produced the coldest mean annual ambient seawater temperatures since plant operation 

began. The cooler seawater temperatures were partially the result of strong northwesterly winds 

that persisted from March through July. The winds resulted in upwelling of cooler deeper 

seawater to the surface along the coast, producing ideal conditions for the growth of kelp and 

other marine algae. The cool water temperatures during 1999 were a continuation of La Nifla 
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conditions that began during the later portion of 1998. Cooler La Nifla conditions commonly 

follow warm water El Nifuo conditions associated with the El Niflo Southern Oscillation (ENSO).  

The temperature of the DCPP cooling water discharge varies with ambient intake temperature, 

electrical generation heat load, condenser cooling efficiency, and other operating conditions of 

the power plant. Although these factors caused variation in absolute seawater temperature at the 

point of discharge, discharge delta-T* values (difference from ambient measured at the intake) 

remained relatively steady over the year at about 1 I C (=20*F). Average annual delta-T* has 

increased approximately 1.0-2.01C since plant operations began. Corrective maintenance to plant 

equipment in spring 1994 stabilized delta-TF, but since 1996 the delta-TF has increased to levels 

observed prior to 1994.  

Monthly mean intertidal and shallow subtidal seawater temperatures at North and South Diablo 

Cove, and South Diablo Point stations were elevated due to the discharge during 1999.  

Temperature increases due to the discharge detected at South Diablo Point and Field's Cove 

stations were less than temperatures recorded in Diablo Cove. The frequency and magnitude of 

delta-TF values at both the intertidal and subtidal stations in North Diablo Cove increased during 

1999 from previous years of operation. This may have been caused by the extensive canopy of 

giant kelp in the north channel of Diablo Cove that restricted flow out of the channel and 

increased the residence time of the plume in North Diablo Cove. As was typical of most years of 

plant operation, monthly mean delta-TF values in South Diablo Cove were greater than the values 

in North Diablo Cove during the winter and early spring months when strong northwesterly 

winds may move the surface plume into South Diablo Cove. Results from deeper (-8 m and -10 

m) subtidal stations in Diablo Cove show that plume contact is intermittent at these depths.  

Additional temperature monitoring was conducted at 13 intertidal and 6 subtidal temperature 

recorders in Field's Cove starting in summer 1997. The purpose of the additional intertidal 

monitoring was to provide more complete documentation on the extent and magnitude of delta

TF north of Diablo Cove. The subtidal recorders were used to collect data that was to be used in 

verification of a model of the dispersion of the plume in Field's Cove. Results for the subtidal 

data are only presented in the appendices as daily mean temperatures because large gaps in the 

data records made analysis and comparison of results among stations difficult. Results for the 

intertidal stations showed that average delta-*T was less than 1.0C throughout Field's Cove. The 

maximum average delta-*T and maximum temperatures occurred in the most protected area of 

TEN ERA E2000-072.3 S-2 RWMP 1999 Annual Report 
9,28/00



Summary 

Field's Cove. This area of Field's Cove is shallow and less subject to wave-generated turbulence.  

These factors may result in ambient conditions that are naturally warmer than the control station 

temperatures. Average delta-°T values were lower in the northern parts of Field's Cove that are 

furthest from Diablo Cove and more exposed to winds and waves.  

Biological Studies 

We collected and analyzed data to compare the abundances of intertidal and subtidal algae, 

invertebrates, and fishes in discharge and control areas. The sampling methods used for the 

RWMP were identical to those used since the studies first began in 1976. An array of stations 

inside and outside Diablo Cove were sampled during the 1999 study period.  

Intertidal Algae 

Effects of the discharge on the algal communities in Diablo and Field's Coves continued during 

1999. Algal abundances remain low in Diablo Cove compared to pre-operational levels and to 

areas outside the influence of the discharge. Several of the same species that have declined in 

Diablo Cove have also declined at South Diablo Point, which was not sampled between 1995 and 

1999. Total algal cover, which was slowly declining at the South Diablo Point stations prior to 

1995 during plant operation, has continued to decline during the period of time the stations were 

not sampled and is now at the lowest levels recorded at those stations.  

Discharge effects in Field's Cove for certain temperature sensitive species were more variable 

with decreases in Mazzaellaflaccida, variable patterns among stations for the rockweed Pelvetia 

(=Silvetia) compressa, and increases in the feather boa kelp (Egregia menziesit). Dense stands of 

temperature-sensitive oar kelp (Laminaria setchelli) were also observed emerging above the 

water line at low tide in all areas fringing the southern shore of Field's Cove. These results 

indicate that Field's Cove represents an area with much reduced discharge effects compared to 

Diablo Cove.  

Intertidal Invertebrates 

The intertidal invertebrate communities monitored were variable within and among areas in 1999 

relative to previous years. In general, the intertidal invertebrate community of Diablo Cove 
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continued to be characterized by large populations of grazing limpets, filter feeding barnacles, 

and patchy areas of purple urchins, relative to control sites. Multivariate analysis showed 

community composition in Field's Cove was more similar to control areas for the upper tidal 

elevation transects and more similar to Diablo Cove at the lower tidal elevation. Abundances of 

species varied substantially between all three areas. Community composition at South Diablo 

Point has always differed substantially from the other areas because it is exposed to much greater 

wave action. Changes at South Diablo Point following power plant start-up were characterized 

by large increases in several invertebrate species including Mytilus californianus (California 

mussel), Strongylocentrotuspurpuratus (purple sea urchins), Tetraclita rubescens (volcano 

barnacle), and Anthopleura elegantissima (aggregating anemone). These species have colonized 

much of the bare space available in the area that has occurred with the decline in foliose algae.  

This bare space may be maintained by the abundant sea urchins.  

Intertidal Fishes 

Two new control stations north and south of Diablo Cove were established during 1999. Fish 

abundance and diversity at these stations were high relative to the Diablo Cove and Field's Cove 

stations. Whereas total fish abundance at the Field's Cove station increased in 1999 relative to 

the previous period, abundances continued to decline in Diablo Cove. A total of 3 fish were 

observed during four surveys at the North Diablo Cove station. The diversity of taxa at the South 

Diablo Cove station has also declined from previous periods. Although, the majority of the fishes 

observed at the station have been juvenile Xiphister spp. (pricklebacks) larger individuals of 

these have not increased at the two Diablo Cove stations despite continued recruitment into the 

cove.  

Subtidal Algae 

Changes in the subtidal algal community in Diablo Cove that occurred following power plant 

start-up continued during 1999, including further increases in giant kelp. Giant kelp increased in 

1999 to the highest levels of abundance recorded in the study. The large increase resulted from 

oceanographic conditions that were favorable to its growth. Documented increases in giant kelp 

in southern California in 1999 were associated with cooler seawater temperatures and abundant 

nutrients due to upwelling. Oceanographic conditions also resulted in large increases in the 

abundances of both giant and bull kelp outside Diablo Cove. Increases in subeanopy kelps 
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(Pterygophora californica and Laminaria setchelli) also occurred at the Field's Cove and South 

Control stations during 1999. Kelp populations in these areas have historically consisted of 

surface bull kelp and these two subcanopy species. Similar increases were not observed at the 

Diablo Cove stations. These subcanopy kelps have not been tolerant of the warmer seawater 

temperatures in the shallow portions of Diablo Cove and have declined at these stations during 

power plant operation. Many of the changes in other benthic algal taxa in Diablo Cove were 

likely influenced by continuing changes in the surface kelp canopy.  

Subtidal Invertebrates 

Invertebrate assemblages and individual taxa at subtidal stations in Diablo Cove showed 

continuing changes due to the discharge during 1999. Most notably, several species of marine 

snails continued to decrease and purple sea urchins continued to increase. In contrast to Diablo 

Cove, abundances of most invertebrate taxa remained unchanged at the Field's Cove and control 

area stations. Although a few taxa in Field's Cove had changes in abundance that paralleled the 

patterns of change observed for those species in Diablo Cove, other taxa that have declined in 

Diablo Cove (e.g. Tegula brunnea, brown turban snail) have increased in Field's Cove. These 

K>f results indicate that discharge effects in Field's Cove are much reduced in magnitude from 

effects observed in Diablo Cove.  

Subtidal Fishes 

Subtidal fish observation results for 1999 generally reflect a continuation of the same patterns 

described from previous periods of power plant operation. Oxyjulis californica (sefiorita) 

continued to be the numerical dominant in nearly all areas. Warm-temperate species remained 

common in North Diablo Cove, but occurred in limited abundance elsewhere in the vicinity of 

DCPP. New fish transects in Field's Cove were sampled for the first time in 1999, and it 

appeared that bathymetry, kelp coverage, and water temperatures on the transects were conducive 

to rockfish settlement. Fish abundance and composition in Field's Cove might be expected to 

closely resemble South Control stations, because it is located outside the direct influence of the 

thermal discharge. While, species richness (number of species) and total counts of fishes in 

Field's Cove were less than those in South Control on benthic transects, it is likely that these 

differences would not prove statistically significant because of high natural variability associated 

with the estimates. Juvenile bocaccio rockfish, which have not been observed in the area for 
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several years, occurred in substantial numbers on the transects in Field's Cove. Jack mackerel, a 

migratory species with the majority of their distribution centered in cool-temperate waters, ¼,) 

occurred in relatively high abundance in North Diablo Cove. Their appearance could be related 

to the cooler water temperatures during 1999.  

Special Studies 

The 1999 Annual Report also presents results from several special studies conducted during the 

year. These are included as appendices in the report and their findings are briefly summarized 

below.  

Shell Debris Deposition 

Fragments of shell debris from the biofouling assemblage (e.g., barnacles and mussels) growing 

in the Diablo Canyon Power Plant cooling water system are discharged into Diablo Cove with 

the effluent. A study on shell debris deposition was required by an amendment to the plant's 

NPDES permit. The amendment required a study to determine the effects of shell debris, 

generated by the discharge on the Diablo Cove environment.  

Areas where the shell debris settles and accumulates in the cove were mapped by visually 

estimating the coverage of shell debris along a series of transects perpendicular to the shoreline 

near the discharge structure. Sampling was done during a refueling outage when two of the four 

circulating water pumps were shut down to allow access to areas near the discharge that are too 

turbulent to sample during normal pump operation. We observed that most of the shell debris 

accumulates in a natural channel that extends out from the discharge structure. Recently 

dislodged shell debris was observed scattered in the channel after the refueling outage, but all 

shell debris was dispersed after subsequent storm activity. Ocean swells caused the shell debris 

to be broken into smaller fragments that then mixed with sand and natural shell sediments from 

the surrounding area. The areas affected by shell debris are not biologically diverse due to the 

unstable substrata from constant motion of waves and currents. However, shell debris containing 

the remains of biofouling organisms does appear to attract round rays, leopard sharks, bat rays, 

and bony fishes that forage on this supplemental food supply in and around the turbulent 

discharge zone.  
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Surfgrass Survey 

A surfgrass study on the abundance and condition of surfgrass and associated organisms was 

conducted in winter of 1999 in response to a review of ongoing monitoring programs by 

consultants for the CCRWQCB. Stations were established at the remaining surfgrass beds in 

Diablo Cove, Field's Cove, and North and South Control areas.  

Storms associated with the 1983 El Nifto had initially reduced surfgrass abundance in Diablo 

Cove to small beds in North and South Diablo Cove. Surfgrass beds formed a nearly continuous 

band around the perimeter of Diablo Cove from the low intertidal (ca. 0.0 m MLLW) into the 

shallow subtidal (ca. -3.0 m MLLW) prior to 1983. The variation in the abundance of surfgrass at 

our intertidal stations in Diablo Cove was greater than control areas in the pre-operational period.  

Our lowest transect elevation is +0.3 m MLLW and the increased variation may be due to 

differences in habitat in Diablo Cove that have a greater affect on coverage estimates when 

sampling at the upper extremes of the vertical distribution of surfgrass. Results of the 1999 

survey indicated that the density and size of surfgrass blades in Diablo Cove were reduced in 

comparison to other areas. This may affect seed production and reduce the potential for 

recruitment and recovery in Diablo Cove. Invertebrate species richness, measured as the number 

of species present, was lowest in Diablo Cove. With the exception of Tecturapalacea, a small 

grazing limpet that is an obligate on surfgrass blades, no invertebrates sampled were unique to 

surfgrass habitat.  

Effects of the DCPP Discharge on Bull Kelp 

Quantitative sampling was conducted to describe the magnitude, timing, and spatial extent of 

early senescence in the bull kelp population during 1999 as a function of decreasing temperature 

associated with increasing distance from the DCPP discharge structure. Surveys were done once 

per month from July through December along surface and underwater transects located at various 

distances from the discharge structure. While much of the bull kelp population was still present 

outside Diablo Cove in December, plants inside Diablo Cove showed deterioration as early as 

July and were gone by September. Individual bull kelp plants showing signs of early senescence 

were also present outside Diablo Cove in areas contacted by the discharge (i.e., near North 

Diablo Point, South Diablo Point, offshore of Diablo Rock, and in Field's Cove). However, bull 

kelp at these locations co-occurred with healthy kelp plants. Bull kelp plants in control areas 

appeared normal throughout the year. The spatial extent of early senescence in 1999 was 
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considerably less than the maximum extent observed in 1987 when early senescence of bull kelp 

was observed as far northward as Lion Rock. The spatial extent of effects in 1987 was the result 

of higher discharge temperatures associated with the warmer ambient water temperatures during 

the 1987 El Niflo.  

Discharge Effects along Subtidal Depth Gradients 

Diver surveys were conducted along a series of transects to document the composition and 

abundances of invertebrates and algae in relation to water depth and distance from the DCPP 

cooling water discharge structure. Earlier studies had described statistically significant changes 

among various taxa to depths of at least -5 m MLLW in Diablo Cove that were attributed to plant 

operation, but potential changes at greater depths had not been documented. The purpose of this 

study was to use a gradient study design to examine spatial abundance patterns of benthic taxa in 

Diablo Cove and Field's Cove. We found that the distribution and abundance of laminarian kelps 

(Pterygophora californica and Laminaria setchelli) and shelled gastropods (Tegulda spp.) were 

good indicators of the extent of power plant effects on the subtidal community. Both kelp species 

were nearly absent to depths of approximately -5 m ft at our stations in Diablo Cove, but were 

relatively abundant at this depth in neighboring Field's Cove. The North Channel of Diablo Cove ¼, 

had intermediate densities of these species. At a depth of approximately -6.5 m in Diablo Cove 

laminarian kelps were more abundant, with maximum densities occurring at depths of 

approximately 9-11 m. The kelp densities in Field's Cove at the 9-11 m depth range were 

equivalent to those of Diablo Cove. Shelled gastropods, especially the brown turban snail 

(Tegula brwrnea), were more abundant at all depths outside of Diablo Cove. Analysis of 

covariance found statistically significant relationships between abundance and depth or area for 

several of the more abundant taxa. The distributions of uncommon taxa were too patchy to draw 

conclusions about potential discharge effects. Data from the gradient study suggested that some 

subtidal species that in earlier studies had been found to be significantly affected by thermal 

discharges in Diablo Cove at depths less than 5 m, appeared to be unaffected at greater depths in 

Diablo Cove, and remained abundant at all depths in Field's Cove. This is consistent with results 

of temperature monitoring that show little effect of the plume at deeper depths.  
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1.0 INTRODUCTION 

Monitoring of the marine environment near the Diablo Canyon Power Plant (DCPP) was 

conducted from January 1999 through December 1999 as required by National Pollutant 

Discharge Elimination System (NPDES) Permit Order No. 90-09 revised in February 1995 by 

the Central Coast Regional Water Quality Control Board (CCRWQCB). Changes in the marine 

environment in the vicinity of DCPP are monitored by the Receiving Water Monitoring Program 

(RWMP) in accordance with the NPDES Permit to detect effects of the plant's cooling water 

discharge. This report describes new or continuing effects of the DCPP discharge on nearshore 

marine communities observed during 1999.  

Nearshore communities of DCPP have been monitored and reported on since 1976. Results from 

1976 through June 1995 were presented in the Thermal Effects Monitoring Program (TEMP) 

Analysis Report (Tenera 1997). This report contained comprehensive analyses and descriptions 

of changes in the receiving water community resulting from the DCPP discharge. Three semi

annual reports (PG&E 1996a, 1996b, 1997) presented data collected in the RWMP from July 

1995 through December 1996. Two comprehensive reports on the RWMP results from 1995

1997 (Receiving Water Monitoring Program - 1995-1997 Progress Report) and from 1995-1998 

(Receiving Water Monitoring Program - 1995-1998 Progress Report) described new or 

continuing changes resulting from the discharge that occurred after the completion of the TEMP 

(Tenera 1999a, 1999b). These reports have described changes resulting from the discharge in 

both the intertidal and subtidal marine communities. Changes were greatest in magnitude in the 

intertidal and shallow subtidal areas of Diablo Cove. Changes of lesser magnitude were detected 

in the intertidal areas of South Diablo Point and in Field's Cove to the north of Diablo Cove.  

The previous report for the 1995-1998 period (Tenera 1999b) partitioned the operation period 

into two sub-periods: 

" 'OpPeriod- 1' - January 1987 through June 1995 

"O 'pPeriod-2' - July 1995 through December 1998 

Changes between these two periods were used to identify new or continuing effects of the DCPP 

discharge. Changes that may represent new or continuing effects of the discharge are identified 
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in this current report by comparing changes identified in the 1995-1998 Progress Report to 
changes detected during 1999. In this report we identify changes in previous patterns of ".,.  
abundances, but attributing these to effects of the discharge is difficult with only the 1999 year of 
additional data for comparison. The large natural variation in many of these populations can 
cause large interannual changes in abundance that are not necessarily a result of the discharge. In 
addition, variation in any one year may appear reduced when they are averaged over several 

years.  

1.1 Study Design and Analysis 

Stations contacted by the discharge plume (discharge stations) were compared with control 
stations to determine if observed changes exceeded natural variation and could be the result of 
effects from the discharge. The study area extends from Point Buchon to Point San Luis 
(Figure 1-1). Within the study area, stations were located in the areas of Diablo Cove and Field's 
Cove that were exposed to the thermal discharge and in control areas beyond the influence of the 
discharge. Ambient water temperatures and abundances of organisms at control area stations 

(control stations) provided baseline information on natural changes.  

The RWMP was reviewed by the CCRWQCB staff and their consultants in 1998 and as a result 
several changes to the program were made and implemented in early 1999. Table 1-1 shows the 
study components and sampling frequency of the RWMP for 1998. Changes to the program that 
were agreed to at the RWMP review and presented in a December 9, 1998 letter from the 
CCRWQCB resulted in the program presented in Table 1-2. The changes primarily consisted of 
expanding the frequency of sampling for the biological tasks from two times per year to four 
times, adding some stations to each study, and eliminating the separate studies for black and red 
abalone and dissolved oxygen. Although specific studies for black and red abalone were 
eliminated from the program, abalone are still sampled as part of the continuing intertidal 
horizontal band transect and subtidal benthic studies. In response to the December 9, 1998 letter 
from the CCRWQCB, PG&E verified and agreed to these program changes in a letter dated 

January 8, 1999.  
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Figure 1-1. Location of the Diablo Canyon Power Plant.
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Table 1-1. Tasks, stations, and frequency of surveys for the DCPP 
Receiving Water Monitoring Program, 1995-1998.  

Task and Sampling Frequency Stations 
Intertidal Horizontal Band Transects (algae, invertebrates, substrate) 

2 surveys per year NC-I, NDC-2, NDC-3, SDC-I, SDC-3, SC-i 

4 surveys per year FC-l, FC-2, FC-3 

Intertidal Vertical Band Transects (algae, invertebrates, fishes, substrate) 

I survey per year NDC I-V, SDC 2-V 

4 surveys per year FC I-V 

Intertidal Black Abalone Census (abalone, substrate) 

I survey per year 10 - 100 m transects 

I survey per year 10 -2x10 m transects 

Subtidal Benthic Stations (algae, invertebrates, substrate) 

2 surveys per year NDC 3 -3m4 NDC 4 -4m, NDC 6 -3m, SDC 2 -3m, SDC 3 4m 1, SC I -3m 

4 surveys per year FC I -3m, FC 2 -9m 

Subtidal Fish Assessment (fishes) 

2 surveys per year NDC FO-I, 2,3; SDC FO-I, 2,3; SC FO-I, 2,3 

Subtidal Red Abalone Census (abalone, macroinvertebrates) 

2 surveys per year 20 sta. (Diablo Cove) + 10 sta. (Field's Cove and South Control combined) 

Habitat-Forming Kelp Survey (bull kelp, giant kelp) 

1 survey per year Diablo Cove 

Physical Oceanographic Monitoring 

Intertidal Temperatures (every 20 min) NC-I, NC-2, NDC-2, NDC-3, SDC-I, SDC-3, SC-I 

Subtidal Temperatures (every 20 min) [-3 m] NC 1, FC I, NDC 3, NDC 6, SDC 1, SC I; 

[4 m] NDC 4, S•C 4 
Dissolved Oxygen (4 surveys per year) [-3 ml NC 1, FC I, NDC 3, NDC 6, SDC I, SC I; 

[-4 m] NDC 4, SDC 4 

1.1.1 Analytical Comparison with Previous Results 

Results for 1999 presented in this report were compared qualitatively with statistical results from 
the 1995-1998 Progress Report to determine if the new or continuing effects of the discharge 

identified in that report had continued in 1999. These comparisons were done using graphical 

analyses of community composition and individual taxa, and multivariate analysis of community 

change. The community comparisons used the same set of stations analyzed for the 1995-1998 

Progress Report and did not include stations that were newly sampled in 1999. Graphs of 

individual taxa abundances are presented for all the stations sampled in 1999 and show the 

interruptions in sampling at these stations.  
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Table 1-2. Tasks, stations, and frequency of surveys for the DCPP Receiving Water Monitoring 
Program, 1999. Note: Stations added to the program in 1999 are highlighted as bold text.  

Task and Sampling Frequency Stations 
Intertidal Horizontal Band Transects (algae, invertebrates, substrate) 

4 surveys per year NC-I, FC-I, FC-2, FC-3, NDC-2, NDC-3, SDC-I, SDC-3. SC-I 

4 surveys per year NC-2. NDC-I, SDC-2, SDP-1, SDP-2 

Intertidal Vertical Band Transects (fishes) 

4 survey per year FC I-V, NDC I-V, SDC 2-V 

4 surveys per year NC I-V, SC I-V 

Subtidal Benthic Stations (algae, invertebrates, substrate) 

4 surveys per year FC I -3m. NDC 3 -3m, NDC 4 4m, SDC 2 -3m, SDC 3 -4m 1, SC I -3m 
4 surveys per year NDC 2 -3m, SC 2 -6m 

Subtidal Fish Assessment (fishes) 

4 surveys per year NDC FO-I, 2,3,4; SDC FO-I, 2,3; SC FO-I, 2,3 

4 surveys per year FC FO-1, 2,3 

Habitat-Forming Kelp Survey (bull kelp, giant kelp) 

I survey per year Diablo Cove 

Physical Oceanographic Monitoring 

Intertidal Temperatures (every 20 min) NC-I, -2, FC-I, -2, -3, NDC-I, -2, -3, SDC-l, -2, -3, SDP-1, -2, SC-I, SCI-V 

Subtidal Temperatures (every 20 min) [-3 ml NC 1, FC 1, NDC 2, NDC 3, SDC 1, SC 1; 

[-4 m] NDC 4, SDC 4 

[-6 m] SC 2 

Multivariate statistical methods are useful for characterizing communities and measuring 

responses of communities to natural and human-induced disturbances (Boesch 1977; Green 

1979). These methods provide representations of community structure and dynamics that can be 
examined for spatial and temporal responses to disturbances or ecological interactions (Ardisson 
et al. 1990; Gray et al. 1990; Agard et al. 1993; Olsgard and Gray 1995). Correspondence 

analysis (CA) was used in this report to summarize and contrast community changes over tinme at 
control and plume-contacted areas (Greenacre 1984; Digby and Kempton 1987; ter Braak 1987).  

The occurrence of rare taxa within a sample can distort the results of CA, therefore, an analysis 
was done for each study to eliminate rare taxa. Only those taxa that comprised the majority (95 

or 99 percent) of the total abundance and that occurred in a majority (80 or 90 percent) of the 

surveys were used in the analyses. Data for some of the studies were log transformed (log[x+ 1]) 

prior to analysis to compensate for scale differences among taxa that can occur when both count 
and coverage data are used in the analysis, or when there are large counts for some taxa. Annual 

means for the period of 1990 through 1999 were computed and analyzed using CA to derive 
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annual survey and taxa scores. Only these years were analyzed in order to eliminate variation due 

to the initial effects of the discharge. CA annual survey and taxa scores were plotted to examine 

contrasting patterns of temporal variation among discharge and control stations.  

1.1.2 Species Identifications and Coding 

We used the terms "taxon" and "species" interchangeably in this report. "Taxon" is a more 

general term that may refer to a single species or to several species grouped together. Although 

most organisms were identified to the species level during the RWMP study, some species were 
grouped for analysis if they were closely related and difficult to distinguish or if they formed a 
logical ecological grouping such as filamentous algae. For example, various species of the algae 

Farlowia and Pikea that are usually identified individually in the field were combined for 

analysis due to known difficulties in identifying these species.  

1.2 Report Format 

Sections 1 and 2 of this report provide background information and physical data relevant to the 
biological results presented in subsequent sections. Methods of the intertidal and subtidal 

biological studies followed by their results and discussion are detailed in Sections 3 and 4. A list 

of literature cited in this report is contained in Section 5.  

Appendices following Section 5 comprise the Special Studies and summaries of the temperature 

and biological data for all study tasks and taxa. The Special Studies include:

"* APPENDIX A 

"* APPENDIX B 

"* APPENDIX C 

* APPENDIX D 

TENERA E2000-072.3

Shell Debris Deposition from the DCPP Discharge 

1999 Surfgrass Survey 

Effects of the DCPP Discharge on Bull Kelp (Nereocystis): 

Results of the 1999 Survey 

Discharge Effects on Selected Algae and Invertebrates along 

Subtidal Depth Gradients in Diablo Cove, North Channel, 

and Field's Cove
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Meteorological conditions during the study period were recorded daily and are archived at the 

Diablo Canyon Power Plant oceanographic laboratory. The Special Studies in Appendices A-D 

contain complete Introduction, Methods, Results, and Discussion of preliminary studies 

conducted in the waters around DCPP. These preliminary studies were conducted at the request 

of the CCRWQCB and their consultants. The study plans (included in these appendices) reflect 

discussions and comments of the CCRWQCB and their consultants.
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2.0 POWER PLANT OPERATIONS AND 
TEMPERATURE MONITORING 

This section provides a basic explanation of the design and operation of the cooling water system 

at DCPP and describes its effect on ocean temperatures in the vicinity of the power plant during 

1999 and prior years of operation.  

2.1 Power Plant Operations and Discharge Temperatures 

The main cooling systems at DCPP condense steam from the turbine-power cycle of the plant 

and discharge heated seawater from the system into Diablo Cove. Two independent generation 

units with separate systems of intake and discharge conduits share the same intake structure and 

discharge location (Figure 1-1). During normal operation, two circulating water pumps (CWP) 

for each unit draw seawater from the Intake Cove through the Unit I and Unit 2 shoreline 

intakes. The seawater is pumped through thousands of I inch diameter, 40 foot long titanium 

tubes in the condensers of each power plant unit. High-pressure steam passes over the array of 

tubes and re-condenses in the power plant's secondary cooling loop. The manufacturer's 

estimated average flow rate of each CWP is 433,500 gallons per minute. The combined flow for 

both units and all four CWPs is 2.5 billion gallons per day at maximum capacity. Flow rates are 

less when CWPs are taken out of service during maintenance and refueling outages (Figure 2

1a). Both units went through refueling outages during 1999 (Table 2-1).  

Table 2-1. DCPP refueling outage dates and duration, 1999.  

Unit Start Date End Date Duration (days) 
I 07 Feb 99 15 Mar 99 35 
2 26 Sep 99 27 Oct 99 32 

Discharge temperatures are higher than ambient ocean temperatures (Figure 2-1b) because heat 

is transferred to the flowing seawater from steam in the secondary coolant loop that is cooled 

when it contacts the condenser tubes. The resulting liquid-water condensate returns to the steam 

generator to sustain the power cycle. The warmed seawater then exits the condenser and 

discharges into the ocean at the shoreline of Diablo Cove. The resulting discharge water 

temperature is about 11 C (-t20*F) wanner than the incoming seawater. The first warm-water 

discharges from DCPP began intermittently in 1984 with start-up testing of Unit 1. Commercial 

(full power) operation of Unit 1 began in May 1985 and Unit 2 began in March 1986.  
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Figure 2-1. Power plant discharge characteristics. (a) Daily discharge flow volumes. (b) Monthly intake and 
discharge temperatures. (c) Monthly differences between intake and discharge temperatures (delta-T. values).  
Data in b and c are averages of daily temperature values with dotted lines being the highest and lowest daily 
temperature values by month. Data were from monthly and annual NPDES reports submitted by PG&E to the 
RWQCB.
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The amount of temperature rise at the point of discharge (delta-T°) (Figure 2-1c) varies 

depending on electrical generation heat load, pump flow (Figure 2-1a), ambient intake 

temperatures (Figure 2-1b), condenser cooling efficiency, and other operating conditions of the 

power plant. Discharge temperatures are lower during curtailments (periods of less than 100% 

power production) and during outages (periods of no power generation) if the CWPs remain 

operational for the unit that is out of service. Warmest ambient temperatures normally occur in 

fall (approximately 15°C or 59°F) and coolest ambient temperatures normally occur in late spring 

(approximately 11 C or 48°F). Throughout the commercial operation of DCPP, several 

oceanographic events have altered this normal temperature pattern. Warm water periods 

associated with El Nifio Southern Oscillation (ENSO) punctuated the operational period in 1986

88, 1990-95, and 1997-98 while cooler periods resulting from La Nifla events occurred in 1984

85, 1988-89, 1995-97, and 1998-99 (Figure 2-2, Table 2-2). Over the 15 years of operation the 

warmest monthly mean ambient (17.21C or 63°F) and discharge temperatures (28°C or 82°F) 

occurred in November 1997 (Figure 2-1b).  

The coolest monthly ambient temperatures 

(9.7°C or 49.5°F) occurred in May 1991 1 .58 

(Figure 2-1b). These deviations from long- 13-- -- - - - 56 

12- 54 
term average ambient temperatures (12.9*C 11 52= 
or 55.2°F) reflect the influences that global 10. . .... ... so 

1M 197 1989 199 193 ;19 1997 19 
changes in tropical weather patterns can 

Figure 2-2. Annual mean ambient temperatures at the 
have on local oceanic phenomena (Chavez DCPP intake 1985-1999 
1999). (Source: http://wwwnpg/businfo/environmental.htm).  

The oceanographic conditions in 1999 resulted in the coldest mean annual ambient seawater 

temperatures since plant operation began (Figure 2-2). The cooler seawater temperatures were 

partially the result of strong northwesterly winds that persisted from March through June and 

July. This is shown in Figure 2-1b by the low intake temperatures that persisted for a much 

longer time period than previous years. The winds resulted in upwelling of cooler deeper 

seawater to the surface along the coast, producing ideal conditions for the growth of kelp and 

other marine algae.  
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Table 2-2. Presence and relative magnitude of El Nifto (W) and La Nifla (C) 
events from 1984 through 1999 in the tropical Pacific: relatively strong events are 
noted with (+), relatively weak events with (-), and C* denotes anomalously warm 
La Nifla conditions postulated by Schwing et al. (1997). Blank cells (e.g. in 4th 
quarter of 1999) represent non-ENSO (= normal) periods. Table combines data 
from Schwing et al. (1997) and the NOAA ensoyears.html page at www.noaa.gov.  

Year I" Quarter 2 -d Quarter 3 rd Quarter 4&' Quarter 

1984 C- C- C
1985 C- C
1986 W- W 
1987 W W W+ W 
1988 W- C- C+ 
1989 C+ C
1990 W- W
1991 W- W- W W 
1992 W+ W+ W- W
1993 W- W W W
1994 W W 
1995 W C
1996 C* C* C* C* 
1997 C* W W+ W+ 
1998 W+ W C- C 
1999 C+ C C-

DCPP thermal discharges have modified the temperature regime in portions of Diablo Cove over 

the past 15 years. Discharge flows, temperatures, and delta-T* values varied considerably due to 

star-up testing of both units and lengthy 

refueling outages. There was a slow rise in delta
Table 2-3. Annual mean discharge delta

T* values from 1988 to 1994 (Figure 2-1c) as TOC. Calculations of annual mean only 
includes data when pumps for both units 

plant components aged. Corrective maintenance were operating. Although the plant began 
to plant equipment in spring 1994 stabilized the operation earlier, 1987 was the first year 

with continuous operation of both units.  
pattern, but since 1996 this trend of slightly Year Annual Mean delta-TOC 

increasing discharge delta-T* temperatures has 1987 8.87 

reoccurred (Table 2-3). In 1999, intake and 1988 8.01 
1989 10.02 

discharge temperatures were lower from prior 1990 10.08 

years due to oceanographic conditions. However, 1991 9.90 
1992 10.41 

delta-T* temperatures were higher, based on 
1993 10.77 

times when all circulating pumps were in 1994 10.32 

operation (Table 2-3). 1995 10.58 
1996 10.34 
1997 10.42 

Since 1996, the DCPP Unit 1 and Unit 2 fuel 1998 10.63 
1998 10.63 

cycles have been extended to a total of 21 1999 10.90 

months from a previous cycle duration of 18 
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months. Therefore, each unit's fuel cycle lasted about 100 days longer in 1997-1999 than in 

previous years. Accompanying these longer cycles, the duration of refueling outages has 

decreased. Initially lasting over 100 days, recent outages have been completed in about 33 days.  

The longer fuel cycles and shorter outages better balance discharge volumes and temperatures, 

helping to stabilize the thermal regime in the discharge cove.
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2.2 Receiving Water Temperature Monitoring 

Ocean temperatures were measured continuously at permanent stations in the vicinity of the 

DCPP thermal discharge. This section explains the methods (including instrumentation and study 
sites) used for measuring temperatures, presents the results for the temperature monitoring, and 

compares the 1999 temperature monitoring data with temperature measurements from previous 

years. This section also presents results from additional temperature monitoring conducted in 

Field's Cove to help determine the magnitude an spatial extent of discharge effects on seawater 

temperatures.  

2.2.1 Methods 

To characterize the effect of power plant operation on seawater temperature, instruments at 22 

permanent stations located along the Diablo coastline continually record temperature and 
monitor the extent of the thermal plume (Figures 2-3 and 24). Instruments, secured inside metal 
canisters for protection, record temperature data. The following 13 stations are near to the point 

of discharge in Diablo Cove and are contacted regularly by the discharge plume: 

* Intertidal (NDC-1, NDC-2, NDC-3, SDC-I, SDC-2, SDC-3, SDP-1, and SDP-2 ) 

* Subtidal (NDC 2-3m, NDC 3-3m, NDC 4-4m, SDC 1-3m, and SDC 3-4m) 

The following six stations are located in Field's Cove, approximately one kilometer upcoast of 

Diablo Cove: 

* Intertidal (FC-1, FC-2, FC-3 and SDP-1, SDP-2) 

• Subtidal (FC i-3m) 

The six following control stations measure ambient ocean temperatures at sites beyond the 

influence of the discharge: 

* Intertidal (NC-1, NC-2, SC-I and SC-IV) 

* Subtidal (NC I-3m, SC I -3m and SC 2 -6m) 

In addition, temperature units were installed for the first few months of 1999 at two deeper 

subtidal stations in Diablo Cove, SDC 5-1Om and NDC 5-8m. Temperature units at intertidal 

stations are located along the rocky shore at the +0.6 m mean lower low water (MLLW) 

elevation (Figure 2-3). Subtidal temperature recorders are located at depths from -3 to -6 m 

MLLW (Figure 2-4). The designation of individual stations reflects the area location and 
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Figure 2-3. Locations of intertidal temperature monitoring stations.

Figure 2-4. Locations of subtidal temperature monitoring stations.
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number, followed by the elevation or depth, relative to MLLW (e.g., NDC 1-3m is subtidal 

station I at North Diablo Cove at a depth of-3 m MLLW).  

Each instrument synchronously logs temperatures every 20 minutes throughout its deployment 

period. Instrument precision is 0.01 °C with an accuracy of ± 0.2°C. Temperature units are 

deployed at a station for approximately 60 days and then exchanged with a serviced unit.  

Intertidal temperature units record air temperatures when tidal levels recede below about +0.6 m 

MLLW. Air temperatures are not analyzed and were removed from the database by referencing 

concurrent tidal height measurements. The average temperature readings for the simultaneous 20

minute records at control stations are used to determine ambient temperature conditions for 

intertidal and subtidal areas separately. These average temperatures are used to compute the 

differences between ambient and both Diablo Cove and transition station temperatures (delta

T*). Delta-T* values are computed by subtracting the mean temperature for the pooled control 

stations, averaged for each 20 minute reading, from the corresponding temperature record (or 

temperature mean for multiple stations) for the discharge cove and transition stations. We 

summarize the data in this report as monthly means ±99 percentile values.  

2.2.2 Results 

Monthly mean temperatures recorded at intertidal and subtidal (-3 m MLLW) stations in North 

Diablo Cove, South Diablo Cove, South Diablo Point and Field's Cove (Figures 2-5a-d and 2

6a-e) illustrate the long-term pattern of receiving water temperatures and delta-To values before 

and during power plant operation. Prior to power plant start-up, water temperatures at the 

intertidal and shallow subtidal stations were similar to controls, except in the intertidal at South 

Diablo Cove (Figure 2-5b). Solar warming and low water circulation at South Diablo Cove 

likely caused seasonal temperatures to be naturally warmer than control station temperatures by 

as much as 21C (Figure 2-5b). After power plant start-up, delta-T* values increased at discharge 

cove and to a lesser extent at transition stations (Figures 2-5 and 2-6). Historically (1985-98), 

intertidal and shallow subtidal (-3 m MLLW) North Diablo Cove temperatures exceeded those at 

either South Diablo Cove or Field's Cove. Temperatures at shallow subtidal stations (-3 m 

MLLW) in South Diablo Cove exceeded those in other areas from January through May and in 

December. This pattern of warmer temperatures in South Diablo Cove during part of the year has 

been observed each year during plant operation.  
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Figure 2-5 (continued). Intertidal (+0.6 m MLLW) monthly mean temperatures and delta--T' values for 
the (a) North Diablo Cove, (b) South Diablo Cove, (c) South Diablo Point, and (d) Field's Cove stations.  
Dotted lines denote the highest and lowest 99 percentile values of recordings taken every 20 minutes in the 
month. Ambient temperatures were recorded at NC-2 and SC-I.
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Figure 2-6. Subtidal monthly mean temperatures and delta-T° values for (a) North Diablo Cove shallow, 
(b) South Diablo Cove shallow, (c) North Diablo Cove deep, (d) South Diablo Cove deep, and (e) Field's 
Cove shallow stations. Dotted lines denote the highest and lowest 99 percentile values of recordings taken 
every 20 minutes in the month. Ambient temperatures were recorded at NC-I and SC-I.
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Figure 2-6 (continued). Subtidal monthly mean temperatures and delta-T° values for (a) North Diablo 
Cove shallow, (b) South Diablo Cove shallow, (c) North Diablo Cove deep, (d) South Diablo Cove deep, 
and (e) Field's Cove shallow stations. Dotted lines denote the highest and lowest 99 percentile values of 
recordings taken every 20 minutes in the month. Ambient temperatures were recorded at NC-I and SC-I.
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Figure 2-6 (continued). Subtidal monthly mean temperatures and delta-T° values for (a) North Diablo 
Cove shallow, (b) South Diablo Cove shallow, (c) North Diablo Cove deep, (d) South Diablo Cove deep, 
and (e) Field's Cove shallow stations. Dotted lines denote the highest and lowest 99 percentile values of 
recordings taken every 20 minutes in the month. Ambient temperatures were recorded at NC-I and SC-I.  

Long-term increasing trends in temperature through 1999 are apparent at the intertidal and 

shallow subtidal stations at South Diablo Cove (Figure 2-Sb) and South Diablo Point (Figure 2

5c). These trends probably reflect the rising discharge temperature delta-T* that was first 

observed from 1990 through 1994 but has now reoccurred since 1996 (Table 2-3). Although 

monthly mean discharge delta-T* averaged close to I I C during 1999 (Figure 2-1c), monthly 

mean delta-T* at all the intertidal and subtidal stations in Diablo Cove are less, never exceeding 

about 6*C and averaging about 4*C (Figures 2-5 and -6). In 1999, the delta-T* values in North 

Diablo Cove were close to 60C for an extended period.  

Equipment failure occasionally prevented collection of temperature data at some subtidal and 

intertidal stations. A complete summary of temperature data for each station is presented in 

Appendix G.  
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2.2 Receiving Water Temperature Monitoring

Intertidal Temperatures 

Monthly mean intertidal seawater 14 Control (ambient) 
temperatures exceeded ambient at 12

North and South Diablo Cove, and a South Diablo Cove 

South Diablo Point stations (Figure 2- ID 6.; -----------

7) throughout 1999. This continued the 2- SD 0 . . . . . . .-o oy '' 
pattern evident since power plant start- Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

up in 1985 (Figure 2-5a,b and c). 1999 
Figure 2-7. Monthly mean ambient temperatures at intertidal Increased delta-T* at the North Diablo control stations and monthly mean temperatures above ambient 
(delta-T0) at North and South Diablo Cove, South Diablo Point, Cove intertidal stations in 1999 may and Field's Cove stations.  

have been caused by the extensive 
canopy-of giant kelp in the north channel of the cove that restricted flow out of the channel. This 
may have altered the flow of the discharge plume and increased the residence time of the plume 
in North Diablo Cove. Mean monthly delta-T0 values in South Diablo Cove were greater than the 
values in North Diablo Cove from January through May (Figure 2-7). This may have been 
caused by the strong northwesterly winds that occurred throughout the spring that tended to 
move the surface plume into South Diablo Cove.  

The monthly mean delta-T0 at Diablo Cove stations ranged from less than 2*C to greater than 
6'C above ambient, with highest delta-T0 occurring from May to September (Figure 2-7).  
Monthly mean intertidal water temperatures ranged from 0-2°C above ambient at the three 
Field's Cove stations (Figure 2-5c, Figure 2-7). Temperatures at both North Diablo Cove and 
South Diablo Cove stations were closer to ambient (+I C) during the Unit I refueling outage in 
February-March. Elevated temperatures in Diablo Cove were not noticeably reduced, however, 
during the Unit 2 outage in September-October.  

Subtidal Temperatures 

Seawater temperatures exceeded ambient at shallow subtidal stations (-3 and -4 m MLLW) in 
Diablo Cove throughout the year (Figure 2-6a and b). The monthly mean delta-T° at stations in 
Diablo Cove ranged from less than 2*C to almost 6°C above ambient except during the Unit I 
refueling outage. The discharge plume flowed more consistently toward North Diablo Cove than 
toward South Diablo Cove, causing warmer average temperatures in North Diablo Cove for most 
of the year (Figure 2-8). Similar to the intertidal data, increased delta-To at the North Diablo 
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Cove subtidal stations in 1999 may 16, 

have been caused by the extensive 14- Control (amberd) 

canopy of giant kelp in the north lo

channel of the cove that altered the - Diablo Cove 

flow of the discharge plume and 4 . .........  

increased the residence time of the 2- ield' c _"... .'. -0. - - ., -- - -- ... " , 

plume. The increased delta-T* during Jan Fab Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1099 

the spring months that was identified in Figure 2-8. Monthly mean ambient temperatures at subtidal 
Dcontrol stations compared to monthly mean temperatures above 

the intertidal data from South Diablo ambient (delta-T*) at North and South Diablo Cove. and Field's 

Cove was much reduced in the subtidal Cove stations.  

data (Figure 2-6b). This further 

supports the explanation that the increased delta-T0 was caused by the strong northwesterly 

winds that would tend to have a greater effect on the surface layers of the plume and intertidal 

temperatures. The outage in March with reduced seawater flow probably contributed to these 

results.  

Slight increases in seawater temperature (less than 2°C on average)were measured at two deeper 

subtidal stations in Diablo Cove (Figure 2-6c and d). At the deeper station in South Diablo Cove 

(-10 m) seawater temperatures are commonly lower than ambient temperatures measured at -3 m 

at control stations. Although the discharge plume can contact this station the average monthly 

temperatures from 1999 and previous years show that the frequency of plume contact is much 

reduced compared to the shallower subtidal stations. These results and the results for the deeper 

station in North Diablo Cove (NDC5 -8m) show a strong seasonal component in delta-T*. The 

greatest increases in delta-T* occur in the fall and winter months while temperatures at the 

stations are typically lower than ambient during the spring and summer months.  

Seawater temperature above ambient was also measured in Field's Cove during the year except 

in March when Unit I was not operating (Figure 2-8). Mean monthly subtidal delta-T0 values at 

the Field's Cove station ranged from 0-1.5*C above ambient.  

The temperature patterns along the coast reflect the strong upwelling that began in late 1998 and 

continued in 1999, particularly in April 1999. Aecording to Hayward et al. (1999), upwelling 

anomalies in California were the largest in the 50+ year record of the upwelling index. These 

were comparable to anomalies in the early spring of other La Nifia years (e.g., 1964 and 1968), 

but periods of strong upwelling are not necessarily always linked to equatorial La Nifla events
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(Hayward et al. 1999). The temperature pattern observed in 1999, however, represents a major 

change from strong, warm-water El Nifto conditions in early 1998 to cool-water conditions.  

Field's Cove Monitoring 

Analysis of data collected as part of the RWMP indicated elevated seawater temperatures 

(delta-T0 ) and biological effects due to the DCPP discharge at intertidal and subtidal stations in 

Field's Cove (Tenera 1997). PG&E installed 13 intertidal and 6 subtidal temperature recorders in 

Field's Cove in the Summer and Fall of 1997. The purpose of the additional monitoring was to 

provide more complete documentation on the extent and magnitude of delta-T0 north of Diablo 

Cove. The locations of these stations, and stations monitored as part of the RWMP, are shown in 

Figures 2-9 (intertidal) and 2-10 (subtidal).  

Intertidal Results 

Between October 1997 and August 1998, intertidal water temperatures in the vicinity of Field's 

Cove were recorded at the 14 stations shown in Figure 2-9. Station FC54, located just onshore 

from Lion Rock was lost sometime after January 28, 1998 when the unit was retrieved and 

redeployed after the data from the unit was downloaded for processing. The temperature units 

used in the study were Hugrun Seamon-miniTM recorders that have a reported accuracy of 

0.05 °C and a precision of 0.001 'C. Monthly mean temperatures and ranges are presented for the 

14 stations and RWMP stations FC-3 and NC-3 are presented in Appendix H. The data were 

corrected to remove any air temperatures recorded when the units were exposed during low tide.  

The data for Station NC-3 at North Control are presented for a comparison with control area 
temperatures and was used in computing delta-°T values for the Field's Cove stations shown in 

Figure 2-9. The results show that average delta-*T is less than 1.0*C for all of the intertidal 

stations. The maximum average delta-*T and maximum temperatures occurred at Station FC-42 

located in the small cove in the most protected area of Field's Cove. This area of Field's Cove is 

shallow and less subject to wave-generated turbulence and these factors may result in ambient 

conditions that are naturally warmer than the control station temperatures. Average delta-*T 

values decrease at the stations north of FC-42 that are more exposed. Although the average delta

'T is lowest at the station furthest north (FC-52), the maximum delta-T* values for that station 

are more similar to the stations closest to Diablo Cove. This may be caused by the location of the 

station on a small promontory that puts it in the direct path of the plume as it exits the north 
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channel of Diablo Cove. During the fall season, northerly flowing currents may help in directing 

the discharge plume out the north channel into the more northern portions of Field's Cove.  

During the spring and summer, northwesterly winds and southerly flowing currents probably 

limit the spread of the discharge plume in Field's Cove.  

Subtidal Results 

Between July 1997 and December 1999, subtidal water temperatures in the vicinity of Field's 

Cove were recorded at the 9 stations shown in Figure 2-10. The temperature records for the 

stations are not continuous, because the data were collected for model verification and not long
term monitoring. No summary statistics were calculated because differences among the stations 
would be affected by the periods of time data were available. Most stations had units deployed at 

depths of-0.6 m (2 ft) and -3 m (9 ft) below the surface. Station FC had an additional unit at a 
depth of-5 m (16 ft). The units were deployed from a buoyed mooring and therefore remained at 

those depths despite changes in tidal height. The temperature units used in the study were a mix 

of Hugrun SeamonTm and Seamon-miniTm recorders. The data for the stations are reported in 

Appendix H as daily means.
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Figure 2-9. Intertidal water temperatures above ambient at the Field's Cove supplemental temperature 
stations. Ambient temperatures were measured at Station NC-3. Number of temperature recordings (n) at 
each station =-12048, except at FC-44 where n=8998.
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Figure 2-10. Supplemental subtidal water temperature stations.
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3.0 INTERTIDAL STUDIES 

Intertidal algae, invertebrates, and fishes have been studied at DCPP during pre-operation and 

operation periods. The primary intertidal community study was the horizontal band transect 

study (HBT) that collected data on the abundance of algae and invertebrates. Counts of intertidal 

fishes were recorded in vertical band transect (VBT) surveys.  

3.1 Intertidal Algae 

Descriptions of previous discharge effects on intertidal algae were based on statistical analysis of 

data collected in the pre-operation study period (1976-1985) and two power plant operation 

study periods: 1985-95 (Tenera 1997) and 1995-98 (Tenera 1999b). The collective findings 

from the two study periods revealed that after power plant start-up algal cover decreased at 

stations in Diablo Cove, relative to controls. Losses in algal cover resulted in increased amounts 

of bare rock substrate. Portions of the areas with bare rock became colonized by ephemeral 

(seasonal or short-lived) algae. Changes also occurred in some of the same taxa at the Field's 

Cove and South Diablo Point stations, but changes at these stations were reduced in magnitude 

due to the increased distance from the discharge structure and reduced plume contact.  

This section describes the 1999 results for intertidal algae at the HBT stations in Diablo Cove, 

Field's Cove, South Diablo Point, and control areas. Comparisons of the 1999 data to prior 

findings are qualitative and based on comparisons of species composition, correspondence 

analysis results of community-level changes, and time-series abundance plots for individual 

species.  

3.1.1 Sampling Methods 

The HBT sampling method used in 1999 was the same as that used in all previous years. All 

HBT stations (Figure 3-1) had been established before the power plant began commercial 

operation and were sampled at various time intervals before and after power plant start-up.  

Stations were mainly on bedrock and boulders, but various amounts of cobble and sand also 

occurred at the stations.  
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Intertidal algae and invertebrates tend to occur in zones or bands along the shore. Therefore, each 

station consists of an upper and lower elevation sampling transect, both oriented parallel to the 

waterline. Each transect was about 30 m long, one at the +0.9 m (3 ft) and the other at the +0.3 m 

(1 ft) MLLW tide level. The +0.9 m and +0.3 m sampling elevations correspond to the lower 

portion of the high intertidal zone and lower portion of the mid-intertidal zone, respectively, as 

described by Ricketts et al. (1985). The sampling area of each transect consisted often I m2 fixed 

quadrats. The substrate at the +0.9 m MLLW level and higher at SDC-I near the discharge was 

mainly cobble that was barren in the pre-operation period. Therefore, the upper transect at that 

station was located lower at the +0.6 m MLLW tide level where intertidal algae and invertebrates 

were more abundant. The data for this transect was analyzed with the +0.9 m transects at the 

other stations.  

We used sampling techniques and measures of abundance that are commonly used in intertidal 

studies. Visual estimates of percent cover were made for all algal species and bare substrate.  

Overstory species were sampled first for coverage estimates, and then their branches and blades 

were brushed aside to allow estimates of understory and crustose species cover. Species less than 
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one percent cover were recorded as "present" on the data sheet. Total algal cover plus bare 

substrate cover per quadrat often exceeded 100 percent due to overlayering of multiple algal taxa 

on the rocks. The HBT sampling method is described in greater detail in Tenera (1997).  

3.1.2 Results 

The following section describes the biological communities at the study areas, analysis results of 

community-level changes, and changes in individual species. The biological communities for 

each study area sampled in 1999 are described using the taxa that formed 95 percent of the total 

algal cover in addition to crustose taxa and bare rock. The taxa examined in the correspondence 

analysis were those that formed 95 percent of the total algal cover and which occurred in at least 

20 percent of the surveys.  

Biological Community Descriptions 

The following description is subdivided by area, with the two control stations combined for 

purposes of comparison to the other areas.  

Controls (North and South) 

Baseline changes were measured at control stations shown in Figure 3-1. The upper intertidal 

algal assemblage at control stations in 1999 was characterized by Endocladia muricata, 

Mastocarpus papillatus, and Mazzaellaflaccida (Figure 3-2a). The lower sampling elevation 
was characterized by taxa more common to low intertidal zones, including Mazzaellaflaccida, 

Chondracanthus canaliculatus, Phyllospadix spp., and Gastroclonium subarticulatum (Figure 

3-2b). Crustose algae were abundant underneath the blades of the 'upright' taxa at both sampling 

elevations. Variation over time among the individual upright taxa did not result in large changes 

in total cover (all upright taxa) between study periods (Figure 3-2). For example, in 1999 M 

flaccida declined slightly in abundance at the lower elevation control transects, but the decline 

was offset by increases in Phyllospadix spp. (Figure 3-2b).  

Diablo Cove 

Many of the algal taxa that were abundant in control areas were also present in North and South 

Diablo Cove, but most, with the exception of crustose algae, were reduced in abundance 
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compared to earlier study periods (Figures 3-3 and 3-4). Crustose algae are generally not 

emphasized in habitat characterizations, unless they are the only taxa present from reductions in 

other algae, such as in sea urchin barren zones (Leighton et al. 1966; North 1969, 1971; PG&E 

1971; Lawrence 1975; Ayling 1981; Choat and Schiel 1982; Breitburg 1984).  

With the exception of crustose algae, only a few upright algal taxa were conspicuous in the upper 

intertidal zone. Endocladia muricata, one of the more common species in Diablo Cove in 1999, 

had previously declined in abundance in the upper intertidal in North and South Diablo Cove 

(Figure 3-3a), and remained at reduced levels of abundance in 1999. Mastocarpuspapillatus 

(foliose alga) was also present in the upper intertidal in both North and South Diablo Cove.  

Changes in those areas were similar to E. muricata, but M. papillatus further declined in 
abundance in 1999 at both sampling elevations in North and South Diablo Cove (Figures 3-3a 

and 3-4a). M papillatus also declined by a small amount at the upper intertidal transects at the 

control area stations (Figure 3-2a). Mazzaellaflaccida (iridescent seaweed) remained absent in 

the upper and lower intertidal zones in Diablo Cove in 1999. This species was once one of the 
most abundant taxa in Diablo Cove and declined to very low levels of abundance shortly after 

power plant start-up (Figures 3-3 and 3-4). Chondracanthus canaliculatus and Gastroclonium 

subarticulatum, two common branch-like species in low intertidal zones, remained reduced in 

abundance in North and South Diablo Cove in 1999 (Figures 3-3b and 3-4b). Abundances of 

these two species remained relatively high in control areas (Figure 3-2b).  

Figure 3-3b shows a large difference in the abundance of Phyllospadix spp. (surfgrass) in the 

lower elevation transects in North Diablo Cove before and immediately after power plant start

up. The decline actually began before power plant start-up, during large storms associated with 

the 1983 El Niflo (Tenera 1998). Abundances have since remained low but some recovery at the 

North Diablo Cove lower transects is apparent in subsequent sampling periods (Figure 3-3b).  

Surfgrass has shown similar long-term increases at low elevation transects in control areas and in 

Field's Cove after power plant start-up (Figures 3-2b and 3-5b, respectively). However, the 

increase in North Diablo Cove, as well as in Field's Cove, were not as large as at control 

transects. Although still present in some areas of South Diablo Cove in low abundance, 

Phyllospadix spp. was not recorded at the South Diablo Cove low intertidal transects in 1999 

(Figure 3-4b). Changes in the abundance of surfgrass at individual HBT stations are described 

more in detail in Appendix B. " 
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Overall, the collective changes in individual species in 1999 resulted in the total coverage of 

upright taxa declining further at both sampling elevations in North and South Diablo Cove, with 

bare rock substrate increasing as a result (Figures 3-3 and 3-4). Species richness (number of 

taxa/m2) also remained at levels recorded in other study periods following power plant start-up.  

Further changes were also observed in species that were previously absent in Diablo Cove.  

Sargassum muticum, a bladder chain-like kelp plant that appeared in the intertidal zone for the 

first time in 1998, mainly in South Diablo Cove, increased in abundance in 1999 (Figure 3-4). S.  

muticum was not observed at or near transects in any of the other study areas. Macrocystis 

pyrifera also remained present at the lower elevation only in South Diablo Cove.  

Field's Cove 

The upper and lower intertidal horizontal band transects in Field's Cove were generally 

characterized by the same taxa found in control areas. These taxa remained relatively abundant 

in Field's Cove in 1999 although they have experienced smaller long-term changes (Figure 3-5).  

Some of the changes in individual taxa in Field's Cove generally followed the same patterns of 

change observed in Diablo Cove, while for others the changes more closely followed the changes 

observed in control areas. Other taxa exhibited different trends than in Diablo Cove or control 

areas. For example, in earlier years the upper intertidal population of Endocladia muricata 

reversed a prior decrease relative to controls (Tenera 1999b) and then remained relatively 

unchanged in abundance in 1999 (Figure 3-5a). The data for Mazzaellaflaccida show a long

term decline at both sampling elevations in Field's Cove, but this taxa remained as one of the 

most abundant algae in the area in 1999. In contrast, the abundance of Mflaccida in control 

transects has remained more stable (Figure 3-2), but the 1999 results for this species at the lower 

elevation control transects show abundances had dropped below the long-term averages for 

previous sampling periods. Egregia menziesii (feather boa kelp) increased in abundance by large 

amounts in the low intertidal zone of Field's Cove in 1999 (Figure 3-5b), a change that contrasts 

with declines after plant start-up that resulted in reduced abundances in Diablo Cove.  

The collective changes among the various taxa in Field's Cove, however, resulted in an overall 

decrease in total algal cover, that is also reflected by increases in bare rock substrate through 

1999 (Figure 3-5). These same changes occurred in Diablo Cove, but were of greater magnitude 

(Figures 3-4 and 3-5).  
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South Diablo Point 

The South Diablo Point stations were sampled on four different occasions in the May 1995

December 1999 study period with three of the surveys occurring in 1999 (Figure 3-6).  

Therefore, the data for the May 1995-December 1999 study period reflects changes that 

occurred mainly in 1999.  

The most noticeable difference at South Diablo Point in 1999, compared to previous times when 
it was sampled, was a decrease in most foliose algal cover, with the exception of Gelidium 

coulteri (Figure 3-6). In 1999, South Diablo Point was characterized by articulated coralline 

algae (Corallina vancouveriensis and Calliarthron/Bossiella spp.) and crustose algae. Bare rock 

space was more abundant as a result.  

Community Analysis 

This section presents an analysis of the results organized by tidal elevation.  

Upper Elevation 

The combined results for all taxa (excluding crustose taxa) summarized as total algal cover for 

the upper elevation transects indicate that further reductions in algal abundance occurred in 

1999, mainly in North and South Diablo Cove and at South Diablo Point (Figure 3-7). In 1999, 

the lowest levels of abundance during the study were recorded at nearly all of the upper intertidal 

transects in these areas. The trends are consistent with results from statistical analyses of data 

collected in earlier years (Tenera 1997, 1999b). Total algal cover in 1999 at the South Diablo 

Point transects was largely represented by the persistence of articulated coralline algae 

(Corallina vancouveriensis and Calliarthron/Bossiella spp.).  

Results of correspondence analysis of data collected from 1990 through 1999 show that species 

composition and abundance at the upper elevation transects in Diablo Cove, Field's Cove, and 

control areas remained distinct from one another in 1999 (Figure 3-8). Species common to the 

Field's Cove and control area transects are shown by the first axis scores, that include Mazzaella 

flaccida, Mastocarpus papiilatus, Mastocarpus jardinii, Endocladia muricata, and Pelvetia 

compressa. The Field's Cove and control area transects differed from one another on the second 
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axis in the proportional abundances of these species. For example, Mazzaellaflaccida was more 

common at the controls, and Endocladia muricata was more common in Field's Cove 

(Figure 3-8).  

The Diablo Cove transects remained different in algal assemblage composition from control and 

Field's Cove assemblages (Figure 3-8). The annual survey score for 1999 shows the greatest 

similarity to the other areas. This was likely caused by changes in the relative proportions of less 

abundant taxa. The distance on the first axis between the 1998 and 1999 survey scores show the 

large interannual variation that has occurred at the upper elevation transects in Diablo Cove.  

Lower Elevation 

The combined results for all taxa in 1999, summarized as total algal cover (excluding crustose 

algae), show continued reductions in algal abundance at many of the stations in Diablo Cove 

(Figure 3-9). The reductions were most noticeable at most of the low elevation transects in 

South Diablo Cove and at one transect (NDC-1) in North Diablo Cove. Many of the changes in 

total algal cover in Diablo Cove were due to increases in ephemeral algae (e.g., filamentous red 

algae, Figures 3-3b and 3-4b) 

Results of correspondence analysis showed that lower elevation transects in 1999 in Diablo 

Cove, Field's Cove, and control areas remained distinct from one another in species composition 

and abundance (Figure 3-10). Species common to the Field's Cove and control area transects, as 

shown by the first dimension species scores (Figure 3-10), consisted of a relatively large 

assemblage of species that included Mazzaellaflaccida, Mazzaella heterocarpa, Phyllospadix 

spp., Egregia menziesii, Chondracanthus canaliculatus, and Gastroclonium subarticulatum 

among others. The Field's Cove and control area transects differed from one another on the 

second dimension axis in, the proportional abundances of these species. For example, E.  

menziesii was more common in Field's Cove, while M flaccida was more common in control 

areas. The Diablo Cove transects remained different in algal assemblage composition from 

control and Field's Cove assemblages in 1999, changing little in species composition and 

abundance from previous years of operation. The Diablo Cove lower elevation transects 

remained characterized by species that included the ephemerals Ulva/Enteromorpha spp. and 

filamentous red algae.  
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Select Species Changes 

Changes in abundance over time are shown for individual taxa as examples of the types of 

changes that have continued since previous analyses (Tenera 1997, 1 999b). Other taxa that have 
shown new changes in 1999 are also discussed. Annual mean abundances for are presented in 
Appendix E for each individual algal taxa by station and elevation from 1976 through 1999.  

Mastocarpuspapillatus (foliose red alga) is one of the most common species in central 

California intertidal zones, including the Diablo Canyon area. It is widespread, occurring in both 
upper and lower intertidal zones. Declines in M papillatus at the upper elevation transects in 
Diablo Cove, relative to controls, were detected through statistical analysis of data collected 

through 1995 (Tenera 1997) and continued in 1995-98 (Tenera 1999b). Results for 1999 
revealed abundances further declined to near-absence at both the upper and lower intertidal 

transects in Diablo Cove (Figures 3-11 and 3-12). Abundances through 1999 at control and 
Field's Cove transects show some decreases in abundance, but not to the low levels of abundance 

observed in Diablo Cove.  

Endocladia muricata (nail brush seaweed) is another common species in California, including 

Diablo Cove, that mainly occurs in the upper intertidal zone. Changes in this species have been 
variable (Figure 3-13). The abundance of E. muricata declined significantly after power plant 

start-up through 1995, relative to controls (Tenera 1997), but then increased in 1995-98 (Tenera 
1999). In 1999, however, E. muricata declined to its lowest levels of abundance in Diablo Cove, 
particularly at NDC-3. Although pre-operation abundances were not initially high at the South 

Diablo Cove transects, E. muricata has not recovered from declines to near-zero abundance 

levels. The resumption of monitoring at the South Diablo Point stations in 1999 showed E.  

muricata had declined at Station SDP-I to almost zero abundance. Patterns of abundance from 
1976 through 1999 at control and Field's Cove transects have also declined, but to a similar 

extent. Although some of the stations in the control areas and Field's Cove have also shown 

decreases in abundance they are not of similar magnitude to the declines in Diablo Cove and at 

Diablo Point.  

Pelvetia (= Silvetia) compressa is a rockweed species that occurs only in the upper intertidal 

zone. There were contrasting changes in the abundance of this species among the Field's Cove 

stations (Figure 3-14). A new pattern of change in 1995-1998 that differed from changes 

reported in Tenera (1997) was a decrease in abundance at Station FC-3 in Field's Cove relative 
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to controls (Tenera 1999b). Sampling in 1999 showed further declines in abundance at FC-3.  

However, abundances at control transect NC-I also declined in 1999. In contrast, increases 

occurred at neighboring transects FC-1 and FC-2 in Field's Cove, indicating the variable nature 

of P. compressa. Declines in this taxa had previously occurred in Diablo Cove (Tenera 1997).  

Mazzaellaflaccida (iridescent seaweed) is a widespread intertidal alga that occurs in both the 

upper and lower intertidal zones. Changes in this species at Diablo Canyon have been well 

documented (Tenera 1997, 1999). Sampling in 1999 has shown that abundances of this taxa have 

also declined to very low levels at the South Diablo Point stations (Figures 3-15 and 3-16).  

Similar declines in abundance had occurred previously at Diablo Cove upper and lower intertidal 

transects (Tenera 1997, 1999b). This species remained more abundant in Field's Cove and 

control areas, although furthering declines are evident over the past several years at all lower 

elevation transects in Field's Cove and at lower elevation control transects NC-2 and SC-1 

(Figure 3-16).  

Chondracanthus canaliculatus is a branched alga that forms mats of entangled branches in the 

low intertidal zones. This species has demonstrated long-term increases in abundance at control 

and Field's Cove transects during power plant operation through 1999 (Figure 3-17). While this 

pattern was closely paralleled in North and South Diablo Cove during the early and mid-1990s, 

abundances have since declined. Observations in 1999 revealed further reductions to near-zero 

abundance.  

Gastroclonium subarticulatum is another branched, mat-forming alga that also occurs primarily 

in the low intertidal zone. Changes at control and Field's Cove transects indicate the persistent 

nature of this species (Figure 3-18). Changes in 1999 show reductions to very low levels of 

abundance at the South Diablo Cove transects and at North Diablo Cove transect NDC- 1.  

Abundances at NDC-2 remained reduced at levels similar to previous years. This species also 

declined to very low levels of abundance at SDP-2 on South Diablo Point. These transects at 

South Diablo Point are subject to heavy surge and wave action and are therefore more 

comparable to the low elevation transects in other areas.  

Phyllospadix spp. (surfgrass) occurs mainly in the low intertidal and shallow subtidal zone.  

When abundant, surfgrass appears as grass green meadows fringing the shoreline at low tide.  

Surfgrass has been the subject of additional studies at DCPP, and the results for the horizontal 
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band transect study show increases in the abundance of surfgrass in North Diablo Cove. The 

results are further discussed in a special study on surfgrass in Appendix B.  

3.1.3 Discussion 

The majority of results for 1999 reflect a continuation of the same trends described for previous 

periods of power plant operation (Tenera 1997, 1999b). The most persistent trend was a decline 

in algal abundance in Diablo Cove. Diablo Cove remained uniquely characterized by a lack of 

the taxa abundant in control areas and in Field's Cove. The results for 1999 indicated that many 

of these taxa declined to near-zero abundance levels in Diablo Cove. Declines in many of the 

same taxa also occurred at South Diablo Point.  

Field's Cove had results that show the variable nature of any discharge effects that may be 

occurring in this area. Certain temperature sensitive species, such as Mazzaellaflaccida, further 

declined in abundance in 1999, but so did control populations at the lower sampling elevation 

(e.g., Stations NC-2 and SC-I in Figure 3-16). Highly variable patterns were observed for the 

rockweed Pelvetia (=fSilvetia) compressa. Declines at FC-3, relative to controls, were detected as 

a discharge effect (Tenera 1999b). However, the abundance of Pelvetfia at other transects in 

Field's Cove increased through 1999. An increase in the feather boa kelp (Egregia menziesit) in 

Field's Cove in 1999 contrasts with previous descriptions of discharge effects for this species 

that showed declines in Diablo Cove. Dense stands of temperature-sensitive oar kelp (Laminaria 

setchelli) were also observed emerging above the water line at low tide in all areas fringing the 

southern shore of Field's Cove (Tenera, unpublished observations). These changes are 

inconsistent with previous descriptions of discharge effects in Diablo Cove and indicate that 

Field's Cove represents an area with much reduced discharge effects.  

Changes at stations on South Diablo Point observed in 1999 were more apparent than those 

observed in Field's Cove. Total algal cover continued to decline in 1999. The decline was 

notable because the South Diablo Point stations were not sampled in the previous three years 

when species abundances were still relatively high despite decreases from pre-operational levels 

of abundance (Tenera 1997). The taxa affected included those that have exhibited temperature

related changes in Diablo Cove, including Mazzaellaflaccida and Egregia menziesii. However, 

whether the changes were the result of discharge temperature or secondary effects remains 
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unknown, since coincident with the decline in the algae was a large increase in grazing purple 

sea urchins (see Section 3.2 Intertidal Invertebrates).
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Figure 3-2. Intertidal algal abundances at the control (a) upper and (b) lower elevation transects.  
Stations = NC-I, NC-2, and SC-I.

C. C

non-coralline 
crust 

Mazzaella flaccida 
corallne crust

40

C

5.  

CL 

a.  

'5.  
Di

I am 5.q I

I



(,,

b) Control: Lower Elevation Transects
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Figure 3-2 (continued). Intertidal algal abundances at the control (a) upper and (b) lower elevation transects.  
Stations = NC-1, NC-2, and SC-I.
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Figure 3-3. Intertidal algal abundances at the North Diablo Cove (a) upper and (b) lower elevation transects.  
Stations = NDC-I, -2, and -3.
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b) North Diablo Cove: Lower Elevation Transects
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Figure 3-3 (continued). Intertidal algal abundances at the North Diablo Cove (a) upper and (b) lower elevation transects.  
Stations = NDC- 1, -2, and -3.
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Figure 3-4. Intertidal algal abundances at the South Diablo Cove (a) upper and (b) lower elevation transects.  
Stations = SDC-I, -2, and -3.
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3.1 Intertidal Algae

Figure 3-7. Total algal cover: changes in abundance at upper intertidal transects.
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Figure 3-8. Correspondence analysis of upper intertidal algal cover 
(a) survey scores and (b) taxa scores
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3.1 Intertidal Algae

Figure 3-9. Total algal cover: changes in abundance at lower intertidal transects.
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Figure 3-10. Correspondence analysis of lower intertidal algal cover 
(a) survey scores and (b) taxa scores
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3.1 Intertidal Algae

Figure 3-11. Mastocarpuspapillatus: changes in abundance at upper intertidal transects.
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Figure 3-12. Mastocarpuspapilatus: changes in abundance at lower intertidal transects.
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3.1 Intertidal Algae

Figure 3-13. Endocladia muricata: changes in abundance at upper intertidal transects.
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3.1 Intertidal Algae

Figure 3-14. Pelvetia (Silvetia) compressa: changes in abundance at upper intertidal transects.
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3.1 Intertidal Algae

Figure 3-15. Mazzaellaflaccida: changes in abundance at upper intertidal transects.
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Figure 3-18. Gastroclonium subarticulatum: changes in abundance at lower intertidal transects.
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3.2 Intertidal Invertebrates 

3.2 Intertidal Invertebrates 

Intertidal invertebrates have been studied at DCPP using the horizontal band transect (HBT) 

method since 1976. Following power plant start-up in 1985, invertebrate species richness at 
Diablo Cove stations increased at the upper intertidal elevation and did not change at the lower 
intertidal elevation. Changes in the invertebrate community were characterized by increases in 
purple urchins, limpets, barnacles, and tube-dwelling polychaetes and by declines in six-rayed 

sea stars and black abalone. Intertidal invertebrate community structure (composition and 
abundance) at Diablo Cove stations showed a marked change until late 1992, with changes of 
lesser magnitude continuing from 1992 through 1995 (Tenera 1997). In the 1995 through 1998 

period, grazing limpets continued to be an abundant invertebrate guild in the upper intertidal 
zone of Diablo Cove (Tenera 1999b). A similar pattern of changes in community structure was 
also evident at Field's Cove stations, though the magnitudes of the changes were generally less 

than those observed withiin Diablo Cove.  

This section presents changes observed in intertidal invertebrates through analysis of the HBT 
data collected at Diablo Cove, South Diablo Point, Field's Cove, and control stations during 

1999. Results are described in the context of discharge effects presented in previous analysis 

reports (i.e., Tenera 1997; 1999b).  

3.2.1 Sampling Methods 

In the HBT study, we sampled invertebrates in the same quadrats as the algae (see Section 3.1.1 

Intertidal Algae Sampling Methods) at both the +0.9 m and +0.3 m MLLW tidal elevations.  

In five often quadrats, all species were recorded as either present or absent, and individuals 

larger than 2.5 cm in greatest dimension were counted. In the remaining five quadrats, the same 
method was used except that select species of invertebrates were counted regardless of size. The 
percent cover of sessile invertebrates such as sponges and tunicates was estimated using the 

same methods as used for algae. All sizes of black abalone were counted within these ten 

quadrats and within an additional five quadrats.  

Community descriptions focus largely on numerically dominant taxa that contribute to the top 95 
percent cumulative abundance and display a minimum abundance of five individuals/m2 or 5 
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3.2 Intertidal Invertebrates 

percent cover. Mean species richness (total number of species) per m2 is presented among areas 

and time periods. The mean species richness is used for comparison among areas and periods 

because the number of quadrats and surveys could vary and affect the estimate.  

Prominent changes in invertebrate community structure over time are described using 

correspondence analysis (CA), a multivariate technique. Nine stations at three areas were used in 

the CA, including 

o Diablo Cove stations (NDC-2, NDC-3, SDC-1, and SDC-3) 

* Field's Cove stations (FC-1, FC-2, and FC-3) 

o Control stations (NC-I and SC-I) 

The taxa that comprised the majority (95 percent) of the total abundance and that occurred in at 

least 10 percent of the surveys were used in the CA. Abundance data for these taxa were 

log(x+l) transformed to compensate for scale differences between counted (e.g., Tegula spp.) 

and coverage (e.g., Chthamalus sp.) taxa, and then combined into annual means for the stations 

in the three areas noted above.  

Unlike previous monitoring reports (Tenera 1997, 1999b), no univariate analyses are used within 

the present 1999 annual report. Rather, those taxa contributing to CA score variability, in 

particular impact station score divergence from the controls (i.e., those taxa most important in 

community structure changes due to the discharge), are presented descriptively using abundance 

tables and individual species plots over time.  

3.2.2 Results 

The intertidal invertebrate communities monitored were variable within and among areas in 1999 

and relative to previous years. In general, the intertidal invertebrate community of Diablo Cove 

continued to be characterized by large populations of grazing limpets, filter feeding barnacles, 

and patchy areas of purple urchins, relative to control sites. Community composition in Field's 

Cove was similar to that of Diablo Cove, but abundances of species varied substantially between 

areas. Conversely, community composition at South Diablo Point has always differed-and 

continues to differ-substantially from that of either the control stations or Diablo Cove.  

Overall, no substantial differences in species richness appeared to exist among areas in 1999.  
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Biological Community Descriptions 

The following description is subdivided by area, with the two control stations combined for 

purposes of comparison to the other areas.  

Controls (North and South) 

Fifty five invertebrate taxa were observed at upper elevation control stations in 1999, with the 

most abundant species including Tegulafunebralis (black turban snail), Macclintockia scabra 

(rough limpet), Pagurus spp. (hermit crabs), and Anthopleura elegantissima (aggregating 

anemone). While several of the taxa at the control areas changed among periods, most notably T 

funebralis, community composition and species abundance did not vary substantially among 

time periods (Figure 3-19).  

At lower elevation control stations in 1999, 63 invertebrate taxa were observed, with the most 

abundant species including T. finebralis, Pagurus spp., Tegula brunnea (brown turban snails), 

and Lottiapelta (shield limpet). Community composition and the abundance of numerically 

dominant species did not vary notably through time, though the abundance of the barnacle 

Tetraclita rubescens in 1999 (4/m 2) was notably lower than prior time periods (Figure 3-20).  

North Diablo Cove 

Forty six invertebrate species were observed at upper elevation North Diablo Cove (NDC) 

stations in 1999, with the most abundant taxa including Lottia (= Macclintockia) scabra, Tegula 

funebralis, Lottia digitalis (finger limpet), Anthopleura elegantissima, Lottia limatula (file 

limpet), Lottiapelta, Tectura scutum (plate limpet), and the acorn barnacle Chthamalusfissus.  

The abundance of T funebralis, M scabra, and C. fissus increased markedly after power plant 

start-up, while the abundance of the limpets L. limatula, L pelta, and L. digitalis has increased 

since 1995 (Figure 3-21). These changes were still apparent in 1999.  

Sixty two taxa were present at the lower elevation NDC stations in 1999, with numerically 

abundant species including M scabra, Tetraclita rubescens, L. pelta, T.funebralis, L. digitalis, 

L. limatula, Fissurella volcano (volcano limpet), Strongylocentrotuspurpuratus (purple urchin), 

and Tegula brunnea. The abundance of T. rubescens, T funebralis, and M scabra increased after 

power plant start-up, though that of T. finebralis has been somewhat temporally variable. The 
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abundance of grazing limpets-namely L. pelta, L. limatula, and L. digitalis-has increased 

notably since 1995 at NDC stations (Figure 3-22). As in the upper intertidal, these changes were 

still apparent in 1999.  

South Diablo Cove 

Forty four invertebrate species were observed at upper elevation South Diablo Cove (SDC) 

stations in 1999, with the most abundant taxa including T fimebralis, T. rubescens, 

Macclintockia scabra, Anthopleura elegantissima, and L. pelta. The abundance of T. finebralis 

and T. rubescens increased following power plant operation, while the abundance of A.  

elegantissima and hermit crabs (Pagurus spp.) has declined since 1995 (Figure 3-23). T.  

rubescens continued to increase in 1999 but T. fnebralis and Pagurus spp. declined. A.  

elegantissima abundance was unchanged in 1999 compared to the previous 5-year period 

average.  

Fifty one taxa were observed at the lower elevation SDC stations in 1999, with numerically 
abundant species including T. finebralis, M scabra, T. rubescens, L. pelta, 4. elegantissima, 

Lottia limatula, Fissurella volcano and Pagurus spp. (Figure 3-24). Similar to NDC and upper 

elevation SDC stations, the abundance of most of these taxa wa.s greater than that of the pre

operation period.  

South Diablo Point 

The intertidal community at South Diablo Point (SDP) has always differed in composition from 
that of either the control or Diablo Cove stations, due largely to wave exposure and substratum 

differences among sites (i.e., SDP is characterized by a wave-swept bedrock bench). Fifty nine 

invertebrate species were observed at SDP in 1999, with the most abundant taxa including 

Mytilus californianus (California mussel), Strongylocentrotus purpuratus, Tetraclita rubescens, 

Anthopleura elegantissima, Macclintockia scabra, Lottia pelta, Balanus spp. (barnacles), 

Fissurella volcano, Pollicipes polymerus (gooseneck barnacle), and Nuttallina californica 

(chiton). Changes at SDP following power plant start-up were characterized by large increases in 

most of these taxa (Figure 3-25). These changes were still apparent in 1999.  

Field's Cove 
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Thirty four invertebrate species were observed at upper elevation Field's Cove (FC) stations in 

1999, with the most abundant taxa including Tegulafunebralis, Anthopleura elegantissima, 

Macclintockia scabra, and Pagurus spp. The abundance of A. elegantissima and M scabra 

increased following power plant start-up (Figure 3-26).  

Sixty five taxa were observed at the lower elevation FC stations in 1999, with numerically 

abundant species including M scabra, T. funebralis, Strongylocentrotus purpuratus, Pagurus 

spp., A. elegantissima, L. pelta, T rubescens, Tegula brunnea, and Nuttallina californica. The 

abundance ofT funebralis, T. rubescens, and S. purpuratus increased, and that of T. brunnea 

declined, following power plant operation (Figure 3-27). Abundances were relatively unchanged 

in 1999 compared to the previous period, except for M scabra, which increased in 1999.  

Community Analysis 

This section presents an analysis of the intertidal invertebrate results by tidal elevation.  

Upper elevation 

Upper elevation invertebrate community structure (based on the abundance of eight eligible taxa) 

differed among all three analysis areas (Diablo Cove, Field's Cove, and controls) during the 

period 1990-1999 (Figure 3-28a). These spatial differences largely reflected differences in the 

relative abundance of select taxa among areas, including 

" abundant Lottia digitalis (fingered limpet), Chthamalusfissus (acorn barnacle), and 

Tetraclita rubescens (red volcano barnacle) within Diablo Cove, and their relative scarcity or 

absence at both Field's Cove and control stations (Figure 3-28b).  

"* abundant Anthopleura elegantissima (aggregating anemone) within Field's Cove, and its 

relative scarcity at control stations (Figure 3-28b).  

Based on the clusterings of survey scores in the correspondence analysis, the structure of the 

upper intertidal invertebrate community in Diablo Cove was distinctly different from the control 

stations and Field's Cove during the period 1990-99. Much of the dissimilarity between Diablo 

Cove and the other areas was due to increases in the abundance of Lottia digitalis, Chthamalus 

fissus, and Tetraclita rubescens in Diablo Cove. The abundance of Anthopleura elegantissima 

(anemone) at Field's Cove, and its relative scarcity at control stations, accounted for the majority 
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3.2 Intertidal Invertebrates 

of the difference between these two areas. Unlike Diablo Cove, however, community variability 

was not apparent within Field's Cove during the period 1990-99, indicating relative stability in 

both community composition and species abundance. There was greater variability among years 

in both Diablo Cove and the controls during the analysis period.  

Lower elevation 

Lower elevation invertebrate community structure (based on the abundance of 14 eligible taxa) 

differed among all three analysis areas (Diablo Cove, Field's Cove, controls) during the period 

1990-1999 (Figure 3-29a). As was the case with the upper elevation (+0.9m), these spatial 

differences largely reflected differences in the relative abundance of select taxa among areas.  

These included: 

" an abundant limpet fauna including Macclintockia scabra (rough limpet), L. pelta (shield 

limpet), L. limatula (file limpet,), and Fissurella volcano (keyhole limpet) within Diablo 

Cove, relative to either Field's Cove or control stations (Figure 3-29b). Also, an abundance 

of Strongylocentrotuspurpuratus (purple urchin) within Diablo Cove, relative to the control 

stations.  

"* an abundance of Nuttallina californica (chiton) at Field's Cove relative to other areas, and an 

abundance of Strongylocentrotuspurpuratus at Field's Cove relative to the control stations 

(Figure 3-29b).  

abundant Tegula brunnea (brown turban snail) and Pista sp. (tube polychaete) at control 

stations relative to other areas (Figure 3-29b).  

The correspondence analysis indicates that lower intertidal community structure in Field's Cove 

was more similar to Diablo Cove in 1998 and 1999 than in previous years. However, survey 

scores for both areas were different from the control for all years, including 1999. Most of this 

dissimilarity was due to the continued presence and relative abundance of limpets at Diablo 

Cove, and scarcity of Strongylocentrotus purpuratus at the controls.  
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3.2 Intertidal Invertebrates 

Select Species Changes 

This section presents an analysis of abundance of several species sampled during the study 

period. Appendix F2 presents annual mean abundances for intertidal invertebrates, by station and 

elevation, from 1976 through 1999.  

Lottia digitalis (fingered limpet) increased at upper elevation North Diablo Cove stations, with 

notably large abundance increases documented at NDC-2 in 1996 and 1999, and at NDC-3 

during 1994 through 1999 (Figure 3-30). The increased abundance of L. digitalis within Diablo 

Cove in 1999 (19.6/m 2) contributed to the differences between Diablo Cove and the control 

stations that was evident in the correspondence analysis. The average abundance of this species 

at North Diablo Cove station NDC-3 in 1999 (61.3/mr) was the highest ever recorded in the 

monitoring studies (Appendix F2).  

Similar to L. digitalis, Chthamalusfissus (acorn barnacle) increased during power plant 

operation at North Diablo Cove upper elevation stations, with very large increases noted at 

NDC-2 in 1995-97, and at NDC-3 during the 10-year period 1990-99. The 1999 mean 

abundance for C. fissus within Diablo Cove (2.6 percent cover) was the lowest during the period 

1990-99, and the abundance of this species at both NDC-2 (2 percent) and NDC-3 (7.5 percent) 

was the lowest recorded since 1989 (Figure 3-31).  

Tetraclita rubescens (red volcano barnacle) is ubiquitous throughout Diablo Cove, but less so at 

the control stations where it only occurs in substantial abundance at SC-I. Though never 

particularly abundant at North Diablo Cove station NDC-2 and South Diablo Cove station SDC

3, T. rubescens increased at South Diablo Cove station SDC-I after power plant start-up in 1985, 

and at North Diablo Cove NDC-3 after 1989 (Figure 3-32). However, the abundance of this 

species at Diablo Cove stations in 1999 was low relative to the 1987-1995 period. Despite this, 

T rubescens remained more abundant within Diablo Cove than at the controls, contributing to 

the differences between Diablo Cove and the control stations evident in the correspondence 

analysis.  

Anthopleura elegantissima (aggregating anemone) has never been particularly abundant at North 

Diablo Cove lower elevation stations, though it increased notably at South Diablo Cove stations 

following power plant start-up (Figure 3-33). While the abundance of A. elegantissima in ! 998 
(5. 1/m2) and 1999 (7/mr2) was the lowest ever recorded for station FC-3 (Appendix F2), the 
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3.2 Intertidal Invertebrates 

overall abundance of this species at Field's Cove upper (79.4/rn) and lower (10/m 2) elevation 

transects in 1999 remained largely unchanged since 1995 (Figure 3-26 and 3-27). A.  

elegantissima has always been relatively scarce at the lower elevation control transects.  

Members of the grazing limpet guild-comprised of rough limpets (Macclintockia scabra), file 

limpets (L. limatula), and shield limpets (L. pelta)--increased in abundance at most Diablo Cove 

stations during the operation period. Many of the mean annual abundance values recorded in 

1999 were the highest observed during the period 1990-99. These included M scabra at stations 

NDC-2 (210.2 individuals/m2), NDC-3 (98.9/m2), and SDC- l (76/m 2); L. pelta at NDC-2 

(44.1/m 2), SDC-l (44.5/M2), and SDC-3 (5.3/M 2); and L. limatula at NDC-2 (16.1/mr) and SDC-I 

(17.9/m 2) (Appendix F2). Overall, the abundance of M. scabra in Diablo Cove during 1999 

(109.1/m 2) was the highest recorded during the period 1990-99. Similar trends were observed in 

1999 at Field's Cove stations, though abundance values were somewhat less than those observed 

within Diablo Cove. No such pattern was evident at the control stations.  

Strongylocentrotus purpuratus (purple urchin) increased in abundance after the power plant 

start-up in both Diablo and Field's coves, peaking in 1994-95 and generally declining thereafter 

(Figure 3-34). In 1994 and 1995, the increase in the abundance of S. purpuratus at North Diablo 

Cove created an urchin barrens zone (Tenera 1997), where urchins numbered over 300/m2. This 

condition persisted through 1996, after which time the abundance of S. purpuratus began to 

decline. Mean abundance values in 1999 for this species were considerably below the 1994-95 

abundances (Figure 3-34). Strongylocentrotuspurpuratus also increased within Field's Cove and 

at South Diablo Point during the operation period, particularly after 1990. The overall mean 

abundance of this species on the Field's Cove transects generally exceeded that of Diablo Cove 

during the period 1990-99. The continuing high densities of S. purpuratus at South Diablo Point 

likely contributed to the significant declines in foliose algal cover observed in 1999 (see Section 

3.1 - IntertidalAlgae). Urchins have been nearly absent at the control stations NC-I, NC-2, and 

SC- I since 1976, although large increases occurred at control Station NC-3 from 1990-1995 

(Tenera 1997).  

Tegula brunnea (brown turban snail) has always been somewhat abundant at lower elevation 

control stations, and the 1999 mean abundance of this species at SC-I (1 8.6/m') was the largest 

ever recorded (Figure 3-35). Similarly, its abundance at the pooled control stations (9.6/m2) was 

the greatest recorded during the period 1990-99. T. brunnea was also abundant within Diablo 
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Cove and Field's Cove prior to the operation of DCPP. Its numbers declined following power 

plant start-up at several stations in Diablo Cove but has increased in abundance at NDC- 1. Fewer 

changes have been observed at the Field's Cove stations.  

3.2.3 Discussion 

Overall, no new changes in intertidal invertebrate community composition or species abundance 
was evident in 1999 relative to 1998, based on correspondence analysis. Rather, abundance 

trends and patterns presented in previous monitoring reports continued. Tenera (I 999b) reported 

a relationship in North Diablo Cove where discharge-related declines in the abundance of foliose 
red algae resulted in the creation of open space (bare rock) that was later colonized by diatom 

films and crustose algal species. This, in turn, was followed by substantial increases in the 

abundance of grazing limpets, apparently a result of the increase in diatom films and crustose 
algal species-preferred food for limpet species (Morris et al. 1980; Wara and Wright 1964).  

Monitoring within Diablo Cove in 1999 indicated that intertidal algal cover continued to decline 
and open space (bare rock) continued to increase, relative to controls (see Section 3. 1-Intertidal 

Algae).
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a) Control - Upper Transects: Invertebrate Counts
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b) Control - Upper Transects: Invertebrate Cover
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Figure 3-19. Intertidal invertebrate abundances at the control upper elevation transects: a) counts and b) cover.  
Stations = NC-I, NC-2, and SC-I.
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a) Control - Lower Transects: Invertebrate Counts
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b) Control - Lower Transects: Invertebrate Cover 
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Figure 3-20. Intertidal invertebrate abundances at the control lower elevation transects: a) counts and b) cover.  
Stations = NC-I, NC-2, and SC-i.  
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a) North Diablo Cove - Upper Transects: Invertebrate Counts
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b) North Diablo Cove - Upper Transects: Invertebrate Cover 

Jan 1. 78 -Dec 31.8'4 Jan 1, '87 -Apr 30, '95 May 1,195 -Dec 31,'99 Jan 1. '99 - Dec 31. '99 
(42 Surveys) (35 Surveys) (12 Surveys) (4 Surveys) 

Mean % Cover Mean % Cover Mean % Cover Mean % Cover 
chth,,•,a ,,, oisu.1 7.8 12.9 - _ 1 5.2 
Splrorbdae 5 0.1 -0 0.1 -- 0.1 Porifera unid. (encrustlng) <0.101 0 -0.1 Chhmls iss1•A1 0110 15 
All tona combinewd 0.2k 821. 5.4 Total no. taxa / period 9 0 ta 
Mean no. taxa/ m' 1.4 2.1 1.9 1.8

Figure 3-21. Intertidal invertebrate abundances at the North Diablo Cove upper elevation transects: a) counts and b) cover.  
Stations = NDC- I,-2, and-3.
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a) North Diablo Cove - Lower Transects: Invertebrate Counts

Jan 1, '78 - Dec 31, '84 
(42 Surveys) 

Mean No. I m'

Tetraclita rubescens 19.4 "Tegula funebralis 15.1 
Maccl ckla scabra 14.1 earug spp. I u runn.ra--I: 

TeUrkiiuaiffi " 2.9 
Nuttallina californlca 2.1 
Fissurella volcano 1.8 
Haliotis spp. 1.7 
Anthopleura elegantissima 1.5 
Oc6nrbra &pp. 1.4 

otfia pelta 1.1 
ertaster •as, spp. 1.0 

_toia lirtula 0.8 
Lottia dlgtalis 0.1 Stronigyllenuloiust pupuilUsa-c -0.1 

All taxa combined 89.2 
Tota no. taxa I period 96 
Mean no. taxa I W' 7.1

Jan 1, '87 - Apr 30, '95 
(35 Surveys) 

Mean No. I m' 
50 100 1i0

-I 
m 

0 

M 

0 

6 
4

46.9 
20.4 

173.4 

4.9 
0.9 

10.4 
< 0.1 

3.2 
0.3 

38.3 

14.5 
14.8 
9.9 

355.8 
54 

9.8

Jan 1, '99 - Dec 31, '99 
(4 Surveys) 

Mean No. I m' 
5p 100

b) North Diablo Cove - Lower Transects: Invertebrate Cover 
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Figure 3-22. Intertidal invertebrate abundances at the North Diablo Cove lower elevation transects: a) counts and b) cover.  
Stations = NDC- I, -2, and -3.  
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a) South Diablo Cove - Upper Transects: Invertebrate Counts 
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Figure 3-23. Intertidal invertebrate abundances at the South Diablo Cove upper elevation transects: a) counts and b) cover.  40 Stations = SDC- ],-2, and -3.E 
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a) South Diablo Cove - Lower Transects: Invertebrate Counts
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b) South Diablo Cove - Lower Transects: Invertebrate Cover 
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Figure 3-24. Intertidal invertebrate abundances at the South Diablo Cove lower elevation transects: a) counts and b) cover.  
Stations =SDC- 1, -2, and -3.  
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a) South Diablo Point - Upper Transects: Invertebrate Counts 
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a, Figure 3-25. Intertidal invertebrate abundances at the South Diablo Point upper elevation transects: a) counts and b) cover.  
Stations = SDP- I and -2. r.
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Figure 3-26. intertidal invertebrate abundances at the Field's Cove upper elevation transects: a) counts and b) cover.

Figure 3-26. Intertidal invertebrate abundances at the Field's Cove upper elevation transects: a) counts and b) cover.  
Stations = FC-I,-2, and -3.  
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b) Field's Cove - Lower Transects: Invertebrate Cover 
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Figure 3-27. Intertidal invertebrate abundances at the Field's Cove lower elevation transects: a) counts and b) cover.  
Stations = FC-i,-2, and -3.
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Figure 3-28. Results of correspondence analysis for upper intertidal invertebrates 
(a) survey scores and (b) taxa scores
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Figure 3-29. Results of correspondence analysis for lower intertidal invertebrates 
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Figure 3-30. Lottia digitalis: changes in abundance at upper intertidal transects.
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Figure 3-31. Chthamalusfissus: changes in abundance at upper intertidal transects.
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Figure 3-32. Tetraclita rubescens: changes in abundance at lower intertidal transects.
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Figure 3-33. Anthopleura elegantissima: changes in abundance at lower intertidal transects.
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Figure 3-34. Strongylocentrotuspurpuratus: changes in abundance at lower intertidal transects.  
Note: SDP-I and -2 are upper elevation transects at South Diablo Point.
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Figure 3-35. Tegula brunnea: changes in abundance at lower intertidal transects.
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3.3 Intertidal Fishes 

3.3 Intertidal Fishes 

The intertidal fish community in Diablo Cove and Field's Cove prior to power plant operation 

(Kelly et al. 1985) was similar to other central California rocky coast areas (Horn et al. 1983), It 

was mainly comprised of eel-like fishes that are typically found beneath shoreline cobbles, 

boulders, or algae during low tides. Xiphister mucosus (rock prickleback), X atropurpureus 

(black prickleback), and Cebidichthys violaceus (monkeyface eel) were some of the more 

abundant species. After power plant operation began, the discharge caused declines in most 

intertidal fishes in Diablo Cove, but did not substantially alter their relative abundances within 

areas (Tenera 1997). Warmer water temperatures and reduced algal cover in Diablo Cove after 

power plant start-up were probably the most important factors contributing to their declines.  

This section describes the results from 1999 surveys at the VBT stations in Diablo Cove, Field's 

Cove, and the control stations. Comparisons of the 1999 data to prior findings are qualitative, 

based on species abundance summaries, results of community-level correspondence analyses, 

and time-series abundance plots for individual species.  

3.3.1 Sampling Methods 

We sampled intertidal fishes using the vertical band transect (VBT) sampling task. At each of 

five stations, three transects were positioned perpendicularly to the shoreline at fixed locations 

(Figure 3-36). Each transect originated in the high intertidal zone (approximately +1.5 m 

MLLW) and terminated in the low intertidal zone (approximately -0.2 m MLLW). Transects at 

each station were separated by approximately 3 m. Each transect was used as a reference line to 

position twelve I m2 permanent sampling quadrats, for a total of thirty-six 1 m2 quadrats per 

station. Moveable rocks were carefully lifted and any fishes seen were captured in small hand 

nets. We also searched for cryptic fishes among the foliose algae. Fishes were identified to the 

lowest practical taxonomic level, measured, and returned to the quadrat. Newly settled juvenile 

fishes were not identified to the species level but were grouped into composite taxa (e.g., 

Anoplarchus/Cebidichthys). Diablo Cove VBT stations NDC I-V and SDC2-V and Field's Cove 

station FC I-V were sampled four times during 1999. Two new stations were established in 1999 

at North and South Control locations and were sampled three times.  
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3.3 Intertidal Fishes

Figure 3-36. Location map of Vertical Band Transect (VBT) fish stations.  

3.3.2 Results and Discussion 

This section presents results from the four intertidal fish surveys that were completed during 

1999 (January I-December 31). Similar to previous years, fishes of the family Stichaeidae 

numerically dominated the intertidal fish fauna at all stations in 1999.  

Biological Community Descriptions 

The following description is subdivided by area, with the two control stations combined for 

purposes of comparison to the other areas.  

Controls (North and South) 

Two control stations were newly established in 1999. Prior to 1999, Station FC- IV was used as a 

comparison station to evaluate discharge effects in Diablo Cove. However, since Field's Cove 

intertidal areas had slightly increased water temperatures (<1 *C) as a result of plant operation, 

changes in the Diablo Cove intertidal fish fauna may have been underestimated as a result 
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(Tenera 1997). Therefore, two new control stations were established at intertidal locations 

beyond the far-field influence of the power plant thermal discharge (Figure 3-36). Both stations 
had elevation ranges and substrate composition similar to the existing VBT stations.  

The fish community at the control stations was comprised mainly ofjuvenile 
Pholidae/Stichaeidae (largely Xiphister spp.), Anoplarchus purpurescens, Cebidichthys 

violaceus, Xiphister spp. (adult), and Gobiesox maeandricus (Figure 3-37). A total of 14 taxa 
(including combination categories) was identified from the two stations in three surveys. An 
average of 89.2 fish was counted per survey at each station. The species composition at the 
control stations and the total number of individuals per survey were similar to those seen in 
Field's Cove and Diablo Cove in 1978-1984, prior to power plant start-up.  

Field's Cove 
Fish composition in Field's Cove during 1999 was similar to the previous four-year period 

(Figure 3-38), but the average number of fishes was 37 percent greater. Xiphister mucosus was 
the most abundant species followed by Oligocottus snyderi and Cebidichthys violaceus. The 

Anoplarchus/Cebidichthys taxon was not recorded in 1999, although it had been the most 
numerous taxon in the pre-operational period. The reason for this is that the two species had been 
combined from 1978-1995 because of taxonomic uncertainties in all but the largest specimens.  

After 1995, the difficulties had largely been resolved, and the two species were identified 
separately. The combined average abundance of these species in 1999 was 11.8 fish per survey, 
compared to 31.4 per survey in the pre-operation period and 16.0 per survey in the operation 

period from 1987-1995. The average combined abundance of Anoplarchus/Cebidichthys was 7.2 

per survey in the 1995-1999 period.  

The total number of taxa at the Field's Cove station in 1999 was 12, including the combination 
categories. This was similar to the number of taxa sampled in previous periods. There were no 

new taxa sampled at the station in 1999.  

North Diablo Cove 

Fish composition and abundance in North Diablo Cove during 1999 was the lowest since the 
intertidal fish surveys began in 1978. In 1999, only three fish were found at Station NDC-IV 
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(Figure 3-39). The pre-operational survey average at this station was 66.8 fish represented by 13 

taxa.  

The abundance and species richness of intertidal fishes in North Diablo Cove have declined 

substantially in each sampling period since the 1978-1984 pre-operation period. The reasons for 

the decline are likely related to changes in habitat suitability in the warmer water conditions of 

North Diablo Cove combined with the significant declines in foliose algal coverage at the 

station. Laboratory heat tolerance tests and optimal growth temperature studies were conducted 

on X mucosus (PG&E 1982). In the 120-day growth experiment, the optimal temperature range 

for this species was 14-15*C. Water temperatures from June to September 1999 averaged nearly 

20*C at the North Diablo Cove intertidal fish station. Declines in algal coverage result in 

decreased micro-invertebrate food resources upon which many juvenile intertidal fishes depend 

(Setran and Behrens 1993; Norton and Cook 1999). Substrate composition is also considered an 

important factor in determining intertidal fish abundance (Gibson and Yoshiyama 1999), but this 

was unchanged at the station between periods and therefore would not have contributed to the 

declines.  

South Diablo Cove 

In 1999 there was an average of 39 fish per survey and a total of 10 taxa sampled at the South 

Diablo Cove station (Figure 3-40). Juvenile Xiphister spp. accounted for nearly 80 percent of the 

individuals counted at the station. The next most abundant species was Cebidichthys violaceus, 

which comprised 7 percent of the fishes. The species composition in 1999 was very similar to the 

most recent years, but less diverse than the earliest surveys prior to plant operation. One unusual 

species, the graveldiver (Scytalina cerdale), had been seen during previous periods (accounting 

for 17.5 percent of the individuals from 1978-1984) but was not found at the station in 1999.  

The species has very specific habitat requirements in terms of intertidal elevation, substrate type, 

and degree of wave exposure (Setran and Behrens 1990). Diablo Cove also represents the known 

southern range limit for this species.  

One of the major events that affected abundances and species richness of intertidal fishes in 

South Diablo Cove was a cliff collapse in 1983. Rock fragments buried almost the entire 

intertidal zone, dramatically altering the substrate composition and benthic community structure.  

Intertidal fishes partially recovered in the following years, as evidenced by an increase in species 

richness and the moderate abundances of fishes at the station. However, it is not possible to 
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separate changes in the fish community due to power plant operation and changes due to factors 
related to the cliff slide. In any event, the area has not completely recovered to pre-slide levels of 
abundance or species richness in the presence of the thermal discharge.  

Select Species Changes 

Abundance over time plots are shown for select species in this section as examples of the types 
of changes observed in the study from 1976 through 1999. The species were selected based on 
two criteria: they typically characterize central California intertidal fish assemblages, including 
Diablo Cove, and they represent new or continuing changes from previous findings (Tenera 
1997, 1999b). Appendix F3 presents annual mean abundances for intertidal fishes, by station, 

from 1979 through 1981, and from 1985 through 1999.  

Xiphister mucosus, the rock prickleback, comprised 23.7 percent of the total number of fish 
sampled in 1999, although many small Stichaeidae/Pholididae juveniles were probably X 
mucosus. In previous years this species has typically shown abundance peaks during summer and 
low abundances during winter. The pattern was mainly caused by recruitment episodes that have 
increased the overall population size during summer. In May 1999 there was a recruitment pulse 
at North Control and South Diablo Cove with high numbers ofjuvenile Xiphister spp. and 
Stichaeidae/Pholididae juveniles in the 20-30 mm size range (Figure 3-41). In the following 
survey (July) the mean size increased, reflecting growth of individuals in the earlier settlement 
cohort. Natural mortality, however, decreased the overall population abundance of Xiphister at 
all stations in subsequent surveys.  

A long-term plot ofXiphister mucosus abundance for each sampling area is presented in Figure 
342. Abundances declined at the North Diablo Cove station after plant start-up in comparigon to 
the Field's Cove station. In 1999, X mucosus was relatively abundant at the control stations and 
Field's Cove, but was scarce in Diablo Cove. Abundances have fluctuated over time within 
stations, primarily in response to recruitment episodes.  

Xiphister atropurpureus, the black prickleback, is closely related to X. mucosus and similar in 
appearance. The species decreased in overall abundance in Diablo Cove and Field's Cove during 
the operational period and in 1999 remained at low abundances (Figure 343). North and South 
Control were the main stations where X. atropurpureus was found in 1999. X atropurpureus was 
generally more abundant in Diablo Cove than in Field's Cove prior to plant start-up.  

TENERA E2000-072.3 3-62 RWMP 1999 Annual Report 

9/28/00



3.3 Intertidal Fishes 

Anoplarchuspurpurescens/Cebidichthys violaceus are the two species that comprise the high 

cockscomb/monkeyface eel complex. Identification uncertainties have made it necessary to 

combine small (<50 mm) Anoplarchus and Cebidichthys in field counts, but larger specimens are 

counted separately. Anoplarchus is known to attain lengths of 200 mm and Cebidichthys may 

grow to 760 mm (Eschmeyer et al. 1983). Large individuals are principally subtidal and most 

intertidal specimens found during the surveys were probably juveniles. Cebidichthys was 

primarily found in Field's Cove and South Diablo Cove, with high abundances also found at the 

new South Control station in 1999 (Figure 3-44). South Control also had the highest abundances 

of Anoplarchus purpurescens of all the stations (Figure 3-45) in 1999. Historically Anoplarchus 

has been moderately abundant in Field's Cove but has only occurred sporadically in South 

Diablo Cove. Prior to 1991, Anoplarchus of all sizes were included in the 

Anoplarchus/Cebidichthys complex and are, therefore, not included in the figure.  

During the pre-operational phase, Anoplarchus/Cebidichthys were generally more abundant at 

the Field's Cove station than at either North or South Diablo Cove stations. A general decline in 

abundance occurred in all areas in 1989-1990. Gradual increases in subsequent years occurred in 

all areas but North Diablo Cove. The reasons for this pattern are not known.
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Figure 3-37. Intertidal fish abundanrce at North Control (NC- IV) and South Control (SC- IV) combined.  
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Figure 3-38. Intertidal fish abundance at Field's Cove station FC- IV.
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Figure 3-39. Intertidal fish abundance at North Diablo Cove station NDC-IV.  
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Figure 3-40. Intertidal fish abundance at South Diablo Cove station SDC-2V.
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3.3 Intertidal Fishes
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Figure 341. Length frequency distribution for Xiphister spp. and juvenile Stichaeidae/Pholididae.
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3.3 Intertidal Fishes
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Figure 3-42. Xiphister mucosus: changes in abundance at intertidal fish stations.
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3.3 Intertidal Fishes
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Figure 343. Xiphister atropurpureus: changes in abundance at intertidal fish stations.
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3.3 Intertidal Fishes
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Figure 3-44. Cebidichthys violaceus: changes in abundance at intertidal fish stations.
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3.3 Intertidal Fishes

3.3 Itertdal ishe

Figure 3-45. Anoplarchuspurpurescens: changes in abundance at intertidal fish stations.  
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4.1 Subtidal Algae 

4.0 SUBTIDAL STUDIES 

Subtidal algae, invertebrates, and fishes were sampled in several field studies as part of the 1999 

RWMP. This included sampling of algae and invertebrate communities for species composition 

and abundance at permanent benthic stations, and identification and enumeration of fishes along 

permanent transects located near the benthic stations. The distribution and abundance of 

Nereocystis luetkeana (bull kelp) and Macrocystis pyrifera (giant kelp) in Diablo Cove were 

mapped in the habitat-forming kelp study.  

4.1 Subtidal Algae 

Subtidal algae have been sampled at DCPP since 1976. Earlier analyses of data collected through 

June 1995 detected declines in surface canopy-forming bull kelp, subsurface canopy-forming 

kelps, and some understory algal species in shallow areas of Diablo Cove as a result of the 

discharge (Tenera 1997). Coincident with these changes were increases in several algal species 

that were uncommon prior to plant start-up. The changes in the subsurface canopy-forming kelps 

and the algal understory were restricted to depths shallower than about 7 m in Diablo Cove.  

Discharge effects in Nereocystis luetkeana (bull kelp), detected as early deterioration of surface 

fronds, extended over a larger area (Field's Cove and areas northward to Lion Rock) during the 

1987 El Niflo when ambient water temperatures were warmer than normal. Macrocystis pyrifera 

(giant kelp) surface canopies increased in abundance throughout Diablo Cove beginning in about 

1992.  

Subsequent reports for the time period of 1995-98 showed that changes continued to occur in 

many taxa (Tenera 1999b). Decreases occurred in many of the understory algae leading to 

declines in total understory algal cover, despite increases in taxa with previously low abundances.  

Much of the change in understory algae resulted from changes in surface canopy kelps and grazer 

abundances.  

This section describes the 1999 results for subtidal algae at the benthic stations in Diablo Cove, 

Field's Cove, and Patton Cove (control area). Comparisons of the 1999 data to prior findings are 

qualitative and based on summaries of algal composition, correspondence analysis of 

community-level changes, and time-series abundance plots for individual taxa.  
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4.1 Subtldal Algae 

4.1.1 Sampling Methods 

The same sampling methods for subtidal kelp counts and understory algal coverage 

measurements have been used since the monitoring studies began in 1976. All benthic stations 

(Figure 4-1) had been established before the power plant began commercial operation and were 

sampled at various time intervals before and after power plant start-up. The stations were 

established primarily on substrates of mixed bedrock and boulders with small amounts of cobble 

and sand. Depths ranged from -3 m to -6 m (-10 ft to -20 ft) MLLW.  

Each station was circular with a radius of 3.15 m and a sampling area of 28 m'. The center 3.1 m' 

area, which contained a mooring wheel, was not sampled to avoid any unnatural algal and 

invertebrate growth associated with the mooring. Each station was divided into four equal 

sections, or "arc quadrants", 7 m' in area.  

Kelp species (brown algae of the order Laminariales and Fucales) and macroinvertebrates (see 

Section 4.2 - Subtidal Invertebrates) were sampled as counts of individuals using the subtidal arc 

quadrant (SAQ) sampling method. The subsurface canopy-forming kelps were Pterygophora 

californica, Laminaria setchelli, and Egregia menziesii. The surface canopy-forming kelps were

Figure 4-1. Subtidal benthic stations and habitat-forming kelp survey area in Diablo Cove.
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4.1 Subtidal Algae 

Nereocystis luetkeana and Macrocystis pyrifera. Juvenile plants of ihese subsurface and surface 

canopy-forming species (which could not be identified to the species level) were counted and 

recorded as "Laminariales." The kelps Sargassum muticum and Cystoseira osmundacea were also 

counted. C. osmundacea was further differentiated into plants with only a small basal portion and 

larger plants with floating reproductive fronds.  

Other subtidal algal species are more difficult to count because they are usually small or occur as 

dense clumps. These species are often collectively referred to as the algal understory as they 

occur beneath kelp fronds. We quantified all understory species at the stations in percent cover 

using a random point contact (RPC) sampling method. A line with ten points positioned at 

increasing intervals toward the station perimeter was attached to the center of the station and used 

to locate sampling loci in each quadrant. Fifty points within each quadrant, or 200 points per 

station, were randomly selected (using a random numbers table) before sampling. For each 

survey we sampled a new set of randomly selected points. The presence of all algal species, 

sessile invertebrates, and substrates observed directly under the points was recorded. Holdfasts of 

kelp species were also included when contacted by the sample points. Percent cover of the 

understory algae was derived by dividing the number of "contacts" by the number of points 

sampled. Species were identified to the lowest taxonomic level practical. Unknown taxa were 

collected outside the sampling area, if possible, and returned to the laboratory for identification.  

Maps of surface kelp canopies in Diablo Cove documented changes in kelp distribution and 

abundance outside the fixed benthic stations. We conducted the 1999 annual habitat-forming kelp 

survey for Nereocystis luetkeana (bull kelp) and Macrocystis pyrifera (giant kelp) in October for 

North and South Diablo Cove. Near the end of the annual growth cycle in October, the maximum 

number of bull kelp plants have reached the surface and can be counted. Two observers at each 

point counted and mapped the extent of bull kelp plants and giant kelp canopies. The occurrence 

of bull kelp plants with bare bulbs, indicating early senescence in plants, was also noted when 

possible. An annual census total of bull kelp for Diablo Cove and a composite map depicting the 

locations of bull kelp and giant kelp canopies were developed from the data.  

4.1.2 Results 

The following section describes the algal communities at the study areas, analysis results of 

community-level changes, and changes in individual taxa. The algal communities for each study 
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4.1 Subtidal Algae 

area sampled in 1999 are described by the taxa that formed 95 percent of the total algal cover in 

addition to crustose taxa and bare rock. The taxa examined in correspondence analysis were those 

that formed 95 percent of the total algal cover and occurred in at least 20 percent of the surveys.  

Biological Community Descriptions 

This section describes the biological communities organized by the three areas sampled.  

South Control 

Stations SC-I and SC-2 were sampled in the control area of Patton Cove in 1999 (Figure 4-1) 

where the red foliose, algal understory assemblage was characterized by Cryptopleura 

ruprechtiana and Chondracanthus exasperata/corymbiferus (Figure 4-2). Articulated coralline 

algae (Calliarthron/Bossiella spp.) and crustose coralline algae were also abundant members of 

the algal understory.  

The abundance of kelp is better described from counts of individuals (density) (Figure 4-2b) 

rather than coverage of holdfasts (Figure 4-2a). An increase in the density of the subcanopy kelp 

Pterygophora californica and juvenile form of this species (Laminariales) was among the most 

noticeable change at the control stations in 1999 (Figure 4-2b). The increase followed a 1999 

storm disturbance that allowed kelp to colonize the new bare rock space. Other kelp taxa did not 

increase by similar amounts (Figure 4-2b).  

Diablo Cove 

While articulated coralline algae and crustose coralline algae were abundant, the red, foliose algal 

understory assemblage in 1999 at stations sampled at the North and South Diablo Cove stations 

was comprised of different taxa than at the controls. Prionitis spp., Farlowia/Pikea spp., and 

Gelidium robustum were more common in North Diablo Cove, as were benthic diatoms 

(Chrysophyta) (Figure 4-3). Benthic diatoms were also conspicuous at stations in South Diablo 

Cove (Figure 4-4). Cryptopleura ruprechtiana was the numerically dominant foliose understory 

alga at the North and South Diablo Cove stations before power plant start-up, but was nearly 

absent at the stations in 1999. C. violacea, which had increased during power plant operation at 

the North and South Diablo Cove stations, declined in cover in both areas in 1999 back to levels 

observed before power plant start-up.  
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4.1 Subtidal Algae 

Giant kelp (Macrocystispyrifera) continued to be the most abundant kelp species in North and 

South Diablo Cove in 1999, and the kelp holdfasts were sampled as part of the algal understory 

(Figures 4-3 and 4-4). The annual habitat-forming kelp survey conducted in October 1999 noted 

that the surface canopies of giant kelp covered most areas of North and South Diablo Cove, with 

the area extending from the central portion of Diablo Cove past the southern tip of Diablo Rock 

remaining largely devoid of giant kelp because the bottom consists largely of sand flats. The 

annual habitat-forming kelp survey also documented a total of two surface-occurring bull kelp 

individuals (Nereocystis luetkeana) in Diablo Cove, which occurred close to the shoreline of 

South Diablo Point. Both individuals occurred as bare bulbs that lacked blades.  

Field's Cove 

In general, species composition and abundance of the foliose, red algal understory and kelp 

assemblage at FC-I in Field's Cove were more similar to controls than to stations in Diablo Cove 

(Figure 4-5). Namely, the foliose red alga Cryptopleura ruprechtiana and Chondracanthus 

exasperatalcorymbiferus were among the most abundant at FC-I as in control stations. Also, 

large increases that occurred in 1999 in the subcanopy kelp species Pterygophora californica and 

Laminaria setchellii at the control stations also occurred at FC- 1.  

Community Analysis 

Results of correspondence analysis (CA) highlight some of the more obvious and subtle 

dissimilarities in species composition and abundance among the stations in Diablo Cove, Field's 

Cove, and Patton Cove (South Control) since 1990 (Figure 4-6). The first axis separates Diablo 

Cove from the other study areas, and shows the dissimilarity has been largely due to the 

abundance of giant kelp (Macrocystis pyrifera) in Diablo Cove. Other taxa in Diablo Cove 

accounting for differences include understory algae consisting of Nienburgia andersoniana, 

Chrysophyta, Cryptopleura violacea, and Farlowia/Pikea spp. The second axis separates the 

control area from Field's Cove. The control area was characterized by the relative abundance of 

Pterygophora californica and Laminariales. Field's Cove was characterized by the relative 

abundance of Mazzaella lilacina, Cryptopleura ruprechtiana, and Callophyllis spp. However, 

both the control and Field's Cove stations have become more similar since 1997, due to the 

occurrence of Laminariales and Pterygophora californica.  
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4.1 Subtldal Algae 

Select Species Changes 

Although some increases have been observed in 1999, an overall declining trend in total algal 

cover, with the exception of crustose algae, has been occurring at the North and South Diablo 

Cove and Field's Cove stations since 1990-92 (Figure 4-7). Total algal cover has remained 

relatively unchanged at the South Control stations, but declines occurred in 1999 at SC 1 -3m, 

related to large storms that occurred during the year. Declines in Diablo Cove and Field's Cove in 

1999 were probably related to the same storms. Appendix F1 and F2 presents annual mean 
abundances for the individual subtidal algal taxa from 1976 through 1999.  

Cryptopleura violacea (foliose red alga) was not abundant in Diablo Cove before power plant 

start-up. An increase during power plant operation through about 1992-94 was followed by a 
decline in 1995-98 (Figure 4-8). This was detected as a statistically significant change from the 

earlier increase (Tenera 1999b). The decline continued in 1999, returning to pre-operational 
levels of abundance. This species has always been low in abundance at control and Field's Cove 

stations throughout the study.  

MAacrocystispyrifera (giant kelp) began increasing in abundance in Diablo Cove in 1990-92 
(Figure 4-9). Abundances in 1995-98 were statistically significant, representing a continuing rise 

in the densities of this kelp species (Tenera 1999b). Further increases occurred in 1999 in Diablo 

Cove, consistent with large coastwide increases in surface canopy kelp species (Tenera, 

unpublished observations). M pyrifera has not been found at the South Control stations. M 

pyrifera is more common north of the power plant (Tenera 1999c). A few individual kelp plants 
were recorded for the first time at FC 1 -3 m in Field's Cove in 1998, and densities were similar 

in 1999 (Figure 4-9).  

Pterygophora californica (a subcanopy kelp) changed markedly in abundance among the subtidal 

algae in 1999 at the two control stations (Figure 4-10). The increase at those stations was 

accompanied by increases in 'Laminariales', a taxon we use for kelp plants that are too small to 

distinguish to the species level (Figure 4-2b). It is assumed that many of the Laminariales kelp 

plants at the control stations in 1999 were small P. californica. A relatively small increase in P.  

californica occurred at the Field's Cove station in 1999. There, another subcanopy kelp, 

Laminaria setcheiif , increased more markedly in abundance in 1999 (Figure 4-5b). No large 

changes occurred in the abundance of P. californica or L. setchellii at the Diablo Cove stations in 

1999 (Figures 4-3b and 4-4b).  
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4.1 Subtldal Algae 

4.1.3 Discussion 

The study areas in 1999 were characterized by taxa typical of central California rocky subtidal 

zones. However, the relative proportions and levels of abundance of various taxa in Diablo Cove 

differed from pre-operational abundance levels and from levels in control and Field's Cove areas.  

The differences resulted largely from previous changes in Diablo Cove that began after power 

plant start-up. Initial changes were subsequently influenced by the increase in surface canopies of 

giant kelp (Tenera 1997). The coverage of understory algae increased after power plant start-up, 

but then declined in the presence of giant kelp. Some of the changes included species returning to 

pre-operation levels of abundance. For example, Cryptopleura violacea increased after power 

plant start-up, but declined to pre-operation levels of abundance after surface canopies of giant 

kelp had formed in Diablo Cove.  

The abundance of giant kelp increased further in 1999 to the highest levels of abundance 

recorded in the study. The large increase probably resulted from oceanographic conditions that 

were favorable to its growth. The expansion of kelp in 1999 was not unique to Diablo Cove.  

Remarkable high levels of giant kelp abundance, including bull kelp, were observed concurrently 

in 1999 along other portions of the central California coast (Tenera, unpublished observations).  

Increases in giant kelp in southern California in 1999 were associated with cooler seawater 

temperatures and abundant nutrients due to upwelling during the La Nifia (Hayward et al. 1999).  

Recruitment potential in kelp is high, which has enabled them to respond quickly to changes in 

ocean conditions and rapidly populate areas (Dayton et al. 1982).  

The ability of the giant kelp surface canopies to modify understory species composition presents 

difficulties for determining the spatial extent of discharge effects using previously identified 

indicator species. We previously used Cryptopleura violacea to delineate areas of effects to 

understory algae in Diablo Cove, based on areas where this species was abundant (Tenera 1997).  

However, its abundance now appears to be inversely related to the abundance of giant kelp, 

making it less useful as an indicator of discharge effects on understory algae in Diablo Cove. The 

subcanopy kelps Pterygophora californica and Laminaria setchellii declined at shallow stations 

contacted by the discharge, and their absence was used to delineate areas of discharge effects to 

these subcanopy kelps in Diablo Cove (Tenera 1997). However, shading from giant kelp can also 

reduce or maintain the abundance of understory algae at low levels (Pearse and Hines 1979, 

'Kimura and Foster 1984, Reed and Foster 1984). Consequently, species distributions alone can 
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no longer be considered reliable for mapping the spatial extent of discharge effects in areas of 

Diablo Cove, as long as giant kelp remains abundant in the cove.
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Figure 4-6. Results of correspondence analysis for subtidal algae (a) survey scores and (b) taxa scores.
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Figure 4-7. Total algae: changes in abundance at subtidal benthic stations.
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Figure 4-8. Cryptopleura violacea: changes in abundance at subtidal benthic stations.
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Figure 4-9. Macrocystis pyrifera: changes in abundance at subtidal benthic stations.
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Figure 4-10. Pterygophora californica: changes in abundance at subtidal benthic stations.
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4.2 Subtidal Invertebrates 

4.2 Subtidal Invertebrates 

Subtidal invertebrates have been monitored by the subtidal arc quadrant (SAQ) and subtidal 

fixed quadrat (SFQ) methods since 1976 on the benthic stations in the DCPP study area. Between 

1987 and 1994 the subtidal invertebrate community in Diablo Cove changed as a result of the 

DCPP discharge (Tenera 1997). Further discharge-related changes occurred between 1995 and 

1998 (Tenera 1999b).  

Invertebrate taxa that showed a persistent increase in abundance from 1987 through 1998 

included anemones (Anthopleura elegantissima), tube worms (Pista spp.), thatched barnacles 

(Tetraclita rubescens), tube snails (Dendropoma spp.), and purple urchins (Strongylocentrotus 

purpuratus). Persistent decreases occurred in encrusting sponges, hermit crabs (Pagurus spp.), 

small seastars (Henricia leviuscula and Leptasterias spp.), and shelled gastropods (Tegula 
brunnea, T montereyi, Calliostoma ligatum and Homalopoma spp.). Reversals in previously 

determined effects (e.g. a significant increase in a taxon that previously showed a significant 

decrease) that occurred between 1987 through 1994 and 1995 through 1998 included increases in 
encrusting bryozoans, encrusting tunicates, orange puffball sponges (Tethya aurantia), and kelp 
crabs (Pugettia spp.) and decreases in limpets (Acmaea mitra and Fissurella volcano), brittle 

stars (Ophiothrix spp.), and giant spined sea stars (Pisaster giganteus). Additional discharge 
effects were detected during 1995 through 1998 in giant gumboot chitons (Cryptochiton stelleri), 

sand tube worms (Phragmatopoma californica), and miter shells (Mitra idea), and decreases in 

the small gastropod (Amphissa spp.), limpets (Lottia ochracea), and bat stars (Asterina miniata).  

A few taxa that occurred only in Diablo Cove following power plant operation were not 

statistically analyzed in previous analysis reports because of their generally low abundances 

(Tenera 1997, 1999b). These included Norris' top snail (Norrisia norrisi), spiny lobster 

(Panulirus interruptus), a brittle star (Ophiactis simplex), and black sea hares (Aplysia vaccaria).  

Mean taxa richness for the larger invertebrate taxa increased in Diablo Cove between OpPeriod- 1 

and OpPeriod-2 but decreased for the smaller invertebrate taxa. Multivariate analysis showed 

that the subtidal invertebrate community structure in Diablo Cove continued to diverge from pre

operation conditions through 1998 (Tenera 1999b).  

The Field's Cove benthic station is contacted by the DCPP thermal discharge much less 

frequently than stations at similar depths in Diablo Cove, such that the average delta-T* is about 

1 I C above ambient (Tenera 1997). As a result of the reduced plume contact, possible discharge 
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effects were detected in only a few invertebrate taxa between 1995 and 1998 (Tenera 1999b).  

Increases in S. purpuratus and decreases in Leptasterias spp. paralleled discharge effects 

observed in Diablo Cove. Similarly, macroinvertebrate species diversity increased during this 

period. However, correspondence analysis (particularly 1998) and ANOVA results indicated that 

invertebrate community structure at the Field's Cove subtidal station did not differ substantially 

from the control station (Tenera 1999b).  

Red abalone were abundant in Diablo Cove until 1988 when they began to decline, presumably 

due to the effects of withering syndrome (WS) (Tenera 1999b). Abalone in Field's Cove and 

South Control remained relatively abundant through 1995 with no evidence of WS. Red abalone 

survey results showed a higher rate of decline in Diablo Cove from 1995 through 1998, 

compared to other areas, and indicated that they continued to be affected by the warm water 

discharge after 1995 (Tenera 1999b).  

This section describes any important new or continuing effects of the power plant discharge on 

subtidal invertebrates through the analysis of the SAQ and SFQ data sets collected at Diablo 

Cove, Field's Cove, and control stations during 1999. New or continuing effects were determined 

by qualitatively comparing the results with the results from OpPeriod-2.  

4.2.1 Sampling Methods 

The SAQ method was used to sample macroinvertebrates at eight benthic stations during 1999.  

Five discharge stations were located within Diablo Cove, one discharge station was located 

within Field's Cove, and two control stations were located at Patton Cove (Figure 4-1). For 

sampling, a station was subdivided into four 7 m2 quadrants, and macroinvertebrates were 

counted within each of these quadrants. All individuals of select invertebrate taxa were counted 

regardless of their size. Individuals of other non-encrusting invertebrates were counted if they 

were larger than 2.5 cm (length or width). A few common species that generally occurred in 

numbers too high to accurately count were sampled only in the first one-third (2.33 M 2) of each 

quadrant.  

The SFQ method sampled four circular quadrats with an area of 0.25 in 2 at fixed locations at 

each subtidal station to determine the species composition and abundance of smaller, cryptic, 

subtidal invertebrates. Each fixed quadrat was located within an SAQ quadrant at a subtidal 

station, generally on bedrock or boulder substrate. Depending upon the degree of topographical 

relief, two quadrats were located on horizontal-aspect substrate and two quadrats were located on 
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vertical-aspect substrate. Non-encrusting taxa were identified and counted. The coverage of 

encrusting taxa (e.g., colonial/social tunicates) was quantified in square centimeters if the total 

equaled or exceeded 6.5 square centimeters, or was recorded as "present" if coverage was less.  

There was no minimum or maximum size limits for invertebrates in the SFQ study.  

Correspondence analysis was used to contrast patterns of change in invertebrate assemblages 

among areas. The taxa that comprised the majority (95%) of the total abundance and that 

occurred in at least 20% of the surveys were used in analyses for each elevation. Data for these 

taxa were log(x+l) transformed to compensate for scale differences between counted and 

coverage taxa and then combined into annual means for six stations in three areas: 

"* Control (SC-1); 

"* Diablo Cove (NDC-3, NDC-4, SDC-2 and SDC-3); and 

"* Field's Cove (FC-1).  

4.2.2 Results 

Subtidal invertebrates showed no substantial changes in 1999 from patterns described in Tenera 

(1999b). With a few exceptions, all subtidal invertebrate taxa occurred on the benthic stations in 

each of the areas sampled in 1999. Differences among benthic stations in the three Diablo 

sampling areas were primarily the result of differences in the relative abundances of taxa.  

Subtidal invertebrate taxa richness (total number of invertebrate taxa) was generally similar 

among all benthic stations sampled in 1999 (Figures 4-11 through 4-18).  

Biological Community Descriptions 

Among the macroinvertebrates, the most abundant taxa in Diablo Cove in 1999 were purple 

urchins (Strongylocentrotus) followed by anemones (Anthopleura), tube worms (Diopatra), and 

dunce cap limpets (Acmaea) (Figures 4-11 and 4-12). Sand tube worms (Phragmatopoma) were 

the most abundant smaller invertebrate taxon followed by purple urchins, brittle stars 

(Ophiactis), boring clams, and barnacles (Balanus/Tetraclita) (Figures 4-15a and 4-16a).  

Shelled gastropods, when present, consisted of a few smaller individuals in cryptic habitats 

(under cobbles, in crevices, under dense algal cover). Similarly, hermit crabs, six rayed seastars 

(Leptasterias) and proliferating anemones (Epiactis) remained rare or absent (Figures 4-15a and 

4-16a).  
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Invertebrate species composition and abundance remained generally similar on the benthic 

stations at the control and Field's Cove in 1999 (Figures 4-13 and 4-14). Large sized brown 

turban snails (Tegula) remained abundant followed by bat stars (Asterina), hermit crabs 

(Pagurus), anemones, the snail Homalopoma, and cup corals (Balanophyllia). Although 

Phragmatopoma was more abundant at the control than at the Field's Cove station (Figures 4

17a and 4 -18a), they were not as abundant as in Diablo Cove. Leptasterias and Epiactis may 

have increased at both control and Field's Cove stations in 1999. Encrusting invertebrate forms 

(tunicates, bryozoans, sponges) continued to be more abundant on these stations than on those in 

Diablo Cove (Figures 4-15b to 4-18b).  

Community Analysis 

Results of the correspondence analysis of 18 taxa for 1990-1999 showed that, compared to the 

control and Field's Cove stations, macroinvertebrate community structure varied considerably 

among years in Diablo Cove (Figure 4-19a). In 1999, Diablo Cove benthic stations continued to 

differ from the other areas by the presence and abundance of purple urchin (Strongylocentrotus 

purpuratus), spiculate brittle star (Ophiothrix spiculata), and Hilton's nudibranch (Phidiana 

hilton) and the absence or paucity of brooding sea stars (Leptasterias spp), hermit crabs 

(Pagurus spp), brown turban snails (Tegula brunnea), and blue top snail (Calliostoma ligaturn) 

(Figure 4-19b). Purple urchins continued to increase in Diablo Cove in 1999 and, consequently, 

the invertebrate community structure in Diablo Cove continued to differ from the control.  

Community structure at Field's Cove continued to resemble the control station during 1999.  

Differences between these two areas are represented on the second axis by differences in the 

relative proportions of several shared taxa. Namely, there were relatively greater abundances of 

Leptasterias, serpulids, Acmaea mitra and Serpulorbis at Field's Cove and relatively greater 

abundances of Lottia and Asterina at the control station.  

Select Species Changes 

No discernible shifts in trends occurred in 1999 among taxa with previously detected discharge 

effects reported in Tenera (1997). For example, Strongylocentrotus purpuratus (Figure 4-20) 

continued to increase at all Diablo stations except SDC 2-3n,. Tegula brunnea (brown turban 

snail), Leptasterias spp. (six armed sea star), Pagurus spp. (hermit crabs) (Figure 4-21), and 

Calliostoma ligaturn (lined top shells) continued decreases or remained at low levels of 
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abundance in Diablo Cove as first reported in Tenera (1997). Similarly, taxa that showed new 

increases during OpPeriod-2 appear to have persisted. These include Mitra, Asterina, and 

Phragmatopoma (Figure 4.-22). Conversely, Cryptochiton declined in 1999 (Figure 4-23).  

Colonial/social tunicates continued to have low levels of abundance at south Diablo Cove 

stations in 1999 after persisting at moderate levels prior to power plant start-up (Figure 4-24).  

There was an increase in abundance of this taxon in 1999 at the shallow south Control station 

(SC 1-3m), and it was basically unchanged at the Field's Cove station compared to the previous 

four-year average.  

Red abalone, not abundant on benthic stations since 1995, may have increased slightly in 1999.  

Three abalone were seen on the benthic stations sampled during the surveys from 1995 through 

1998 (Tenera 1999b). On the benthic stations sampled during the surveys in 1999, a total of 10 

abalone was observed, six within Diablo Cove. Six abalone were observed during the October 

1999 survey alone, four within Diablo Cove and one each at the control and Field Cove stations.  

4.2.3 Discussion 

Predation by fishes, invertebrates, and sea otters, in combination with heated water from the 

discharge, have been cited as important factors regulating the abundances of shelled gastropods 

in the subtidal zone of Diablo Cove (Tenera 1997, 1999b). Many species of shelled gastropods 

continued to be in very low abundance in Diablo Cove in 1999 compared to the control stations.  

Affected taxa include herbivorous taxa (Tegula, Calliostoma, Lithopoma, Homalopoma, and 

Amphissa) and predatory taxa (Ocenebra, Fusinus). As in previous years, large-sized individual 

snails (> I cm) were uncommon and those found on the subtidal stations were mainly small-sized 

individuals that occurred in cryptic habitats (e.g., crevices, under cobbles). Large, herbivorous 

snails were fairly common at South Control and Field's Cove in 1999. Miter shells (Mitra idea) 

are one of the predatory snails that has increased in Diablo Cove since power plant operation.  

The shell shape and thickness of miter shells are known to effectively deter many potential fish 

and invertebrate predators in tropical areas (Vermeij 1978, 1993). Norris's top shell (Norrisia), a 

large, conspicuous snail often found several meters above the bottom on the fronds of giant kelp 

plants, are less commonly observed in Diablo Cove over the last two years. Evidence (cracked 
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shells) suggests that increased predation, presumably by sea otters, on these snails may be 

contributing to the decline.  

The abundance of several taxa of ubiquitous and generally abundant subtidal invertebrates 

appeared to be substantially reduced on all subtidal stations in 1999. These taxa include volcano 

limpets (Fissurella volcano), kelp crabs (Pugettia), bat stars (Asterina), giant spined seastars 

(Pisaster giganteus), hermit crabs (Pagurus), and lined chitons (Tonicella). Several more species 

appear to be declining within Diablo Cove: giant keyhole limpets (Megathura), gumboot chitons 

(Cryptochiton), brittle stars (Ophiothrix), Kellet's whelk (Kelletia), and Hilton's nudibranch 

(Phidiana). These apparent declines are unexplained but may be related in some way to the 

anomalous temperature regime recorded in Diablo Cove and elsewhere along the Pacific Coast in 

1999.

TENERA E2000-072.3 4-23 RWMP 1999 Annual Report 
9W28100



South Diablo Cove- SAQ Invertebrate Counts: Mean No. Individuals / 7 m2

Jan 1, 78 - Dec 31, '84 
(39 Surveys)

Jan 1. '87 - Apr 30, W 
(34 Surveys)

May 1. 95 - Doc 31, '99 
(11 Surveys)

Jan 1. 99 - Dec 31,99 
(4 Surveys)

0 25 60 75
28.7 
16.2

25 0 25 50 7 
3.9 10.4 
0.6 0.9

25 60 ZI 75

bi ngela S5.1; -7 .4 L . .  
r 4.0 4.4 8.1 12.3 

ton ata 3.7 2.5 0.2 0.3 lralif~oon i 32 -

aar mo 

tom s9 u1. 0.7 02< 0.1 
110.9 2 3.0 -8407 6 0.1 __ _ _ _ _ _ 

K05 0.5 2.0 3.  
tnaua 0.4 0. 0.3 0.  

0.55 0.6 0.  

_.1. 0.7 

4)0.1 O05 

_ _ _ __0: 086 

0.a4 0. 000 
I et emennat~aa u 0.1 0.6 0.5 0.9 

• " o O IOI . <H 0.10.3 0,.  

macraiom.s 0.1 0.5 0.2 
uprls<0. 1.0 15.9 3 

<01< 0. 0.0 
;.l.1a 1 <A0.1 0.1 0.4 0.8 
----- ------ t. 1 7g

A jta oica 0egg lase 

All N 1 combined 133.7 

Meanrinooi! tayN i~n? 13.1

(0 

(0

C

V 

91.5 

12.9

0.9 
0.4 
0.3 

656.5 
68

0.6 
73.7 

47 
10.7

Figure 4-11. Subtidal SAQ invertebrate abundances at the South Diablo Cove stations.  
Stations = SDC-2 and -3.
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Figure 4-12. Subtidal SAQ invertebrate abundances at the North Diablo Cove station.  
Stations = NDC-2, -3, and -4.
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Figure 4-13. Subtidal SAQ invertebrate abundances at the Field's Cove station.  
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C

P•,• ~• r Uam, .wm!! q:o -JMV,. ___ __ ___ __ __ _ _ __ _ _ 

=8=9 uým emus 2.3 3. 0.7 0.  
tal ostoma .at2 0.0 

I p atissia 1:9 2.6 6.2 4.89 

,C 0.1 ,je'u81.mont'D'ey U. 0.5 "e .a urej0. 02 0.6 0.8 
DoPo-lrraa .4 < 0.1 < 0.1 

-lmpl 0.5ucum 
IIseunia -,.0 40 4.4 

0.•.7 0.5 < 0.1 :1aZan Lhio.,< 8 ntrot.u. pr. •____e << ::1 A• . .... ....

C

gulm brunnea 
ragurs $pp.

C 
Ix 
CL 

ID 

5..  

S

2.5 so 75

I

I



-I 
m 

Control - SAQ Invertebrate Counts: Mean No. Individuals / 7 ai 

Jan 1. 78 -Dec 31,84 Jan 1. '87 - Apr 3O, '95 May . '96. Deo 31. W Jan 1 '9 - Dec 31, '99 
(24 Surveys) (29 Surveys) (10 Surveys) (4 Surveys) 

TAu 2 565 50 5 5 5 - 25 50 7525 0 

mla 235 9.0 5.9 4 
lai.8 157 4.8 10.54 

0.440.2 7.32 9 Puus,.136 7.5 4.5 6.7 

Iowa, 0.5.5 
h1a n 1 

etseaasp150.7 0.5 0.5 0. 20.4 

S0.3 

<<0.3<0, 

< '.2<0.ioT 

~paj~iberou 0.2 O 0 .0.2 0.2 

-0i < 03 0.2 °0.  

0.3 0.2 

4)¶V4O .5 0. 0.2 0.3; _ __ _ _ 

tno. .axaperod 76 91 405 3 

-' rlno. taia' 7mn2  15.0 15.2 10.3 10.31p.  

Figure 4-14. Subtidal SAQ invertebrate abundances at the control stations: a) counts and b) number of square centimeters cover.<5 
Stations SC-I and -2.  

*. . 01<0. .  a' 

eg Mass



C

a) South Dlablo Cove - SFQ Invertebrate Counts: Mean No. IndivIduals / 0.25 m'
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Figure continued on next page.  
Figure 4-15. Subtidal SFQ invertebrate abundances at the South Diablo Cove stations: a) counts and b) number of square centimeters cover.  
Stations = SDC-2 and -3.
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b) South Diablo Cove - SFQ Invertebrate Cover: Mean No. 2.5 x 2.5 cm Units /0.25 nm 
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Figure 4-15 (eoutluued), Subtidal SFQ invertebrate abundances at the South Diablo Cove stations: a) counts and b) number of square centimeters cover.  
Stations = SDC-2 and -3.  
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a) North Diablo Cove - SFQ Invertebrate Counts: Mean No. Individuals 10.25 m'

Jan 1. 78 - Dec 31. '84 
(29 Surveys)
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Figure continued on next page.  
Figure 4-16. Subtidal SFQ invertebrate abundances at the North Diablo Cove stations: a) counts and b) number of square centimeters cover.  
Stations = NDC-2, -3, and -4.
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b) North Diablo Cove - SFQ Invertebrate Cover. Mean No. 2.5 x 2.5 cm Units /0.25 m0 
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Figure 4-16 (continued). Subtidal SFQ invertebrate abundances at the North Diablo Cove stations: a) counts and b) number of square centimeters cover.  
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a) Field's Cove - SFQ Invertebrate Counts: Mean No. IndMduals / 0.25 m2
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Figure 4-17. Subtidal SFQ invertebrate abundances at the Field's Cove station: a) counts and b) number of square centimeters cover.  
Station = FC-I.
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b) Field's Cove - SFQ Invertebrate Cover: Mean No. 2.5 x 2.5 cm Units /0.25 n? 
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Figure 4-17 (continued). Subtidal SFQ invertebrate abundances at the Field's Cove station: a) counts and b) number of square centimeters cover.  
Station= FC-l.  
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a) Control - SFQ Invertebrate Counts: Mean No. Individuals 10.25 m'"
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Figure continued on next page.  
Figure 4-18. Subtidal SFQ invertebrate abundances at the control stations: a) counts and b) number of square centimeters cover.  
Stations = SC-I and -2.
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a) Control - SF0 Invertebrate Counts: Mean No. Individuals / 0.25 m-

Jan 1, 78 - Doc 31,84 
(24 Surveys)
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Figure 4-18 (continued). Subtidal SFQ invertebrate abundances at the control stations: a) counts and b) number of square centimeters cover.  
Stations = SC-I and -2.

C. C

n

C

(0 
C 
0* 
'4 
0.  

S 

S 
0* 

S (a

z -oui I labili MOLL%

70.



4.2 Subtidal Invertebrates

a) Survey scores
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Figure 4-19. Results of correspondence analysis for subtidal invertebrates: 
(a) survey scores and (b) taxa scores.
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4.2 Subtidal Invertebrates
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Figure 4-20. Strongylocentrotus purpuratus: changes in abundance at 
subtidal benthic stations: SAQ method.  
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4.2 Subtidal Invertebrates
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Figure 4-21. Pagurus spp.: changes in abundance at subtidal benthic stations: SFQ method.
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4.2 Subtidal Invertebrates
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Figure 4-22. Phragmatopoma californica: changes in abundance at 
subtidal benthic stations: SFQ method.

TENERA.E2000-072.3 4-38 RWMP 1999 Annual Report 
9/28/00

NDG 2 -3Mn 

TsDC4-rn 

-SU 2 -3in

FG 1 -3m 

I I I I I t | I I I I I t I I I I I I I I I I 

" DCG 3 -r 

SU 1 -3m
i1111a 11 1 1i 1 11111111

S(Y 2 -6m 

Year
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Figure 4-23. Cryptochiton stelleri: changes in abundance at subtidal benthic stations: SAQ method.
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Figure 4-24. Tunicates: changes in abundance at subtidal benthic stations: SFQ method
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4.3 Subtidal Fishes 

4.3 Subtidal Fishes 

Previous discharge effects on subtidal fishes were described in an Analysis Report (Tenera 1997) 

that compared data from 1976-1995, and in a later report (Tenera 1999b) that focused on 

changes during 1995-98 in comparison to previous findings. Fishes in the vicinity of DCPP have 

been counted by underwater visual censuses since 1976. After power plant start-up, fish species 

richness increased in North Diablo Cove and decreased in South Diablo Cove (Tenera 1997).  

The warm water has been a significant factor in maintaining local populations of fishes that 

occur more commonly in waters south of Point Conception such as Semicossyphuspulcher 

(sheephead), Girella nigricans (opaleye), Medialuna californiensis (halfmoon), and Paralabrax 

clathratus (kelp bass). Prior to power plant start-up, these species were rare in Diablo Cove.  

Other species attracted to the discharge were Triakis semifasciala (leopard shark), Myliobatis 

californica (bat ray), Urolophus halleri (round ray), and Atractoscion nobilis (white seabass).  

Cool-temperate fish families such as Cottidae (sculpins) and Hexagrammidae (greenlings) have 

generally become less common in shallow areas of Diablo Cove since power plant start-up.  

However, these species persist below the thermocline and in fringe areas of the discharge plume 

where cool and warm waters mix. Changes in factors other than temperature (e.g., algal 

community structure and food availability) may have also contributed to changes in fish 

community composition and distribution in Diablo Cove after power plant start-up.  

Changes in algal community structure are known to affect the distribution and abundance of 

temperate reef fishes (Carr 1989). Cool-temperate kelp species (Nereocystis iuetkeana and 

Cystoseira osmundacea), formerly abundant in Diablo Cove, declined after power plant start-up, 

and giant kelp (Macrocystis pyrifera) began to increase in abundance during the early 1990s.  

Although the composition of the algal assemblage changed, the surface kelp canopy continued to 

provide habitat for Brachyistiusfrenatus (kelp surfperch), Paralabrax clathratus, and juvenile 

Sebastes spp. (rockfishes) (Tenera 1997).  

This section describes the results from 1999 surveys at the subtidal fish observation stations in 

Diablo Cove, Field's Cove, and South Control (Figure 4-25). Comparisons of the 1999 data to 

prior findings are qualitative, based on species abundance summaries, results of community-level 

correspondence analysis, and time-series abundance plots for individual species.  
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4.3 Subtidal Fishes 

4.3.1 Sampling Methods 

Sampling methods used to conduct subtidal fish observations in 1999 were the same as those 

used at DCPP since 1976 (see Tenera 1999b). In 1999, three new sampling stations in Field's 

Cove were added to the existing array of fixed subtidal stations (Figure 4-25). The Field's Cove 

sampling was conducted using the same diver observation methodology used at other stations.  

Differences in abundance among areas and years were evaluated graphically. The top 95 percent 

most abundant taxa were analyzed for the 1999 study period. Diversity and abundance in 1999 

were compared with annual means from three previous study periods: 

1) January 1, 1978-December 31, 1984 (24 surveys), 

2) January 1, 1987-April 30, 1995 (28 surveys), and 

3) May 1, 1995-December 31, 1999 (eight surveys).  

Data from benthic and midwater transects were analyzed separately since the fish assemblages in 

these two habitats typically differ. Replicate surveys were pooled by survey area for analysis.  

Correspondence analysis (CA) was used to compare fish assemblages among areas over time.

Figure 4-25. Subtidal fish observation transects.
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4.3 Subtidal Fishes 

Data from only benthic transects were analyzed because these data included more taka and were 

less variable than the midwater transect data. Annual means for individual taxa used in the 

analysis were computed from survey means for the benthic transects in Diablo Cove and South 

Control.  

4.3.2 Results 

Three subtidal fish observation surveys were completed during 1999 (January 1-December 31).  

Similar to previous years, the seflorita (Oxyjulis californica) numerically dominated the benthic 

fish fauna in 1999. On midwater transects, seflorita were also numerically dominant at nearly all 

stations in 1999 except in North Diablo Cove where jack mackerel (Trachurus symmetricus) was 

numerically dominant for the first time in the study. Juvenile rockfishes (Sebastes spp.) were also 

abundant at nearly all stations on both benthic and midwater transects.  

Biological Community Descriptions 

This section describes the fish assemblages found at the four fish study areas in South Control, 

North Diablo Cove, South Diablo Cove, and Field's Cove.  

South Control 

Fish abundance at South Control was higher in 1999 than in previous years, averaging 

approximately 100 fish per transect with benthic and midwater stations combined (Figure 4-26).  

Seflorita and juvenile rockfishes, mainly yellowtail/olive complex (SebastesfiaviduslS.  

serranoides) and blue rockfish juveniles (S. mystinus), numerically dominated both the benthic 

and midwater fish assemblages in 1999. Compared with the five-year average included in the 

1995-1999 period, sefiorita, yellowtail/olive rockfish juveniles, blue rockfish juveniles, and 

black rockfish juveniles (S. melanops) occurred at South Control in higher abundance. On South 

Control benthic transects in 1999, both the striped surfperch (Embiotoca lateralis) and the 

juvenile black-and-yellow/gopher rockfish complex juveniles (S. chrysomelaslS, carnatus) were 

below the five-year average. In the midwater, the juvenile black-and-yellow/gopher rockfish 

complex was absent in 1999, and the tubesnout (Aulorhynchusflavidus) was below the 1995

1999 average.  
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4.3 Subtidal Fishes 

North Diablo Cove 

Fish remained relatively abundant on benthic transects in North Diablo Cove during 1999 with 

increases in several taxa compared to previous periods (Figure 4-27). Sefforita was the 

numerically dominant species, as in previous years, and was similar in abundance to the 1995

1999 average. The appearance of high numbers ofjack mackerel on both the benthic and 

midwater transects in 1999 was unusual since they have not been recorded during subtidal fish 

observations in North Diablo Cove since the inception of the study. However, small schools of 

jack mackerel have been seen in previous years directly in the discharge turbulence zone. They 

were the most abundant species in midwater transects in 1999, replacing seflorita as the dominant 

taxon in most other years.  

South Diablo Cove 

Fish abundance in South Diablo Cove was lower during 1999 than in previous years (Figure 

4-28). Overall abundance of fishes on benthic transects in South Diablo Cove continued a trend 

of gradual decline that began after power plant start-up. Average abundance of fishes on 

midwater transects was markedly lower in 1999 (18.5/transect) than during the 1995-1999 period 

(55/transect). This difference is primarily accounted for by the reduced abundance of silversides 

in 1999.  

Relative importance of the dominant fish taxa has changed little over the course of the study in 

South Diablo Cove. Sefforita and juvenile yellowtail/olive rockfishes numerically dominated the 

benthic habitats there in 1999. In the 1995-1999 period, seflorita and juvenile black-and

yellow/gopher rockfishes were the two most abundant taxa. Sefiorita and silversides numerically 

dominated the water column fish assemblage in South Diablo Cove as they did during the period 

from 1995-1999.  

Field's Cove 

Subtidal fish assemblages in Field's Cove were sampled for the first time during 1999 (Figure 

4-29). Sefilorita and juvenile rockfishes (yellowtail/olive complex, black and bocaccio) were 

some of numerically dominant fish taxa in Field's Cove on both benthic or midwater transects. A 

relatively high number of bocaccio juveniles (Sebastes paucispinis) were observed in 1999. This 

taxon was also observed on the benthic transects at South Control in 1999 and has also been seen 

sporadically in the vicinity of DCPP in previous years. Several species of surfperches were also 
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common at the Field's Cove stations including pile (Damalichthys vacca), black (E. jacksont), 

striped (E. lateralis), and rainbow (Hypsurus caryi).  

Community Analysis 

Correspondence analysis of common fish taxa was used to compare the subtidal transect data 

from 1999 with earlier years (Figure 4-30). Each area had a unique assemblage. Control stations 

were characterized by four taxa: striped surf-perch (Embiotoca lateralis), painted greenling 

(Oxylebiuspictus), blue rockfish (Sebastes mystinus), and black-and-yellow rockfish (S.  

chrysomelas). North Diablo Cove had fishes that are more common in warm temperate waters to 

the south including California sheephead (Semicossyphus pulcher) and opaleye (Girella 

nigricans) in combination with cool temperate species including black surfperch (Embiotoca 

jacksont), blackeye goby (Coryphopterus nicholsi), and pile perch (Damalichthys vacca). South 

Diablo Cove was characterized by the tubesnout (Aulorhynchusflavidus) and sanddabs 

(Citharichthys spp.), which are common at this location because of the greater amount of sand 

bottom but generally uncommon at other sampling locations..  

The fish assemblages in 1999 differed from the general trends seen over the previous ten years.  

South Control appeared to be more similar to North Diablo Cove in 1999 than in previous years 

although the composition and diversity of fishes in North Diablo Cove continued to segregate it 

from the other areas as a unique assemblage. The fish assemblage in South Diablo Cove during 

1999 was similar to those observed in previous years. Field's Cove was not included in the 

community analysis since there were no data from previous years for comparison.  

Select Species Changes 

Sefiorita have shown large fluctuations in abundance among years in all areas (Figure 4-31) with 

much of the variation related to differences in the numbers of juveniles occurring from year to 

year. The greatest increase in sefioritas in 1999 occurred at the South Control stations. Sefioritas 

continued to be moderately abundant in Diablo Cove, and as previously stated, sefioritas are 

numerically dominant at most locations both inside and outside Diablo Cove.  

Rockfish recruitment, evidenced by YOY abundance at all stations, has been episodic and 

variable through time as seen in black-and-yellow/gopher rockfish complex (Sebastes 

chrysomelaslS, carnatus). Rockfishes typically spawn during winter and early spring along the
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California coast. Juveniles and YOY are typically benthic or epibenthic in kelp forests.  

Recruitment for this taxonomic grouping was low in 1999, although olive/yellowtail YOY were K,) 
moderately abundant (Figure 4-32).  

Some of the less common fish taxa also demonstrated continued change in 1999. The warm

temperate fish opaleye (Girella nigricans), abundant only in North Diablo Cove, continued a 

trend of increasing abundance in 1999 (Figures 4-33). Opaleye are more common south of Point 

Conception (Eschmeyer et al. 1983) and are probably well adapted to warmer water conditions 

associated with the discharge plume.  

In 1999, juvenile bocaccio rockfish also made their first appearance in any significant numbers 

since the late 1970s, occurring primarily at the stations in Field's Cove (Figure 4-34). The last 

strong year class of bocaccio recruited in 1977, and the population has been declining since 

(Bloesser 1999). Strong recruitment was noted in 1999 along the central California coast from 

Santa Barbara (pers. comm., Dr. Milton Love, UCSB) to Monterey (pers. comm., Dave 

VenTresca, CDF&G).  

4.3.3 Discussion Q 
The majority of results for 1999 reflect a continuation of the same patterns described from 

previous periods of power plant operation (Tenera 1997, 1999b). The seflorita (Oxyjulis 

californica) continued to be the numerical dominant in nearly all cases (among stations, at 

benthic vs. midwater transects). Warm-temperate species remain common at North Diablo Cove, 

but occur in limited abundance elsewhere in the vicinity of DCPP. California sheephead 

abundance decreased markedly in 1991 and has remained low and variable through the present 

study period.  

Two changes in abundance were not continuations of existing trends. Bocaccio rockfish occurred 

in substantial numbers in Field's Cove. This was the first year in which Field's Cove was 

sampled for subtidal fish abundance, and it appears that the bathymetry, kelp coverage, and water 

temperatures on the transects are conducive to rockfish settlement. Bocaccio only utilize the 

nearshore habitat for several months before moving into deeper water as they grow larger.  

Interestingly, the most recent strong bocaccio year class occurred in 1977 (PG&E 1988) at the 

beginning of a California Current-wide climate regime shift toward overall warmer water 

temperatures (Holbrook et al. 1997). However, water temperatures recorded at DCPP in 1999 
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were some of the coldest on record. Jack mackerel occurred in relatively high abundance in 

North Diablo Cove. They are a migratory species with the majority of their distribution centered 

in cool-temperate waters, although they are also commonly found in southern California and 

Baja California. The appearance of this species during 1999 could be related to the cooler water 

temperatures and experienced across the region.  

As mentioned above, Field's Cove was sampled in 1999 for the first time since these studies 

began. Field's Cove, located north of the DCPP discharge structure, might be expected to most 

closely resemble South Control stations based on water temperatures that are only slightly above 

ambient, on average. Species richness (number of species) and total counts of fishes in Field's 

Cove were less than those in South Control on benthic transects. It is likely, however, that these 

differences would not prove statistically significant because of high natural variability associated 

with the estimates. Species richness and abundance on midwater transects at these two locations 

were nearly identical. However, a percent similarity index (PSI) indicates that while the 

taxonomic composition of fishes is relatively similar on benthic transects in Field's Cove and 

South Control (48 percent similarity), the composition on midwater transects is very dissimilar 

between the two locations (2 percent similarity). This low similarity may be the result of site

specific natural variation in habitat factors such as bathymetry and algal structure.
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Figure 4-26. Subtidal fish abundances at the South Control stations: (a) benthic transects and (b) midwater transects.
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Figure 4-26 (continued). Subtidal fish abundances at the South Control stations: (a) benthic transects and (b) midwater transects.
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a) North Diablo Cove: Benthlc Fish Abundance
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Figure 4-27. Subtidal fish abundances at the North Diablo Cove stations: (a) benthic transects and (b) midwater transects.  
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a) South Diablo Cove: Benthic Fish Abundance
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Figure 4-28. Subtidal fish abundances at the South Diablo Cove stations: (a) benthic transects and (b) midwater transects.
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a) Field's Cove: Benthic Fish Abundance
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Figure 4-29. Subtidal fish abundances at the Field's Cove stations: (a) benthic transects and (b) midwater transects.  
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Figure 4-30. Correspondence analysis for subtidal benthic fishes: 
(a) survey scores and (b) taxa scores
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Figure 4-31. Oxyjulis californica: changes in abundance on benthic and midwater fish transects.
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Figure 4-32. Sebastes chrysomelasIS. carnatus (YOY): changes in abundance on benthic 
and midwater fish transects.  

TENERA E2000-072.3 4-55 RWMP 1999 Annual Report 
9/28/00

0 
LO 

C cc 

0 
mo

[•5 ~l •U 1 2~d 8,' 4 I0 - O 0 7 O 0 0 1 Ov I mu l v d I / V& q woW l W



4.3 Subtidal Fishes

Field Cove
12 

410 

Power Plant Start-up 
7 
5 
4 
3 
2 

78 79 80 81 82 83 84 85 ' 888990 91 92 93 94 95 96 97 98 99 

North Diablo Cove 12.  
11.  
10.  

4 

23787' 98' 81 82 83 8 8 87 88 89 91 8929 •-9--9- 9 9899 

__________________ South Diablo Cove 

10 
9 
8 
7' 
5 
4 
3 
2 

07879 80 8182 8W384 8588687 88' 89 9091 9293 94 95 9697 98 99 

South Control 

9 
8 
7 
6 

78779-180" 8-18ý2 8!3P8-4 M 771868788 89 90 91 92 9394 95 96 97 ý98 99

Figure 4-33. Girella nigricans: changes in abundance on benthic and midwater fish transects.
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Figure 4-34. Sebastespaucispinis (YOY): changes in abundance on 
benthic and midwater fish transects.
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Appendix A 

SHELL DEBRIS DEPOSITION FROM THE DCPP DISCHARGE 

Summary 
Fragments of shell debris from the biofouling assemblage (e.g., barnacles and mussels) growing 

in the Diablo Canyon Power Plant cooling water system are discharged into Diablo Cove with 

the effluent. Areas where the shell debris settles and accumulates in the cove were mapped by 

visually estimating the coverage of shell debris along a series of transects perpendicular to the 

shoreline near the discharge structure. Sampling began in Fall 1999, when two of the four 

circulating water pumps were shut down for refueling outage 2R9. This permitted access to areas 

near the discharge that are too turbulent to sample during normal pump operation. We observed 

that most of the shell debris accumulates in a natural channel that extends underwater in a 

westerly direction away from the discharge structure. The channel is approximately 20 m wide 

and 200 m long. Recently dislodged shell debris was observed scattered in the channel after the 

refueling outage, and all shell debris was dispersed after subsequent storm activity. Ocean swells 

cause the shell debris to be broken into smaller fragments that then mix with sand and natural 

shell sediments from the surrounding area. Variation in the bedload (depth) of shell debris and 

sediments were measured at four permanent locations in Diablo Cove using permanent sediment 

stakes. Variation in sediment depth at these locations was related to storm events.  

Shell debris deposition does not appear to have an adverse effect on marine habitat. Shell debris 

observed in the study did not bury rocks that would have otherwise been colonized by algae or 

invertebrates because the shell debris was settled and accumulated at the base of rocks and in 

areas of natural sand/shell sediment accumulation. These areas are not biologically diverse due to 

the unstable substrata from constant motion of waves and currents. However, shell debris 

containing the remains of biofouling organisms does appear to attract round rays, leopard sharks, 

bat rays, and fishes that forage on this supplemental food supply in and around the turbulent 

discharge zone.  
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Introduction 

The biofouling community at DCPP is primarily 

composed of mussels and barnacles (Figure A-1) that 

attach to the conduit walls and grow to form a layer 

about 15 cm (6 in.) thick. The organisms are 

continuously being sloughed off the walls and then 

replaced. The intake and discharge conduit walls and 

high flow of seawater through the Diablo Canyon 

Power Plant (DCPP) condenser cooling system provide 

an ideal environment for the growth of these attached, 

filter-feeding invertebrates. Fragments of shells (tests), 

somatic tissue, and whole animals, collectively referred 

to as "shell debris," are sloughed off of the walls and 

are subsequently deposited in Diablo Cove. Particles of 

shell debris from the intake conduit walls smaller than Figure A-I. Biofouling communit 
discharge conduit wall. Photograph tak 

2.5 cm (1 in.) are able to pass through the condenser September 28, 1999.  

tubes. Larger particles can plug the tube openings, 

reducing cooling seawater flow. Shell debris from the discharge conduits flows directly into 

Diablo Cove and can include fragments and animals larger than 2.5 cm.

y on 
en on

Increases in shell debris deposition in Diablo Cove from the power plant may occur after 
refueling outages. During refueling outages, cooling water pumps are typically shut off for an 

extended period of time (several weeks) to the unit being refueled. When the intake and 
discharge conduits are drained, biofouling organisms are exposed for extended periods and can 
weaken or die. The intake conduits are cleaned, scraped, and repainted, with the debris disposed 

off-site. In contrast, the discharge conduits are not cleaned. When cooling water discharge flow 
resumes at normal rates (i.e., both units operating), large numbers of weakened or dead 

organisms in the discharge conduits break free and are deposited in Diablo Cove. Shell debris 

deposition probably decreases during normal power plant operation.  

The present study was conducted as a response to an amendment to the waste discharge 

requirements of PG&E's Diablo Canyon Power Plant stating, "an acceptable monitoring program 

shall be designed and conducted to determine the effects of...shell debris, generated by the
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discharge on the Diablo Cove environment" (Monitoring and Reporting Program No. 90-09 

adopted by the Regional Water Quality Control Board on 2/20/95). The shell debris study plan 

was requested in a letter dated August 3, 1998 from the Regional Water Quality Control Board 

(RWQCB) addressed to PG&E. A preliminary plan was submitted for review in September 1998 

(Tenera and PG&E 1998). The study plan was refined through discussions with RWQCB staff 

and their consultants at Moss Landing Marine Laboratories on September 24, 1999 (Tenera 

1999) (Attachment A-i).  

Purpose 

The purpose of the present study was to: 

* Determine the extent and fate of shell debris discharged from the DCPP cooling water 

system.  

* Determine whether shell deposition increases after refueling outages.  

* Determine whether shell debris deposition affects marine habitat.  

Sampling Methods 
Indicator species were used to differentiate between shell debris from the power plant and 

naturally occurring shell (test) fragments. Whole tests (generally > 2.5 cm) of Megabalanus 

californianus (barnacle) were the most reliable indicator of shell deposition from the power plant 

since Megabalanus is an abundant biofouling organism that is not abundant in Diablo Cove.  

Pollicipes polymerus (gooseneck barnacle) and Mytilus spp. (mussel) were also used when 

clumps of shells or clusters of intact animals occurred close to the discharge. Broken or eroded 

shell fragments (<0.6-1.3 cm) were considered indicative of power plant shell deposition only if 

they occurred as a thick, mono-specific layer near the discharge and were not markedly mixed 

with sand. It was not possible to determine if smaller shell fragments had come from the power 

plant or from other areas, particularly when they were mixed with sand or the shells (tests) of 

organisms not considered common members of the biofouling community (e.g., chitons, sea 

urchins). However, the combination of small shell debris fragments mixed with sand and shells 

(tests) from non-biofouling organisms were used to delineate the outer extent of shell debris 

deposition by the power plant.  
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The percent cover of shell debris, bedrock, boulder, cobble, and sand/shell sediments was 

visually estimated on seven 2 m x 2 m plots spaced 5 m apart along roughly parallel 200 mi 

transects normal to the shoreline and along a single 100 m oblique transect (Figure A-2). The 

transects were positioned during the initial survey (September 30-October 5, 1999). The 

transects were selected to include areas where shell deposition was greatest, transition zones 

where shell debris was mixed with other sediments, and areas with no perceptible shell 

deposition. Parallel transect lines were deployed by divers swimming a 2300 magnetic north 

compass course from each transect origin. The origin of each transect was positioned as close to 

the shoreline as ocean conditions permitted. The 100 m oblique transect (OBL-l) was deployed 

along the center line of a natural surge/sand channel located in front of the discharge structure.  

The discharge channel appeared to be the area where shell deposition was greatest and where an 

obvious gradient of shell deposition was observed.  

Surface buoys were deployed to mark the origin and terminus of each transect and their locations 

were recorded using a global positioning system (GPS). These data were later downloaded into a 

geographic information system (GIS) for mapping. Some transect origins were underneath the 

whitewater and foam created by the discharge and therefore surface buoys could not be deployed 

for these transects. For those transects, the origin beneath the whitewater and foam was estimated 

from compass bearings and distances from the offshore terminus.  

Initial sampling of all transects (September 30-October 5, 1999) was completed during refueling 

outage 2R9. During the refueling outage, two of the four main circulating water pumps were not 

in operation. The reduced discharge outflow combined with calm seas provided exceptional dive 

conditions in this area which is normally very turbulent and difficult to sample. Sea conditions 

worsened after the refueling outage (Figure A-3), but the oblique transect (OBL-1) was sampled 

a second time on January 5, 2000.  

Sediment stakes were installed at four locations (Figure A-2) on October 5, 1999 to measure 

changes in shelVsediment height. Stake I was placed in the discharge channel as close to the 

discharge structure as possible. Stake 2 was also placed in the discharge channel, 40 m from 

Stake 1, in what appeared to be a transition area where shell deposition from the power plant was 

reduced. Stake 3 was placed in a rock depression lateral to the discharge structure. This 

depression is typically filled with a layer of barnacle shell debris from the power plant. Stake 4 

was placed in a natural sand flat area near the middle of Diablo Cove. The distance from the top 
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of each stake to the top of the shell/sediment layer was measured to the nearest centimeter on 

October 5, 1999 and again on January 5, 2000.

Figure A-2. Locations of transects and sediment stakes, including the cover of shell debris along the 
transects in September and October 1999. Transect OBL-I runs along the centerline of a natural 
underwater channel (discharge channel).  

TENERA E2000-072.3 A-5 1999 Shell Debris Survey 
9/28/2o



Appendix A

A one-liter bottom-grab sample of surface 280, Initial transect Reconnaissance 

sampling and dive shell/sediments was obtained on October 5, •- 230 sediment stake 

1999 near Stake I and another at the x measurements 
>. Re-sampled 

terminus location of Transect OBL-1 _ 180. OBL-1 and •istakessediment.  

W Xstakes 
(Figure A-2). These were used to 130 

characterize the composition and size g 8 1 1 

distribution of shell debris at different .  

distances from the discharge structure. An 0 . 1 
underwater video survey was completed on Sep v Dec Jan Feb Mar 1999 2000 
the same day to photo-document shell debris 

Figure A-3. Weekly average wave conditions and 
in the discharge channel. An inspection of sampling occurrences. Note storm season beginning on 

the biofouling community in both of the October 28.  

Unit 2 discharge conduits was conducted on September 28, 1999 (Figure A-i) by walking 

approximately 50 m along the length of each conduit tunnel.  

Results 
Shell debris deposition varied with distance from the discharge structure with the greatest 

deposition in areas <200 m from the discharge. The shell debris closest to the discharge was a 

nearly pure layer of broken barnacle tests about 0.6-1.2 cm long, but also contained whole 

barnacle tests and mussel shells (Figure A-4a). Farther from the discharge, shell fragments were 

smaller, mixed with sand, and included fragments that were obviously not from the power plant 

biofouling community (e.g., chiton plates, sea urchin tests; Figure A.4b). The source of some 

smaller-sized fragments mixed with sand found near the terminus of Transect NDC-3 

(Figure A-2) could not be determined.  

A storm system that immediately followed the refueling outage produced large waves and 

prohibited replication of the transects sampled during the outage (Figure A-3). A reconnaissance 

survey of the study area on November 2, 1999 near the end of the storm revealed that scattered, 

whole mussel shells and clusters of gooseneck barnacles were tumbling along the discharge 

channel in the same direction as the discharge plume (also shown in underwater video survey).  

These larger shells were not present during the first sampling effort, and were probably 

organisms dislodged from the biofouling community in the discharge conduit following 
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Figure A-4. Shell debris collected in I-liter bottom grab samples in the discharge 
channel on October 5, 1999.  

resumption of cooling water discharge flow. This conclusion was further supported by the fact 

that some of the gooseneck barnacles were still alive. The apparent fresh shell deposition in the 

discharge channel ended approximately 200 m from the discharge.  

Continued storm activity (Figure A-3) further delayed re-sampling of the shore-normal transects, 

but Transect OBL-I in the discharge channel was re-sampled on January 5, 2000. Less shell 

debris was observed along Transect OBL-1 compared to the first sampling effort (Figure A-5).  

In addition, the transition zone in the discharge channel, where smaller sized shell debris 
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becomes mixed with sand, was closer to the lOO 

discharge structure than observed in the first Sep17, 99 

sampling survey. On January 7, 2000, a I 
PG&E biologist observed that the discharge so 

channel contained very little shell debris, 40 
JanS5, 00 1 

indicating that much of the shell debris had 0 01 20. :;, , 

been scoured out and dispersed during the , / 

storms (Jim Kelly, PG&E, pers. comm.). 00 20 04 so do ' 7o' 90160 

Meter Distance from Transect Origin 
(add 93 m to obtain distance from discharge structure) 

Sediment layer heights at Stakes I and 2 in *o Finersizeshelldebrsismiedwitsand 
representkl rtObanlitiont area of ihel deposition 

the discharge channel increased after the ersiv;ftto aaofhlldmtm 
Figure A-5. Percent cover of shell debris along transect 

refueling outage and subsequent storms OBL- I before and after cooling seawater pump start-up of 
Unit 2.  

(Figure A-6). However, the changes were 

not caused by shell debris deposition from the cobble intrusion I +40,obeinrsn 

power plant. Cobbles had covered the areas 6 +30I II 
around stakes 1 and 2 and there was no shell I +S-3 -4 

Ja•+10, latera to -300 m 

debris beneath the cobbles. Shell debris was 0 outfal from outfall 

also absent in the depression located to the *-20 ; --m rn ou-IIl 
side of the discharge at Stake 3, and the -30 scoured down minor decrease 

"swto bare cobble in sand height substratum had been scoured down to bare overtyg bedrock 

cobble overlying bedrock. Additionally, the Figure A-6. Changes in sand/shell heights at sediment 
stakes after cooling seawater pump start-up for Unit 2.  

sediment height on the sand flat at Stake 4 

decreased, indicating that some sand had shifted out of the area (Figure A-6).  

Discussion 

The spatial extent of shell deposition from the Diablo Canyon Power Plant discharge was 

determined from a systematic search effort completed between September 1999 and January 

2000. The results of the study corroborated previous dive observations that most of the shell 

debris occurred in a natural underwater surge/sand channel located at the head of Diablo Cove in 

front of the power plant's discharge structure. The channel runs in a direction approximately due 
west from the discharge. It is about 20 m wide and 200 m long. Areas immediately to the north of 

the channel also contained shell debris that consisted of smaller fragments mixed with sand and 
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other sediments. Very little to no shell deposition was found downcoast (south) of the discharge 

structure.  

The composition and abundance of shell debris have likely changed as a result of changes in 

biofouling control methods. Biofouling was controlled with heat treatments in the intake and 

discharge conduits at power plant start-up in 1985 through January 1989. Heat treatment has 

since been replaced by manual cleaning of the intake conduits; workers scrape all of the 

biofouling off of the conduit walls and dispose of the scrapings off-site. Since 1993, chemical 

treatment of the intake conduits using the anti-fouling agent ActiBromTM (Nalco Chemicals) has 

been employed to suppress the establishment and growth of biofouling organisms and to reduce 

the amount of material removed during manual scraping. The effectiveness of the chemical 

treatments quickly diminishes in the cooling water system with distance from the site of 

application. Consequently, most of the shell debris from the power plant emanates from the 

conduits located on the discharge side of the condenser since no biofouling control methods are 

applied to this portion of the cooling water system.  

The present study found that shell debris deposition from the discharge conduits is variable.  

Shell deposition can increase after refueling outages when cooling seawater pumps are 

reactivated. Fresh shell debris was observed after refueling outage 2R9, but its contribution to the 

total bedload of shell debris already present in Diablo Cove could not be determined, due to the 

large amount of background variation. In addition, storms quickly dispersed the shell debris.  

Variation of the extent and elevation of sand/shell sediments in nearshore coastal environments 

is the product of normal, seasonal processes of onshore/offshore transport of sediments 

(Figure A-7). At Carmel Beach, 

California, beach sand is moved Carmel Beach, California 

offshore during the winter and +20 Sumer 

accumulates onshore during the r o(MLLW) •.2 "•.,..= .. nter 

summer months (Bascom 1964). -10 -, 

IL -20 These changes in beach morphology -30 r 
can be directly linked to changes in 0 250Distance500 750 1000 1250 1500 

wave activity and ocean currents Figure A-7. Typical seasonal changes in beach profiles in 
California showing buildup of berm sediments in summer and related to the change of seasons. displacement and formation of offshore sandbar in winter 
(modified from Bascom 1964).  
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Prior to power plant start-up in 1985, long-period storm waves associated with the 1983 El Niflo 

caused a massive onshore transport of sand/shell sediments in Diablo Cove. The result was that 

the discharge channel filled in with natural sand/shell sediments and rocky intertidal habitats 

near the discharge structure became buried by the sand (Figure A-8). Another example of the 

variability of sediment height in Diablo Cove can be illustrated by the results of an El Nifuo

related storm in 1997. Storm-generated swell activity cleared the channel in front of the 

discharge of nearly all sand and shell debris leaving only exposed bedrock and cobble (Tenera, 

unpublished observations).  

The following points provide perspective on the amount of shell debris potentially discharged 

into Diablo Cove: 

" The majority of shell debris comes from the four discharge conduits.  

"* The biofouling community can be up to 15 cm (6 in.) thick.  

"* The total surface area of the discharge conduits is approximately 4,750 m2 (i.e., conduit 

length ranges from 54-108 m with a cross sectional diameter of 4 m).  

"• The total surface area of the bottom of Diablo Cove is approximately 161,880 m2 (ca. 16 

ha).  

In a hypothetical scenario, if the entire volume of the biofouling assemblage within the discharge 

side of the cooling water system were discharged into Diablo Cove at one time, sediment height 

would increase slightly less than 0.5 cm (0.2 in.) over the entire cove, assuming the bottom of 

Diablo Cove is flat. However, Diablo Cove is not flat and debris tends to settle and accumulate at 

the bases of rocks and in low-relief areas. These areas may represent approximately one tenth of 

Diablo Cove, so the hypothetical increase in bedload would be about 5 cm (2 in). If all the shell 

debris settled and accumulated only in the discharge channel, sediment heights in the channel 

would rise by approximately 17.5 cm (7 in). Even these extreme examples fall within the range 

of observed sediment load variation in Diablo Cove. The entire biofouling assemblage has never 

become dislodged at one time during the 15 years of plant operation, and these examples are only 

used to illustrate the relative volumes of shell material available for deposition.  
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Figure A-8. Changes in sand/shell sediments near the DCPP discharge structure highlighting the 
sediment deposition around the structure during the 1983 El Niflo.
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Benthic marine habitats (rock/sand substrates) in Diablo Cove do not appear affected by shell 

debris deposition from the DCPP discharge. Shell deposition from the power plant occurs in 

areas where natural sand/shell sediments commonly accumulate (e.g. bases of rocks, sand flats) 

and there are no areas where the shell debris buries rocks that would otherwise be colonized by 

algae and invertebrates. In addition, the areas of Diablo Cove containing sand/shell sediments do 

not support rich infaunal assemblages (e.g. clams, burrowing worms, sand dollars) since the 

substratum is highly mobile and subject to marked seasonal transport. However, organisms 

dislodged from the biofouling community do provide a plentiful food supply for more mobile 

animals such as leopard sharks, bat rays, and other fishes (Tenera 1997 and November 2, 1999 

underwater video tape).  

Conclusions and Recommendations 
We do not recommend further monitoring of shell debris deposition from the DCPP cooling 

water system for the following reasons: 

* Shell debris from DCPP settles and accumulates primarily in a natural underwater 

surge/sand channel that is about 20 m wide and 200 m long in front of the discharge 

structure. In this location it breaks down, is mixed with sand, and is ultimately dispersed 

by waves and currents to other areas of the cove where naturally occurring shell 

sediments also occur. The shell debris does not necessarily bury rocks that would 

otherwise provide habitat for algae and invertebrates. However, the shell debris provides 

a constant food supply that attracts leopard sharks, bat rays, and numerous fishes.  

"* Increases in sediment heights caused by shell debris discharged from DCPP are minor in 

comparison to the magnitude of changes in sediment bedload that can occur naturally.  

"* Physical changes in front of the discharge structure include increased water velocities, 

scouring effects, and increased water temperatures. Shell debris deposition from the 

discharge is part of the physical change.  

"* An exhaustive amount of field sampling and experimental studies combined with 

extensive laboratory processing would be needed to more precisely determine the spatial 

extent of shell debris deposition from the DCPP, because the smaller fragments further 

from the discharge are indistinguishable from naturally occurring shell sediments and 

that background variation can be large. A preliminary evaluation of the expanded effort 

needed would probably not substantially change the conclusions of this study.  
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Attachment A-1 

Submitted: September 1999 

Study Plan: Shell Debris Sampling 

The following sampling plan is based on the Draft Comprehensive Evaluation of the DCPP 

Receiving Water Monitoring Program (Sept. 1998) and discussions with the Regional Water 

Quality Control Board Working Group. The study will provide a qualitative description of shell 

deposition based on consistent and repeatable data collection methods.  

Purpose 

* Determine the spatial extent and bedload of shell debris from DCPP and changes resulting 

from outage 2R9.

Sampling Methods 

* The study objectives will be completed using 

the following sampling methods completed 

before and after outage 2R9. Outage 2R9 is 

scheduled to begin at the end of September 

and will terminate in mid-October.  

Spatial extent of shell debris 

* A series of transect lines that run parallel 

with the discharge flow will be sampled 

for shell debris and substratum 

composition. The transect lines, each 

approximately 200 m long, will be spaced 

about 20 m apart to encompass the entire 

area where shell deposition has been 

observed.

Shell debris sampling: design locations.

* The cover of shell debris, bedrock, boulder, cobble, and sand will be estimated in 2m x 2m 

plots spaced every 5 m along each transect line.
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* GPS coordinates will be obtained for the origin and terminus of each transect.  

Bedload of shell debris 

"* Sediment stakes will be installed at the three locations shown in the accompanying figure.  

"* Sediment levels (bedload height) will be recorded at each stake.  

"* Photographs will be taken to document the materials at the base of each sediment stake.  

Composition and size structure of shell debris 

* Samples (1 liter bottle grab samples) of surface sediments will be obtained near each stake 

to characterize the nature of the shell debris (fragments, whole clusters, species). All the 

shell debris presently in front of the outfall consists of broken barnacle fragments that are 

4 in. to 1 in. in size. These cover up to 100% of the bottom in some areas. New shell 

deposition would be indicated by the presence of whole shells on top of the existing layer 

of smaller fragments.  

Analysis Methods 

The data will be analyzed to describe shell deposition before and after outage 2R9 as follows.  

Extent of shell debris 

"* GIS will be used to map the areas of shell deposition.  

"* The GIS will also be used to construct of map of the substratum composition in the 

surrounding area.  

Bedload of shell debris 

0 Data from the sediment stakes will be portrayed graphically.  

Composition and size structure of shell debris 

* Shell debris composition and size structure of particles will be described based on 

qualitative examination of the sediment grab samples.  

Reporting 

The shell debris report will be about 5-10 pages in length and will contain the following.  
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"* Maps of substratum composition and shell debris.  

"* Analysis of the effect of outage 2R9 on shell deposition.  

"* Photographs of shell debris.  

"* Description of natural variation in soft sediment cover using data from RWMP intertidal 

and subtidal stations, including large increase in soft sediment bedload during the 1983 El 

Niflo.  

" Description on how changes in biofouling control may have changed the nature of shell 

deposition (e.g. shift from pulses of large fragments after heat treatments to "trickle" effect 

of smaller particles and lower biomass using Actibrom).  

" Qualitative assessment of non-ecological effects (shell debris migrates and accumulates in 

natural sand pockets, depressions, and channels, and does not bury bedrock).
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1999 SURFGRASS (PHYLLOSPADIX) SURVEY 

Summary 
This report presents results from a special surfgrass study implemented in winter of 1999 at the 

Diablo Canyon Power Plant (DCPP). Following a review of ongoing monitoring programs by 

consultants for the Central Coast Regional Water Quality Control Board, a surfgrass study was 

designed to monitor Diablo Cove's two remaining surfgrass beds. Stations were established in 

these beds and beds in North and South Control areas and in Field's Cove, an area with reduced 

thermal plume contact. All stations were located at the MLLW tidal elevation. The purpose of 

the study is to obtain data on the abundance and condition of surfgrass and associated organisms.  

Previous to 1983, surfgrass beds formed a nearly continuous band around the perimeter of Diablo 

Cove from the low intertidal (ca. 0.0 m MLLW) into the shallow subtidal (ca. -3.0 m MLLW).  

Surfgrass now occurs as only two small beds in North and South Diablo Cove. Declining 

surfgrass abundance and shrinking distribution in Diablo Cove were first observed following the 

1983 El Nifuo storms. Prior to 1983, surfgrass was abundant at the lower intertidal level transects 

(+0.3 m MLLW) sampled as part of the Thermal Effects Monitoring Program (TEMP).  

Following the El Nifio storms, the surfgrass that remained occurred only on lower elevation 

transects in North Diablo Cove.  

Preliminary results of the first survey of this study indicated that surfgrass beds in Diablo Cove, 

particularly the South Diablo Cove bed, had fewer blades per 0.25 m2 than areas outside the 

cove. Blade lengths in Diablo Cove were also shorter compared to other areas. The results may 

reflect natural spatial variation, but the fewer blades and the smaller sizes of the surfgrass beds in 

Diablo Cove, compared to other areas, may lead to low seed production and reduced potential for 

recruitment and recovery. No surfgrass plants in reproductive condition were observed during the 

first survey in any of the areas sampled, including controls.  

Algae were also identified and enumerated at each station sampled during the first survey. Most 

algae sampled were not unique to surfgrass habitat; Smithora naiadum and Melobesia mediocris 

were exceptions since they only grow attached to surfgrass blades. Differences among algae 

across stations corresponded to differences in substratum relief rather than the abundance of 
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surfgrass or distance from the discharge. In general, algal abundance was greatest at stations with 

higher amounts of rock relief.  

Invertebrate species richness, measured as the number of species present, was lowest in Diablo 

Cove. With the exception of Tecturapalacea, a small grazing limpet that is an obligate on 

surfgrass blades, no invertebrates sampled were unique to surfgrass habitat. This limpet was 

absent from the South Diablo Cove surfgrass bed, but common in the other beds sampled.  

Introduction 
Surfgrasses, Phyllospadix spp., are flowering marine plants that occur in low intertidal habitats.  

They are submerged much of the time, but are occasionally exposed to air. They differ from 

marine algae in that surfgrasses reproduce from seeds rather than spores. Two species of 

surfgrasses occur in the study area. Phyllospadix scouleri is the most abundant, but small patches 

of P. torreyi can occasionally be found growing next to the more expansive patches of P.  

scouleri. Surfgrasses occur from British Columbia, Canada to Baja, California (Turner 1985).  

This report describes results of a special study on surfgrass comparing areas contacted and not 

contacted by the Diablo Canyon Power Plant (DCPP) discharge plume. The purpose of this study 

is to monitor the abundance and condition of surfgrass and associated organisms to detect any 

effects on local surfgrass beds attributable to the operation of DCPP's cooling water system. This 

study was initiated following a review of the findings of thermal effects on surfgrass beds 

(Tenera 1997) reported from long-term studies (1976-1995). An additional qualitative survey 

completed in 1997 (Tenera 1999a) was also considered. Some of the findings from these studies 

are included: 

"* Before power plant start-up, surfgrass in Diablo Cove was more variable in abundance 

than in Field's Cove and control areas.  

"* The nearly continuous band of surfgrass beds around Diablo Cove was reduced in size in 

1983 from severe El Nifto winter storms and in 1987-88 after power plant start-up. Two 

relatively small beds remain in the north and south parts of the cove.  

"* Surfgrass beds outside of Diablo Cove were not affected by the 1983 El Nifto storms or 

the discharge plume and remain abundant.  
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* After power plant start-up, surfgrass abundance increased above pre-operation levels in 

areas outside Diablo Cove.  

0 Surfgrass increased in North Diablo Cove during power plant operation, following the 

earlier declines, but did not increase in South Diablo Cove.  

Following the 1983 El Nifuo storms, remaining portions of the surfgrass beds in Diablo Cove 

occurred on only the lower elevation TEMP transects in North Diablo Cove (i.e., these transects 

sampled the upper vertical distribution limit of surfgrass). Based on these changes in surfgrass 

distribution, the Central Coast Regional Water Quality Control Board ("the Board") requested 

that PG&E design a study focused on surfgrass beds and their associated algal and invertebrate 

assemblages in the lower intertidal zone (ca. 0.0 m MLLW) where the beds remained more 

common in Diablo Cove and in control areas. This request is described in a letter from the Board 

to PG&E dated August 3, 1998 under Item 3c of "Specific comments and requirements for 

review of the receiving water monitoring program." 

A preliminary study plan was submitted to the Board for review (Tenera and PG&E 1998). This 

study plan was refined with written comments received from the Board and their consultants and 

through discussions held at the Moss Landing Marine Laboratories on September 24, 1999. The 

final study plan, including these refinements, was submitted to the Board in December 1999 

(Attachment B-i); sampling efforts based on this plan were implemented in November 1999.  

Purpose 

The purpose of the new study is to obtain data from five new surfgrass stations detailing: 

"• Surfgrass cover, associated algae, and substrata 

"* Blade density and length 

"• Vertical distribution and spatial extent of surfgrass beds 

"* Macroinvertebrate composition 

Sampling Methods 
Five surfgrass monitoring stations were established in and around Diablo Cove (Figure B-1) and 

were sampled for the first time in November and December 1999. Each station consisted of a 
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fifteen 30 m transect tape fastened between 

permanent stakes at the MLLW tidal 

elevation. All stations were placed in areas 

with relatively similar wave exposure. The 

North Control (NC) and both North and 

South Diablo Cove stations (NDC and SDC, 

respectively) were on flat bedrock. The 

Field's Cove (FC) and South Control (SC) 

stations were on slightly higher relief 

bedrock with boulders and cobbles.

Stations were established according to the 

sizes and locations of the surfgrass beds. I cow 

Surfgrass was widespread and abundant at Figure B-I. Surfgrass monitoring stations.  

North Control, Field's Cove, and South 

Control. Consequently, many appropriate locations were available for positioning the new 

stations. Ultimately, they were positioned arbitrarily within these beds at the MLLW tidal 

elevation. In contrast, surfgrass in Diablo Cove occurred as two relatively small beds, one in 

North and one in South Diablo Cove. Each of these beds was small and the 30 m transect 

bisected the entire bed.

Surfgrass Cover, Associated Algae, and Substrata 

Percent cover was estimated separately for surfgrass, algae, and bare substrata using ten 1 m2 

quadrats randomly placed along each station transect. The quadrat was a I m2 plastic frame 

subdivided by strings into sixteen 1/16 m2 (0.062 M2) sub-quadrats. These sub-quadrats were 

further segregated into nine equal parts by eye for the determination of surfgrass and algae cover 

and amount of bare substratum. Taxa found in <1 of a ninth sub-unit in each sub-quadrat were 

recorded as present (+) with this symbol treated as 0.01% cover for analysis.  

Overstory species were estimated first and then moved aside to allow estimates of the understory 

and crustose species and substrata. Total plant cover plus bare substrate cover per quadrat often 

exceeded 100% due to the layering of multiple taxa. Areas under overhanging rocks were not
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sampled and rocks were not overturned. Vertical substratum relief in a quadrat was usually less 

than 0.25 m.  

Blade Density and Length 

Blades of surfgrass were counted in ten 0.062 m2 quadrats randomly placed along each transect.  

Within each of the random 1 m2 quadrats sampled for surfgrass cover, the position of a single 

0.062 m2 sub-quadrat was randomly selected and sampled for surfgrass blade counts. Typically, 

several blades arise from a common sheath at the rhizome base. However, the I OOs-I 000s of 

individual blades arising from the sheaths in each sub-quadrat were difficult to count. Instead, 

individual sheaths in all sub-quadrats were counted as a representation of blade densities per 

0.062 M2.  

Fifty individual surfgrass blades at each station were measured and their blade lengths were 

recorded. In each of the ten I m2 quadrats, five sheaths were picked according to five random X

Y loci using equal divisions on the quadrat frame to form a grid. The surfgrass sheath closest to 

the random loci was selected, and the longest blade arising from the sheath was measured for 

length to the nearest centimeter.  

Vertical Distribution and Spatial Extent of Surfgrass Beds 

The distribution of surfgrass at its upper tidal elevation immediately onshore of each station was 

surveyed using a transit and stadia rod. Points of known elevation were used for reference. At 

least five locations, separated by 5-10 m, along the upper fringe of surfgrass were surveyed to 

determine the magnitude of variation in the upper limit of surfgrass distribution.  

Lower vertical limits of surfgrass relative to MLLW were measured for the Diablo Cove 

surfgrass beds, but could not be measured at other stations. The lower distribution limit of 

surfgrass in the two Diablo Cove beds was nearly exposed at MLLW, and could be measured 

using the transit and stadia rod. However, the lower distribution limits of surfgrasses at stations 

outside Diablo Cove extended into the subtidal and were not measured.  

Similar to the lower elevations of surfgrass beds,'the area coverage of the surfgrass beds was 

determined inside Diablo Cove, but could not be delineated for beds outside of the cove. The 

area coverage of the two Diablo Cove surfgrass beds was recorded by walking the perimeter of 
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each bed with a hand-held global positioning system (GPS) unit. The data was downloaded to a 

geographic information system (GIS) database for mapping and calculating area cover. The 

dimensions of the beds at the stations outside Diablo Cove were not delineated because they 

constituted continuous beds extending up and down coast, as well as offshore into subtidal zones.  

Macroinvertebrate Composition 

Invertebrates associated with surfgrass beds were identified and enumerated in five 0.25 m2 

quadrats randomly placed along each transect. The study plan (Attachment B-1) specified that 

each quadrat sample have surfgrass covering at least 75% of the 0.25 M2 quadrat area; otherwise 

an alternate location should be sampled. In practice, many locations did not meet this minimum 

standard. As a result, all quadrats sampled had at least 50% surfgrass rhizome or blade cover.  

Only the motile invertebrates associated with the rhizomes or blades of surfgrass were counted.  

Percent cover of encrusting and attached invertebrates (e.g., sponges, tunicates, and tube 

dwelling organisms) was estimated for each 0.25 m2 quadrat.  

Results 

Surfgrass Cover, Associated Algae, and Substrata 

Two species of surfgrasses that are similar in appearance occur in the study area. Phyllospadix 

scouleri is the most abundant, but small patches and a few blades of P. torreyi were also sampled 

in the study. These species can be difficult to distinguish from one another when not 

reproductive. The data for both species were pooled and treated as a single taxon (P. scouleri) for 

analyses.  

Surfgrass was the most abundant plant taxon across all stations (Table B-1). The understory 

algae occurring beneath the blades of surfgrass were sparse at North Control (NC) and Diablo 

Cove stations (NDC and SDC), although species richness was relatively high at station NDC. In 

contrast, understory algal species were relatively abundant at the Field's Cove (FC) and South 

Control (SC) stations; these stations also had greater rock relief. Stations with the lowest 

substratum relief (NC and SDC) had the fewest understory algal species (Table B-i). The 

occurrence of the brown kelp, Sargassum muticum, was unique to Station SDC. This species 

experienced increased abundance in Diablo Cove after power plant start-up (Tenera 1999b).  
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Most algal species identified from surfgrass 

beds were not specific to these habitats, but 

there were exceptions. Smithora naiadum, a 

small red bladed species, and M mediocris, 

a crustose coralline species, occur only on 

surfgrass blades and were encountered in the 

surfgrass beds sampled. Station NC had the 

highest abundance of S. naiadum on 

surfgrass.  

A large number ofjuvenile surfgrass plants 

was observed near Station SC in January 

2000 during an unrelated intertidal study 

(horizontal band transect sampling). As 

many as 200 small surfgrass recruits/m 2 

were found germinating from seeds 

anchored in mats of Gastroclonium 

subarticulatum. The blades of the new 

recruits were 2-3 cm long. A few recruits 

were also found near the NC Station while 

no seeds or recruits were observed in North 

Diablo Cove. No plants in reproductive 

condition (i.e., flowering) were observed in 

any of the areas (North and South Control, 

Field's Cove, Diablo Cove).

Table B-I. Mean percent cover of plant taxa and bare 
substrata at the five surfgrass stations during November
December 1999.

Magnoliophyta 
Phyllos;aax Rcowleri (blades) 
Phyiospadkx scouleri (rhizomes) 
Chioro phyta 
CladOp•ora spp.  
Ulva Enlermorpha spp. (epiphyte) 
Ulva Enweromorpha app.  
Phaeophyta 
Cysloseira osimundacea 
Egregia menziesii (frond) 
Egregia menzvesi (holdfast) 
Lammana setchellai 
Sargassum muticum 
Rhodophyta 
Calliarthron Bossiella app 
Callithamnion Pleonosponum spp.  
Callophyllus app.  
Chondracanthus canaliculatus 
Chondracamhus exasp. corymb.  
Chondracanthus harveyanus 
Chondracanthus leptophyllus 
Chondria decipiens 
Colpomenia spp.  
Corallma officunalis 
Coral/ma vancouveriensis 
coralline crust 
Crympopleura nuprechtiana 
Cripropleura violacea 
Crr~oOsiphonia w°°dii 
En dia muricata 
Gastroclonium subarticulatum 
Gelidium couhteri 
Gelidium pusillum 
juvele articulated coralline algae 

tocarpus papillatus Maz~ael/a qtfinas 

Mazaellaflaccida 
Mazzaella heterocarpa 
Mazzaella Ilacina 
Melobesia mediocris (epiphyte) 
Microcladia coulten 
Nienburgia andersoniama 
non-coraliine crust 
Osmundea spectabilis 
Pilkea californica 
Polysiphonia app 
Prionitis lanceolata 
Prionitis lyall 
Prerosiphonia dendroidea 
Rhodymenia app 
Sarcodiotheca gaudichaudui 
Smithora naiadum (epiphyte) 
Substrata 
bare rock 
bare cobble 
sand 
trapped sand 
UNDERSTORY ALGAE PERCENT 
COVER 
SPECIES RICHNESS (mean / i 2)

NC FC NDC S 
90.3 61.3 71.7 
35.0 27.8 31.0 

0.1 <0.1 
0.4 0.7 

0.3 

4.6

<0.1 

0.1 
0.1 
0.1 

2.8 

<0.1 

1.2 
0.3

0.7 

0.3 
<0.1 

0.3 
0.3 

0.6 

0.2 
0.1 

0.1 
<0.1 

5.9 

4.9 
4.3 
0.3 

23.1 

3.5 
3.6

0.1 0.7 

0.2 
0.1 0.6 

1.3 
0.1 

<0.1 
<0.1

<0.1 
0.1 

0.8 0.6 
<0.2 

0.1 <0.1 
<0.1 

17.4 2.8 
<0.1 

<0.1 

0.3 0.1 
<0.2 <0.1 
<0.1 
<.2I <0.1 

<0.1 0.1 
'0.1 

<0.2 
5.1 2.0 

<0.1 0.2 
0.1 

3.5 0.1 

1.0 
<0.2 

0.1 <0.2 
0.1 0.5 

10.8 2.7 
6.9 5.8 
0.4 14.7 

11.3 34.4 

21.7 7.5 
12.4 11.4

SDC SC 
63.1 52.2 
20.1 27.0 

<0.1 
0.3 

<0.1 

0.1 0.1 
0.3 

0.7 

1.2 
<0.1 

<0.1 6.3 
2.8 

<0.1 
<0.1 0.6 

0.6 0.1 
1.5 8.2 

1.3 
<0.1 0.7 

<0.1 9.6 
<0.1 

<0.1 0.1 
0.2 

<0.1 0.2 
3.3 

<0.1 <0.1 
2.6 

0.1 <0.1 

10.3 4.1 
0.1

0.1 
1.9 

0.1 

8.7 
3.6 
1.1 

18.5 

2.7 
6.2

3.3 

0.3 
<0.1 

18.0 
9.9 

12.3 
5.0 

32.9 
16.0

Long-term changes in surfgrass cover have 

been monitored at the TEMP horizontal band transect (HBT) stations (Figure B-2). The results 

from the HBT studies show that surfgrass has maintained, and in some cases increased, its 

relative abundance in areas unaffected by DCPP's thermal plume (Figure B-2). Concurrently, 

surfgrass has been more variable in abundance in Diablo Cove. Surfgrass increased in North 

Diablo Cove in the 1970s then decreased from storms during the 1983 El Niflo, but the decline 

during the El Nifio in North Diablo Cove was not as large as in South Diablo Cove. Surfgrass at 

North Control HBT transects were not as affected by the El Niflo. Surfgrass abundance at the
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Figure B-2. Abundance of surfgrass at the +0.3 m MLLW horizontal band transects.  

South Diablo Cove HBT stations fell to zero in 1983 and has remained at that level. Although 

some surfgrass remained in North Diablo Cove upon power plant start-up, a notable decline 

occurred again in 1987-88. Since then, surfgrass has not reoccurred at Station NDC-3, but 

recovery has occurred at NDC-2 to levels close to pre-operational abundances (Figure B-2).  

Blade Density and Length 

Blade density and blade length (Figure B-3) showed the same patterns at the stations established 

for this study. Station SDC had the lowest density of blades and shortest blades per 0.062 m2 .
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Vertical Distribution and 
Spatial Extent of Surfgrass 
Beds 

The two surfgrass beds in Diablo Cove 

had limited vertical distribution in 

comparison to the stations outside the cove 

(Figure B-4). The vertical extent of the 

surfgrass beds at Stations NDC and SDC 

was confined to the intertidal zone around 

the MLLW tide mark. The upper and 

lower elevations of the surfgrass beds 

outside the cove were considerably greater 

with the lower limit extending into the 

subtidal to depths of approximately 3-4 m 

(10-15 ft) below MLLW.  

The size of the surfgrass bed at Station 

NDC was approximately 525 m2 and the 

bed at Station SDC was 117 M2 . The sizes 

of surfgrass beds sampled outside Diablo 

Cove were not delineated since they 

occurred as part of nearly continuous band 

along the shoreline that extended into the 

subtidal.  

Macroinvertebrate 
Composition

a) Blade Densities 

, 200- North Control 
(NC) 

Field's Cove 

AS 150- (FC) South Control 
ST N. Oiao Cove (SC) 

0 (NDC) 
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S50' 

b) Blade Lengths 
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Figure B-.Surfgrass blade density and length.

Figure 1-4. Surfgrass tidal elevation distribution 
(mean and ranges of upper and lower limits; fi MLLW).  
Note that the lower limits of surfgrass extended into the

Abundance data for the invertebrates subtidal at NC, FC, and SC and could not be measured 
using a transit and stadia rod.  

associated with the rhizomes and blades of 

surfgrass were summarized as mean density across quadrats within a station regardless of 

surfgrass cover (Table B-2). Invertebrate assemblages were characterized by the herbivorous 

snail Lacuna spp., the tube worm Pista spp., and hermit crabs (Pagurus spp.). The lowest species 

richness and abundance of invertebrates occurred at the two Diablo Cove stations. For example,
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Lacuna spp., abundant elsewhere, was found 

in relatively low abundance at Station SDC.  

In addition, the limpet (Tecturapalacea), an 

obligate on surfgrass blades, was absent at 

this station.  

Discussion 

Surfgrass 

Reductions in surfgrass cover occurred in 

Diablo Cove during the 1983 El Niflo storms 

and in 1988 after the power plant had been 

operating for two years. Surfgrass in Diablor 

Cove was reduced to two relatively small 

intertidal beds with a markedly smaller 

subtidal component. Before power plant start

up, dense stands of surfgrass occurred in other 

areas of Diablo Cove and to depths of 

approximately -2 m to -3 m below MLLW 

(Tenera 1998). Since its decline in Diablo 

Cove, surfgrass abundance in the intertidal 

zone of North Diablo Cove has slowly 

increased to levels approaching pre-operation 

levels of cover. Much of the increase occurred

Table B-2. Abundance of invertebrate taxa at the five 
surfgrass stations during November-December 1999.  

Mean Counts NC FC NDC SDC SC 
Acanthma spirata 0.2 
Acmea milra 0.2 
Alia carinata 0.8 2.2 
Alia spp. 0.2 0.8 
Amphissa colombma 0.4 
Amphissa spp. 0.2 
Anthopleura elegantissima 01 0.6 
Aphrodraa spp. 0.2 
Bithum spp. 2.0 0.2 
Calliosioma spp. (juv) 0.4 
Cafistoma figatum 0.2 1.0 
Cancer spp. (juv) 0.8 
Clavelina huntsmanl 1.0 0.2 0.6 2.2 
Crepidula spp. 1.0 
Diodora aspera 0.2 
Diopatra ornmaa 0.6 
Epiactis prolifica 0.2 
Epilucina ca *fornica 0.2 
Fissurella volcao 0.2 0.4 
Henrecia leviuscula 1.0 
Hermissenda craisicornis 0.2 
Homolopoma luridurh 0.2 0.4 
Homolopoma spp. 1.2 
Idotea spp. 0.4 
Lacunaspp. 51.0 97.4 50.2 17.8 237.2 
Lacuna spp. (Cggmass) + + + + 
Leptasterias spp. 1.4 
Lophophanopeus SMp. 0.2 Mara idea 0.4 
Nereidae 0.2 
Ocenebra interfossa 0.2 0.4 
Ophioroidea 1.6 
Ophiothrix spiculata 0.2 
Pagurus spp. 10.0 6.2 3.2 2.6 3.4 
Phidiana hIltoni 0.4 
Phouis conchicola 0.2 
Pisaster Henrecia spp. (juv) 0.2 0.6 
Pseudomelatoma torosa 0.2 1.6 
Pugettiaproducta 0.2 0.6 1.2 
Pugetw richii 0.2 0.4 
Salmacmna tribronchiala 0.6 
Scyra acuifrons 0.2 
Spirobranchus spinosus 0.2 

ron gylocentrotus franciscanus 0.4 
SRrongylocentrotuspurpuratus 0.2 
Styela montereyensis. 0.4 
Tectura paleacea 2.4 1.4 5.0 7.6 
Tegula brunnea 1.4 1.0 0.6 0.6 
Tegulafunebrafis 0.2 0.6 2.2 7.6 0.2 
Tonicella Ineata 0.2 
Tricoia spp. 4.0 3.6 0.2 0.8 1.0 
Mean Percent Cover 
C/S tunicates 2.0 <0.1 <0.1 1.2 
encrusting bryozoan 0.4 0.2 
enrusting sponge 0.6 
Leucosole. a elenor <0. I 
Phragmatopoma californica <0.1 <0.1 
Pista spp. 48.0 60.0 35.0 56.0 <0.1 
Spirombidae <0.1 <0.1 <0.1 <0.1 

SPECIES RICHNESS (MEAN) 14.4 10.8 7.8 4.4 17.6

during the 1997-98 El Niflo, demonstrating the tolerance of surfgrass to warm water. However, 

surfgrass cover has not increased in other areas of Diablo Cove.  

Two of the most severe ocean warming events occurred during studies conducted at Diablo 

Canyon; the 1983 and 1997 El Niflos were the most severe ocean warming events recorded this 

century (Holbrook et al. 1997, Lynn et al. 1998). Although both events resulted in significantly 

warmer seawater temperatures, the 1983 event was also characterized by extremely severe storms 

(Tenera, personal observations). Storm effects of the 1983 El NifIo contributed to the largest 

declines in surfgrass before power plant start-up.
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The amount of variation that occurred at the HBT stations in both the pre-operation and 

operation study periods was different among areas. Changes before power plant start-up at 

Diablo Cove HBT stations were much greater than the changes at control stations (Figure B-2).  

(There was too few data collected at the Field's Cove stations prior to power plant start-up for 

pre-operation comparisons to Field's Cove stations.) Since 1990, the trend of increasing 

abundance at HBT station NDC-2 in North Diablo Cove has corresponded to increases observed 

at HBT stations in Field's Cove and control areas. In contrast to Station NDC-2, there has been 

no indication of recovery in South Diablo Cove. The different abundance patterns in Diablo 

Cove observed mainly before power plant start-up relative to other areas sampled may indicate 

that surfgrass in Diablo Cove is subject to a greater range of normal variation.  

Natural differences related to site selection may account for the fewer and shorter blades found 

in the surfgrass beds in Diablo Cove, particularly in South Diablo Cove, compared to control 

areas. For example, surfgrass in South Diablo Cove may be prone to greater blade losses from 

natural desiccation, bleaching, and erosion, compared to the other areas studied. These 

differences could also result from small natural environmental differences, such as wave and sun 

exposure, among other factors, that were not apparent when the station locations were chosen.  

The thermal tolerance of surfgrass is demonstrated by its continued presence in the warmest 

water areas of Diablo Cove. However, the spatial extent and condition of the surfgrass in Diablo 

Cove may indicate that other aspects of the cove (e.g., competitive species, space availability) 
may hinder increases in surfgrass beds. In addition, the lower density and shorter blade lengths of 

plants at the SDC station are likely to produce fewer seeds, limiting potential for recruitment and 

recovery.  

Results showed that surfgrass cover, blade density, and condition at the Field's Cove station 

were similar to control stations. Previous analyses of HBT data showed discharge effects on 

surfgrass at the Field's Cove HBT stations (Tenera 1997, 1999b). However, the time series 

graphs of surfgrass abundance show that similar trends occurred among the control and Field's 

Cove HBT stations (Figure B-2). Increases occurred after power plant start-up at the Field's 
Cove and control stations, but the rates of increases were found to be statistically different 
between HBT stations in Field's Cove and control areas (Tenera 1997, 1999b). Although 

abundances generally doubled at all of the stations, the larger relative increases at the North 
Control HBT stations were probably due to the greater abundance of surfgrass at those stations.  
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A log transformation of the data would have corrected for these differences, and analysis of those 

data may have resulted in a different finding. The fact that surfgrass increased in absolute 

abundance at the Field's Cove HBT stations indicates that conditions were favorable for 

recruitment and growth of rhizomes and blades.  

Associated Algae and Invertebrates 

Differences among stations in understory algal abundance and composition were related to 

substratum relief, as opposed to location or distance from the discharge. Stations with higher 

vertical rock relief (stations FC and SC) had greater abundance of algae, due to algae occupying 

the sides of rocks, cobbles, and tidepools where surfgrass rhizomes were absent. The lowest 

relief stations (NC and SDC) had the lowest abundance of algae, presumably due to the coverage 

of surfgrass rhizomes, dense tube worms (Pista spp.), and layers of sand trapped by the rhizomes 

preempting space for the establishment of understory algae.  

Sampling for invertebrates may need to be altered to include the entire quadrat area, rather than 

only the rhizomes and blades in the quadrats. In practice, it was found that rhizome cover could 

not always be easily determined because of sand burial. Consequently, it was difficult to 

determine whether certain invertebrates occurred nestled between or on top of the rhizomes. In 

addition, blade cover was often not representative of the amount of actual surfgrass habitat 

present because density of the surfgrass varied among stations. For example, the same amount of 

cover in surfgrass could be formed by 100 blades or 500 blades. Using the entire quadrat area 

introduces other sources of variation into the data since limpets, barnacles, and anemones that 

occur on only the bare or smooth surfaces of rocks would be sampled. While these species would 

be recorded, they may not be associated with surfgrass.  

Some clear patterns were evident in the invertebrate data. The limpet (Tecturapalacea) that is 

obligate on surfgrass blades was absent from Station SDC and common elsewhere. The low 

density of surfgrass and condition of the blades at this station may limit its use by this limpet.  

Other differences among the invertebrates may be associated with the amounts of surfgrass and 

algae habitat in the quadrats. For example, the low abundance of the small snail (Lacuna spp.) at 

the South Diablo Cove station may have been related to the low density of surfgrass and algae in 

the quadrats.  
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Spatial differences in invertebrate assemblages between stations may also be related to exposure 
to increased temperature in Diablo Cove. Species richness was greater at the North Diablo Cove 
station compared to the South Diablo Cove station. The density and length of the blades in the 
surfgrass beds in north Diablo Cove are more similar to control areas and therefore may support 

a richer invertebrate assemblage.  

Conclusions 
The following conclusions can be drawn from the results of this study: 

"* Remaining patches of surfgrass in South Diablo Cove were characterized by fewer and 
shorter blades than in other areas studied. This, in combination with the reduced size of 
the surfgrass bed in South Diablo Cove, may inhibit recovery due to low seed 

production.  

"* Surfgrass in a small intertidal portion of North Diablo Cove is recovering.  

"* Recovery is not evident in other intertidal areas of Diablo Cove or in the subtidal.  

"* Invertebrate species richness was lower in Diablo Cove than outside the cove.  

"* Surfgrass in Field's Cove is similar in abundance and condition to beds in control areas.  

"* The occurrence of associated understory algae appeared related to differences in rock 
relief among the stations and not to surfgrass cover.  
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Attachment B-1 
Submitted: December 1999 

Document No. E9-029.1 

Study Plan: Effects of the DCPP Discharge on 
Surfgrass (Phyllospadix) 

Background 

Surfgrass occurs in the zone between the low intertidal (about +0.3 m MLLW) and the shallow 

subtidal (about -3m MLLW). Previous findings on surfgrass from quantitative sampling and 

qualitative observations (Tenera 1997, 1998) include: 

"* The spatial extent of surfgrass in Diablo Cove was reduced prior to power plant start-up 

from storm effects during the 1983 El Niflo. The nearly continuous band of surfgrass 

around Diablo Cove was reduced to about 20% of pre-storm abundance leaving two 

relatively small beds in north and south Diablo Cove. Recovery has not occurred during 

power plant operation. Surfgrass was also reduced by storm effects outside Diablo Cove, 

but recovery has occurred in these areas.  

"* The surfgrass in Diablo Cove decreased at the upper and lower margins of the surfgrass 

beds.  

o The two remaining surfgrass beds in Diablo Cove consist of numerous patches of 

surfgrass. The spatial extent (outer boundaries) of the patches forming each bed has not 

changed substantially since 1983.  

"* Individual surfgrass plants in Diablo Cove are shorter and are colonized by more 

epiphytes than plants outside the cove.  

Based on these findings, Pacific Gas and Electric Company, the Regional Water Quality Control 

Board, and its consultants concluded that: 

* The remaining surfgrass beds in north and south Diablo Cove are not adequately sampled 

in the Receiving Water Monitoring Program (RWMP). The upper margin of one of the 

remaining surfgrass beds in north Diablo Cove occurs across the station at +0.3 m MLLW 

tidal elevation.  
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" Any additional sampling for surfgrass in Diablo Cove should be done at the MLLW tide 

level where surfgrass is most abundant. "..  

"* There are no data on associated macroinvertebrate community in surfgrass beds contacted 

and not contacted by the discharge plume.  

A previous study plan was submitted to the 

Regional Board staff and their consultants for 
NC 

review and comment. The focus of the sampling N•"U co-lbuI 
proposed in the previous study plan was .  

obtaining a better estimate of the areal coverage 0 1m 

of surfgrass affected by the power plant 

discharge. This study plan focuses on monitoring FC 

changes in surfgrass. This shift in focus for the Npp 

study was based on written comments received 

from the Regional Board staff and their SDCo, t. S 

consultants and discussions with them held at a SC 

meeting at the Moss Landing Marine 

Laboratories on September 24, 1999. 8 

Figure 1. Planned surfgrass monitoring stations.  

Purpose 

The purpose of this proposed surfgrass study is to: 

"* Determine the effects of the discharge on the remaining surfgrass beds in Diablo Cove.  

" Determine if there is a difference between the surfgrass macroinvertebrate communities in 

areas contacted and not contacted by the discharge plume.  

" Determine if there are differences in the vertical distribution of surfgrass between areas 

contacted and not contacted by the discharge plume.  

Sampling Methods 

The proposed monitoring stations are shown in Figure 1. The areas are similar in wave exposure, 

substrate composition, and shoreline slope although the north control station is more exposed to 

wave surge than the other four. The stations will be established at the 0.0 m MLLW tidal 

elevation. Intertidal sampling will be completed -during the lowest tides of the year when the 

areas are exposed. Diving will be conducted to determine the subtidal extent of surfgrass 

distribution.  
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Abundance Estimates 

This study will obtain percent coverage data from 10-1 m2 quadrats sampled annually at each 

station.  

* A fixed 30 m long transect at the 0.0 m MLLW tide level (Figure 2) will be established at 

each of the five stations shown in Figure 1.  

* Ten-I m2 quadrats randomly chosen each survey will be sampled along each transect per 

survey.  

* The percent cover of surfgrass and epiphytes will be estimated as they lay naturally over 

the rocks (regardless of attachment within or outside the quadrat frame).  

* The reproductive status of surfgrass in the quadrats will be recorded.  

Blade densities 

Blade densities may change without a resulting change in percentage cover, due to overlap of 

multiple blades. This study will obtain blade density data from 10-0.062 m2 (25 cm x 25 cm) 

subquadrats annually at each station.  

* Each I m2 fixed quadrat will be divided into 16-0.062 m2subquadrats (Figure 2).  

* A single subquadrat within each of the 10-1 m2 quadrats will be randomly chosen during 

each survey within which all surfgrass blades will be counted (Figure 2).  

Blade lengths 

This study will provide 50 blade length measurements per station annually.  

"* The lengths of 5 randomly chosen surfgrass blades within each of the 10-1 m2 quadrats 

will be measured to the nearest centimeter.  

"* The blades will be chosen by using X-Y coordinates in each 1 M2 quadrat randomly 

chosen each survey (Figure 3). The blade whose attachment is closest to each random 

coordinate will be measured.
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Figure 2. Station layout at low tide and sampling methods.

Vertical distribution 

The vertical distribution of surfgrass outside Diablo Cove is broader than within the cove. The 
vertical ranges of surfgrass will be surveyed inside and outside Diablo Cove (Figure 2).
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" The depth limit of surfgrass at each transect station will be 

delineated by diver observations..................  

" The upper elevation of surfgrass at each transect station will ................  

be determined from surveyed elevations at intervals along the 

upper fringe of the surfgrass bed.  

Bed sizes in Diablo Cove 

Two separate surfgrass beds presently occur in Diablo Cove, one in X

the north and one in the south. These beds are largely confined to the Figure 3. Exampn 

intertidal. The spatial extent (outer boundary of the patches) of these coordinates for se 

two surfgrass beds in Diablo Cove will be surveyed. for length measur 

"* The overall size of each surfgrass bed will be delineated 

during low tide using a global positioning system (GPS).  

"* The boundaries will be analyzed using a geographic information system (GIS) to 

determine overall bed sizes and locations.

uuadrat 

-axis 

ile random 

lecting blades 

ements.

Macroinvertebrate composition 

Surfgrass provides important habitat for invertebrates. Sampling will be done to determine if the 

surfgrass beds in Diablo Cove have a different assemblage of invertebrates than surfgrass beds 

outside the cove.  

"* Five-0.25 m2 quadrats will be randomly sampled in "pure stands" of surfgrass (Figure 2).  

A "pure stand" will be defined as a quadrat with at least 75 % cover of surfgrass.  

"• Counts of all macroinvertebrates (greater than 1 cm in greatest dimension) will be made in 

each 0.25 m2 quadrat.  

"• A different set of random quadrats will be sampled each survey. Surveys will be done 

annually.  
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Tenera, Inc. 1998. Surfgrass (Phyllospadix) in the vicinity of the Diablo Canyon Power Plant 
discharge. Prepared for Pacific Gas and Electric Company, San Francisco, CA.
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EFFECTS OF THE DCPP DISCHARGE ON BULL KELP 
(NEREOCYSTIS): RESULTS OF THE 1999 SURVEY 

Summary 
Quantitative sampling was conducted to describe the magnitude, timing, and spatial extent of 

early senescence in the bull kelp population during 1999 as a function of decreasing temperature 

associated with increasing distance from the DCPP discharge structure. The study was designed 

following qualitative observations in previous years that indicated that bull kelp in the vicinity of 

Diablo Cove senesced prematurely (Tenera 1997, 1999a). Data for the present study were 

collected once per month from July through December 1999 along surface and underwater 

transects located at various distances from the discharge structure.  

The annual decline in bull kelp forests outside the influence of the DCPP thermal plume occurred 

mainly in the latter part of February 2000, at the beginning of the storm season. We assumed, 

then, that February represented the typical (control) time of demise of the 1999 bull kelp 

population along the central coast of California. In contrast, much of the 1999 bull kelp 

population within Diablo Cove had senesced by July 1999, and observations showed that no bull 

kelp plants reached the sea surface. By September 1999, nearly all bull kelp plants in Diablo 

Cove were gone. Thus, the loss of the 1999 bull kelp population inside Diablo Cove occurred 

approximately five months prior to the disappearance of bull kelp in areas outside of the 

influence of the DCPP thermal plume. However, this time disparity would have been less (ca.  

three months) if winter storms had occurred in December, a typical first month of the winter 

storm season.  

Individual bull kelp showing signs of early senescence were also present outside Diablo Cove in 

areas contacted by the discharge (i.e., near North Diablo Point, South Diablo Point, and offshore 

of Diablo Rock, and in Field's Cove). However, bull kelp at these locations co-occurred with 

healthy kelp plants. Unlike Diablo Cove, the early senescence observed at these far-field 

locations did not result in all bull kelp plants detaching from the bottom prior to February 2000.  

The spatial extent of early senescence in 1999 was considerably less than the maximum extent 

observed in 1987. In 1987, early senescence of bull kelp was observed as far northward as Lion 

Rock, while in 1999, this phenomenon was observed only as far northward as Field's Cove. The 
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1987 spatial extent was the result of higher discharge temperatures associated with the warmer 

ambient water temperatures during the 1987 El Niflo. The smaller area of effect in 1999 was 

similar to that observed in most other non-El Niflo years. Additionally, dense forests of giant kelp 

(Macrocystis pyrifera) in the northern part of Diablo Cove in 1999 may have redirected or 

decreased the momentum of the thermal plume exiting the northern channel of Diablo Cove. The 

shut down of Unit 2 for refueling during the present study, and the consequent lower discharge 

temperatures may have also contributed to a smaller spatial extent of effects in 1999, relative to 

1987.  

Introduction
Bull kelp (Nereocystis luetkeana) is a large annual 

alga that forms extensive kelp forests and surface 

canopies starting in the spring and extending into 

the fall (Figure C-i). Spores released from the 

mature, attached algae settle to the bottom and 

develop into microscopic gametophytes. The 

fertilized egg of each female gametophyte 

develops into a large bull kelp plant (sporophyte) 

in spring. Bull kelp sporophytes grow and mature 

from spring to fall, and most are later dislodged 

from the substratum during winter storms. From 

winter into the spring, bull kelp forests are 

generally not evident off the central coast.  

However, some individuals can live as long as 18 

months, persisting through winter.
Figure C-I. Bull kelp (Nereocystis luetkeana).

Previous environmental monitoring in marine habitats around the Diablo Canyon Power Plant 

(DCPP) revealed a relationship between warm water from the thermal discharge and the 

deterioration of bull kelp blades (Tenera 1997, 1999a). This condition has been referred to as 
"early senescence" and describes a deterioration and consequent loss of blade tissue 

(Figure C-2). Blades begin deteriorating before or soon after reproductive structures (sori) 

develop on the blades, resulting in shorter blades with a tattered appearance. Eventually, the loss
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I/ / Entrained counter- o 

Figure C-2. Growth changes in bull kelp (from Tenera 1997).

of blades results in a bare bulb at the end of the stipe. Severely affected kelp plants can detach 

sooner from the bottom than do unaffected individuals when the holdfasts anchoring them to the 

rocks weaken. Early deterioration of fronds usually begins once the bull kelp individuals are near 

the sea surface, but previous monitoring observations showed that some juvenile and subadult 

bull kelp individuals in Diablo Cove deteriorated prior to reaching the sea surface.  

The spatial extent of early senescent bull kelp has been approximated from qualitative 

observations (Figure C-2). Bull kelp forests not contacted by the thermal plume do not consist of 

an unusual number of individuals with characteristics of deteriorated blades and bare bulbs 

shown in Table C-1. Unaffected forests persist with long blades that have released the fertile sori 

packets. These forests then follow the normal annual life cycle of these algae and are detached 

from the bottom by winter storm waves.  

PIurpose 
The purpose of this study is to describe the magnitude, timing, and spatial extent of early 

senescence in bull kelp as a function of temperature gradients associated with distance from the 
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Table C-I. Condition categories for bull kelp.  

Original Revised Normal Occurrence Near 
Condition Category Period of the Discharge 
Category for Analysis Appearance Description Occurrence Structure 

I A _ Long blades. Spring. Most individuals do 
not reach the sea 
surface.  

2 A Long blades with Summer and May not occur in 
fertile sori packets. early fall. areas with 

persistent plume 
contact 

3 A Long blades with Late summer May not occur in 
evidence of released through fall. areas with 
sori packets. persistent plume 

contact 

4 B Short, tattered Not generally Spring-summer.  
blades. seen. Indicative of 

discharge effect.  

5C Bare bulb, no blades. Not generally Spring-summer.  
seen. Indicative of 

discharge effect.  

DCPP discharge structure. The present report describes the results from the 1999 sampling 

season.  

Study Methods 
A preliminary draft of the study plan developed in 1998 (Tenera and PG&E 1998) was submitted 

to the Central Coast Regional Water Quality Control Board ("the Board") and its consultants on 

July 15, 1999 for their review. Comments were received by Pacific Gas and Electric Company 

(PG&E) in a letter on August 16, 1999. Items highlighted in the letter were discussed with the 

Board and its consultants the following month. The final revised plan was submitted to the Board 

on October 22, 1999 (Attachment C-I).  

Surface Bull Kelp Sampling 
Data on surface bull kelp abundance and condition were obtained monthly (July-December 

1999) by sampling stations spaced approximately 50 m apart along cruise transects (Figure C-3).  

The transects began at permanent buoys and were established using compass headings and land 

mark way points. Approximately 24 and 12 stations were sampled along Transects A-I and A-2, 

respectively. Transect A-2 was established and first sampled in August 1999. Transects were
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Figure C-3. Sampling stations and transects.  

aligned to sample for gradient effects moving northward from Diablo Cove. Areas to the north of 

the discharge structure commonly contain bull kelp forests and have historically been the 

locations of observed early senescence (Tenera 1997). The offshore movement of the plume 

bypasses most areas south of South Diablo Point. Surface stations were also sampled in the South 

Control area of Patton Cove along compass courses from permanent buoys.  

Two global positioning system (GPS) units were used to determine the sampling locations along 

each transect. One GPS unit allowed the boat operator to position the boat approximately every 

50 m by monitoring the distance traveled along the transect relative to the starting point. A 

second, differential GPS unit was used to record the locations sampled with higher precision.  

The number and condition of bull kelp in 4 m x 5 m plots of ocean surface on each side of the 

boat were recorded at each station. The sampling areas were approximated using the boat as a 

length reference. Counts were made according to condition categories (Table C-i) and sampling 

times were recorded. Surface water temperatures were measured at each station using a YSI 

thermometer, CTD unit, or Hugrun thermometer. The thermometer used in the July and 

September surveys malfunctioned, but the malfunction was not detected until after the surveys 

were completed. Therefore, there are no temperature data for these surveys.  

In August, September, and October 1999, more patches of bull kelp containing normal and early 

senescent bull kelp individuals were found in areas not covered by the transects. These were 

sampled in "supplemental surveys", and were mainly offshore of Diablo Rock and offshore of 
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South Diablo Point (Figure C-3). These patches were sampled from the boat and their locations 

recorded using the GPS. Sampling at these locations was non-specific since new patches were 

selected when found and the boat intentionally positioned in specific beds.  

Subsurface Bull Kelp Sampling 

Early senescence of some bull kelp individuals occurs when they first contact the bottom of the 

thermal plume and before they are visible on the sea surface (Figure C-2). This phenomenon has 

primarily been observed inside Diablo Cove. Diver surveys were completed to determine the 

extent and timing of early senescence in the subsurface bull kelp canopy during 1999, because of 

the possibility that many of these individuals would never reach the surface. The subsurface bull 

kelps were sampled by divers along 50 m underwater transects that paralleled the surface 

transects sampled from the boat (Figure C-3). Sampling was conducted monthly from July 

through October 1999, and was coincident with the boat transect surveys. Subsurface bull kelp 

sampling was not conducted in November and December 1999, as had originally been planned, 

due to poor diving conditions.  

The origin of each dive transect was marked by a buoy. At each transect, a 50 m fiberglass 

transect tape was deployed along a pre-determined compass course. Underwater kelp counts and K.  
indices of kelp condition along the 50 m transect were recorded in 3 m (10 ft) depth increments, 

with the depth of the kelp bulb designating the depth of the kelp. The width of the transect was 

6 m (3 m on either side of the transect tape). The area within 1 m of the substratum was not 

sampled. This avoided having to search through subcanopy kelps (e.g., Pterygophora and 

Laminaria) and understory algae. A vertical profile of water temperature from the bottom to the 

sea surface was recorded at the origin of each dive transect, monthly from July through 

December 1999.  

Results 
Data for the original five condition categories were condensed into three categories. Condition 1, 

2, and 3 categories consisted of healthy individuals in various stages of growth and fertility and 

were combined as Condition A. Condition 4 ("tattered blades") and Condition 5 ("bare bulb") 

individuals were renamed to Condition B and C, respectively.  
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Sampling Constraints That May Affect Results 

Changes in tidal height and adverse sampling conditions can affect the absolute number of 

individuals sampled in this type of study and contribute to excessive sampling error.  

Consequently, results reported herein include proportions of individuals (%) for each condition 

by study area through time, to standardize the data independent of the absolute number of 

individuals observed.  

Drift kelp is not easily distinguished from attached kelp when tangled together on the sea surface.  

Suspected drift kelp, therefore, was pulled upon to determine whether or not it was attached to 

the bottom. Verified drift kelp was not included in the present analysis.  

Large-scale breakup of the 1999 bull kelp population did not occur until the last week of 

February 2000, approximately two months later than the typical end of the bull kelp season. As 

such, discussions of the temporal effects of early bull kelp senescence in Diablo Cove (i.e., how 

much earlier was the senescence process in Diablo Cove relative to areas not contacted by the 

plume) should be considered in two ways: within the context of a "typical" bull kelp growing 

season (spring through December), and within the context of the 1999 kelp year (spring 1999 

through February 2000).  

Water Temperature Distributions 

Differences in surface water temperatures between August, October, November, and December 

reflect seasonal variation, power plant operating characteristics, tidal elevation, wind, and 

currents. In general, surface water temperatures decreased with distance from the discharge 

structure to areas of ambient temperature outside Diablo Cove (Figure C.4). Higher than 

ambient surface water temperatures were mainly evident in Diablo Cove, offshore of Diablo 

Rock, and offshore of North and South Diablo Point. Surface water temperatures in Field's Cove 

and areas to the north were near ambient temperature levels measured in the control area of 

Patton Cove.  
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Figure C-4. Surface water temperatures in August, October, November, and December 1999 and 
transect segment locations partitioned according to stations with similar temperature regimes.  
Temperatures outside the transect segments are shown for the supplemental boat survey stations.  
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Figure C-5. Vertical temperature profiles at the subtidal dive transects on November 17, 1999.  
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Water temperatures with depth (vertical profile) differed between Diablo Cove and Patton Cove 

stations (Figure C-5). Higher temperatures were measured in the water column at all stations 

located in Diablo Cove and within the north channel of Diablo Cove off North Diablo Point.  

Water temperatures near Field's Cove Station FC 2 -9 were very similar to those measured 

atPatton Cove. The warmest temperatures occurred throughout the water column to depths of 

approximately -5 m at Diablo Cove stations NDC 5 -8 m and SDC 5 -10 m. These warmer 

subsurface temperatures decreased near the Mussel Watch Buoy at North Diablo Point 

(Figure C-3). Temperatures near the bottom at the deeper station SDC 5 -10 m were near 

ambient. Temperatures from the surface to a depth of several meters beneath the surface at 

Stations FC 1 -3 m and COW were slightly above ambient, relative to controls.  

Spatial Distribution of Kelp Condition 
Kelp condition increased (i.e., kelp forests were healthier) with increasing distance from the 

DCPP discharge structure (Figure C-6). No surface bull kelp plants were observed within Diablo 

Cove during the present study because they had already senesced or ceased growth before 

reaching the surface. However, two surface bull kelp individuals in the bare bulb state were 
observed in Diablo Cove next to South Diablo Point in October during the annual habitat

forming kelp survey (see Section 4.1 Subtidal Algae). Condition B and C individuals were 

documented outside of Diablo Cove mainly at distances of 400-700 m from the discharge 

structure. These included areas offshore of North Diablo Point, South Diablo Point, and Diablo 

Rock, and areas within Field's Cove (Figure C-6). All of these areas, however, also harbored 

normal, healthy bull kelp plants mixed with senescing individuals. For example, the proportion 

of Condition B and C individuals offshore of North Diablo Point (ca. 700 m from the discharge 

structure) was approximately 30% with the majority being healthy (Table C-2).  

In contrast to the above findings, most bull kelp offshore of Patton Cove showed no signs of 

senescence for the duration of the present study. Several Condition B individuals were observed 

offshore of Patton Cove, and this result likely indicated variability in naturally occurring bull 

kelp senescence. No Condition C individuals were observed in Patton Cove.  
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Figure C-6. Extent of surface bull kelp with early senescent characteristics for all sampling months. Size 
of bubble from largest to smallest denotes density of bull kelp individuals ranging from 153 individuals per 
station to I individual per station. "X" symbols denote stations with no surface bull kelp. Pie sections in 
bubbles denote percentage of plants in condition categories with values summarized in Table C-2.
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Onset of Early 
Senescence 
The onset of early senescence was not 

fully documented in the present 

study, as the first bull kelp survey 

was conducted in July well after bull 

kelp had formed forests in the study 

area. In addition, many bull kelp 

individuals near the discharge 

structure (in Diablo Cove) had 

already senesced by July. Senescent 

bull kelp individuals were also 

observed during the month of July 

offshore of North Diablo Point, South

Table C-2. Occurrence of bull kelp condition in relation to 
distance from the discharge structure.  

Percent Composition of 
Condition to Total 

Distance (in) from No. Total No. of 
Discharge Structure Stations Individuals A B C 

101-200 16 0 0 0 0 
201-300 15 0 0 0 0 
301-400 12 0 0 0 0 
401-500 15 74 75.7 17.6 6.8 
501 -600 28 730 54.5 21.9 23.6 
601 -700 26 1222 70.6 18.3 11.0 
701 - 800 27 564 92.2 7.4 0.4 
801 -900 26 600 93.7 6.0 0.3 

901 - 1000 24 296 98.6 0.7 0.7 
1001-1100 20 291 99.0 0.7 0.3 
1100-1200 21 67 95.5 4.5 0.0 
1200- 1300 18 79 94.9 5.1 0.0 
1300-1400 19 72 94.4 4.2 1.4 
1400- 1500 35 1073 95.1 4.8 0.1 
1500-1600 8 603 99.5 0.5 0.0

Diablo Point, and Diablo Rock. In contrast, bull kelp individuals with early senescent 

characteristics were first observed in Field's Cove in December, presumably due to cooler water 

temperatures relative to the three sites noted above (Figure C-5).  

Relationships of Surface Kelp Density with Distance from the 
Discharge Structure and Time 

The results depicted in Figure C-7 are from the boat transect surface stations grouped according 

to similar temperature regimes portrayed in Figure C4. The number of stations sampled over 

time in each transect segment are presented in 

Table C-3. -.

Patterns of surface bull kelp densities over time 

differed among areas. While not entirely clear, 

there did appear to be a relationship between 

kelp abundance over time and distance from the 

discharge structure (Figure C-7). Surface bull 

kelp was never observed in Diablo Cove in the 

present study (Figure C-7). Declines in surface 

kelp abundance at the Field's Cove and North

TENERA E2000-072.3 C-14

Figure C7. Changes in bull kelp density in 
surface transect segments.
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segment, and at the North Diablo 

Point-I segment were evident in 

September, and declines at the North 

Diablo Point-2, Lion Rock, and South 

Control segments appeared to occur 

after the September survey.

Table C-3. Number of surface stations sampled in transect 
segments. Refer to Figure C-4 for segment locations.  

Jul Aug Sep Oct Nov Dec 

Field's Cove and North 0 12 13 15 14 14 

Lion Rock 10 10 10 10 12 11 

North Diablo Point -2 5 4 5 5 5 6 

North Diablo Point -1 4 4 2 4 3 5 

Diablo Cove 7 7 7 7 8 7
Variation over time within a transect 

South Control 3 4 5 6 6 6 
segment, however, may reflect tidal 

height differences between surveys 

(i.e., lower tides exposing more kelp plants), slight variations in the cruise track leading to 

different patches being sampled, or the occurrence of new kelp plants as subadults reach the sea 

surface. The consistent pattern of lowest abundance in December likely reflects the process of 

natural attrition at the end of the growing season. (Figure C-7).

Other factors may also account for the variability in kelp densites over time and among segments 

evident in Figure C-7. Although storms in February 2000 caused coastwide declines in bull kelp, 

the large decline that occurred at the Field's Cove and North segment between August and 

September (Figure C-7) may be due to proximity to the shoreline where depths become 

shallower. Typically, kelp forests closer to the shoreline and in shallower water (e.g., the Field's 

Cove and North segment) are more adversely affected by breaking waves than kelp forests 

further from shore and in deeper waters.  

Relationships of Subsurface Kelp Density with Distance from the 
Discharge Structure 
Difficulties arose during the dive surveys that affected the subtidal survey results with uncertain 

consequences . There was likely some duplication of counts of bulbs situated close to the 

sampling boundaries of the 3 m (10 ft) depth intervals. Also, it was sometimes difficult to 

determine the number and condition of bull kelp when clusters were tightly coiled together and 

the blades of various conditions entangled in a mass. Furthermore, transects were sometimes 

relocated at inexact positions when permanent buoys were lost.  
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Despite sampling difficulties, Condition C (bare 

bulb) individuals could readily be distinguished 

from the other condition categories. Analyzing 

the collected data as a percentage of bare bulb 

condition individuals relative to the total number 

of individuals sampled overcame the limitations 

of not having sampled identical kelp patches 

repetitively (Figure C-8). Although early 

senescence in bull kelp is mainly a surface 

phenomenon, it was found in individuals several 

meters beneath the sea surface in Diablo Cove 

and in slightly shallower water offshore of North 

Diablo Point (Mussel Watch Station).
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Figure C-8. Percentage of bare bulb individuals to 
total number observed in the midwater during the 
study. Numbers above bars are total numbers of 
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Figure C-9. Changes in bull kelp in the subtidal (Figure C-6), and subsurface bull kelp in Diablo surveys.  

Cove declined almost completely in abundance 

by September (Figure C-9). The abundance of subsurface bull kelp at control stations (S-1, S-2, 

and S-3) was relatively low, as most individuals were already at the surface in July. However, the 

abundance of subsurface bull kelp at the control stations remained relatively constant through 

August (Figure C-9), indicating consistent growth ofjuvenile and subadult plants. Subtidal bull 

kelp at stations located in and surrounding Field's Cove were more abundant than other areas, 

though numbers declined to those similar to the controls. Subtidal bull kelp abundance at Station 

COW was extremely variable, and this variability may reflect the difficulty in relocating this 

station.
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Relationships Between Water Temperature and Early Senescence 

Early senescence of bull kelp is the result of increased temperatures which occur in a gradient, 

decreasing with distance from the DCPP discharge structure. The amount of increase in water 

temperatures resulting from the DCPP thermal discharge varies over time and space dependent 

on changes in oceanographic conditions, ambient temperature, tidal elevation, wind, currents, 

and power plant operating characteristics (Tenera 1997). The present study recorded 

instantaneous temperatures at the stations sampled for bull kelp. These temperatures were used to 

associate the relationship of early senescence with temperature with the understanding that those 

temperatures were only an instantaneous representation of the temperature distribution in the 

vicinity of the power plant. Early senescence related to increased temperatures is the product of 

chronic and episodic temperature changes and may not be well correlated with instantaneous, 

single-point measurements of temperature.  

Condition C (bare bulbs) bull kelp was associated with the highest temperatures. Condition A 

(normal) individuals were typically associated with the lowest temperatures, and Condition B 

(tattered blade) kelp was found in generally all temperatures measured (Figure C-10). The data 

in Figure C-10 are from the November 1999 boat transect and temperature survey since kelp 

sampled during this month were exposed to the local temperature regime for a sufficient time to 

begin showing characteristics of early senescence and because large natural attrition of kelp had 

not yet occurred in the study area. Plots of instantaneous surface temperatures versus kelp 

conditions for other monthly surveys were more variable.  

Increased water temperatures beneath the sea surface were recorded mainly in Diablo Cove and 

offshore of North Diablo Point (Figure C-5). Above ambient temperatures in these locations 

extended to depths of approximately -5 m. The greatest incidence of subsurface, senescent bull 

kelp occurred in areas with above ambient temperatures (e.g., at Stations NDC 5 -8m, SDC 5 

I Om, and Mussel Watch; Figures C-3 and C-9). Early senescence was primarily a surface 

phenomenon in areas further from the discharge structure, where surface temperatures were only 

slightly (ca. I *C) above ambient, and where smaller proportions of plants exhibited early 

senescent characteristics.  
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Figure C-10. Relationship between surface temperatures and condition categories in surface bull kelp.  
Data are from the November 1999 survey. Sizes of the circle symbols denote number of plants along a 
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condition category to avoid overprinting.
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Discussion 
The results of the present study documented the extent of early senescence in the 1999 bull kelp 

population and changes in bull kelp abundance near the DCPP discharge structure. The data 

collected provide some evidence that early senescence of bull kelp each year is a function of 

time, depth, and distance from the discharge structure, related to increased water temperatures 

which vary as a function of distance from the DCPP discharge. Changes resulting from the 

discharge during the present study were confined mainly to individuals in Diablo Cove and 

offshore of North Diablo Point. Affected areas, however, contained both healthy and prematurely 

senescent bull kelp. We hypothesize that this mixture of healthy and senescent kelp results from 

a combination of the age of individual kelps and the duration of their exposure to elevated 

temperature. Presumably, unaffected kelp in areas contacted by the thermal plume consist of the 

younger individuals of the annual cohort which have not had sufficient exposure to elevated 

temperature (thermal dose) to senesce prematurely. In contrast, the older individuals presumably 

have been exposed to the thermal plume for a longer period of time, and therefore, develop signs 

of premature senescence.  

Bull kelp with early senescent characteristics were probably present in Diablo Cove prior to the 

beginning of the study in July 1999. This can be surmised since the warmest water temperatures 

occur in Diablo Cove. Also, the 1999 bull kelp population in Diablo Cove detached from the 

bottom five months before the breakup of kelp forests not exposed to the plume. Early demise of 

the 1999 bull kelp population outside Diablo Cove resulting from early senescent individuals was 

not clearly evident. Some bull kelp had prematurely senesced offshore of North Diablo Point in 

July-November 1999, and in December 1999, some senescent bull kelp was observed in Field's 

Cove. However, the majority of bull kelp in all these areas outside Diablo Cove consisted of 

healthy kelp, which remained attached for longer periods than in Diablo Cove.  

Areas outside of Diablo Cove (e.g., Field's Cove) demonstrated a temporal lag in the 

development of senescent characteristics in bull kelp within the study period. This may result 

from lower temperature elevations in these locations relative to Diablo Cove. Thus, a longer 

exposure period to less pronounced temperature elevations led to an extended period of time 

before senescence in bull kelp was induced. Small temperature elevations, relative to Diablo 

Cove, were recorded in Field's Cove during the present study, and have been described in a 

previous report (Tenera 2000).  

TENERA E2000-072.3 C-19 1999 Bull Kelp Senescence Survey 
9/28100



Appendix C 

Several factors may account for the effects of early senescence being limited largely to Diablo 

Cove and immediate vicinity. Lower temperature elevations from the power plant during the 

refueling outage for Unit 2 may have limited the extent of premature senescence from expanding 

further beyond North Diablo Point during most of the study period. Unit 2 underwent a refueling 

cycle from September 26 to October 27, 1999. During the refueling outage, the circulating water 

pumps were shut down for a portion of this interval, resulting in reduced volume and reduced 

temperature elevations.  

The development of a large and dense giant kelp (Macrocystispyrifera) forest in Diablo Cove, in 

particular in the north channel of Diablo Cove, may also have limited, or slowed, the effects of 

early senescence to regions offshore of North Diablo Point. Giant kelp forests are known to alter 

ocean current patterns (Jackson 1998). The dense giant kelp forest in Diablo Cove and off North 

Diablo Point undoubtedly restricted a portion of the thermal plume moving out the north channel 

of Diablo Cove, to Field's Cove and Lion Rock. Giant kelp was absent from Diablo Cove in 

1987, when the maximum extent of early bull kelp senescence (to near Lion Rock) was observed 

(Tenera 1997).  

The amount of time between the loss of prematurely senescent bull kelp and the natural reduction 

of the population due to winter storm waves (five months in 1999) may vary in other years. The 

present study was conducted during a year of unusually calm sea conditions and high kelp 

abundance. Several storm events took place before the largest storm in late February 2000 

cleared out much of the remaining bull kelp forests. The interval between loss of prematurely 

senescent kelp and normal disappearance of healthy kelp would be less (ca. three months) during 

typical years when large storms break up kelp forests in December-January (Tenera 1997).  

Early senescence of bull kelp was observed once prior to power plant start-up; during the 1983 El 

Nifto (PG&E 1990; Tenera 1997). An El Nifto also occurred in 1976, though this event did not 

cause premature bull kelp senescence. The 1976 El Nifto was a less severe climatological and 

oceanographic event than that observed in 1983. Similarly, there was no evidence of prematurely 

senescent bull kelp in areas not contacted by the discharge plume during the weak 1987 and 1992 

El Nifto events (Tenera 1997, 1999a), or during the 1997-98 El Niflo. However, warm water 

temperatures associated with the 1987 El Nifio, combined with consequent increases of thermal 

plume temperatures and the lack of giant kelp in the north channel of Diablo Cove probably 
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contributed to the maximal spatial extent of prematurely senescent bull kelp observed to date 

(Tenera 1997).  

The ecological consequences for marine habitat affected by premature senescence outside of 

Diablo Cove can be considered minimal since results of the present study indicate affected kelp 

individuals remain attached for extended periods, and co-occur with unaffected kelp. One 

hypothesis suggests that repeated years of early senescence of bull kelp may result in 

progressively lower kelp abundance in the affected areas due to reduced spore production and, 

therefore, reduced recruitment. This hypothesis has been investigated in areas outside Diablo 

Cove using aerial photographs of surface kelp canopies (Tenera 1999b). However, results of the 

analyses were not definitive due to high variation of kelp canopy extent prior to and during 

power plant operation in both the control and impact areas. One component of this variation was 

that bull kelp abundance increased at stations sampled in Field's Cove after power plant start-up 

(Tenera 1999a). This showed that kelp able to reach reproductive maturity and disperse spores in 

the areas of Field's Cove was important in repopulating areas contacted by the discharge beyond 

the boundaries of Diablo Cove. However, as indicated in the present study, a small portion of the 

bull kelp population in Field's Cove is exposed each year to increased temperatures that can lead 

to early senescence, but not necessarily early detachment from the bottom.  

Conclusions 
Conclusions from the 1999 study include: 

Early senescence in bull kelp occurred as a function of time, depth, and distance from the 

discharge structure.  

Bull kelp in Diablo Cove senesced before they reached the sea surface, and detached 

from the bottom at least five months before the breakup of bull kelp forests in 

control areas. This time disparity would be shorter in years when storms occur 

earlier (e.g., December or January).  

Many bull kelp individuals offshore of North Diablo Point exhibited characteristics 

of early senescence in July, while premature senescence of surface bull kelp in 

Field's Cove was not detected until December. Most of the bull kelp population 

outside Diablo Cove remained attached as long as controls throughout the study.  
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9 The spatial extent of early senescence in 1999 was not as large as the extent observed in 

1987, near Lion Rock.  

The relatively small affected area could have been related to the dense giant kelp 

forest in Diablo Cove restricting the dispersion of the thermal plume out the north 

channel towards Lion Rock and into Field's Cove.  

The smaller affected area in 1999 could have also been related to the reduction of 

thermal plume volume and temperature during refueling outage 2R9, and to the lack 

of an El Niflo event.  

* Bull kelp is a good indicator species of thermal discharge effects.  

Blade condition categories can be used to map the depth, surface extent, and timing 

of discharge effects. The bull kelp annual life cycle provides a new population each 

year to map variations in the extent of effects.  

* The present study indicates that early senescence in bull kelp remains within areas 

previously described by qualitative observations.  

The population outside Diablo Cove in areas contacted by the discharge consists 

mainly of unaffected plants.  

Recommendations 
Based on the first survey, we have identified certain study objectives, sampling techniques, and 

analytical approaches that need to be reviewed by PG&E, the Regional Board Staff, and its 

consultants. This review should be completed prior to conducting the next survey. These 

elements include: 

* The study period should encompass the entire bull kelp life cycle. The surveys should 

begin earlier in the year (e.g., May) so that the initial density and fate of individuals can 

be more fully documented.  

* A consistent method is needed for designating the endpoint of the annual kelp life span.  

Most of the annual population is removed by winter storms, but some kelp may persist 

through the winter. A decline to a pre-determined proportion of the beginning population 

abundance may be used to designate the end point of the kelp yearly life span.  
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" The subtidal survey effort may be reduced to sampling subtidal transects only in Diablo 

Cove, as this is the only area where bull kelp appears to be largely affected beneath the 

sea surface.  

"* Condition categories were used to differentiate "normal" from "affected" bull kelp.  

However, there was some variation among observers in making these distinctions in all 

categories except Condition C (bare bulb individuals). Therefore, more specific and clear 

criteria are needed for each condition category.  

"* Annual overflight photographs could be conducted in fall with the bull kelp senescence 

study for determining the hectares of kelp contained within the boundaries of observed 

effects. Mapping techniques can be completed as in Tenera (1999c).  

"* The spatial extent and timing of early senescence in bull kelp were described in this 

report based on a qualitative interpretation of the data and general observations.  

Appropriate statistical approaches should be developed to analyze these data. For 

example, an analysis of co-variance (ANCOVA) could be used to examine kelp 

condition as a function of month, and temperature within months, with the data weighted 

by number of individuals in each condition category.  

"* Outplanting bull kelp cultured on ropes may overcome the difficulties of sampling 

natural populations. The monitoring of outplanted bull kelp will enable specific 

individuals, depths, and areas to be mapped for the spatial extent of early senescence.  

Kelp abundance was unusually high in the present study, with many of the bull kelp 

individuals persisting through the storm season. These over-wintering individuals from 

the 1999 population may become mixed with the 2000 population. Monitoring 

outplanted bull kelp cultured on ropes would avoid the problems of distinguishing 

between senescent individuals from different yearly cohorts and would augment the boat 

and diver surveys of populations in affected and control areas.  

Literature Cited 

Jackson, G.A. 1998. Currents in the high drag environment of a coastal kelp stand off California.  
Continental Shelf Research. 17(15): 1913-1928.  

PG&E. 1990. Thermal effects monitoring program. 1990 annual report. Pacific Gas and Electric 
Company, San Francisco, CA. March 1990.  

TENERA E2000-072.3 C-23 1999 Bull Kelp Senescence Survey 
9/26/00



Appendix C 

Tenera, Inc. 1997. Thermal effects monitoring program, analysis report: Chapter I - Changes in 
the marine environment resulting from the Diablo Canyon Power Plant discharge. Prepared 
for Pacific Gas and Electric Company, San Francisco, CA.  

Tenera, Inc. and PG&E. 1998. Draft Comprehensive Evaluation of the Diablo Canyon Power 
Plant Receiving Water Monitoring Program. Prepared for Pacific Gas and Electric 
Company. San Francisco, CA. September 1998.  

Tenera, Inc. 1999a. Receiving water monitoring program -1995-1998 progress report. Diablo 
Canyon Power Plant. Prepared for Pacific Gas and Electric Company, San Francisco, CA.  
January 1999.  

Tenera, Inc. 1999b. Draft report: Effects of the DCPP discharge on surface canopy kelps as 
determined from analysis of aerial photographs. Diablo Canyon Power Plant. Receiving 
water monitoring program. Prepared for Pacific Gas and Electric Company, San Francisco, 
CA. December 1999.  

Tenera, Inc. 1999c. Study plan: Effects of the DCPP discharge on bull kelp (Nereocystis). Diablo 
Canyon Power Plant. Prepared for Pacific Gas and Electric Company, San Francisco, CA.  
October 22, 1999.  

Tenera, Inc. 2000. Draft report: Effects of water temperature on the distribution and abundance 
of intertidal organisms in Field's Cove. Draft report. Diablo Canyon Power Plant. Receiving 
water monitoring program. Prepared for Pacific Gas and Electric Company, San Francisco, 
CA.

TENERA E2000-072.3 C-24 1999 Bull Kelp Senescence Survey 
9/28100

I



Appendix C

Attachment C-1 

Submitted: October 22, 1999 

Document No. E9-026.3 

STUDY PLAN: EFFECTS OF THE DCPP DISCHARGE ON 
BULL KELP (NEREOCYSTIS) 

Introduction 
Previous marine environmental monitoring 
at the Diablo Canyon Power Plant (DCPP) dreng of afsecte growth 

has observed a relationship between warm drng most years 

water from the thermal discharge and the C Additional area of affected 

deterioration of surface fronds in bull kelp growth In 1987 

(Nereocystis luetkeana). This condition c Uncertain magnitude 

has been referred to as "early senescence" Li Rock of affected growth, but 

and refers to a deterioration and 
subsequent loss of blade tissue that is 
similar to that of naturally senescent 
plants, but occurs earlier in the growing Fi, cm 
season. The loss of blades results in a bare 
bulb at the end of the stipe. Aprxmaeo•,r 

dfept~h limrit of k I~p ,l 

Early senescence in bull kelp is largely a remskwater 

surface phenomenon. Small plants develop .  
normally beneath the discharge plume 0 900M 
thermocline, but begin deteriorating as 
they grow into the surface plume (Tenera, 
1997). The spatial extent of early Figure 1. Approximate extent of premature senescence 
senescence has been approximated from in bull kelp. Illustration from Tenera, 1997.  
qualitative observations (Figure 1). The 
timing and magnitude of change occur 
soonest and is greatest in plants closest to the outfall structure. However, the spatial extent and 
numbers of plants that become affected have not been determined from quantitative studies.  

Purpose 
The purpose of this study is to quantify the magnitude, timing, and spatial extent of early 
senescence in bull kelp as a function of distance from the DCPP outfall structure.  

A previous study plan was submitted for review to the Regional Water Quality Control Board 
and its consultants on July 15, 1999. Review comments consisting of items for clarification and 
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recommended study modifications were received by Pacific Gas and Electric Company on 
August 16, 1999. The elements of the review were discussed with the Board and its consultants 
the following month. The present plan incorporates the recommended modifications to the 
original plan, namely the sampling of an additional transect north of Diablo Cove to more 
completely account for the spatial extent of changes.  

Study Methods 

The study objectives require sampling methods that are repeatable in order to monitor changes 
along discharge plume gradients. The study methods consist of surface and underwater sampling 
to document the time course and extent of early senescence in bull kelp at fixed stations. Surveys 
will be conducted monthly in 1999 from July through November when bull kelp surface canopies 
are most extensive.  

Surface Bull Kelp Sampling 

Data on surface bull kelp abundance and condition will be collected by boat sampling at stations 
spaced 50 m apart along transects (transect stations) in areas contacted and not contacted by the 
discharge (Figure 2). Transects A-I and A-2 will run between existing buoys. (Transect A-2 is a 
new transect added to the study plan during the August survey.) Approximately 24 and 12 
stations will be sampled along Transects A-I and A-2, respectively. Transect A-i follows the 
general path of the thermal plume as it exits Diablo Cove. Six surface stations will be sampled in 
the reference area of Patton Cove (Figure 2). Two stations will be sampled along Transect B-I, 
and four stations will be sampled along Transect B-2.  

Two global positioning system (GPS) units will be used during surface boat sampling. One GPS 
unit will allow the boat operator to correctly position the boat at each sampling station by 
determining the distance traveled along the transect relative to the starting point. A second GPS 
unit with greater precision (differential GPS) will be used to record the locations sampled.

"Charebwy 
at V Rock

\, Crowbar \ ".  
",Canyon 

"Pup 1oomM,0isoc 
Rock . "--. " u ' 

Lion 
Rodck Thaft wf 

at Lion Rock 

0 1 mil 

0~ 1km

Diablo 
Rock

- Surface stations spaced 
50 m apart along transects 
between xisting buoys (labeled) 

0 Supplemental kelp delineation 
station 
Underwater transect sampling 
from existing buoys (labeled)

Figure 2. Sampling layout.
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Table 1. Condition indices for bull kelp.  

Condition Normal Period of Occurrence Near 
Index Appearance Description Occurrenice the Outfl 

SGrowth phase. Some plants Spring Spring 
with developed blades on the 
surface.  

2 Developed blades with fertile Summer May not occur in 
sori packets present. areas with 
No deterioration. persistent plume 

contact 

3 Some blades with evidence Late summer May not occur in 
of released sori packets. through fall areas with 

persistent plume 
contact 

4 Short, tattered blades. Late fall Summer 

5 Bare bulb, no blades. Late fall through Summer 
early winter 

At each station the abundance and condition of bull kelp plants in 5 m x 10 m areas of ocean 

surface on each side of the boat will be counted and recorded by two observers. The counts will 

be made according to condition categories described in Table 1. The surface bull kelp data sheet 

is shown as Attachment 1. Surface water temperatures will be recorded concurrently at each 
station.  

Areas of early senescent bull kelp outside the sampling areas of the transect stations will be 

delineated using supplemental surface surveys. The boat will be placed at various locations 
within specific kelp beds and sampling at each location using the same procedure used in the 

transect station sampling. The areas that will be sampled using this method include offshore 

areas of Diablo Rock and south Diablo Point (Figure 2).  

Subsurface Bull Kelp Sampling 

Early senescence of some bull kelp plants occurs when they first contact the bottom of the warm 

water layer before they reach the surface. Consequently, plants do not appear on the surface. This 

typically occurs in Diablo Cove. Subsurface sampling will be used to document the growth and 

condition of the population in Diablo and Field's coves in comparison to the reference area of 

Patton Cove. Subsurface bull kelp plants will be sampled by divers along several 50 m 

underwater transects that parallel the surface transects (Figure 2). This procedure will describe 

plant condition as a function of depth, time, and distance from the outfall.  

The origin of each subsurface transect will be an existing buoy (Figure 2). The transect tape will 

be run from these origin points in parallel to the surface transects. At each transect, a pair of 

divers will deploy a 50 m fiberglass meter tape on the ocean bottom along a pre-determined 

compass course. The divers will count and record the condition of all bull kelp plants according 

to depth intervals along a sampling area that is 3 m to either side of the 50 m transect and I m 
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above the bottom (Attachement 2). A CTD instrument will be lowered at the station to obtain a 
profile of the water temperature and depth.  

Analysis 
Data from the transects will be analyzed using analysis of covariance. The proportion of plants in 
each condition index at each station along each transect will be analyzed against distance along 
the transect. Both the absolute numbers of plants and proportions of plants in the condition 
categories will be analyzed. The results will be portrayed in maps prepared using a geographic 
information system (GIS). In areas affected by the discharge, surface water temperature is 
inversely correlated with distance from the point of discharge. In the reference areas there should 
be no relationship between condition factor and distance along the transect. The null hypothesis 
tested by the analysis is that there is no difference in the relationship between condition index 
and distance along the transects.  

Initially each survey will be analyzed separately. A probability level of 0.10 will be used to 
determine statistical significance. Tests could identify significant differences along Transect A if 
higher proportions of plants exhibited early senescence at stations closer to Diablo Cove. Signs 
of early senescence would not be expected in reference area plants during the surveys through 
late summer. Statistically significant results could occur if the data from the reference area 
transect had no relationship between distance along the transect and kelp condition factor.  

Changes in plant density and percentages of plants by condition categories will also be analyzed 
as a function of distance and time (month). Subsurface bull kelp data from the underwater 
transects will also be analyzed similarly. The analysis will be used to delineate significant 
differences in condition parameters as a function of time and distance from the discharge.  

Data from the underwater measurements of plant condition, plant location relative to the water 
surface, and water temperature will be analyzed to describe the progression of early senescence 
relative to reference populations. A series of plots will be developed for each survey that 
graphically compare these variables.  
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A STUDY OF DISCHARGE EFFECTS ON SELECTED 
ALGAE AND INVERTEBRATES 

ALONG SUBTIDAL DEPTH GRADIENTS IN DIABLO COVE, 

NORTH CHANNEL, AND FIELD'S COVE 

Summary 
Diver surveys were conducted along a series of transects to document abundances of 

invertebrates and algae in relation to water depth and distance from the DCPP cooling water 

discharge structure. Earlier studies had described statistically significant changes among various 

taxa to depths of at least -15 ft MLLW in Diablo Cove that are attributed to plant operation, but 

potential changes at greater depths had not been documented. The purpose of this study was to 

use a gradient study design to examine spatial abundance patterns of benthic taxa in Diablo Cove 

and Field's Cove. We found that the distribution and abundance of laminarian kelps 

(Pterygophora californica and Laminaria setchelhi) and shelled gastropods (Tegulda spp.) were 

good indicators of the extent of power plant effects on the subtidal community. Both kelp species 

were nearly absent to depths of approximately -15 ft at our stations in Diablo Cove, but were 

relatively abundant at this depth in neighboring Field's Cove. The North Channel of Diablo Cove 

had intermediate densities of these species. At a depth of approximately -20 ft in Diablo Cove the 

laminarian kelps became more abundant, with maximum densities occurring at depths of 

approximately 30-35 ft. The kelp densities in Field's Cove at the 30-35 ft depth range were 

equivalent to those of Diablo Cove. Shelled gastropods, especially the brown turban snail 

(Tegula brunnea), were more abundant at all depths outside of Diablo Cove. Analysis of 

covariance found statistically significant relationships between abundance and depth or area for 

several of the more abundant taxa. The distributions of uncommon taxa were too patchy to draw 

firm conclusions about potential discharge effects. Data from the gradient study suggested that 

some subtidal species that in earlier studies had been found to be significantly affected by 

thermal discharges in Diablo Cove at depths less than 15 ft, appeared to be unaffected at greater 

depths in Diablo Cove, and remained abundant atall depths in Field's Cove.  
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Introduction 
Since DCPP has begun operation the abundances and distributions of many species of algae, 
invertebrates and fishes in Diablo Cove have changed (PG&E 1988; North et al. 1989; Tenera 

1997). Most changes have occurred within the zone of warm water discharged from the plant that 
extends to an average depth of approximately -20 ft MLLW" in south Diablo Cove and -26 ft in 
north Diablo Cove. The thermal layer comprising the discharge plume dissipates as it exits 
Diablo Cove, becoming thinner and cooler as it mixes with ambient ocean water (Tu et al. 1986).  
The TEMP Analysis Report (Tenera 1997) differentiated between discharge effects at the -10 ft 
depth and the -15 ft depth based on a statistical comparison of taxon abundance at several 
benthic stations. There was no quantitative description of biological changes at greater depths 
because data from two deeper stations -25 ft and -32 ft in Diablo Cove could not be analyzed due 
to the lack of pre-operation data and inadequate controls.  

The gradients of change in the Diablo Cove benthic community as a function of depth, and 
between Diablo Cove and neighboring Field's Cove as a function of distance from the discharge, 
have not been well described. Qualitative observations from the RWMP and data from North et 
al. (1989) showed that declines in laminarian kelps (e.g., Pterygophora, Laminaria) were one 
indicator of thermal effects. Most areas in Diablo Cove shallower than -15 ft had losses of these K) 
kelps although some effects extended below 20 ft on the inshore side of Diablo Rock where 
downwelling of the plume occurs. North et al. (1989) also found that the diversity of encrusting 
organisms such as sponges, tunicates and bryozoans declined in the shallower depths of the cove 
after power plant start-up. Describing the depth of effects on motile invertebrates and fishes is 
more difficult because of their greater spatial variation and mobility. Some of the general 

changes in these groups in the shallow areas of Diablo Cove have been decreases in shelled 
gastropods, increases in sea hares and sea urchins, and increases in the abundance of warm-water 

fishes (Tenera 1997).  

The purpose of this study is to describe spatial gradients of biological change in Diablo Cove and 
Field's Cove as a function of water depth and distance (upcoast) from the discharge. We were 
also interested in quantifying the spatial distribution of several species previously identified as 
having been significantly affected by the thermal discharge. The subtidal zone in Field's Cove 
below a depth of approximately - 0 ft is essentially unaffected by warm water from the DCPP 

TENERA E2000-072.3 D-2 Subtidal Gradient Survey 
9/28100



Appendix D 

discharge, and it appears very similar to the benthic assemblages characteristic of open coastal 

areas in the vicinity of Diablo Cove. By sampling a contiguous series of transects across the 

spatial gradients, we were able to define magnitudes of change between Diablo Cove and Field's 

Cove for several taxa. This study did not use a "control" and "impact" station study design to 

statistically test differences in the abundances of taxa between areas. Instead, taxa that showed 

strong gradients in abundance between areas at similar depths were postulated as having been 

affected by the discharge.  

A plan for this study was previously submitted to the Central Coast Regional Water Quality 

Board ('the Board') staff for review and comment. A meeting was held with the Board staff and 

their consultants, Drs. Michael Foster and David Schiel, to discuss their comments and review 

sampling approaches for studying subtidal gradients. This study design largely incorporated the 

written comments that were submitted by the Board's consultants to PG&E on August 16, 1999, 

with the exception that no discontinuous control site was sampled. We determined that a distant 

control site would be redundant because we would be able to sample a full range of habitat 

conditions between the affected areas below -10 ft (-3 m) MLLW in Diablo Cove and 

corresponding depths in Field's Cove. Subtidal areas shallower than -10 ft (MLLW) were not 

sampled.  

Methods 

Field data collection 

Abundances of invertebrates and algae were sampled along transects that were located 

perpendicular to the shoreline and spanned a range of depths and distances from the discharge 

(Figure D-1). Stations were 2 m x 2 m in area and were located at 20 m intervals along 13 

transects in Diablo Cove, the north channel area between Diablo Cove and Field's Cove, and in 

Field's Cove itself. Each transect extended from approximately -10 ft to a depth of-40 ft and 

transects were spaced 80 m apart. The actual placement of the transects and the depths sampled 

differed slightly from the locations specified in the original study design to avoid emergent rocks 

and hazardous areas close to shore. The origin and terminus of each transect sampled were 

delineated using a geographic positioning system (GPS).  

Depths are only specified in feet below Mean Lower Low Water (MLLW) throughout this chapter.  
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Figure D-1. Transect locations of subtidal gradient study sampling sites.
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The starting position of each transect was established based on landmarks and buoys used to 

mark existing RWMP stations. To sample a transect, a team of three divers descended to the 

bottom at the transect origin (approximately -10 ft MLLW). One diver established the sampling 

station by deploying a measuring tape along a pre-determined compass course, starting at the 

transect origin. While the measuring tape was being deployed, the two other divers began 

sampling by first positioning a 2 m long reference bar along the centerline of the sampling area.  

The reference bar divided the sampling area in half, and provided a measurement reference for 

establishing the boundaries of the area to be sampled. Each diver recorded bottom depth and 

substrate composition, and counted or estimated coverages of the target organisms (Table D-1) 

within adjacent I m x 2 m areas, resulting in a total area of 4 m2 surveyed at each site. After 

completing the counts, divers swam along the measuring tape to the next sampling point.  

Sampling continued along the transect sequentially until all stations to a depth of approximately 

-40 ft had been surveyed. The position of the transect terminus was taken using a GPS when the, 

divers surfaced directly above the last sampling station. Some transects required a sequence of 

two dives to be completed, and in these cases an intermediate position along the transect was 

recorded.  

Table D-1. List of representative taxa sampled at each station. Taxa with an asterisk (*) were 
quantified as percent cover only. All other taxa listed were quantified by counting individuals.  

Algae Invertebrates Substrate Types 

Laminaria setchellii Aplysia californica Rock* 

Macrocystis pyrifera Asterina miniata Cobble* 

Nereocystis luetkeana Crassoderma Rigantea Sand* 

Pterygophora californica Cryptochiton stelleri 

foliose red algae* Diopatra ornata* 

Haliotis rufescens 
Lithopoma gibberosum 
Megathura crenulata 
Norrisia norrisi 

Octopus spp.  
Orthosterias koehleri 

Panulirus interruptus 
Parastichopus spp.  

Phragmatopoma californica* 
Pisaster brevispinis 

Pisaster giganteus 
Pisaster ochraceus 

Pycnopodia helianthoides 

Stronpylocentrotus spp.  
Tegula brunnea 
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Data analysis 
Transect data were grouped by area and partitioned into 5 ft depth increments to examine 

distribution patterns along depth gradients and among areas. Transects were grouped as follows: 

Diablo Cove DC-03, DC-04, DC-05, DC-06 

North Channel DC-07, DC-08, FC-01, FC-02 

Field's Cove FC-03, FC-04, FC-05, FC-06 

Distribution patterns were also examined on maps that were developed using a geographic 

information system (GIS) that combined station position and taxon density.  

An analysis of covariance (ANCOVA) was used to detect statistically significant differences 

between depths and transects (SAS 1990). According to Sokal and Rohlf (1969) ANCOVA tests 
whether a group of means of the dependent variable (taxon abundance in this case) are 

significantly different among groups (depths or areas) and whether this difference is due to 
differences in the independent variable among the groups. ANCOVA fits a common regression 

line to the group means of the dependent variable and tests whether there is a significant 

heterogeneity among these means around this regression line. A significance level of p>O. 10 was 

used to test differences.  

Results 
A total of 122 stations encompassing 488 m2 was sampled along 13 transects between November 

4, 1999 and January 7, 2000 (Table D-2). Sampling was restricted to periods of low swell and 

good visibility, and was therefore completed over a'period of several weeks, as conditions 

permitted. Data were obtained on 5 algal taxa, 20 invertebrate taxa, substrate composition, and 

depth at each station (Table D-1).  

Physical Data 
Depths sampled (corrected for tidal height at the time of sampling) ranged from -7.6 to -50.5 ft 

MLLW. Diablo Cove had the greatest proportion of shallow stations (<20 ft) and deep stations 
(>31 ft) among the three areas, whereas Field's Cove and North Channel had more stations of 

intermediate depth (21-30 ft) (Figure D-2). Depth profiles of several transects illustrates the 

variation in bathymetry between areas (Figure D-3). Transect DC-04 extended from the 
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Table D-2. Sampling dates, transects sampled, and participating biologists for the subtidal 
gradient study. Transect DC-02 was a potential sampling location off Diablo Point that 
was inaccessible and therefore was not sampled.  

Date Transect Biologists 

November 4, 1999 DC-06, FC-03 J. Carroll, J. Blecha, J. Altstatt 

November 5, 1999 DC-03(l), DC-07, FC-05 J. Carroll, J. Altstatt, R. Moran 

November 15, 1999 DC-05 J. Carroll, J. Altstatt, D. Innis 

December 17, 1999 DC-04 J. Carroll, J. Blecha, J. Altstatt 

January 4, 2000 FC-01 J. Carroll, D. Innis, J. Tupen 

January 5, 2000 FC-04, FC-06 J. Carroll, J. Blecha, D. Innis 

January 6, 2000 DC-08, FC-02 J. Carroll, J. Blecha, J. Reinhardt 

January 7, 2000 DC-03(2), DC-01 J. Carroll, J. Blecha, D. Innis
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Figure D-3. Bathymetric profiles of selected transects in Diablo Cove, North Channel and Field's Cove.  
Vertical exaggeration is 12:1. Refer to Figure D-1 for location of transects on the y-axis.  

discharge out through the south channel of Diablo Cove and had a gradual depth profile. Transect 

DC-06 in north Diablo Cove extended across intermediate depths and terminated on the shallow 

shelf inshore of Diablo Rock. North Channel transect (FC-02) had high bathymetric relief, and 

Field's Cove (FC-06) had relatively low bathymetric relief. These transects were characteristic of 

the adjacent transects in the area.  

The substratum types sampled were largely bedrock or boulder, averaging approximately 75

85% coverage at most stations. Sand and shell debris had coverages of greater than 50% at some 

intermediate depth stations (25-35 ft) in Diablo Cove and at the deepest stations (>36 ft) in 

Field's Cove.
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Biological Data 

Several taxa showed significant gradient effects in this study (Table D-3). The determination of 

whether or not a taxon displayed a gradient in abundance among depths or areas was based on an 

evaluation of both the abundance plots for the taxon and the ANCOVA statistical results. All of 

the algal taxa examined had gradients in abundance related to depth, and three of the five taxa 

showed differences between areas. Only five of the twenty invertebrate taxa examined had 

definitive depth gradients, but over half showed substantial differences among transects in the 

three areas. Statistical analyses that did not detect any significant depth or spatial gradients were 

probably caused by the high variation in abundance among stations for these less common taxa.  

Algal Assemblage 

The two dominant understory kelps (Pterygophora californica and Laminaria setchelli) both had 

gradients in abundance as a function of depth and distance from the discharge. Pterygophora was 

absent in areas of Diablo Cove shallower than -15 ft MLLW, and gradually increased in 

abundance to reach a maximum density between 30-35 ft (Figure D-4, D-5a). Some kelps were 

Table D-3. Summary of gradient study results and comparison to TEMP Analysis Report results (Tenera 
1997). Taxa with no discernible gradients in abundance among depths or areas (based on abundance 
plots or ancova results) are listed with a'-'. Zones or areas of highest density are listed for those taxa 
with discernible gradients. Significant ANCOVA results (p<0.10) are in bold type.
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Figure D-4. Abundance gradients in Pterygophora californica.
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Figure 5e. Foliose red algae.

Figure D-5 (a-e). Abundances of five algal taxa in three areas as a function of depth.
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present at shallow sites in North Channel, increasing to their highest densities between 25-35 ft.  

In contrast to the lack of Pterygophora at the shallow stations in Diablo Cove, this species was 

abundant at the shallow stations in Field's Cove, attaining average densities of 30/M2 . Densities 

in Field's Cove declined gradually with depth, with the lowest average densities (10/m 2 ) 

occuring below 36 ft. The ANCOVA statistical test identified a significant depth gradient in this 

species.  

Laminaria had a similar pattern of distribution between depths and areas as Pterygophora. It was 

scarce in areas of Diablo Cove shallower than -15 ft, and gradually increased to a maximum 

density between a depth of 30-35 ft (Figure D-5b). Highest densities in North Channel occurred 

in the 21-25 ft depth range, diminishing rapidly with depth. Laminaria was most abundant at the 

shallow stations in Field's Cove, attaining average densities of 17/M 2. Densities in Field's Cove 

declined evenly with depth, and this kelp was absent in samples below -36 ft.  

The surface forming kelps, Macrocystis pyrifera and Nereocystis luetkeana, had different 

gradient distributions between areas. Macrocystis was most abundant in Diablo Cove with 

highest average densities of 1.3/m 2in the 16-20 ft depth range (Figure D-5c). It occurred at 

intermediate densities in North Channel and was all but absent in Field's Cove. Nereocystis was 

most abundant in Field's Cove, intermediate in density in North Channel, and absent in Diablo 

Cove except for a few individuals at depths below 26-30 ft (Figure D-5d).  

Foliose red algae (a combined taxon group including Cryptopleura spp., Gelidium spp., Prioni/is 

spp., Mazzaella spp., Callophyflis spp., and others), were most abundant (up to 30% cover) in the 

shallow depths of all areas (Figure D-5e). They declined rapidly with depth in Diablo Cove and 

North Channel, although they showed an increase in coverage below 30 ft at North Channel 

stations. It occupied approximately 20% cover at Field's Cove stations in the 10-25 ft depth 

range, and declined to 5-10% cover in the deeper areas. The ANCOVA statistical test identified 

a significant depth gradient in this taxon.  

Invertebrate Assemblage 

Several species of macroinvertebrates were counted at each station, although only a few of these 

were common enough to be useful in examining distributional gradients. Among the more 

abundant taxon groups were echinoderms (seastars and sea urchins), shelled gastropods (snails), 
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and encrusting tube worms. Some of these taxa demonstrated statistically significant gradient 

effects.  

Echinoderms 

Of the six species of seastars that were counted, only Asterina miniata and Pisaster giganteus 

were abundant enough to describe gradients in relation to depth and distance from the discharge.  

Asterina had a statistically significant increase in abundance with depth but showed no clear 

relationship with distance from the discharge. It was least abundant in the shallow areas of 

Diablo Cove (<0.5/m2), and gradually increased out to the deepest areas sampled (Figure D-6a).  

The highest densities overall (4.5/M2) occurred in North Channel at the 31-35 ft depth range.  

Field's Cove had moderate densities of 1.5/m 2 that centered in the 21-30 ft range. Pisaster 

showed no clear relationship either among depths or areas. These seastars were most abundant

pg-ar-
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Figure 6a. Asterina minata
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Figure 6b. Pisaster giganteus

Figure 6c. Strongylocentrotus purpuratus

Figure D-6 (a-c). Abundances of three echinoderm taxa in three areas as a function of depth.
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(up to 0.7 /m2) in North Channel and least abundant in Field's Cove (Figure D-6b). Diablo Cove 
seastar abundance averaged approximately 0.3/m 2. There were no observations of sea star 

"wasting disease" in any areas. This bacterial disease is usually associated with periods of warm 
water, that can occur during El Nifio events, and is apparent by the progressive deterioration of 

individual sea stars (Eckert et al. 2000).  

Sea urchins (primarily Strongylocentrotus purpuratus) demonstrated a definitive gradient in 

relation to depth. They were most numerous in the shallow depths of all areas, but were 

particularly numerous in Diablo Cove and North Channel in comparison to Field's Cove (Figure 

D-6c). The few shallow stations in North Channel that had very high densities of urchins 

(>65/m2) were overgrazed patches of substratum mainly covered by crustose and branched 

coralline algae.  

The holothuroid echinoderm (sea cucumber, Parastichopus spp.) was found in low abundance, 
and only in Diablo Cove. There was no relationship between abundance and depth. Sea 

cucumbers can also be susceptible to 'wasting disease', but all individuals that were observed 

appeared healthy.  

Mollusks 

One of the most apparent differences between the invertebrate fauna in Diablo Cove and Field's 

Cove is shown by the abundance of brown turban snails (Tegula brunnea.). The ANCOVA 

statistical test identified significant depth and area gradients in this taxon. In Field's Cove, 
Tegula averaged approximately 15/m 2 to depths of 25 k, but were absent or in very low densities 

at the same depths in Diablo Cove (Figure D-7a). In Field's Cove, they tended to gradually 

decline in abundance at depths greater than 25 ft. Most of the individuals that were present in 

Diablo Cove and North Channel were small (=- 1 cm) compared to individuals in Field's Cove 

(>2 cm). Other species of Tegula (Tr montereyi and T. pulligo) were observed during the survey 

but occurred too infrequently to determine their distributional patterns.  

Two other marine snails were quantified in the study, Norrisia norrisi and Lithopoma 

gibberosum. Norrisia, a species with a warm-temperate distribution, occurred in low densities 

(average <0.2/M2) at depths of 30 ft and shallower, but only in Diablo Cove. This herbivorous 

snail was associated with the kelps Macrocystis and Pterygophora. In contrast, Lithopoma was 
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Figure D-7 (a-c). Abundances of three mollusk ttaxa in three areas as a function of depth.  

absent from Diablo Cove in depths shallower than 25 ft, and only occurred in low densities 

(<0.05/m 2) below this depth. It is classified as a species with a cool-temperate distribution. In 

Field's Cove, Lithopoma was present in higher densities (approx. 0.2/M2) from shallow depths 

down to 30 ft. It did not occur shallower than 20 ft in North Channel.  

Red abalone (Haliotis rufescens) were found at low densities in all areas (Figure D-7b), 

although Field's Cove was the only location where they occurred in depths shallower than 15 ft.  

There was no obvious gradient in abalone abundance related to depth. The ANCOVA identified 

a statistically significant difference in abundance among areas. Most of the individuals seen 

during the study were less than 100 mm in length, and there was no evidence of the withering 

syndrome disease that has been seen locally in populations of both red and black abalone.  
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Sea hares (Aplysia spp.) and giant keyhole limpets (Megathura crenulata), were present in 

Diablo Cove and portions of North Channel down to depths of 30 ftk but were absent in Field's 

Cove. Although scarce, their distributions suggested that there was a gradient in abundance 

among the three areas with their greatest concentrations occurring in Diablo Cove.  

Giant gumboot chitons (Cryptochiton stelleri) were common and widespread, but had differing 

depth distributions among areas. In Diablo Cove they mainly occurred below 20 k but in Field's 

Cove they were most common above 25 ft (Figure D-7c). They were present in all but the 

shallowest areas in North Channel.  

Polychaetes 

The sand tube worm (Phragmatopoma californica) was a major space occupier in Diablo Cove, 

covering an average of 25% of available rock habitat across all depths. Coverage increased with 

depth, reaching a maximum of 40% at the 31-35 ft depth range (Figure D-8). Stations in Field's 

Cove had relatively little cover of Phragmatopoma. This gradient was reflected in the 

intermediate abundances found at North Channel stations.

Phragmatopoma callfomrlca
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Figure D-8. Percent cover of Phragmatopoma californica in three 
areas as a function of depth.
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Another tube-building polychaete (Diopatra ornata) was very common in Diablo Cove but not 

elsewhere. It occupied stable sand habitats below 20 ft but did not display a strong gradient as a 

function of depth.  

Other taxa 

Several other macroinvertebrate taxa were seen during the survey but were judged to be too 

infrequent to include in the results. These included several species of crabs (e.g., Cancer spp. and 

Pugettia spp.), snails (e.g., Calliostoma spp. and Mitra idae), and nudibranchs. Another large 

group of organisms that was not quantified were the encrusting forms such as tunicates, sponges, 

and bryozoans. We believed that they would be too difficult to accurately assess using these 

study methods because of their patchy distributions and the relatively large quadrat size used by 

the observers. Nevertheless, our qualitative observations were that these encrusting forms 

appeared to be more common in Field's Cove and North Channel than they were at comparable 

depths in Diablo Cove.  

Discussion 
Surveying the abundances of several algal and invertebrate taxa over a relatively wide area 

enabled us to delineate distribution patterns that were related to depth and distance from the 

discharge. The most conclusive patterns were seen in the algal taxa, many of which show 

distinctive natural depth distributions in nearshore areas in response to gradients in light levels 

and wave exposure. For example, data in the present study from Field's Cove showed that 

Laminaria is naturally more abundant in shallow subtidal areas and gradually becomes less 

abundant with depth. A comparison of the depth distributions in this species among areas at the 

depths sampled provides evidence that it was likely not affected below -10 ft in Field's Cove, 

below -21 ft in North Channel, or below -31 ft in Diablo Cove. While Laminaria has been 

affected by the discharge at depths shallower than -10 ft in Diablo Cove (Tenera 1997), those 

depths were not sampled in Field's Cove. These conclusions, however, are consistent with 

temperature data and modeling results showing that the thermal layer from the discharge plume 

dissipates as it exits Diablo Cove, becoming thinner and cooler as it mixes with ambient ocean 

water (Tu et al. 1986, Tenera 1997).  

We were able to establish a statistical relationship between proximity to the discharge and 

abundance for only the most abundant invertebrates. This was probably a result of the inherent 
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patchiness of many of the macroinvertebrates that were sampled. Consequently, even obvious 

differences between areas, for example the high density of Aplysia in Diablo Cove, went 

undetected in the ANCOVA. However, Tegula brunnea, were numerous and widespread enough 

to yield statistically significant results. It was evident that these snails showed significant 

reductions in abundance in Diablo Cove at all depths, and that they were also less abundant in 

North Channel to depths of at least -30 f. The TEMP Analysis Report (Tenera 1997) identified 

significant declines in this species to at least -15 ft in Diablo Cove. Therefore, the gradient study 

corroborated qualitative observations that effects on Tegula brunnea were widespread in Diablo 

Cove, and extended to moderate depths in North Channel.  

Unlike the patterns of change seen in Laminaria and Pterygophora, the widespread effects on 

Tegula brunnea suggest that they were not entirely related to direct contact with the thermal 

plume. Secondary ecological effects may have played a role in their decline as well. One 

plausible explanation, suggested by Tenera (1997), was that a higher concentration of fish 

predators, specifically California sheephead (Semicossyphus pulcher), were attracted to the 

discharge and that their foraging activities in Diablo Cove may have caused declines in Tegula 

throughout the cove. Tegula are commonly found in association with kelp species, and while 

Laminaria and Pterygophora have declined in abundance in Diablo Cove, Macrocystis (giant 

kelp) has increased (Tenera 1997).  

Some species that were shown by Tenera (1997) to have statistically significant changes in 

abundance did not appear to have any discernible distribution patterns in the gradient study that 

were related to the discharge. For example, Pisaster giganteus increased at the monitoring 

stations (-10 ft and -15 ft depths) in Diablo Cove after power plant start-up, but showed a wide 

and variable distribution in the gradient study. This suggests that factors other than depth, or the 

thermal discharge, may be more influential in determining their distribution. In fact, availability 

of prey (mussels, barnacles, snails, and chitons) is generally the most important factor regulating 

the distribution of motile predators such as seastars. Therefore, it is not surprising that our 

distributional analysis, which covered a broad range of depths and habitats, failed to find any 

significant relationship with the thermal discharge.  

Any distributional study of this type must have adequate replication among areas or depths to 

resolve the natural variation introduced by habitat heterogeneity. The methods we used worked 

well for the larger and more widely distributed species, but were unable to yield any conclusions 
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concerning the extent of potential discharge effects on smaller and less common species.  

However, the study did demonstrate that some major benthic habitat formers in Field's Cove 

were most likely unaffected by thermal discharges from DCPP, and that deeper areas in Diablo 

Cove harbored a diverse assemblage of understory kelps and benthic macroinvertebrates.
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Attachment D-1 
Submitted: October 20, 1999 

Document No. E9-028.1 

Study Plan: Subtidal Gradients in 
Discharge Effects on Selected Marine Organisms 

in Diablo Cove and Field's Cove 

Introduction 

The DCPP discharge has affected the abundances and distributions of many species of algae, 

invertebrates and fishes in Diablo Cove (PG&E 1988; North et al. 1989; Tenera 1997). Most 

changes have occurred within the discharge thermal layer which extends to an average depth of 

approximately -6 m (20 ft) MLLW in~south Diablo Cove and -8 m (26 ft) in north Diablo Cove.  

The thermal layer from the discharge plume becomes thinner as it exits Diablo Cove. The TEMP 

Analysis Report (Tenera 1997) differentiated between discharge effects at the -3 m (10 ft) depth 

and the -4.5 m (15 Ri) depth based on a comparison of several benthic stations at each depth.  

However, there was no quantitative description of biological changes at greater depths because 

data from two deeper stations (-8 m and -10 m) in Diablo Cove could not be analyzed due to the 

lack of pre-operation data and inadequate controls.  

Despite previous studies, the spatial gradient between affected and unaffected zones in Diablo 

Cove has not been clearly defined as a function of depth or distance from the discharge.  

Qualitative observations in the RWMP and data from North et al. (1989) showed that losses of 

Laminarian kelps (e.g. Plerygophora, Laminaria) was one indicator of thermal effects. Most 

areas in the Diablo Cove shallower than -4.5 m (15 ft) had losses of these kelps although some 

effects extended below -6 m (20 ft) on the inshore side of Diablo Rock where plume 

downwelling occurred. North et al. also found that the diversity of encrusting organisms such as 

sponges, tunicates and bryozoans declined in the shallower depths of the cove after power plant 

start-up. Describing the depth of effects on motile invertebrates and fishes has been more 

difficult because of their greater spatial variation: Some of the general changes in these groups in 

the shallow areas of Diablo Cove have been decreases in shelled gastropods, increases in sea 

hares and sea urchins, and increases in the abundances of warm-water fishes (Tenera 1997).  
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A study plan was previously submitted to the Regional Board (the Board) staff for review and 

comment. A meeting was held with the Board staff and their consultant, Dr. Michael Foster, to "., 

discuss their comments and review sampling approaches for studying the subtidal gradient of 

effects. This plan incorporates the comments and discussion from our meeting.  

Purpose 

The purpose of this study is to describe spatial gradients of biological change in Diablo Cove and 

Field's Cove as a function of water depth'and distance from the discharge. In addition to using 

descriptions and analyses of previous work, this study will include a one-time subtidal survey 

along several transects located inside and outside of Diablo Cove. The transects will extend 

across a range of depths from approximately -3 m (10 ft) to -12 m (40 ft) MLLW.  

The proposed gradient study-will focus on representative taxa (Table 1) that are relatively 

abundant in either Diablo Cove or control areas and have been previously shown to be affected 

by the discharge. Laminarian kelps (Pterygophora and Laminaria) will be used as representative 

taxa because of their widespread distribution and previously identified thermal effects. Results 

have shown that the absence of these kelps in zones where they would normally be expected to 

occur (rock substrate, shallow depths) would be a good indicator of areas affected by the 

discharge. Other algae and selected macroinvertebrates will also be sampled along the transects 

encompassing the depth gradients.  

Methods 

Data will be collected during a single survey to describe differences in the distributions of 

selected target organisms as a function of depth and distance from the main DCPP discharge.  

Sample sites will be located at 20 m intervals along 14 transects in Diablo Cove and Field's Cove 

(Figure 1). A total of 151 sites are proposed, although the number may be slightly higher or 

lower depending on transect bathymetry. A team of two divers will descend to the bottom at the 

inshore site of a transect. The starting position and ending position of each transect will be 

established based on landmarks and recorded with a GPS. One diver will deploy a 100 m 

measuring tape along a pre-determined compass course. When the tape is secured, the diver will 

deploy a marker buoy to the surface. This position will be recorded with the GPS. The other 

diver will begin sampling by counting the target organisms within a 2 m x 2 m area (total 4 m2) 
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every 20 m along the transect. The second team member will also sample sites in the reverse 

direction until the two divers meet. At that time the divers will swim to the measuring tape 

terminus, rewind the tape, recover the surface float, and then deploy the tape along the next 

section of the transect along the same compass course. Sampling will continue along the transect 

until all points have been surveyed. Only points located between -3 m (10 fi) and -12 m (40 ft) 

will be sampled. Abundance estimates on the taxa shown in Table 1 will be collected at each 

point.  

Table 1. List of representative taxa to be sampled at each point.

Scientific name Common name 

Laminaria dentigera Palm kelp (#) 

Pterygophora californica Palm kelp (#) 

Macrocystis pyrifera Giant kelp (#) 

Tegula brunnea Brown turban snail (#) 

Lithopoma gibberosum Top shell (#) 

Aplysia californica Sea hare (#) 

Strongylocentrotus spp. Sea urchins (#) 

Asterina miniata Bat star (#) 

Pisaster spp. Sea star 

Cryptochiton stelleri Gumboot chiton (#) 

Rhodophyta Red algae (%) 

Substrate (rock, cobble, sand) (% by type)

Existing Data Sources 

Taken as a whole, the biological and oceanographic studies at Diablo Canyon from 1976-1998 

provide a useful database for describing changes in the subtidal biological community within 

Diablo Cove as a function of depth. One advantage of the long-term data sets is that they 

illustrate the temporal changes at several depths as a result of the discharge. There have been 

fewer comparable data, however, collected in control areas outside of Diablo Cove. The spatial 

extent of changes as a function of distance from the discharge has also not been well described.  

Historical data from other studies in Diablo Cove will be compared to the recent data to gain 

perspective on the nature of long-term changes in Diablo Cove as a function of depth. Studies 

that will be reviewed include: 

The Receiving Water Monitoring Program (formerly the Thermal Effects Monitoring 

Program), a long-term database on abundances of benthic algae and invertebrates at several 

permanent stations inside and outside of Diablo Cove (Tenera 1997, 1999). The following 
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table summarizes the number of RWMP benthic stations with data suitable for analysis by 

depth range and location:

Station Depth Diablo Cove Field's Cove South Control 

-3 m (10 ft) 4 1 

-4.5 m (15 ft) 2 I 

>-4.5 m (15 ft) 2 12

Also included in the RWMP was a subtidal red abalone study that was done annually from 

1990-1998. It included counts of selected macroinvertebrates and estimates of kelp 
abundance at randomly located stations in Diablo Cove and controls. Approximately 60 
stations inside Diablo Cove and 20 stations outside Diablo Cove were sampled annually at 

depths ranging from -2 m (6 ft) to -15 m (48 ft) MLLW.  

Subtidal video transects were filmed annually in Diablo Cove from 1984-1989. A series of 
22 transects 100 m in length covered depths from approximately -3 m (10 ft) to -15 m (48 ft) 
MLLW. The data included permanent videotape records and lists of species of each transect 

based on reviews of the tapes.  

Wheeler J. North and associates collected quantitative data on changes in kelp populations 

on three subtidal transects (North et al. 1989). They compared data between shallow (-3 
m MLLW) and deep (-8 m MLLW) zones on transects in Diablo Cove, off Diablo Rock and 

off Pup Rock north of Field's Cove.  

The RWMP subtidal temperature database contains temperature measurements at selected 

stations inside and outside of Diablo Cove. Nearly all of the subtidal biological stations have 

continuous records of water temperature.  

Analysis and Reporting 
The data collected in the new sampling program will be presented as a series of abundance plots 
for each target organism as a function of depth and distance along each transect. Only sites that 

have at least 80% of the sampled area with hard substrate will be used in the analysis in order to 
minimize variation in abundances due to substrate type. Data will also be partitioned by depth 
and area to compare broader scale differences between Diablo Cove and Field's Cove. Data from 
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South Control and Field's Cove will be used to compare species composition and relative 

abundances for the long-term data sets at TEMP subtidal benthic stations.  
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Figure 1. Design locations of subtidal gradient study sampling sites.
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Appendix E 

Annual Taxa Means by Intertidal Sampling Method 

El - Algal Cover in Horizontal Band Transects 

E2 - Invertebrate Abundance in Horizontal Band 
Transects 

E3 - Fish Abundance in Vertical Band Transects



El - Algal Cover in Horizontal Band Transects



C-.C, C
Horizontal Band Transects - Annual Algal Mean Cover/m 2 - North Control Station NC 1 at +0.3m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations 0 Surveys 4 6 5 6 5 6 5 3 3 6 5 6 4 4 4 4 4 4 4 3 2 2 2 4

Analipusjaponicw 
Bryopsis spp.  
Calliartfron/Bossiella spp.-complex 
Callithanmion pikeanum 
Callithamnion spp./Pleonospocium spp.  
Callophyllis spp.  
Chondracanthus canaliculatus 
Chondracanthus co'ymbiferus 
Chondracanthua harveyanwa/spinosus 
Chondria decipiens 
Chaysophyta unid.  
Cladophora spp.  
Codium setchellii (prostrate) 
Colpomenia spp.  
Corallina officinalis 
Corallina vancouveriensis 
Crptoplemra violacea 
Cryptosiphonia woodii 
Cystoseira osmundacca 
Egrgia menzicaii 
Endocladia muricata 
Farlowia/Pikea spp.-complex 
Fucus gardner, 
Gastroclonium subarticulatum 
Gelidium coulteri 
Oelidium pusillun 
Gelidiwun robuatm 
Grateloupia doryphoma 
HalymeniatSchizymenia spp.-com lex 
Hymenena spp.  
Laminariales 
Marpus jardinii 
Mastocarpua papillatus 
Mazzaella affinis 
Mazzmella flaccida 
Mazzaclla hetercapa 
Mazzaella lepto1hynchoa 
Mazzella lilacina 
Melobesia mediocris 
Microcladia borealis 
Microcladia coulten 
Neorhodomela larix 
Non-coralline crut 
Osmundea spp.  
Pelvetia compressa 
Phyllospadix spp.

0.9 
<.1 

9.7 

<.1 

0.8 

0.3 
0.9 
2.3 
<.1 

0.5 

6.1 
4.8 
0.5 

1.7 
4.9 
7.1 

34.1 
0.3 
0.8 
<.1 

+ 

<.1 

14.6 
<.1 

12.0

0.4 
<1 

10.6 

<.1 

<.1 
0.7 

0.3 
1.4 
4.4 

1.6 

5.0 
9.0 
0.8 

+ 

0.5 
7.7 
6.8 

36.2 
0.2 
0.4 
0.3 

<.1 

13.1 
0.2 

10.5

1.0 

10.8 

<.1 
+ 

1.5 

0.1 
2.0 
3.6 

1.5 

8.0 
7.8 
0.4 

0.1 
<.1 

0.7 
5.7 
7.3 

40.9 
0.6 
0.5 

<.1

<1 
+ 

0.8 
<.1 
<.1 

13.2 

<.1 
+ 

+ 

1.2 

0.3 
1.6 
3.1 
<1 

1.3 

5.5 
4.8 
0.6 

<.1 

1.3 
6.6 
7.4 

40.7 
0.2 
0.3 
<.1 

+

4" 

2.3 

+ 

9.2 

4" 

1.1 

1.7 
5.4 
<1 

0.2 
1.9 

+ 

9.7 
8.4 
0.5 

0.2 
0.1 

1.3 
5.5 
8.5 

40.3 
1.3 
1.0 
0.4 

+

0.3 <.1 <.1 
- .<1 

10.3 13.5 13.6 
0.2 0.2 0.1 

13.0 11.7 12.2

I.I 

<.I 
+ 

12.6 

1.5 

0.1 
1.5 
4.2 

<.1 

1.7 

6.0 
7.9 
0.6 

1.4 
5.7 
8.8 

40.2 
0.5 
0.4 
<.1 

<.1 

14.6 
<1.  

10.7

1.5 1.6 

<.I <.I 

12.9 10.2 

<1 <.I 

+ + 

1.7 1.9 

<.1 <.1 
1.7 2.1 
4.4 5.5 
<.1 

2.4 2.1 

5.1 10.4 
6.7 8.4 
0.3 0.4 

0.2 
<.1 + 

1.4 1.3 
5.8 5.4 
6.6 9.7 

43.8 46.2 
0.4 0.7 
0.4 0.6 
<.1 <.I 

<1 0.2 

13.5 106 
0.2 <.1 

11.5 10.4

1.3 
<.1 

+ 

17.0 

0.2 
0.1 

1.5 

<.I 
2.2 
2.1 
<.I 

1.9 

8.8 
7.9 
0.7 

1.0 
8.5 

12.7 
17.5 
0.6 
1.I 

0.1 

14.5 
0.1 

12.1

1.6 
<.1 

10.5 

<.1 
<.1 

+ 

1.3 

0.2 
2.4 
0.9 
<.1 

<.1 
2.7 

5.7 
7.0 
1.0 

+ 

<.1 

0.3 
7.1 

11.3 
16.1 
0.3 
1.0 

<.I 

178 
0.2 

13.5

1.9 
<.1 
<.1 

8.5 

<.1 
1.5 

0.1 
3.0 
1.I 
<.1 

2.3 

5.1 
9.4 
0.3 

<.1 
<.1 

0.4 
7.2 

12.8 
27.8 

0.6 
1.2 

+ 

<.I 

15.1 
<.I 

13.9

1.7 1.2 0.9 0.6 
<.I + + <.I 

8.1 6.3 7.4 7.7 
<.I 

+ <.1 
<.1 - + + 

+ <.I <.1 + 
1.2 1.9 1.1 1.4 

<.I <.1 + <.1 
3.1 2.1 1.1 0.7 
2.7 1.6 0.9 2.5 

+- + 

+ <.I 
3.6 2.9 2.9 2.9 

<I.  
7.5 8.1 5.5 9.1 

10.2 8.6 9.5 10.5 
0.5 0.7 0.7 0.8 

<.1 
<.1 + 

<.1 

0.7 0.9 0.9 06 
6.6 7.2 8.6 5.1 

11.7 12.4 11.0 14.1 
31.7 29.2 35.1 31.3 
0.6 0.3 1.4 1.1 
0.9 2.2 1.6 0.7 

<.1 
<. + + 

0.1 <I + + 

17.4 15.1 15.7 13.1 
<.I <.I <.I + 

+- . 9... . 1 
15.0 12.9 13.2 12.5

- + 4+ -

0.8 0.7 1.2 1.3 1.5 1.1 
+ <.1 + <I <.1 

10.3 14.9 10.1 15.2 14.6 13.5 
+- + +. +. + 

<.1 

0.2 + 
<.1 + + + + + 
1.6 1.9 1.6 1.4 1.6 1.6 

- - + + * 

+ + <.I <.I <.1 <.I 
0.6 0.8 0.5 0.9 0.8 1.0 
3.4 4.0 2.7 2.1 3.9 2.7 

+- - + 

- <.1 0.3 1.9 <.1 
2.5 2.2 2.1 1.9 1.9 1.4 

9.6 11.3 13.1 10.0 10.8 11.6 
7.3 5.5 5.3 5.1 6.9 5.7 
0.6 0.4 0.7 0.7 0.3 0.1 

<.1 0.1 - <.  
<1 <.1 <1 0.2 + 

0.8 0.7 0.8 0.7 07 1.3 
7.0 4.7 6.2 4.9 4.2 4.4 

11.5 12.1 9.6 7.5 8.7 9.9 
39.1 29.3 27.6 37.9 35.7 30.7 

1.1' 0.6 1.0 0.5 0.6 0.2 
0.8 1.2 I.1 0.7 0.8 0.3 
<.1I <.I <.1 

4- + +. + +. + 

+ <.1 <.1 <.1 + <.A 
+ - <.1 .

9.0 10.2 11.0 9.3 8.6 7.5 
<.I <t 0.1 0.1 <.I 0.1 

16.6 IT7 188 23.5 22.3 270

0.8 1.7 
<.1 <.1 

12.3 7.3 

- + 

4-

+ + 

2.3 1.5 

<.I + 
1.0 0.7 
1.4 2.1 

- 4+ 

- 2.2 
1.4 1.1 

7.5 10.9 
43 6.3 
0.8 0.2 

0.3 
+ c.1 

0.9 0.6 
5.5 5.0 
5.4 s,8 

22.8 21.4 
0.2 0.8 
1.0 3.0 
<.1 

<I + 

9.6 13.2 
0.2 0.1 

27.6 26.2

0.9 
<.1 

8.5 

1.5 

+ 

0.9 
0.7 

+ 

1.3 
2.1 

4.2 
7.0 
<.1 

1.5 
6.3 

12.9 
28.5 
0.6 
0.7 
<.I 

14.5 

22.9

(continued)



Horizontal Band Transects - Annual Algal Mean Cover/m2 - North Control Station NC I at +0.31n (continued) 

Year 1976 3977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
SStatos * Surveys 4 6 5 6 5 6 5 3 3 6 5 6 4 4 4 4 4 4 4 3 2 2 2 4

% Covwraee (continued) 

Pol4meu latissima 
Porphyra spp.  
Priowtis app.  
Ptersiphonia dcadroidea 
Rhodaphyta juv. blades) 
Rhody-a spp.  
Sarcodidthca gaudichaudii 
Sminhca naiadum 
Sporngorpha/Acrnsiphonia-complcx 
Ulva/Enteromofpha spp.  
coralline am" 
jil.menous red alae-complex 
juv. articulated coralline algae

- 0.4 <I 0.2 0.3 0.2 0.1 0.6 1.9 3.0 2.4 0.8 0.3 0.4 0.1 0.7 - 0.6 0.3 0.4 + - 0.3 0.7 
0.2 0.3 0.8 0.9 1.0 0.4 0.2 0.6 0.5 0.4 0.3 0.4 <.I 0.1 0.1 0.5 0.3 0.3 0.5 0.6 0.9 0.4 0.8 0.3 
<.1 <.I <.1 0.3 <.1 0.2 0.1 <I 0.6 <.I <I 0.2 + <.I <.1 <.I <.1 0.7 0.2 0.6 0.5 0.2 1.4 0.2 

* * -* * - + + * * - - -* 

+ 
<.1 <.1 + <.1 <.I + <.I <.1 <.I <.1 <.1 + + <.I <.I <.1 <.1 0.2 0.1 <.1 <.I + 

<.I 0.3 0.7 0.3 0.9 1.0 0.2 1.3 1.3 0.4 0.9 <. 0.7 0.6 0.1 + + 0.2 - 0.1 0.8 - 0.2 
+ + + + + <.I <.1 <.I <.I. <.I <.1 <.I <.I + + + + + + + + 

+ + + 0.4 <.I <.I 0.2 + 1.0 0.9 <.I + <.I <.1 <I 0.1 0.1 0.5 0.3 <.1 <.I 0.2 0.5 
5.3 6.8 5.5 4.8 7.5 6.6 5.7 7.6 5.5 6.9 4.4 5.2 4.5 3.5 5.1 3.3 3.4 5.5 3.7 3.9 3.6 5.8 7.7 4.2 
<.1 0.1 0.1 0.9 0.4 0.2 0.5 0.3 0.3 2.0 0.1 0.2 0.1 0.5 0.6 0.8 1.0 1.6 2.4 0.7 1.4 2.4 1.9 0.7 

. 0.5 <.I 0.3 0.4 0.1 0,2 0.3 0.2 0.2 0.2 0.3 <I 0.2 0.1 0.1 0.4 0.6 0.1 <.I 0.2 0.1 0.5 0.6

<I measured but in low abundance. + = only recorded as prsent 

C. C_ C



C C C,
Horizontal Band Transects - Annual Algal Mean Cover/rn 2 - North Control Station NC I at +0.9m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 4 4 5 6 5 6 5 4 3 6 5 6 4 4 4 4 4 4 4 3 2 2 2 4

Analipusjaponicus 
Calliutlwon/Bossiella spp.-complex 
Callithdanion pikeanumn 
Callithamnion spp./Pleonosporium spp.  
Chondracanthus canalicutlatus 
Codracanthus comymbiferus 
chrysophyta unid.  
Cladophor app.  
Codium setchellii (prostrate) 
Corallina oflicinalis 
_orallina vancouvenenais 

Cyntopl~e violacea 
Cryptosiphonia woodii 
Egregia mensicsii 
Endocladia muricata 
Fucaceae unid.  
Fucuagardneri 
Gastrocloniun subarticulatum 
Gelidian coulteri 
Gelidium puaillum 
Grateloupia doryphora 
Hesperophycus califomicus 
Mastocarpw jardinii 
Mastocarpus papillatus 
Mazzaella afl'mis 
Mazzaella flaccida 
Mazzaella hetemocw 
Mazzaella leptodsynchos 
Melobesia mediocris 
Microcladia borealis 
Microcladia coulteri 
Neorhodomela larix 
Non-coralline crust 
Osmundea spp.  
Pelvetia compresa 
Phyllospadix spp.  
Plocamium violaceum 
Porphyra spp.  
Prionitis spp.  
Rhodophyta (juv. blades) 
s&wyiphon app.  
Smithora naiadum 
SpongomorplAcroaiphonia-complex 
Uhva/Enteronopha spp.  
coralline cut 
filamentous red algae-complex 
juv. articulated coralline algae

+ + <.1 0.1 0.1 <.1 <.1 0.1 <.1 + <.1 <.1 <.1 0.1 0.2 <.1 0.2 <.1 0.3 0.2 0.3 <.1 <.1 
0.2 <.1 0.2 <.1 <1 <.1 <.1 <.1 <1 <.I <.1 <.1 <.1 <.1 <.I <.1 <I <.1 0.2 0.1 <.1 <.I 0.1 <.1 

<.1 + <.1 + + + + + + + + <.1 + + <.1 
+ ÷ + + - + 

1.9 0.8 0.4 0.9 0.5 0.6 0.3 0.6 0.7 0.3 0.2 0.1 <.1 <.1 <.1 0.2 0.2 0.2 0.2 0.1 0.1 0.3 0.4 0.4 
<.I 

+ <.1 + + + <.1 
<.! <.1 <.I <1 + <.1 <.1 + <.1 <.1 <.1 <.I <.1 <.I <.1 <.1 <.1 + <.1 <1 <.1 0.5 + + 
1.5 1.9 1.8 2.0 2.2 2.8 2.7 1.9 0.7 0.8 1.2 1.8 1.4 0.8 1.1 1.5 1.8 1.3 1.5 2.1 1.6 2.2 2.5 3.0 
0.3 0.3 + <.1 
1.0 1.1 1.3 1.5 1.2 1.1 0.9 0.9 0.6 0.8 0.8 0.7 0.7 0.6 0.7 0.7 1.0 0.7 0.8 0.9 1.0 1.4 1.2 1,0 

+ <.1 <.1 <.1 <I + + <.1 + - - - - - < <.1 0.2 0.2 0.6 0.6 0.2 
1.1 + 

+ <.1 <.1 
15.7 14.7 13.7 17.2 16.7 16.0 17.4 17.0 17.5 26.0 31.3 36.0 34.8 35.2 37.7 35.0 36.4 32.0 32.6 31.0 28.6 27.0 26.1 25.5 

- -- - * - + - - - - - - - - -

+ <I + -
<.1 - - - - + - + + + + + 0.3 <.1 - + <.1 <.1 
1.6 1.6 2.1 2.7 1.3 1.5 2.0 1.9 2.5 1.5 1.1 0.7 0.8 0.9 1.4 1.4 1.7 1.3 1.2 0.6 1.2 1.4 0.5 1.2 
2.1 1.9 1.5 1.5 1.7 2.2 1.0 2.2 2.4 0,8 0.4 0.4 0.2 0.3 0.7 0.7 1.4 1.5 0.8 0.7 1.1 1.5 1.6 0.9 

- - - - <.1-- - - - - - - -

2.7 1.6 1.7 2.7 2.7 2.3 2.3 2.4 1.6 0.6 0.7 1.1 1.6 1.5 1.0 1.3 1.2 1.3 1.3 1.1 1.3 1.6 I.I 1.0 
16.1 24.9 26.8 23.3 26.8 21.3 26.3 27.3 25.0 12.2 12.4 13.9 18.2 20.5 18.4 25.5 21.9 26.5 27.5 27.2 25.8 23.2 25.3 19.8 
1.0 0.7 0.9 2.1 0.8 1.3 0.8 0.8 1.7 0.5 0.5 0.4 0.9 0.4 0.6 0.5 1.6 1.0 1.8 0.6 0.9 0.8 1.7 1.4 

28.2 20.8 25.9 27.8 26.2 23.9 25.8 24.0 94 10.8 16.3 18.7 1.1 11.0 14.7 17.3 18.1 16.3 24.7 21.8 16.9 16.6 21.0 18.0 
- <.1 <.I 0.2 0.4 0.3 0.2 0.3 <.1 <.1 0.3 0.6 0.2 0.5 0.3 0.5 0.4 1.0 0.6 0.7 0.5 0.3 1.1 0.4 

<.I + + + <.I + <.I 0.1 <.I <.I <.I <.I <.I <.I <.I 0.1 <.I <.I <.I + 0.2 0.3 0.2 

4 + + - + - + - - - - - - - - - - -

<.1 
20.5 19.1 20.9 22.1 19.6 25.0 23.8 201 22.3 16.2 16.6 25.6 21.3 22.3 21.4 16.0 17.0 16.9 18.6 15.8 14.3 20.2 17.2 17.6 

6.4 6.0 4.5 4.8 5.5 5.0 4.9 4.5 3,7 3.4 4.6 5.0 4.5 5.2 4.5 4.9 6.8 7.8 7.9 8.7 8.7 9.7 9.0 6.3 
- + - <. - 0.2 0.1 <.1 0.1 0.1 0.2 0.2 0.3 0.3 0.3 0.3 0.2 0.3 0.4 0.4 0.5 0.2 0.6 

1.4 3.6 I.1 2.0 0.7 0.9 0.3 0.3 2.9 2.7 1.7 0.9 0.5 0.2 0.7 0.7 <1 0.6 0.3 0.3 0.3 1.3 0.8 0.8 
0.2 <.1 0.1 <I <.1 0.1 <.I <.I + 0.1 0.1 0.2 0.1 0.1 0.2 0.I 0.3 0.2 0.2 0.3 0.1 0.2 <.1 0.1 

<.1 <1 <1 <1 <.1 + + <.1 <1 <.I <.1 0.2 0.1 + <.1 + - + . <.1 -I-..  

S <I <.I <.1 + + <.1 + <.1 + + + + <.1 0.2 + + + <.1 + + + + + 
6.3 7.1 8.2 7.1 7.0 8.5 7.9 12.0 8.4 5.4 5.2 6.2 5.3 5.4 5.2 5.6 4.2 6.9 6.3 6.6 6.5 8.1 9.3 7.1 

+ <I + + <I+ < + + -. < < + + + 0 . + < < + 0 
-- + <.I <.I <.1 <.I <.1 <.I <.I 0.I <.I <.I + + <.1 0.1 0.2 <.I <.I 0.I 0.1 <.I 0.5

<.1 = measured but in low abundance; + = only recorded as present



Horizontal Band Transects - Annual Algal Mean Cover/Oi2 - North Control Station NC 2 at +0.3m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
#Stations * Surwvys 4 2 5 6 5 6 4 3 3 6 4 6 ns 1 4 4 4 4 4 2 ns ns ns 4

Analip-japoc•ws 
Blyop siapp.  
Calli3ut1ron/Boasiella spp.-complex 
Calfhdamnion pikcanum 
Callithamnioan spp./Pleonosporium spp.  
Callophyllis app.  
Choadacathus canaliculatus 
Choufracanthus corymbiferus 
Chondracanthus harveyanus/spinosus 
Chori decipiens 
Chrysophyta unid.  
Cladophora app.  
Codiun setchellii (prostrate) 
Colponaenia spp.  
Colpomeia/Latheaia/Soranthera spp.  
Corallina oflicinalis 
Corallina vancouveiensis 
Ciyptopleura naprehtiana 
Cyptopleura violacea 
Cxyptosiphonia woodii 
Egrgia mzenzesii 
Endocladia miuncata 
Farlowia/Pikea spp.-coplex 
Gastroclonium subarticulatun 
Gelidium coultcai 
Gelidiurn pusillurn 
Gelidium robustun 
Gelidium spp.  
Grateloupia doryphora 
GYMDOonVM dutOn 
Ha-ysatis ovris 
Halosaccion mecicanmn 
Halymnia/Schizymcna spp.-complex 

Lamanaa setchellhi 
Leahesia diffortis 
Mastocarpu jardinii 
Mastocarpus papillatu" 
Mazzaella affmis 
Mazzaella flaccida 
Mazzaella heterocarpa 
Mazzaclia leptorhynchos 
Mazzaella lilacina 
Melobesia mediocris 
Microcladia borealis 
Microcladia coultei

0.2 0.1 0.4 0.6 0.7 0.7 0.6 0.6 0.3 0.9 0.5 0.6 
<I <.I <I <1 <.1 I < I1 <I + <I + <I 

<,1 <.1 + <1 + 
13.1 129 15.1 14.8 15.3 17.8 18.3 14.3 15.8 9.6 7.1 9.8 

<.I <.I + - - + 
<.I 

<. 0.2 <.1 <.I <1 <1 <.I 0.2 + <.1 
+ + <.1 + + + + + <.1 <.I <1 <.1 

1.7 1.9 2 1.7 2.2 1.8 2.6 1.6 1.9 1.4 1.7 1.1 
- - * + - <1 <.1 + * 0.2 <.1 
- - - <.1 - - - <.1 + <I 

0.2 0.2 <.I <.1 0.1 0.1 <.1 < 1 <.I + <.1 <.1 
0.4 0.9 0.3 0.7 0.4 0.7 0.5 0.4 0.7 0.8 1.3 1 
<.I + - + -
0.5 0.2 1.6 1.1 1.7 1.5 1.1 2.5 0.7 0.3 0.3 0.8 
<.1 - <.1 <.1 <.1 <.1 <I 

0.6 0.2 <.I <.1 0.4 0.1 0.2 <.1 + 1.4 
0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.2 0.2 0.2 I 1.9 
<.1 - <.I + <.1 
3.6 2.5 6.7 4.1 7.4 4.9 3.3 10.8 5.6 4.3 7 7.5 

3 2.2 4.3 2.9 3.4 3.1 3.6 2.8 4.4 2.7 3.5 4 
I 0.3 0.4 0.5 0.6 0.6 0.6 0.2 0.4 0.4 0.4 0.3 

<.< <.  

<I<.1 < <.I < < I < <.1 + 

<I + ** - * + - + + + 
- - <.1 <.1 <.1 <.1 <13 <.1 <.3 <.1 <.1 
- - <.i + - -

1.1 0.3 1.4 0.8 1.4 1.2 1.3 1.3 I 0.2 0.1 0.2 
4.8 5.7 7 4.7 5.7 4.7 3.8 4.2 6.9 3.7 4.8 8.6 
7.6 10.2 9.5 9.1 6.9 8.8 8 7.7 5.7 5.8 66 8.1 

32.4 37.5 33.9 31.5 34.4 33.1 38.3 38.1 14.9 10.2 18.8 29.7 
0.6 0.1 0.7 0.6 0.9 0.8 1 0.7 0.1 0.5 0.7 I 
0,4 0.3 0.3 0.2 0.5 0.5 0.5 0.8 0.8 1 1.1 1.2 
<.1 0.2 0.3 0.5 <.1 0.3 0.2 <.1 <.I + <.1 

+ <.I + + + + + + + 
0.1 + <. - - -
0.4 + 0.6 0.2 0.1 0.1 0.3 0.6 0.3 <.1 <.1 0.3

+ + <.1 
<.I 0.1 0.3 0.2 1.2 0.7 0.3 

<.I <.3 + 

8.8 12.2 12 14.9 12.7 14.8 II 

+ + <.I + 
+ <.I + <.1 <.I + + 

2.7 1.8 1.9 2.1 1.9 1.5 1.5 
+ + + <.1 

<.1 
* + + + + + + 

0.5 0.6 0.9 0.5 0.5 0.8 0.5 

<.1 0.5 0.5 0.6 0.8 I 0.7 
<.1 <.1 <.I 0.3 <.1 

- 0.4 0.3 0.6 0.5 0.6 
0.6 0.8 0.3 0.4 0.2 0.3 0.6 

4.7 5.9 6.8 9.6 12.7 6.8 9.6 
4.4 5.4 5.4 4 2.5 4 3.5 

2 0.6 0.9 0.7 0.6 0.4 0.2 
+ < I <.I 

<.1 <.  
<.I <1 0.1 

+ <.I + 
0.1 <.I <.1 0.2 0.1 

1.7 0.7 0.9 0.6 1.1 1.3 1.5 
2.4 6.2 7.2 6 9.8 6.2 6.8 

13.2 11.8 9.7 9.4 7.2 6.9 8.2 
24.8 38.4 40.2 31.9 28.7 33.6 30.7 

0.5 1.5 1.1 1.4 1.7 0.8 2.2 
0.8 0.4 0.3 1.5 0.9 1.2 1.3 

- + - <.1 0.5 0.3 0.1 
+ + + + <.1 + + 

<.1 0.1 0.1 0.3 0.6 0.2 +

C

06 

12.2 

+ 

1.5 

+ 

<.A 
1.4 
<.I 
0.5 
0.3 
3.1 
0.6 

+ 

8.6 
2.7 
0.4 

<.I 

0.5 
5.6 
6.9 

18.8 
0.9 
1,5 
<I 
0.2 

<.I

C

(continued)

C



C C C
Horizontal Band Transects - Annual Algal Mean Cover/m2 - North Control Station NC 2 at +0.3m (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1933 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations *Surveya 4 2 5 6 5 6 4 3 3 6 4 6 ns 1 4 4 4 4 4 2 ns na ns 4 

% Coverae (continued)

Nendwtimmla larix 
Non-caralline crust 
Osmundea spp.  
Pelvetia compresa 
Pby1ospadix spp.  
Plocamium violaceum 
Polyneur latissima 
Porphyra spp.  
Prionitis spp.  
Pterosiphonia dendroidea 
Rhodophyta (juv. blades) 
Rhodymeia spp.  
Sarcodiotheca gaudichaudii 
Schizymenia epiphytica 
Smithora naiadum 
Soranthera ulvoidea 
SpongomonphafAcrosiphonia.complex 
Uva/ntermo- a spp.  
coralline crust 
filamentous red algae-complex 
juv. articulated coralline algae

8 8.7 9 8.1 8 7.5 7.1 8.2 7 9.3 8.9 6.4 
21.2 18.1 '16 18.5 19.9 18.1 18.9 17.6 14.3 15.3 19.3 23.4 
<I 0.1 0.3 0.1 0.3 0.1 <.I 0.1 0.2 <.1 <.1 <.1 

+ + + 

1 0.7 1.5 3.3 5.3 3.3 4.3 4.4 5.3 5 5.6 5.9 

-+ -o 

2.8 1.7 0.3 7.3 1.4 3.1 2.2 1.6 8.9 5.8 8.1 3.7 
<.I 0.3 1.3 0.7 0.6 0.5 0.2 1.5 0.7 0.7 0.4 0.4 

+ <.1 + <.I <.I + 0.3 <.1 <.1 <.1 

<.I <.I <.1 <.I <I <,I <.I <1 0.1 0.1 <.I <.I 

+ 0.3 0.6 0.3 0.5 0.2 0.5 1.2 0.2 0.7 
+ + <.I + + <.I + 

<.1 + <.1 <.I 0.1 <.I 0.6 1.6 0.6 0.2 <.1 
1.3 + 1.3 3.5 1.6 1.8 3.3 '2.2 3.1 2.3 1.4 0.2 
3.6 3.1 4.6 4 4.8 4.4 3.9 3.4 5 4.5 3.8 3 

- + <.I <.1 <.1 <.I 0.2 + <.1 0.3 <.1 0.1.  
<.1 <.1 0.4 0.2 0.1 0.3 <.I 0.3 0.5 0.1 0.1

3.8 2.6 3 2.3 2.8 2.1 2.8 
26.4 15.5 12.2 14.4 14.2 17.7 15.1 

- <.1 <.1 0.2 0.2 0.1 0.2 

10.2 9.1 9.9 12.1 14.3 16.8 15.6 

+ 0.3 2.8 1.3 0.2 1.5 0.1 
0.2 0.2 0.6 0.8 0.8 0.6 0.6 
<.I <.1 0.2 0.2 0.1 0.1 0.3 

0.2 0.2 0.2 <.I + 0.3 
* - *- - <.3 

+ 0.4 0.3 0.2 + 0.9 
+ <.1 + -

- <.1 + + + + + 

0.3 0.8 1.4 0.8 <.1 0.3 + 
4.2 3.1 2.6 3.1 2.2 3.6 3 
0.1 1.2 2.3 1.5 2.3 1.8 0.6 
0.1 <.1 0.1 0.3 <.1 0.1 0.5

<. I measured but in low abundance; + = only recorded as present

1.4 
19.3 
0.2 

20.9 

2.8 
0.6 
0.2 

<.I 

I 

0.6 
2.5 
0.2 
0.4



Horizontal Band Transects - Annual Algal Mean Cover/in2 - North Control Station NC 2 at +0.9in

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 4 2 5 6 5 6 5 4 3 6 5 6 ns 1 4 4 4 4 4 2 ns ms ns 4 

% Covrg

Analipwjapomcus 
Calliarthron/Bossiella spp.-complex 
Callithaanion pikeanumn 
Callithlamnion spp./Pleonosporium spp.  
Chondracanthus canaliculatus 
Chiysophyta unicL 
Cladoplwra app.  
Corallina oflicinalis 
Corallina vancouvenereis 
Cryptopleura violacea 
CQylposaphona woodii 
Cmnagloia andersonji 
Endocladia mnicata 
Fucaceac unit 
Fucus gardnei 
Gastrocl um submaticulatum 
Gelidium oulteri 
Gelidium pusillum 
Gelidiun spp.  
Mastocum•pjdini 

S papillatM 
MazzaClia affinis 
Mazzaella flaccida 
Mazzaella heteracairp 
Mazzlla leptorhynchos 
Mazzaella lilacina 
Microcladia borealis 
Miasuladia caulteri 
Non-eaalline crust 
Osmundea app.  
Pelvetia compressa 
Phyllospadix spp.  
Plocamium violaCeum 
Porphyra ap.  
Prionitis app.  
Rhodophyta (juv. blades) 
Spongsorrpha/Acrosiphonia-complex 
Ulva/Entezompha spp.  
corallne crust 
filamrotous red algae-complex 
juv. articulated coralline algae

+ <.1 

<.1 + + 0.1 <.2 <.1 <.1 <.I <.I <.1 0.2 0.1 
<.I + <.I + <.1 <.1 + + + 

- -+ + + -

<.I <.I <2 0.1 + <.1 0.1 0.4 0.4 <.I 0.3 0.1 
- + + + <.1 

<.1 + + + + <.I + + + + <.1 + 
<.I <.1 <. - + - - - + -

0.4 0.4 0.4 0.5 0.9 1.0 0.9 0.7 0.6 0.6 0.5 0.6 
+ <.I <.I + + <.I 

<,I + + 
41.6 40.1 37.7 37.0 41.4 38.5 41.0 29.8 32.4 37.8 38.2 37.1 

<. I <1 <.I 
+ <. - <.1 <.1 <. 0.2 

0.7 0.6 0.6 0.4 0.4 0.5 0.6 1.0 1.2 0.5 0.6 0.5 
0.3 0.3 0.2 0.3 0.2 0.3 0.3 0.4 0.8 0.2 <.1 0.2 

0.8 0.7 1.0 1.0 1.2 1.2 1.3 0.8 0.4 0.3 0.5 0.4 
20.3 18.3 23.3 21.9 23.8 17.2 20.0 18.9 22.5 15.4 16.4 19.7 

3.0 1.0 V7 3.1 1.8 2.2 1.9 1.0 1.8 1.4 2.1 1.1 
13.2 8.1 10.1 12.5 9.0 8.4 20.1 6.5 4.5 3.5 5.5 6.2 
0.2 0.4 0.2 0.2 0.5 0.7 0.4 0.1 0.3 0.2 0.8 

+ <.1 <.1 <.1 <I + <.1 0.4 0.7 <.I <.1 0.2 

-** ÷ + 

12.5 10.3 10.2 14.2 12.4 12.9 13.2 11.6 14.3 12.6 15.0 17.5 
+ <.1 

<.I + <.1 + + + + + + 

0.6 1.1 0.7 1.3 1.3 1.0 <.I 3.1 0.9 0.3 0.3 0.2 
<.I <1 <I <I1 0.1 0.! <.1 <.1 <.1 <.1 0.2 < I 

- - <.1 - - + - <.1 <.21 
<+ + + <+ 

+ + <.1 <,1 + + + + + + 
3.5 2.7 4.4 4.5 4.7 6.0 4.6 4.8 3.6 5.5 4.2 4.5 

<,I + <.1 <.1 
+ + <.I <.I <.I + <.I <.I <.I <.2

0.2 <.1 <.1 0.2 0.2 0.3 0.6 
-+ - - + + 

+ <.1 <.1 0.2 0.1 0.2 <.I 

<.I <.I <.1 + + + + 
- - . 0.1 0.2 

0.3 1.0 0.4 0.5 0.3 0.4 0.6 
<.1 <. <.1 0.2 0.3 <.I 

<.I + 
34.2 31.5 32.1 32.6 34.4 33.2 38.9 

+ <.I 
<.2 0.2 0.2 0.2 0.1 0.2 <.I 
0.3 07 0.5 0.5 0.3 0.5 0.8 
0.4 0.4 0.2 0.5 0.2 0.2 0.2 

1.0 0.3 0.6 2.1 1.1 1.2 1.2 
16.4 20.8 24.4 20.9 25.9 26.3 17.7 
4.7 41 2.5 3.8 2.5 4.0 2.2 
6.8 5.8 8.8 5.7 8.3 9.9 6.6 
0.3 0.2 1.6 1.0 0.7 0.7 0.3 

+ <.I <I 0.3 0.1 <.1 0.1 
<.I 0.1 

22.4 15.9 12.6 18.5 15.8 16.1 19.9 

+ + + + + 
* - + 

*+ 
0.4 0.5 0.5 <.I 0.2 0.2 + 
0.2 <.1 (1 <.1 0.2 <.1 0.2 

+ <.1 + + + 

4.7 3.8 3.5 5.1 4.6 3.8 5.5 
. <I < + + 0 

0.2 <.1 <.1 0.2 0.2 0.2 0.1

<1 measured but in low abundance; + = only recorded as present 

C

0.2 

0.2 

<.1 

0.7 
<.I 

+ 

28.9 

0.2 
0.2 
0.3 

0.5 
20.8 

6.2 
8.0 
0.6 
0.2 

18.0 

+ 

<.I 

1.2 

+ 

4.3 

<.1

C (I



C C. C,
Horizontal Band Transects - Annual Algal Mean Cover/m 2 - Field's Cove Station FC 1 at +0.3m 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations * Surveys 4 2 ns mn ns on on on 1 2 2 1 n 1 4 4 4 4 4 4 4 3 4 4 

% Covetgp

Analipw japoricw 
Bryopsi$ spp.  
Calliarthron/Bossiella spp.-complex 
Callithamnion pikeannu 
Callithamnion spp./Pleonosporium spp.  
Callophyllis spp.  
Chondracanthus canaliculatus 
Chondracanthus coqmbifenm 
Cluysophyta unid.  
Cladophora app.  
Colpomenia app.  
Corallina officinalis 
Corallina vancouveriensis 
Cfyptopleura nprqechtiana 
Ciyptoplema violacea 
Cfyptosiphonia woodii 
Delesseriacea (auv.) 
Epega menziesii 
Endocladia municata 
Eaythrophyllum delesserioides 
Farlowia/Pikea spp..cornplex 
Ft- gardnLnri 
Gastrocloniun subarticulatum 
Gelidium coulteri 
Gelidium pusillum 
Orateloupia dotypphora 
Halosaccion americanum 
HIalymenia/Schizymenia spp.-complex 
Hesperaqhycus califomicus 
Laminaria setchellii 
Laminariales 
Mastocazrp jardinii 
Mastocapus papillatus 
Mazzaella affinia 
Mazzaella flaccid* 
Mazzella heterocarpa 
Mamella leptorhynchos 
Mazzaella lilacina 
Mazmella ruas 
Melobesia mediocrie 
Microcladia borealis 
Microcladia coulteri 
Neorhodomela larix 
Nereocyatis luetkeana 
Non-coralline crust 
Osmundea spp.

<.1 

1.5 I.I 

0.3 0.2 
<.1 + 

4.8 3.5 

<.1 + 

1.7 0.6 
5.4 9.4 

6.1 7.0 

+ 

7.3 7.3 

0.5 
9.4 9.5 

10.7 5.9 
0.5 0.4 
<.1 

+ 

1.9 1.1 
58 7.3 
1.5 1.0 

25.0 18.6 
0.7 0.7 
<1 0.2 

0.4 + 
0.2 + 

29.9 28.6 
* +

0.8 0.8 2.0 0.8 
+ <.1 + <.1 
+ * + 

11.8 7.4 3.9 2.8 
+ <.1 

<.1 <.1 
+ + + + 

+ <.1 
4.6 1.6 3.6 2.2 

5.3 6.6 7.0 3.3 
0.2 0.1 0.4 0.6 

0.2 + 
11.6 7.8 7.2 10.8 

* + 

14.0 10.1 8.1 15.3 
6.5 13.9 7.6 12.1 
0.7 + + + 

0.1 

1.9 1.6 1.4 0.8 
10.3 6.7 6.3 9.3 
2.8 2.7 1.1 1.7 

36.2 28.9 25.3 40.0 
1.4 2.6 1.7 2.5 
0.3 0.5 0.3 0.6 

- 0.6 0.1 1.7 

+ 
+ <.1 * 

+ <1- + + 
+ 

31.4 22.4 35.8 20.6 
+ 0.2 <.1 +

0.1 
* * - * + + 

1.9 1.4 1.7 1.9 5.1 4.6 3.1 2.7 4.1 3.1 26 
+ 0.1 <.1 <.1 <,1 + <.1 <.1 0.2 <.I <.1 

+ <.1 + <.1 + + + <.I 
* + + <.1 + 

0.4 0.7 1.2 1.1 2.0 5.3 10.9 12.0 12.2 14.0 10.3 
- - . 0.1 <.1 <.1 <.1 0.1 0.2 0.3 
S - - <.1 0.3 + <.1 <.1 

+ <.1 <.1 <.1 <.1 + + <.I + + + 

- - - - + <.1 <.1 <.1 <.1 0.3 <.1 
3.4 4.8 4.4 7.7 6.1 7.0 6.9 6.9 6.3 9.7 10.2 

+ <.I f 
3.5 4.8 2.5 9.3 4.3 3.2 8.4 5.1 6.2 2.1 3.1 
<1 0.3 1.0 2.0 0.6 0.4 0.1 0.2 + <.1 <.1 

12.4 23.8 19.9 10.0 27.3 13.9 16.9 
6.4 8.0 9.8 9.1 7.4 7.1 7.6 5.8 4.4 3.8 3.4 

- * - + + + +

7.6 8.8 7.7 12.1 15.3 9.4 15.5 16.4 12.8 15.5 12.7 
7.9 9.5 11.4 6.3 6.2 7.6 8.5 6.9 6.2 5.0 4.4 

+ <.1 + <.1 0.1 <1 0.2 0.2 <.1 <.1 + 

+ <I <.1 + <.1 <.1 <.1 
<I 

*- - <.1I <.1 <.1 

0.7 0.6 0.4 0.6 0.5 0.4 0.6 1.3 0.5 0.5 0.3 
7.4 7.4 8.0 4.7 7.6 6.5 4.0 4.9 5.6 3.8 1.8 
2.2 1.4 1.9 0.9 1.1 1.8 1.9 2.1 2.2 1.2 0.9 

11.5 21.7 20.0 14.7 8.1 11.6 12.6 15.2 13.3 11.7 9.9 
0.5 1.5 2.2 2.3 1.9 0.2 0.3 0.4 0.2 0.2 0.6 

+ 0.5 0.2 0.3 0.2 <.1 <.1 0.2 0.4 <.1 + 
- * + 0.1 0.5 2.2 0.9 1.1 

*+ + + + + + +. + + 

+ + <.I + <.1 
<.I + <.I <.1. + + <I 0.1 + + 

39.7 34.4 33.0 33.8 27.8 22.7 21.1 18.9 17.9 21.3 I8.8 
. <I + + 0.1 0.1 0.5 0.3 0.3 0.3 <.1

"(continued)



Horizontal Band Transects - Annual Algal Mean Cover/m2 - Field's Cove Station FC I at +0.3m (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
Stations * Surveys 4 2 ns ns m na ns na 2 2 2 I nFa 4 4 4 4 4 4 4 3 4 4

% Covcraze (continued) 

Pelvetia compreasa 
Phyllospadix spp.  
Plocamium violaceum 
POlphyra spp.  
Pnoutas spp.  
Pte•riphonia dcndroidca 
Rhodophyta (juv. blades) 
Rhodymema spp.  
Roaenvingea floridana 
SavodioWWcAgaudidaudii 
Smithora naiadum 
Spongomn-pa/Ac-aiphonia-complex 
Ulva/Enterio•ph spp.  
coraflme oust 
filamentous red algae.complex 
juv. articulated cocalline algae

1.2 1.8 

0.1 0.4 
<.I <.I 

<.1 <.2 

* + 

6.1 7.9 
<.I 

- 0.9

2.9 2.8 2.2 4.2 

1.9 0.2 0.6 0.2 
0.2 0.4 0.1 0.2 

+ 

0.3 <.2 <.I <.I 
* 0.6 <.I 

+ + 
+ + + 

7.2 7.8 9.3 7.2 
+ + + 

0.8 0.3 1.9 2.2

- - - - + 0.2 . 0.2 
3.3 2.8 3.5 4.0 5.4 6.7 8.0 8.0 4.5 7.0 7.6 

* - - - <.1 - - <.1

<.2 0.3 <.I 1.7 3.8 2.2 0.4 6.3 0.3 0.4 
<.1 <.1 0.2 0.3 0.3 0.4 0.8 2.2 0.5 2.1 0.6 

<.2 + 

- - - + <.I 0.2 0.2 + 0.1 021 
0.1 0.1 0.6 + + <.I 0.5 + - + 

+ + 0.2 0.4 0.3 <.I 0.4 <.I <.I 
+ + 0.6 1.3 2.7 0.9 1.6 0.8 0.4 

10.0 9.8 6.9 6.8 8.3 9.2 8.3 6.2 7.4 10.0 7.8 
- - - + + <.I <.1 <.1 <.1 0.2 

1.5 0.4 0.7 0.8 1.8 1.2 1.0 1.0 1.4 1.3 0.6

<. - meaared but in low abundance; + = only recorded as present 

C. C
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Horizontal Band Transects - Annual Algal Mean Cover/m 2 - Field's Cove Station FC I at +0.9m

Year 1976 1977 1978 1979 1980 1981 19R2 1983 1984 1985 1986 1997 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 4 2 ns ns ILI ns ns m I 2 3 3 ns 1 4 4 4 4 4 4 4 3 4 4 

% Coverake 

Calliarthroo/Bossiella pp.-complex 1.2 0.7 1.0 1.4 1.0 1.2 1.0 0.6 0.9 0.9 1.3 0.8 09 0.8 0.9 0.8 0.8 
Callitharnnion pikeanum - + + - <.1 + + + + 
Callitharnnion spp./Pleonosporium spp. - - + 
Chondrwanthw canaliculatus 0.7 + + 0.2 0.3 0.3 + <1 + + <.1 + + <.1 <.1 + 
Chmo n thus eorambiferus -<. I
Chondria decipiens + 
Cluysophyta unid. -+ 
Cladophora spp. 0.1 + <.1 0.2 <.I <.1 + <.1 <,1 <.1 <.1 <.1 + <.1 <.1 <.1 <.I 
Corallina officinalis 0.2 <1 , + - - 0.1 - + + 
Corallina vancouveriensis 1.4 1.7 0.9 1.5 1.0 1.2 1.0 1.1 0.6 0.7 0.3 0.2 0.3 0.7 0.5 0.5 0.4 
Cryptopleura violacea <.1 - + <.1 + - + - - 0.1 + <1 + 
Czyptosiphonia woodii 0.6 0.9 0.5 0.7 <A1 + + + <.1 <.1 0.1 <.1 0.2 0.1 0.1 <.I 
Egregia menziesii - - - - - - + 
Endocladiamuncata 32.7 30.6 45.3 42.6 38.1 43.3 38.1 36.4 36.3 38.2 40.5 40.8 42.6 41.7 38.1 42.3 41.7 
Fucaceae unid. - + + + - - + - + 
Fucu gardneri <.1 0.2 <.1 <.1 <.1 <.1 + <.1 <.I <.1 <.1 <.1 + + <.1 
Oastroclonium subarticulaturn 0.1 <.1 + 0.1 - <. - - - + + <.1 + <1 <.1 
Gelidium noulteri 5.4 2.0 1.0 3.7 3.3 2.1 1.6 0.8 0.9 1.5 2.0 2.6 2.6 2.8 1.9 1.6 0.4 
Gelidium pusillum 1.1 0.3 1.1 0.1 <.1 + <.1 0.1 + <1 <.1 0.3 0.1 0.4 <.1 <.1 <.1 
Grateloupia dophora - <1 - + + - - - + 
Hesperoplycw californicus + <.I <.1 - 0.1 <.1 <1 + <.1 <.1 <1 0.1 <I 
Mastocarpusjardinii - - - 0.4 - - - - - - + 
Mastocarpu papillatua 11.9 9.9 10.8 10.9 12.1 8.8 7.2 10.2 9.8 5.2 9.9 13.2 14.5 14.9 14.1 9.2 7.8 
Mazzaella affinis 1.8 0.6 + 0.3 0.2 <.1 + + <.1 + + 0.1 <.1 <.1 0.2 0.2 + 
Mazmella flaccida 6.1 2.5 0.3 0.5 1.0 1.0 0.6 1.6 0.9 0.5 1.3 3.6 2.7 3.6 2.8 0.8 0.3 
Mazzaella hetcrocarpa 0.4 0.5 0.3 0.2 0.1 <1 + <.1 0.1 0.1 0.1 0.2 0.3 0.2 0.3 <.1 0.2 
Mazzaella leptmhynchos <.1 <.I 0.1 0.2 0.2 0.2 + 0.1 0.2 0.2 0.3 0.3 0.2 0.1 0.2 0.3 <.I 
Mazuella lilacina <.1I 
Melobesia mediocris + -

Non-coralline crist 21.5 22.9 11.8 9.7 13.5 18.1 18.8 17.5 14.4 17.7 16.5 21.1 21.3 20.6 15.3 18.5 13.4 
Oaunmdea spp. + + <.1 -

Pelvetia compressa 1.8 4.3 0.3 0.7 0.3 + 0.4 0.2 0.2 0.3 0.5 0.5 0.4 0.8 0.9 1.2 0.8 
Pelvetiopsis limitata - - - - - + - -

Phyllopadix spp. 0.9 0.4 - - - + 0.3 0.5 0.4 0.7 0.7 1.0 1.4 1.4 1.1 0.4 0.4 
Porphyra spp. 0.3 <.1 0.5 <.1 0.2 <.1 - 0.3 0.1 <.1 <1 0.1 0.2 0.2 0.2 0.3 + 
Prionitis spp. 0.2 + <.1 + <.1 <.1 <I <.1 <.1 <.I <.1 <.I <.1 <.1 0.1 
Smithora naiadum - + + 
SpongomorphaAcrariphonia-complex + <.1 + + + 
Ulva/Entermorpha spp. + + - + - + - + + + + + + 
coralline enist 2.4 4.5 3.2 3.4 2.6 3.3 2.0 2.4 1.8 2.9 2.2 2.0 2.2 1.6 1.6 1.2 1.0 
filamentous red algae-complex + + - - - + - - - -

juv. articulated coralline algae 0.3 + 0.1 0.3 0.5 0.3 <.I 0.2 <I1 01 0.2 <I1 0. <I <.1 0.2

<.2 = nmtewed but in low abundance; + = only recorded as Present



Horizontal Band Transects - Annual Algal Mean Cover/m2 - Field's Cove Station FC 2 at +0.3m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 4 2 ns ns ns nS au ns 1 2 2 1 ns 1 4 4 4 4 4 4 4 4 4 4 

% 2YTC 8

Analipusjaponicu 
Calliarthron/Bossiella spp.-complex 
Callithanmion pikeanum 
Callidtarnnion spp./Pleonoaporium spp.  
Callophyllis ftina 
Callophyllis app.  
Chondcanthuw canaiculatus 
Chondracnthus cowymbiferau 
Chiysophyta unicL 
Cladophora spp.  
Colpomeua stpp.  
Corallina oficinalis 
Corallina vancouveriensis 
Ctyptopleuma nup•reetiana 
Clyptopleura violacea 
Qyptosiphonia woodii 
Dictyoncuman califomicumn 
Egreia nmziesii 
Endocladia muricata 
Erythrophyllum delesserioides 
Gastroclonium subarticulatum 
Gelidiuwn coultei 
Gelidium pusillum 
Gelidium robustum 
Halicystis oval.i 
Halymenia/Schizymenia spp.-complex 
H)wa sn pp.  

Laminaria saetchellii 
Lmninaralesa 
Mastocarpisjardinii 
Mastocarpw papillatus 
Mazzaella affis 
)Aazzaella flaccida 
Mazzaclla hetcrocarpa 
Mazzaella leptohynchos 
Mazzaella lilacina 
Mclobesia mediocras 
Microcladia borealis 
Microcladia coulteri 
Neremyatis luetkeana 
Non-coralline crust 
Oamundea spp.  
Pelvetia compresa 
Phyllospadix app.  
Plocarmium violaceum 
Porphyra spp.

C

+ + 

3.9 3.3 
<.1 0.2 

4.2 2.4 

<.1 + 

0.3 0.7 
12.5 16.7 

. 0.1 
6.9 4.3 
0.2 1.3 

10.9 7.4 
S <.I 

5.9 6.4 
21.5 6.0 

+ 0.2 

<.I 

1.9 0.7 
6.4 5.6 
1.0 1.0 

19.1 10.5 
1.0 1.1 
<.I <.1 
<.1 0.9 

0.6 0.1 
0.5 + 

20. 24.3 
<.I 

1.0 1.0 
<. 
<.I 0.5

+ 

4.5 
+ 

0.2 

5.2 
0.1 

+ 

<.I 

14.9 
0.1 
3.6 
0.7 

4.0 
10.0 

+ 

4.7 
13.2 
0.3

0.9 
11.7 

1.9 
23.4 

1.9 
0.5 
1.2 

+ 

0.1 

22.3 
<.I 

2.2 

1.5

+ 

2.5 
<.1 
<.1 

+ 

2.6 
<.I 

+ 

<.1 
6.3 

+ 

4.3 
0.5 

5.1 
11.0 

3.5 
19.8 

+ 

<.1 

1.0 
6.4 
1.6 

19.0 
1.4 
0.4 
0.7 

+ 

<.I 
<.I 

14.6 
0.2 

3.6 

0.3

+ 

3.6 
<.I 
<.I 

+ 

3.7 
+ 

+ 

<.1 

8.4 
+ 

4.0 
0.5 

0.1 
8.4 

4.8 
9.3 
<.I 

+ 

0.5 
4.2 
0.9 

13.5 
1.4 
0.2 
0.3 

+ 

<.1 
+ 

29.1 
<.1 

3.1 

0.2

<.1 
2.6 

4.7 

<.1 
+ 

7.5 

3.8 
0.4 

12.2 

4.2 
13.5 
<.1 

+ 

0.8 
6.8 
2.2 

21.0 
0.6 
<.I 
1.1 

18.1 
+ 

2.8 

0.9

<.1 
4.7 

0.8 

+ 

9.2 

1.7 
<.1 

7.8 

3.6 
7.8 
<.1

0.5 
2.6 
0.6 
6.5 
0.2 

+ 

+ 

32.6 
+ 

3.9

+ + + 

4.4 6.5 5.3 
<.I + 

- + 

-- + 

2.5 2.3 2.5 
<. - 0.1 

< + + 
<.1 + + 

+ + 0.1 
9.5 6.4 8.6 

- <.I + 
3.4 3.0 7.8 
0.7 0.5 0.4 

0.6 0.4 
10.4 10.1 11.3 

3.9 4.4 7.1 
10.7 10.3 8.7 

+ 0.6 0.2 

<.1 <.I 0.1 

0.7 0.9 0.9 
7.7 7.6 5.0 
1.3 1.1 1.0 

11.5 14.5 10.3 
1.2 1.5 0.8 
<.I <.I <.I 
<.I <.1 0.1 

- + 

<.I <.1 <.1 
0.1 <.1 0.2 

26.7 26.5 24.7 
<.I <.2 <.I 

3.3 2.8 4.3 

0.2 0.2 <.I

C_

+ 

9.3 

+ 

+ 

1.5 
+ 

<.I 

<.I 
10.1 

3.2 
0.3 

4.0 
10.9 

+ 

8.6 
8.9 
0.2 

<.I 

+ 

0.6 
4.5 
0.8 
4.9 
0.5 
0.2 
0.2 

+ 

<I 

21.6 
<.1 

6.6 
<.I 
1.2

+ 

7.8 

+ 

3.5 
+ 
+ 

+ 

+ 

9.3 

3.0 
<.1 

10.5 
10.3 

+ 

4.5 
10.2 

+ 

+ 

+ 

0.7 
4.2 
1.3 
5.6 
0.4 
<.I 
<.1 

+ 

<.1 
<.1 

22.6 
<.! 

7.0 

1.4

5.8 
÷ 

<.I 

<.1 

5.7 
<.I 
0.3 

0.1 
9.6 
0.1 
4.9 
<.1 

6.6 
9.3 

7.8 
13.6 
<.I 

+ 

<.1 
<.1 

0.6 
3.7 
0.9 
7.3 
0.3 
<.1 
0.6 

+ 

<,1 

+ 

21.0 
0.2 
0.4 
8.3 

1.5

<. 
6.4 8.0 

+ 

+ 0.1 
+ 

<.I 
4.0 4.3 
<.I + 
0.2 <.1 

+ <.I 

0.1 + 
12.0 21.2 
0.1 
5.0 3.2 
0.3 <.I 

S <.I 
83. 9.8 
9.1 9.3 

7.3 6.1 
9.9 10.3 
0.1 0.3 

+ 

+ 

0.1 

0.1 + 
+ 

0.9 0.5 
4.4 4.6 
0.8 0.9 
9.5 7.9 
0.9 0.4 
<.I 0.1 
0.4 0.1 

+ <.A 
0.1 0.5 

+ <.1 
. 0.3 

16.3 21.3 
0.2 <.I 

9.3 6.4 
S <.I 

0.4 2.5

6.9 

+ 

+ 

4.0 
<.I 

+ 

<.I 

0.2 
12.6 

+ 

1.7 
<I 

6.1 
6.6 

4.3 
10.6 
<.1 

<.I 

0.4 
4.1 
0.7 
5.3 
0.3 
<.1 
0.4 

+ 

<.1 
<.2 

19.8 
<.1 

6.9 

0.A

7.5 
+ 

<.2 

3.2 
<.I 

<,1 
+ 

14.1 

0.9 
0.2 

12.6 
3.7 

3.4 
8.3 

+ 

<.I 

0.5 
1.6 
0.9 
3.9 
0.3 
<.1 
0.3 

+ 

<.I 
<.I 
<.1 

14,5 
<.I 
<.I 
7.1 

0.4

(continued)
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C C. C

Horizontal Band Transects - Annual Algal Mean Cover/r 2 - Field's Cove Station FC 2 at +0.3m (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
SStations * Surveys 4 2 ns ns ns ns ns ns 1 2 2 1 ns 1 4 4 4 4 4 4 4 4 4 4

% Coveree (continued• 

Prionitis app.  
Rhodymenia spp.  
Sarcodiotheca gaudichaudii 
Smitho= naiadum 
Spongomorpha/Acroiphonia-complex 
Ulva/Enteromorpha spp.  
coralline crust 
filamentous red algae-complex 
juv. articulated coralline algae

1.0 1.6 

<.I + 

+ 

5.2 7.7 
<.1 0.2

1.7 1.1 1.6 1.7 

<.1 <.1 
+ 0.5 + 0.4 
+ + <.I + 
+ + + + 

8.6 8.0 11.5 6.6 
0.3 <.1 + 
0.2 0.7 0.9

1.0 1.2 1.3 1.6 1.5 1.7 1.9 2.2 1.5 2.8 2.4 

<.I + <.1 0.1 <.I <.1 + 0.1 + 
0.4 0.2 0.7 + <. - <.1 <.1 + + 
<.1 <.1 + <.1 0.2 0.6 0.7 <.1 0.2 

+ <.1 + 0.1 <.I <. 0.5 0.6 0.3 
9.0 8.3 6.9 7.6 10.2 20.1 7.6 6.7 7.6 7.4 8.4 

+ <.1 + <.1 <.1 0.2 0.2 + + 0.2 
0.3 1.0 0.5 1.5 1.3 1.2 0.9 1.2 1.9 "1.8 1.3

<I = meaured but in low abundance; + = only recorded as present



Horizontal Band Transects - Annual Algal Mean Cover/n 2 - Field's Cove Station FC 2 at +0.91n

Yewa 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
#Stations * Suaveys 4 2 nr nx ns ii n ns ns 1 2 3 3 ns 1 4 4 4 4 4 4 4 4 4 4 

% Cover•

Malipusjapcus 
Callia•kronl/Bossiella spp.-complex 
Callithamnion pikeanum 
Chondracanthua canaliculatus 
Clondracandus harveyanua/spinoaus 
Cladophora spp.  
Colpomena app.  
Corallina oflicinalis 
Corallina vancouvenensis 
Cy"topleura viol•A.  
Qyptosiphonia woodii 
Endocladia muracata 
Fucacee unid.  
Fucus gardnuri 
Gastroclonium subarticulatum 
Gelidiumn coulteri 
Gelidium pusillwn 
Geateloupia doiyphora 
Halymemia/Schizymenia spp.-complex 
Hesperophycus califomicus 
Mastocarpusjardinii 
Mastocarpus papillatus 
Mazzaella aflinis 
Mazzaella flaccida 
Mazzawla heterocaip 
Mazzaella leptorhynchos 
Mazzacila lilacina 
Non-coralline crust 
Pelvetia comnpressa 
Phyllospadix spp.  
Porphyra spp.  
Prionits spp.  
Rhodophyta (juv. blades) 
Sarcodiotheca gaudichaudii 
Sporgonwopho/Acrosiphonia-conplex 
U • s~nt-oorpha app.  
coralline mcst 
filamentous red algae-complex 
juv. articulated coalline algae

<.1 <.1 
<.1 <.1 

<.1 

0.5 <.1 

1.3 1.6 
0.2 0.4 
0.2 0.2 

35.5 41.9 

0.4 0.5 
<.1 + 
1.4 0.3 
0.3 0.5 

<.I <1 
12.1 9.9 

<.1 
1.9 0.8 
0.1 <.1 
<.1 <,I 

14.1 14.1 
9.2 6.1 
<.1 
0.7 0,7 
0.2 0.2 

<.1 

+ 

1.6 2.4 

0.2

- + 
+ 0.2 <.1 

+ <.1 + + 

< 1 0.3 <.1 <.1 

- + 

1.5 0.6 1.3 0.4 

+ <.1 + + 
46.6 45.7 44.8 44.8 

- - + 

+ 1.4 1.6 1.2 

0.8 2 0.9 0.6 
0.1 <.I <I <1 

0.2 0.3 0.2.  
+ <I 

8.4 9.4 10.8 5.1 
- - +- + 

+ 0.3 <.1 0.3 
- <.1 <.I <.I 
+ <.1 <.1 + 

4.2 3.4 5 7.3 
0.5 0.6 0.9 1.3 
<.1 0.1 0.3 0.2 
0.7 0.3 0.3 0.2 
<.I 0.5 0.2 0.1 

-- + + 

* + + 

0.8 0.7 0.7 0.6 

<.1 <.1 <.1

+ + 0.2 + <.1 <.1 <.1 + 

+ + + + + <.1 + 
0.3 

+ 0.3 <.1 0.1 <.1 0.2 0.1 0.2 0.3 <.1 0.1 

0.4 0.3 0.2 0.1 0.1 0.1 + 0.1 <.1 + 0.1 
- - 0.2 - - + - + 

+ + + <.1 <.1 + <.1 <.1 <.1 + + 
39.4 37.3 37.8 47 46.6 46.2 40.6 43.4 41.9 38.3 37.3 

* + - + 

1.2 0.6 0.7 0.9 0.4 0.8 0.7 0.6 1.5 0.2 <.1 

<.1 0.1 <.1 0.4 0.3 0.3 0.3 0.2 0.2 <.1 <.1 
+ + + <.1 + <.1 <1 <.1 0.1 + 
+ <.1 

<.1 0.5 0.6 0.4 0.2 0.3 0.5 0.7 0.2 

6.9 7.7 6.5 6.9 9.7 11.8 14.7 12.3 11.4 9.2 8.6 
+ - + + <.1 + <.1 <.1 <.1 + + 

0.3 0.2 0.5 0.4 0.4 0.8 1.5 2 0.4 0.1 <.1 
+ <.1 <.1 0.2 0.2 0.2 0.2 0.2 <.1 <.1 <.1 
+ + + <.1 <1 <.1 <1 + <.1 + + 

10.4 10.4 10 12.6 11.3 12.7 14.3 15.3 15.5 14 10.9 
1.7 1 0.8 1.5 1.6 1.6 2.2 2.6 3.7 4.3 4.7 

+ 0.9 0.7 0.1 0,3 0.4 0.6 <.I 0.2 0.5 0.2 
0.1 <I1 <.! <.1 0.2 <.1 <I1 <I ,+ <.1 <.1 

* + + -÷ - -

-* - + * + + + + +

0.4 0.5 0.3 0.2 0.5 0.3 0.3 0.3 0.3 0.3 <.1 
+ + <.1 + -

+ + <.1 + + <.1 + <.I + <.1 <.1

<.1 = measured but in low abundance; + = only recorded as present 
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"C.C

Horizontal Band Transects - Annual Algal Mean Cover/m2 - Field's Cove Station FC 3 at +0.3m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 4 5 6 6 6 6 6 6 6 6 6 6 4 4 4 4 4 4 4 4 4 4 4 4

Analipus japonicas 
Blyopsis spp.  
Calliarthuon/Boasiella spp,-complex 
Callithamnion pikeanum 
Callithaannion spp./Pleonosporium spp.  
Callophyllis spp.  
chondracanthus canaliculatus 
Chondracanthus corymbifenis 
Chondracanthus harveyanus/spinosus 
Chrysophyta unid.  
Cladophora spp.  
Codium setchellii (prostrate) 
Colpomenia spp.  
Corallina officinalis 
Corallina vancouverienis 
Cryptoplem nrwechtiana 
Clyptopleura violacea 
Cyptosiphonia woodii 
Cystoseira osmundaca.  
Egregia monziesii 
Endocladia murcata 
Erythrophyllum deleaserioides 
Fucus gardneri 
Gastrocloniumn subarticulatum 
Gelidium coulteri 
Gelidium pusillurn 
Grateloupia doryphora 
Halosaccion americanum 
Halymenia/Schizymenia spp.-complex 
Haplogloia andersoni 
Hymenena spp.  
Laminaria setchellii 
Laminariales 
Mastocarpus jardinii 
Mastocampus papillatus 
Mazzaella affinis 
Mazzaella flaccida 
Mazzaella hetecwarpa 
Mazzaella leptorhynchos 
Mazzaella lilacina 
Mazzaella linearis 
Mazzaella roma 
Melobesia mediocris 
Microcladia borealis 
Microcladis coulted 
Nereocystia luetkema

+ <.1 + + 0.1 
* * + - - -- * * - *- - + 

3.7 3.6 4.7 39 3.8 4.7 4.4 4.0 3.6 4.6 3.6 3.6 2.9 4.0 3.1 4.6 5.3 6.1 5.0 4.6 4.1 5.3 5.2 5,6 
0.7 0.6 <.I <.1 <.1 + <.1 <.1 <.1 + + <.1 + + <I1 + + <.1 <.1 <.1 0.1 0.1 <.1 0.2 

S <.I + <I. + + + + + + + + <.1 + + + 
+ + - <.1 + + + - - + 

2.4 3.7 3.0 4.4 2.6 4.5 6.1 6.0 7.0 5.2 3.0 1.4 0,9 0.6 0.9 1.4 2.7 19 40 5.4 5.6 7.8 7.9 6.1 
<.1 + <.1 + + <.1 <.1 <.1 + + <.1 

- - -- * * * * * -- -<.1 

<1 <1 <.1 + <1 <.1 + + <.1 + <.1 <.1 + 0.2 <.1 0.4 <.1 0.1 <.1 
+ + + + + <.I + + + <.1 + + + + + + + + + + + + <.1 + 

- *<.1 - --

- + + - - + + 

1.0 0.1 0.2 <.1 0.3 <.1 <.1 <.1 <.1 + + + + + + <.1 + <1 + 0.3 0.1 + <.1 
3.5 2.6 3.1 3.0 4.1 4.2 2.6 3.6 1.8 2.0 2.6 2.4 3.1 1,8 25 1.5 1.7 1.3 1.6 2.4 2.0 2.1 3.5 29 

. 0.1 + + <1 <1 <1 + + <.1 
2.4 3.8 4.4 4.4 5.8 5.5 5.8 6.6 4.9 2.8 3.4 4.6 3.0 2.8 2.7 2.1 4.9 1.7 1.2 3.3 2.6 1.9 1.8 0.7 
0.5 0.2 0.1 <.1 0.1 0.2 0.2 0.3 0.6 0.4 0.3 0.3 0.2 0.2 0.1 0.3 0.5 0.6 0.3 0.2 0.3 <.I 0.2 <.I 

- - -• ,• - * . : - - , - - , - - - + <.I 
- - - 1.2 3.1 8.7 7.4 3.2 2.0 3.5 16.4 

1.7 1.7 1.4 1.9 1.5 1.9 1.5 1.2 1.3 1.5 2.0 2.8 3.1 1.8 2.0 2.2 2.0 1.5 1.6 1.0 1.1 0.8 1.0 0.9 

11.4 13.0 16.0 13.9 17.5 12.9 10.0 19.4 12.9 9.4 11.9 19.3 154 6.5 12.3 14.3 22.5 21.6 15.3 1899 18.4 17.2 16.8 13.9 
6.7 8.9 7.1 6.1 5.9 7.0 8.2 5.7 9.0 7.4 6.7 4.7 6.2 9,4 8.4 8.1 3.8 3.5 7.7 5.3 6.6 6.8 5.2 3.6 
<.1 0.3 <.1 0.3 0.2 0.5 0.5 0.4 0.4 <I 0.2 0.1 0.3 <.1 0.3 <.1 0.1 0.3 0.2 0.2 0.1 0.6 0.2 <.1 

- - <.1 + + <.1 <I1 <.1 <.1 <.1 + 
<.1 + <.I 

<.1 0.2 + <I1 <.1 + 0.1 <.1 <.1 <.1 <1 <.1 + <.1 <.1 <.1 <.1 <.1 <.1 <.1 + 

< <.1 
* -- <.! - - - <.1 -- - -

6.3 6.8 5.1 4.9 5.0 5.0 5.5 3.7 4.2 2.8 3.4 3.6 4.1 2.5 3.2 4.2 3.2 2.2 3.5 3.5 4.8 4.7 3.2 1.3 
4.4 5.7 2.8 5.5 3.6 4.6 4.3 5.2 5.8 5.6 5.2 5.6 5.6 8.8 6.8 7.8 5.5 5.2 3.8 3.0 3.8 4.3 4.2 2.0 
0.7 0.6 0.5 0.8 0.5 0.9 0.8 0.8 0.8 0.9 0.9 0.8 0.6 0.9 0.6 1.0 0.6 0.7 0.9 0.8 1.0 0.6 0.9 1.0 

39.8 32.8 32.6 38.7 35.6 38.3 38.1 29.6 31.5 29.6 30.4 31.7 32.6 28.6 30.4 30.6 27.3 19.4 21.9 23.8 30.2 27.4 20.2 17.9 
0.8 1.6 1.1 1.8 2.3 1.8 1.2 1.1 1.7 1.5 1.3 1.6 1.2 2.2 2.6 2.5 1.0 1.2 0.6 0.7 1.3 1.3 0.8 0.3 
0.3 0.2 0.2 0.2 0.2 0.2 0.3 <.1 0.6 0.6 0.3 0.4 0.5 0.4 <.1 0.2 0.3 0.2 0.3 0.3 0.2 0.3 0.7 0.2 

<.1 <.1 0.4 <.I <.1 <.1 <.1 0.1 <.1 <.1 0.5 + 0.4 0.4 <.1 0.2 0.2 
* -- - <.1 . . ..- - - -

<.1 
+ + + + <.1 + + <.1 + + + <.1 + + + + 

<.1 <.1 <1 <.1 <.1 <.1 + - <.1 - <.1 + 0.2 
0.2 0.5 0.3 <.1 <.1 <.1 <1 0.2 0.2 <.1 <.1 <.1 <.1 + <.1 <.I <.1 <.1 <.1 <.1 <I 0.2 + 

- -- 02

(continued)
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Horizontal Band Transects - Annual Algal Mean Cover/in 2 - Field's Cove Station FC 3 at +0.3m (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 4 5 6 6 6 6 6 6 6 6 6 6 4 4 4 4 4 4 4 4 4 4 4 4

% Coverao (continued-) 

Non.coralline crust 
Osmundea spp.  
Pelvetia cornpressa 
Phyllospadix spp.  
Plocarmiurn cartilaganeum 
Plocanium violaceum 
Porphyra spp.  
Prionitis spp.  
Pterosiphonia dendroidea 
Rhodophyta (juv. blades) 
Rhodymeaia spp.  
Rosenvingea floridana 
Smwdodtheca puichduudii 
Scytosgphon app.  
Stuthora naiadum 
SpongomophLAcro•ai•a-omplex 
UlvaEntermnomoh app.  
coralline crust 
filalnentous red algae-comlex 
juv. articulated coralline algae

24.4 19.4 22.2 21.5 25.7 26.3 26.3 27.7 26.3 30.6 30.0 30.0 28.7 32.5 33.0 31.6 29.6 25.1 26.3 20.6 17.7 22.8 24.9 23.3 
<I1 0.2 0.1 0.2 0.2 0.1 0.1 <.1 <.1 <.1 <1 <I1 <.1 <1 <.1 + <I1 <.I + + <.1 0.1 <.I <.I 

<.1 
2.6 4.4 6.7 6.0 5.6 4.9 4.0 5.2 4.2 4.2 3.5 3.0 3.6 3.7 3.6 4.8 5.1 6.5 9.0 8.9 9.5 6.3 8.9 8.2 

+ + I1 
0.2 + + <.1 0.2 + <.I <.1 0.6 <.1 0.2 <.1 0.4 <I 0.1 <. 1.1 0.8 0.5 0.1 1.5 0.3 1.1 

0.8 1.6 2.9 1.8 1.7 2.0 1.4 3.3 3.0 1.9 1.6 2.0 1.3 1.1 0.7 1.1 1.4 0.8 1.0 1.2 1.3 0.6 1.6 1.0 
<.1 + <.1 <.1 <.1 <.1 <1 0.3 0.6 0.5 0.2 <.1 <I <.1 + + + + -. + * 

* - - + - - + . + *. . --

<.I <.I 0.2 <.I <.I <.I <,I <.I <.I + <.I 0.1 <.I + + <.I <.I <.I <.I 01 <.I 0.3 - *+ 

<I + 0.5 0.3 0.4 0.2 <.I <.1 0.2 0.2 0.4 <.I 0.4 0.3 0.4 1.1 + 0.7 <.I 1.8 1.0 <.I 0.2 
+ <I <I + + <.I + + <.I <.A + - + 0.2 0.2 1.8 0.2 + .0.2 

+ + + + + <.1 + 0.2 <.1 + + <.I 0.3 0.4 0.2 0.2 0.9 0.9 0.9 
8.3 5.0 6.3 6.1 8.0 8.5 7.1 7.8 7.2 9.3 8.8 6.5 5.8 6.7 4.7 5.1 4.8 7.7 7.4 6.8 5.6 5.2 6.6 4.2 
0.6 <.1 + <.1 - <1 <.1 0.1 0.2 < I <.1 0.1 + <I - - . <1. 0.8 0.4 0.4 0.2 

- 1.4 0.4 0.5 1.1 0.5 0.3 0.3 0.2 0.6 0.2 0.5 <.1 0.6 0.5 0.5 0.6 0.9 1.0 0.8 0.5 1.4 1.1 1.5

< I = measured but in low abundance. + - only recorded as present 

C,
C. C



C-C-
Horizontal Band Transects - Annual Algal Mean Cover/m 2 - Field's Cove Station FC 3 at +0.9m

Year 1976 1977 1978 1979 1980 1981 1982 1933 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 4 3 6 6 6 6 6 6 6 6 6 6 4 4 4 4 4 4 4 4 4 4 4 4

Ahnfeltiopsis leptnphylla 
Analipusjaponicus 
Calliarthron/Bossiella spp,-complex 
Callithamnion pikeanum 
Callithamnion spp./Pleonoponun app.  
Chondracanthus canaliculatus 
Cladophora spp.  
Colpomenia spp.  
Corallina officinalis 
Corallina vancouveriensis 
Cryptopleura violacea 
Ctyptosiphonia woodit 
Egregia menziesii 
Endocladia municata 
Farlowia/Pikea spp.-complex 
Fucace unid.  
Fucus gardneri 
Gastrocloniurn aubarticulatun 
Gelidium coulteri 
celidium pusillum.  

Oymogonpna chiton 
Halosaccion amencanum 
Halymenia/Schizymenia spp.-complex 
Hespemphycus califomicus 
Mastocarpusjardinii 
Mastocarpus papillatus 
Mazzaella affinis 
Mazzaella flaccida 
Mazzaella heterocarpa 
Mazzaella leptorhynchos 
Mazzaella lilacina 
Non-coralline crust 
Osmundea spp.  
Pelvetia compressa 
Phyllospadix spp.  
Porphyra spp.  
Prionitis spp.  
Pterosiphonia dendroidea 
Rhodophyta (juv. blades) 
Sarcodiotheca gaudichaudii 
Spanguooha/Acrosiphonia-complex 
UKvEnteromopa spp.  
coralline cnIst 
filamentous red algae-complex 
juv. articulated coralline algae

÷ + +÷ + - - - - -

0.4 0.8 0.2 0.3 0.7 0.3 0.4 0.6 0.3 0.3 0.1 0.2 0.1 0.3 0.2 <.I 0.1 0.4 <.1 <.1 0.2 <.1 <.1 <.1 
<.1 + + <.1 + + <1 + + + + + + + 

- <1 + + 
1.2 0.5 0.2 0.3 0.3 0.5 0.4 0.9 1.1 0.2 <1 <.1 <.1 + <.1 0.1 0.2 <.1 0.2 <.1 <.1 0.2 <.1 + 
0.2 <.1 + 0.1 <1 <1 <.1 <.1 0.2 0.3 <I! 0.3 0.4 0.2 0.2 <1 0.3 <.1 0.1 <.1 0.2 0.5 0.1 0.6 

<.1 <.1 + 
0.1 <.1 0.3 0.4 0.6 0.7 0.4 0.8 0.9 0.6 0.8 0.9 06 0.2 0.3 0.2 0.3 0.3 0.3 0.6 0.9 0.9 0.7 0.4 

- - <.1 - + <.1 - + - + - + + + 
1.5 0.9 0.7 0.6 0.1 0.2 0.1 0.2 0.2 0.4 0.2 0.4 0.3 0.2 <1 0.1 0.2 0.2 0.3 0.2 0.3 0.3 0.1 0.3 

- - 0.2 - - -

20.8 22.4 22.1 25.8 28.7 26.5 30 27.4 23.3 32.4 30.5 31.1 32.6 32.2 31.2 31.1 35.1 32.3 29.3 28.2 35.1 31.2 29.9 34.  
- - -- - - - - - - - - - - -- <.1 - + - - - -

<+ + 

<.1 + <.1 <.1 <.1 + <1 + + <.1 + 
<.1 + <.1 + + + <.1 <.1 + <.I <.1 + + + + <.I <1 -< + 
5.3 2.3 3.5 4.5 2.9 3.7 4.3 4.7 5.8 4.6 2.9 1.3 1.5 1.8 1.6 1.6 1.9 1.6 2 2 1.2 1.3 2 1.L 

2 3.3 0.9 0.6 0.9 1.5 1.1 1.7 2.5 0.7 0.5 0.3 0.3 0.3 0.5 0.3 0.6 0.9 0.7 1.2 0.8 1.3 0.5 0.4 

<.1 
- - - -- - - - <.1 - - - - - - + <.1 - - - <.1 <.1 <.1 

0.4 0.4 0.9 0.4 0.4 0.4 0.4 0.3 <.1 <.1 + 0.1 <.1 <.I <I <.1 <.I 0.1 0.3 0.2 0.2 <.1 <.1 0.2 
31.3 33.3 35.8 36.4 34.8 30.7 33.3 31.5 37.4 33.2 31 27.8 27.2 28.5 31.4 29.4 27.4 30.1 36.1 374 33.4 31.6 33 23.9 
0.4 0.4 0.5 0.8 0.2 0.5 0.5 0.5 0.8 0.4 0.2 0.4 0.4 0.2 <.1 0.2 0.2 0.2 0.2 0.2 0.3 0.5 0.6 0.8 

16.5 13 10.7 12.2 12.1 12.5 10.8 6.4 6.7 6.1 4.9 4.8 2.9 2.5 4.5 5.1 4.2 3.4 6 6 4.2 4.1 2.5 3.3 
0.3 0.2 0.1 0.5 0.4 0.4 0.2 0.3 0.2 0.3 0.1 0.2 0.2 0.3 <.1 0.6 0.3 0.6 0.6 0.6 0.4 0.2 0.4 0.6 

+ <1 <.1 <.1 <.1 <.1 + <.1 <.1 0.1 <.1 <I <.1 <.1 <.1 0.1 0.1 <.1 0.2 <.1 <.1 <.1 0.2 <.1 
-- - - - - - 0.7 - - - - - - -

24 16.3 17.9 17.6 22.3 23.8 20.6 23.5 18 20.5 22.1 21.4 20.6 21.7 25.2 21.9 204 18.9 23.7 22.4 20 23.2 20.7 16 

6.1 3.1 2.1 1.2 0.5 0.5 1.2 0.4 <1 0.3 0.4 0.9 0.9 0.7 0.9 1.8 2.4 2.1 3.5 2.7 2 1.3 1.5 1 
+ + <.1 + - + - + + 

0.2 2.1 <.1 0.2 0.2 0.1 <.1 <.I 0.2 0.4 0.1 0.1 0.2 0.1 0.2 0.2 <.I 0.2 0.1 0.4 0.1 0.2 <.I 0.1 
0.2 0.2 0.2 0.2 0.2 0.3 0.2 0.1 <.1 0.2 0.4 0.2 0.2 0.3 0.1 0.2 0.2 0.2 <.1 <.I <.1 <.I <.1 <•1 

+ <.I 

+ <.1 <. <I <.1 + <.1 <.1 <.1 0.1 <.1 0.2 <.1 <.1 <,1 
-- + + - - + + + + + + - ÷ + 4• + - + .. + + 

2.8 2.6 3.1 2.9 3.2 2.8 3 4.1 1.9 1.9 2.6 2.6 2 2.3 1.9 1.6 1.6 1.8 2.2 2.2 1.5 1.3 1.2 1.3 
<.1 - - + <.1 + + + 

- <.1 + <A1 <.I + + <.1 + <.1 0.1 + <.1 <.1 <.1 + 0.2 <.1 <.1 + <.1 <.I + +

<.1 = measured but in low abundance; + = only recorded as present



Horizontal Band Transects - Annual Algal Mean Cover/in2 - North Diablo Cove Station NDC 1 at +0.3m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations * Surveys 4 3 na na na ps S 6 6 6 6 6 vs I 4 4 4 4 4 2 ns ns vs 4 

% Coverag

Analipus japonicus 
Bryopsis app.  
Calliaudwon/Bossiella spp..complex 
Callithamnnion pikeanum 
Callithamnion spp./Pleonosporium spp.  
Chondracanthus canaliculatus 
Cho&acanthus cwyrabiferus 
Cluysopliyta unid.  
Cladophom app.  
Codium setchellii (prostrate) 
Colpomiema spp.  
Carallina officinalis 
Corallina vancouveriensis 
cryptopleumr violacea 
Cryptosiphonia woodii 
Curmagoia andlrsonu 
Egmgra menziesii 
Endocladia muricata 
Farlowix/Pikca spp.-complex 
Fucus sardneri 
Gastrocloniurn subarticulatum 
Gelidium coultei 
Gelidium pusillum 
Gelidium robusturm 
Grateloupia doryphora 
Haloaacion americanum 
HalymneiawSchizynienia spp-.complex 
Hesperophyco califomicus 
Macrocystis app.  

Mastocarpus papillatus 
Mazzaella affinis 
Mazzaella flaccida 
Mazzaclla heterocarpa 
Mazzaella leptorhynchos 
Mazzaella lilacina 
Microcladia borealis 
Microcladia coulteri 
Non-coralline crust 
Osmundea spp.  
Pelvetia compressa 
Phyllospadix pp.  
Plocamniwm violaccum 
Polyneura latissima 
Porphya spp.

* + 

0.2 <.I 
0.1 <.I 

. <.1 
3.8 3.3 

<.I <.I 
2.4 1.9 

0.4 0.3 
1.3 2.4 
0.8 0.3 

+ 

<.2 + 

4.2 5.4 
0.7 1.0 
1.6 1.9 

<.I + 
<.I 

8.6 5.3 
12.3 17.7 
0.4 0.7 

39.9 32.5 
0.8 0.4 
<.1 <.1 

<I1 + 
0.2 <.I 

16.8 23.3 
0.2 <.I 

- + 

<.2 

<.1 <.1

+ <.1 

0.5 0.4 0.1 <.1 <.1 <.1 
0.1 <I + <I 

4.0 3.1 3.8 1.6 0.1 <.1 
* + + + 

<.I <.I + <.1 <.l 
+ + + + + + 

1.8 1.9 1.7 1.3 0.4 <.I 
*+ 

+ + <.1 <.  
1.6 0.6 0.4 0.5 0.2 <.I 
2.5 0.5 0.2 0.1 + 0.2 
<.1 - + + 

< + + 

< 1 0.4 -
0.3 1.0 1.0 1.6 0.4 0.6 

<.1 
- - <.1 

3.5 3.7 3.3 3.1 0.7 0.9 
1.7 0.9 1.1 1.4 1.1 0.7 
2.3 3.1 3.2 1.3 0.5 0.2 

* - + * - + 
+ 

<I! <.1 <.I 

6.7 4.8 4.0 2.4 1.5 0.7 
11.9 14.6 25.6 18.2 23.6 23.4 

1.3 1.7 1.8 1.7 1.3 0.5 
46.8 24.3 20.5 10.7 2.4 1.2 

1.5 0.8 1.0 0.8 1.0 0.9 
+ <.I 0.1 0.2 0.2 0.6 

<.1 + 0.2 - + 
<.I + 
0.1 <.1 <.I 

20.3 21.3 20.0 25.4 29.0 32.4 
<.I <.1 0.1 <.1 -

* + 4-+ 

+ <.I <.I 

<.2 2.3 2.2 1.4 0.2 +

C

+ + <.I <.1 <.I <.I + 

<.I <.1 0.4 1.4 2.3 4.4 2.3 
. < I + 

1.3 0.8 + 1.4 
+ + + + + + <.1 

-- + + + + 

+ <.1 <.1 <.I + <.I 0.2 
+ <.1 0.2 <.I <.I + 

- + 0.4 2.0 5.0 7.3 5.5 
<.1 0.3 0.4 0.6 2.5 4.0 0.7 

+ 0.1 0.1 0.5 1.0 1.2 1.0 

<.1 0.6 0.3 <.I 

-- + 

<.I <.I 0.3 0.5 0.7 0.7 0.3 
7.6 21.7 39.5 41.0 29.7 19.9 7.8 
0.5 <A1 0.5 2.1 1.4 3.8 1.9 

+ <.1 <.1 + 
<.1 0.3 0.2 0.1 0.3 0.4 + 
0.1 0.1 <.I <.1 0.2 <.I <.I 

41.1 35.4 38.0 33.3 29.2 37.1 43.6 
+ 0.2 0.1 <.1 + + 

<.1 <.I 0.3 0.7 + +

C

0.6 

<.I 

0.2 
+ 

<.I 

1.0 

<.1 
0.2 
<.I 

<.2 

1.6 
0.2 

0.1 
+ 

30.8

(continued)

.



C C
Horizontal Band Transects - Annual Algal Mean Cover/m2 - North Diablo Cove Station NDC I at +0.3m (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Stations * Surveys 4 3 ns m m nus 5 6 6 6 6 6 uks 1 4 4 4 4 4 2 n3s s ms 4 

% Coverve (continued 

Prionitis spp. <.1 <. <.1 + <.1 <.1 <.1 0.1 - <.1 0.3 0.3 0.4 0.1 

Pterosiphonia dendroidea + - - + 

Rhodophyta (juv. blades) + <.1 

Sarcodirnheca gaudichaudii <. I + <.I <.I + + 

Smithora naiadum + 
Spongomopha/Acriphonia-eomplex + + + + + + + 

UlvafEnteromor• spp. 0.4 <.1 1.3 1.3 0.5 0.1 + + - 0.3 0.8 3.7 4.4 <1I + 0.3 

coralline crust 7.4 7.1 8.9 9.4 8.1 11.6 8.6 5.8 2.7 2.2 1.9 1.6 2.9 5.9 3.6 2.5 

filamentous red algse.complex <.I + <.I + - + <.I 0.4 2.2 3.7 1.0 <.I 

juv. articulated coralline algae <.I 0.3 <.1 0.2 0.4 0.2 <.1 <.1 + <1 <.1 <.I 0.2 0.1 0.4

<.I = measured but in low abundance; + - only recorded as present



Horizontal Band Transects - Annual Algal Mean Cover/i 2 - North Diablo Cove Station NDC I at +0.9m 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 4 "3 ni s n ns ns 5 6 6 6 6 6 us I 4 4 4 4 4 2 na us na 4 

% Covre

AnaIipw japoV c 
Bryopsia spp.  
CalliazrtronBossiella spp.-complex 
Callithamnion pikeamum 
Callithamion spp./Pleonosporium app.  
Chondracanthm canaliculatus 
Chondracanthus corymbiferus 
Chondria decipiens 
Chrysophyta unid.  
Cladophora spp.  
Corallina officinalis 
Corallina vancouveneniis 
CQyptopleura violacca 
Cryptosiphouia woodii 
Cwmagloia andersonii 
.gregia memziesii 

Endoeladia musicals 
Fucaceac unid.  
Fug. gardneai 
Gastrocloniwl subariculatumn 
Gelidiuwn cultei 
Gelidiumn puaillum 
Grateloupia doryphora 
Halosaccion ameicanum 
Halymicra/Schizymenia spp.-complex 
Mastoc.pus jdinii 
Mastocapu papillatus 
Mazzaella affmis 
Mazzaella flaccida 
Mazzaella hetearoapa 
Mazaclla leptorhynchos 
Mazzaella Ela, ina 
Microcladia coulteri 
Non-coralline mimt 
Pelvetia compressa 
Phyllospadix spp.  
Pophyra spp.  
Prionitis spp.  
Pterosiphonia daxndridea 
Rhodophyta (juv. blades) 
Scinaia confusa 
Scytosiphon spp.  
Spongomorpha/Acrosiphonia-complex 
Ulva/Enteromoq*a spp.  
coralline crust 
filamnentous red algae-complcx 
juv. articulated coralline algae

<I 

<.1 <.1 

1.7 1.6 

+ + 

+ 0.1 
0.1 <.1 

- + 

0.1 
4.7 5.7 

0.1 <.1 
0.5 0.4 
1.5 0.5 
1.2 1.3 

+ 

4.4 2.8 
32.7 27.9 

1.6 1.7 
20.2 12.5 
0.6 0.3 
0.2 + 

- <.1 
0.2 

21.0 29.0 
1.9 2.3 

0.3 
0.3 

<.1 
3.7 3.6 
<.I <.I 

S <.I

<.1 + + + <.1 + 
- * + 

+ + + + + 

< + 

0.5 1.0 2.2 0.4 0.1 <.I 

- + 

0.2 
+ + + <.1 <.1 + 

* + 

0.6 0.6 0.2 0.2 0.2 0.2 
+ <.1 + - + 

<.1 <.1 <.1 <.1 + 
+ <.1 <.1 + 
- <.1- 

9.6 5.0 3.3 3.3 2.8 1.8 
+ 

0.2 0.1 0.1 0.7 0.5 < 1 
0.6 0.3 0.2 <.I <.I <.I 
1.3 2.7 2.0 1.2 0.4 0.4 
0.8 1.0 1.8 0.9 0.3 <.1 

+ + 

5.3 1.5 1.1 0.6 <.1 <I1 
31.3 21.4 26.4 13.5 13.3 7.5 
2.5 3.4 3.5 1.3 0.5 < 1 

16.3 9.2 6.2 1.8 0.9 0.1 
0.8 0.4 0.3 0.1 <.1 <.I 

+ 0.1 0.4 0.2 0.1 <.I 

27.5 22.6 18.4 26.2 32.7 32.8 
0.3 0.9 1.6 2.3 2.9 2.3 

0.1 0.8 3.1 0.7 <.1 <.1 

<I ++ 

<.I 
+ + + <.1 

<.1 + <.1 + <.1 + 
3.6 6.5 3.6 4.7 3.3 2.5 

< <I + < < +

- - + + 

+ + + 0.3 0.4 0.3 0.1 

+ + + + + + + 

<I <I <1 + + <I <I 

<.1 

1.6 2.0 1.8 2.5 3.2 3.2 3.1 

+ + <I + <I 
<.I 0.2 0.5 0.3 0.5 0.6 0.2 

+ + <.1 0.5 1.0 0.5 0.2 

+ + - + <I 0.1 0.2 
0.8 3.3 7.4 16.2 19.3 18.5 14.5 

+ + <.1 0.2 0.5 0.7 0.9 

+ + <.1 0.2 0.3 0.6 0.3 

29.9 29.4 27.3 30.4 31.3 33.3 34.3 
2.3 2.3 2.0 0.7 0.1 <.1 

+ + + 0.1 <.1 <.1 

<.1 

- + 0.6 0.1 + 
0.5 0.8 0.8 0.9 0.8 0.7 1.1 

. 0.1 <.1 + 
+ <I + <.1 <.1 + +

<.1 = meAsured but in low abundance; + = only recorded as present 

C

<I1 

< 

<.1 

5.0 

<.I 
<.1 

+ 

<.1 

3.8 
0.1 

+ 

<.1 

34.1 

+ 

I.I 

+

C_ (C



C, C. C.
Horizontal Band Transects - Annual Algal Mean Cover/m2 - North Diablo Cove Station NDC 2 at +0.3m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations * Surveya 4 6 6 6 6 6 S 6 6 6 5 6 ns 3 4 .4 4 4 4 3 2 2 2 4 

% Caen

Analipusjaponicus 
Antitianmion/Platythamnion spp.-complex 
Bangia venmicularis 
Bryopsis spp.  
Calliaruhron/Bossiella spp.-complex 
Callithmmion pikeaman 
Callithmrnion spp./Pleonosporium spp.  
Callophyllis flabellulata 
Callophyllis spp.  
Chondraanthus eanalieulatus 
Chondnacanthum cwoymbifetm 
Chondracanthus harveyanus/spinnsus 
Chaysaphyta unid.  
Cladophora spp.  
Codium setcheliji (prostrae) 
Colpomenia spp.  
Colpomenia/Leathesia/Soranthera spp.  
Corallina officinalis 
Corallina vncouvcenais 
Cyoplera naprechtiana 
Cryptopleura violacea 
Cryptosiphonia woodii 
Cyastacira osmundace
Derbesia marina (filamentous) 
Desmarestia tabacoides 
Ep'egia menziesii 
Endaractme/Petalonia-complex 
Endocladia nwmicata 
Fadlowia/Pikea spp.-complcx 
Fucus gardneri 
Gastroclonium subarticulatum 
Gelidium coulteri 
Gelidium pusillum 
Gelidium robustum 
Grateloupia dotyphora 
Halicystis ovalia 
Halosaccon ameniem 
Halymenia/Schizymenia spp.-complex 
Haplogloia andersonii 
Laminaria setchellii 
Laminariales 
Macrocystis sap.  
Matoc"ujardinii 
Maatocmpua papillatus 
Mazzaella affinis 
Mazzaella califomicum

<,1 <.I 0.1 <.I <.I <.1 <.1 <.1 

<.1 + + + <.1 <.1 I 
0.8 0.5 1.1 1.0 1.4 0.9 1.7 1.4 0.8 1.4 1.0 0.4 
<.1 + <.1 <.1 + + <.1 <.1 + + -
<.I <.1 0.1 <.I <.1 <.1 0.2 0.2 0.1 <.1 + 

+ <.1 <.I <.  
10.3 14.0 12.8 14.0 9.4 14.2 14.3 8.3 16.3 7.7 -3.3 0.6 

- <.1 0.4 0.2 <.1 <.1 0.2 <.1 0.4 0.3 + <.I 
+ 0.1 <.1 <1 <1 - <.1 <.I 0.2 <.1 <.1 
- <.1 0.2 <.I <1 <I <.1 + 0.2 0.9 0.3 <.1 

<.I 0.1 <.1 + + + + + <.1 <. <.I <.1 
<.1 <.I <.1 <.1 <.1 0.1 0.2 0.2 0.2 + 

-* + * " -

1.3 1.4 1.2 1.9 1.6 1.0 0.9 0.8 0.6 0.2 <.1 + 
3.7 5.9 4.9 5.4 6.3 5.1 5.0 5.7 7.1 5.4 3.4 2.5 

- <.1 + <.1 <.1 <.I 
0.8 3.4 2.2 1.4 1.4 1.7 1.4 1.6 1.9 1.2 0.8 2.0 
0.3 0.2 0.2 0.2 0.3 0.2 <.1 <.1 0.3 0.2 + 

- . - - *- <.1 - -

0.6 0.5 0.8 0.4 1.8 3.4 0.8 1.7 0.3 <.1 

1.2 1.7 1.8 2.3 2.2 1.7 1.3 1.0 1.3 0.9 0.2 0.6 

0.2 + + <.1 <.I <.I + + + 
9.8 8.4 15.8 10.4 14.4 10.6 5.9 1.5 2.8 3.9 2.0 6.5 
4.0 4.9 6.5 3.5 4.6 4.2 4.8 4.5 5.7 7.0 7.2 5.0 
<.1 0.4 <.1 0.2 0.1 0.1 0.4 0.3 <.I <.I <.1 <.I 

1.5 <.I <.I 0.1 <.1 1.5 0.1 0.2 0.7 0.2 

0.2 <1 + + <.1 0.1 0.3 + -
0.4 0.4 0.5 0.2 <.I 0.1 0.2 0.2 0.2 0.1 <.I 0.2 

<.1 + <.i <.1 + 
* - -- - + - + 

0.6 0.8 .0.7 3.1 0.8 0.5 0.4 0.3 0.2 <.1 <.1 + 
2.1 2.4 2.6 2.1 2.0 1.9 2.2 2.3 4.3 2.3 8.2 5.6 
6.0 5.8 40 5.4 2.8 3.9 5.5 4.0 4.2 3.7 2.0 0.6 

<.I

0.9 0.4 0.1 0.3 1.4 1.0 1.2 3.1 0.4 

1.9 3.2 11.8 32.6 18.0 12.4 8.0 '15.2 13.7 
<.1 <.1 + <.I <.1 + + <.1 

- - <.1 0.3 + 0.5 
<.1 0.6 + 0.1 0.3 0.2 9.0 

+ <.1 + + + + + + 

- + + + 4+ + 4+ +4 

+ + <.1 <.1 + + 
3.5 2.1 0.4 0.4 0.6 0.2 0.1 0.2 0.2 

3.6 2.5 1.7 2.4 2.0 0.7 1.2 1.7 1.8 
+ <.I 

- - - -

<1 + 

0.4 0.8 0.5 0.7 1.0 1.1 0.9 0.6 0.9 

2.2 5.3 7.1 13.5 19.4 19.1 15.8 24.0 17.9 
1.8 7.9 4.1 3.4 3.6 3.4 0.9 1. 1L8 

+ + <.I 0.2 0.2 0.1 <.I <.1 + 
- + - <.I 

0.1 <.I 0.8 <.1 1.4 0.7 0.1 

0.1 0.4 0.7 1.1 1.0 0.3 0.2 

<.1 

. - 0.2 -
+ 0.1 <.1 <.I <.I <.I + 

4.2 17.6 19.5 15.2 7.9 4.9 4.5 3.6 4.5 
0.5 2.2 3.7 2.6 3.0 5.1 3,0 3.1 3.6

+ <.I 
3.2 0.3 

6.8 4.0 
<.I <.1 
0.3 + 

+ 0.6 
+ <.1 

+ <.1 

+ + 
<.1 + 

3.1 2.9 

<.1 0.2 
+ 

0.2 0.2 

5.1 11.5 
1.0 0.5 
<I + 

0.2 

<.I 

- <.1 

0.4 0.3 
0.9 1.9

(continued)



Horizontal Band Transects - Annual Algal Mean Cover/r 2 - North Diablo Cove Station NDC 2 at +0.31n (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
0 Stations Surveys 4 6 6 6 6 6 5 6 6 6 5 6 as 1 4 4 4 4 4 3 2 2 2 4 

% Coveraae (continuedcl 

Mazzaella flaccida 7.7 8.5 8.0 10.3 8.1 9.0 12.2 5.7 5.8 2.7 0.5 0.2 <.1 <. - + 
Mazzaella heterocarpa 1.1 0.5 0.2 0.6 0.2 0.7 0.9 1.2 0.6 0.3 <.1 <.1 + <.1 0.1 <.1 0.1 0.4 + <.1 0.2 0.1 <.1 
Mazzaella leptorhynchos 0.3 0.5 0.6 0.3 0.5 0.6 0.6 1.8 2.7 1.1 0.5 0.6 0.5 0.4 0.3 0.8 0.6 1.1 0.4 0.2 0.3 0.2 0.1 
Mazzaella lilacina 0.4 0.1 0.8 0.4 1.2 0.5 0.7 0.8 0.6 0.2 <.1 - <.1 <.1 

Mazzaella roses - - + -

Melobersia nediocns + + + + <.1 0.1 + + + + <I + + <.1 + 0.1 + 

"Mirocladia borealis + " 
Mircocladia coulten <.I <.1 0.6 0.2 0.2 + 0.3 0.4 0.1 <.I + + + <.I + + + 
Neodiodomela larix - - - + - - - - -

Non-coralline crust 13.7 12.9 9.7 9.7 13.6 13.9 12.8 18.1 17.7 18.2 29.5 36.5 42.7 28.0 20.7 18.2 12.8 11.3 23.5 15.9 15.5 21.3 12.6 
Opuntiella califomica + <. I - - - - - - - -
Oamundea spp. 0.2 0.2 0.3 <.1 0.1 0.3 <.1 0.2 0.2 0.2 0.1 0.1 0.3 0.2 0.6 0.7 0.6 0.2 0.3 0.5 0.2 + 0.1 
Pelvetia c•mpreasa - - - - - + <I - - - - - - - - - <.1 
Phaeophl tauv.) - - - - - - - - - - - - <I -

Phyllospadix spp. 13.1 11.3 23.1 22.3 27.7 24.8 17.4 11.6 14.7 15.8 11.4 13.5 5.6 6.2 6.5 8.3 10.5 6.2 9.1 13.3 13.4 15.2 21.3 
Plocanuu•violaccum <. - - - - - - - - - - -

Porphyra spp. 1.3 4.0 0.9 1.5 1.8 2.6 2.4 11.4 4.3 2.5 0.3 + <. I 0.6 0.2 <.I <.I + <.I <.I 
Prionitis spp. 0.8 1.0 2.3 1.3 1.2 0.8 0.8 1.9 0.9 0.8 0.7 0.5 1.7 1.4 0.8 2.3 3.3 3.3 2.2 3.4 2.6 3.2 4.2 
Pterosipbonia dendroidea <.I 0.1 <.1 <.1 <.1 0.2 <.I 0.2 0.6 0.2 <.1 0.2 + + 0.2 0.5 0.8 1.0 2.7 1.5 <.I 5.2 2.6 
Rhodophyta (juv. blades) - - + <.1 < 
Sarcodiotheca, gwdichaudui <.I <.1 0.3 <.1 <.1 + + <.I 0.1 <.1 + + + <.I 0.5 0.5 0.6 0.4 0.2 0.6 0.5 + <.I 
Scinaia confua - <.I 
Scytosiphb spp. + 
Smithara naiadum <.1 2.7 7.0 4.9 5.5 2.4 0.3 0.3 1.0 + 0.2 + + + <.1 + + + 

Soranthera ulvoidea - - - + 
SpongormorphaAcrosiphonia-complex 0.6 0.6 0.2 0.5 0.6 + + <.1 <.I + + + <.1 + + 
Ulva/Entoarnorphaspp. 9.3 10.4 2.9 8.0 2.1 2.6 7.1 1.3 3.6 0.9 <.1 + 3.7 3.9 4.0 3.5 1.9 2.8 0.7 11.4 0.7 2.0 
coralline caust 2.3 5.3 2.9 2.8 4.1 4.3 4.5 10.6 4.6 5.2 5.2 2.9 3.2 2.1 1.1 2.3 2.7 4.9 7.0 3.8 5.0 8.8 5.6 
filamentous red algae-complax 2.6 0.7 1.5 2.8 4.8 2.7 2.1 1.2 2.1 3.5 0.2 0.2 <.1 3.8 11.7 14.3 11.8 10.5 12.3 18.5 15.0 8.1 16.5 
juv. articulated cralline alae - <.1 0.2 0.1 0.5 0.3 0.6 1.2 0.2 0.4 0.8 0.7 0.1 0.3 0.1 0.4 0.2 0.3 0.3 0.4 0.2 1.7 0.9

<.1 - measured but in low abundance, + : only recorded as present 

C
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C. C. C
Horizontal Band Transects - Annual Algal Mean Cover/m2.- North Diablo Cove Station NDC 2 at +0.9m

Year 1976 1977 1978 1979 1980 1911 1912 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 4 4 6 6 6 6 6 6 6 6 6 6 4 4 4 4 4 4 4 3 2 2 2 4

Analipusjaponicus 
Calliarthron/JBosiella spp.-complex 
Callithammion pikeanum 
Callithaimion spp./Pleonosporium spp.  
Chondranthus canaliculatus 
Chaysophyta unid.  
Cladopho spp.  
Codium setchellii (prostrate) 
Corallina oftleinalis 
Corallina vancoumveriensis 
Cryptopletn violacea 
Cryptosiphonia woodii 
Cumagloia andersonii 
Endocladia muicata 
Fuctm gardneri 
Gastroclonimn subarticulatum 
Gelidium coulteri 
Gelidium pusillum 
Grateloupia dofyphora 
Halosaccion amwicanun 
Halymenia/Schizymenia spp.-complex 
Heaperophycus califomicus 
Martocarpusjardinii 
Matocarpus papillatus 
Mazzaella affmis 
Mazzaella flaccida 
Mazzaella heterocarpa 
Mazzaella leptorhynchos 
Mazzaella lilacina 
Microcladia coulteri 
Non-coralline crist 
Osrundea spp.  
Pelvetia compressa 
Phyllospadix spp.  
Porphyra spp.  
Prionitis app.  
Rhodophyta (uv. blades) 
Sponompha/Acrosiphonia-complex 
Ulv'aEnteromorpha spp.  
coralline crust 
frllwentom red algae-complex 
juv. articulated coralline algae

0.2 0.1 0.2 0.3 0.7 0.5 0.3 0.1 <I 0.1 <.I <.I <.I <I + <.I <.I 0.2 <I 0.2 + 
<.I <.1 + + 

- . + + + - - - - - - - -

3.5 1.4 1.5 2.2 1.3 1.5 1.6 1.0 1.1 0.6 <I + + 0.1 0.7 1.1 <.1 <.1 0.2 + + 
- - -- - - - - - -0.4 

0.5 <I <.I 0.3 <.1 0.1 0.1 <.I 0.2 0.2 <.I <.1 + + + <.1 <.1 + <.1 <.1 + + + + 
<.1 + <.1 0.1 0.1 0.2 0.2 0.2 0.4 0.2 <.1 
0.2 <.I <.I <.I + <.I + - --
1.0 2,6 3.1 3.9 4.8 4.8 3.5 2.6 1.7 1.5 0.8 0.3 <.1 <.1 <.1 <.1 1.0 0.5 0.4 0.1 0.2 0.2 0.3 1.2 
<.1 0.1 <.I 0.2 0.2 0.4 0.2 0.2 0.1 <.I <,I <.I + + + + - <.I - - -

<.1 <.I <.1 0.1 0.3 0.2 <.1 <.1 <.1 <.1 <.1 
.~<.I 

22.4 23.4 23.4 26.6 24.3 27.2 31.3 13.4 20.2 25.4 17.6 22.0 14.8 10.3 10.9 11.9 16.1 15.9 17.9 18.6 18.6 15.2 18.9 16.8 
7.9 7.5 4.8 4.2 6.6 6.2 5.2 1.6 0.9 2.5 0.9 + - <.1 -

+ + + + <.1 + <.1 <.1 + <1 <.1 + <.1 
2.1 3.2 2.5 2.6 2.4 3.5 3.1 2.1 2.7 2.7 0.4 <.1 + <,1 <.1 1.0 2.0 1.9 1.9 3.1 2.5 2.2 1.6 0.3 
1.3 0.8 0.8 0.6 0.6 1.0 1.1 0.9 1.9 1.0 0.1 <.1 + + + 0.2 1.0 3.3 2.6 0.6 0.3 0.3 0.4 <.1 

- + <I + + 
<.I + + + 

S<.1I 
0.4 0.3 0.2 0.4 0.3 0.2 0.1 <.1 0.1 <.1 +- <.1 + 

26.4 28.1 35.7 33.4 32.5 26.4 25.8 21.0 18.8 10.3. 7.9 6.1 1.5 0.8 1.3 2.2 4.2 7.1 4.5 5.6 6.5 8.2 2.2 1.7 
2.8 3.2 3.1 3.5 2.3 2.6 3.7 2.0 2.9 1.5 0.2 + + + - <1 0.6 2.6 3,0 1.4 0.6 0.6 0.6 0.1 
8.3 7.4 7.1 9.7 6.9 6.6 6.8 2.9 2.7 2.1 <.1 <.1 
0.1 0.1 0.2 0.3 0.4 0.4 0.2 0.1 <1 0.2 <.1 + 
0.2 0.3 0.2 0.3 0.2 0.2 0.2 <.I. <.1 <1 <.1 <.1 + + <.1 0.4 0.1 0.1 <.1 0.2 <.1 <.1 + + 

S<.1 + 
*<.1 . - - -- - -- - - - - - - - + ..  

13.1 15.2 13.5 15.0 19.5 19.8 16.6 12.9 13.1 14.5 19.8 15.1 9.6 4.2 2.9 2.7 4.3 5.5 7.0 7.8 11.6 10.3 7.3 3.4 

4.2 3.8 4.0 4.7 5.5 6.3 7.9 7.2 7.0 6.3 4.2 2.8 1.5 0.6 0.4 0.2 0.4 <.1 
<.1 - + <.I + 0.1 0.2 <.I <.I - - - - - - - -
3.8 2.8 1.1 0.8 0.9 0.9 0.4 1.5 6.5 1.0 0.2 <.1 + - <.1 0.2 <.I 2.3 0.7 <. - <.I 3.0 0.1 
<.1 <1 <.1 0.1 <.1 <.1 <.1 + <.1 + <.1 + + - - + <.1 <1 <I <.1 0.2 + + 

-+ + + + + + .

+ + <.1 + <1 <.1 <.I <.1 + + - + + 
0.2 + <.1 <.1 + + <.I <.1 <.1 0.2 <.1 + - - + + 2.4 1.1 + + - 2.0 + + 
1.7 3.0 3.3 2.9 3.9 4.2 3.3 4.2 2.8 3.5 2.3 0.8 0.6 0.4 0.7 0.6 1.2 0.9 1.6 2.3 1.2 1.2 1.9 1.4 
0.3 <.1 + <.1 <.1 + <.1 + 0.5 0.4 0.2 0.1 + <.1 

- + <.I 0.1 0.5 0.1 <.I <.I <.I 0.1 0.1 <.I <1 <I. .I <.I <1 0.3 0.2 0.2 0.1 0.3 0.1 0.3

< nl esasred but in low abqdanc, + only recorded as present



Horizontal Band Transects - Annual Algal Mean Cover/in 2 - North Diablo Cove Station NDC 3 at +0.3m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 199! 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations * Surveys 4 5 6 6 5 6 5 4 6 6 5 6 4 4 4 4 4 4 4 3 2 2 2 4 

% cYeMe

Bryopsis spp.  
Calliarthron/Boasiella spp.-complex 
Callithanmion pikeanum 
Callitiamnion sppiPleonospoiun spp.  
Callophyllis app.  
ChModracanthus canaliculatus 
ChondrAcnthus corymbifnam 
Chrysophyta unicL 
Cladophora app 
Codium fragile 
Codium aetchellii (prostrate) 
Colpomenia app.  
Colpomenialcateaa/Soranthera spp.  
Corallina officinalis 
Corallina vancouveriensis 
Cryptoplcura nipr•chtiana 
Cryptopleura violacea 
Cryposiphonia woodii 
Cystoacira osmundacem 
Deabesia manna (filamentous) 
Deamareatia spp.  
Egregia meaziesii 
Eadarachne/Petalonia-complex 
Endocladia muwicata 
Etythrophyllwm delesserioides 
Farlowia/Pikea spp.-complex 
Gastroclonium subarticulatun 
Gelidiwn coultei 
Gelidium pusillum 
Gelidiwn robustwn 
Grateloupia doyphoma 
Halorhipis winstonii 
Halosaccion amxcicanum 
Halynenia/Schi2ymni app.-comnplex 
Hy n spp.  
Janczewskia gardneri 
Laminaia a etchellhi 
Laminanales 
Maccyta spp.  
Maatocwazpjardinii 
Mastocarpus papillatus 
Mazzaella affinis 
Mazzaella californicum 
Mazzaclla flaccida 
Mazzaclla heteroar.pa 
Mazzaclla leptorhynchos

* -+ + . + - + . + + 

2.5 0.7 1.6 1.2 2.0 2.7 2.3 2.2 2.2 3.7 1.7 2.3 0.9 1.2 0.3 2.3 5.2 6.9 4.9 4.3 4.2 0.8 22.2 4.4 
0.7 0.4 0.2 0-1 <.1 0.1 <.1 <. <.1 + - - - - - + - - - . -

- 0.4 1.3 1.0 0.5 1.0 0.4 0.4 0.6 0.2 <.2 + + + <.1 <.1 + <.1 + 

' 07 <I1 <.I <.1 <.1 + <I1 <.1 <,1 + <,1 

13.2 12.5 12.1 16.8 18.3 19.2 20.2 19.3 23.9 18.9 47 2.3 0.2 0.5 2.4 6.2 6.9 8.1 7.5 1.4 1.6 2.1 2.2 1.9 
- - <.1 <.1 <.1 0.2 <.1 0.2 0.3 0.2 <.1 <.I - + 0.1 + <.1 - - - <.1 + 

<.1 <.1 <.1 + 0.1 + <.1 <.1 + 0.6 + 2.4 0.1 0.2 <.1 5.6 + 7.6 6.8 0.1 
<.I <.1 + + + + + + + + + + + <.1 + + + + + + + + + 

+ <.I <.I <.I 

+ <1 0.1 0.2 0.2 0.4 0.2 0.1 <I <.1 + + 
+ + + - + + + <.1 <1 + + + + 

4.8 3.3 3.9 2.7 4.1 2.8 1.9 2.8 2.1 1.4 0.2 0.1 <.1 + + 0.7 <.1 <I - - + 
6.9 11.6 8.8 9.1 11.1 8.9 6.8 8.3 6.5 6.3 8.0 2.0 6.1 1.2 2.0 1.1 1.3 48 1.7 1.7 1.7 0.9 6.4 13.1 
0.1 <.1 0.2 0.1 0.2 0.2 <.1 <I 0.3 0.1 - - - - - - - - - -
4.5 7.4 10.7 7.1 5.9 8.7 6.9 10.7 9.2 5.0 1.7 4.2 1.7 1.2 0.7 0.6 1.6 1.2 0.5 <.I 0.7 - 0.3 
<.I <.1 <.I <.I <I + <.I 0.2 0.1 + + + - + 

<.1 - <.1 <.1 
--- 5.1 0.3 0.1 

20.8 10.5 7.0 7.4 5.4 2.3 0.6 <.1 2.0 0.9 <.1 0.1 
- - - - - - + + 0.1 0.I 

0.3 0.2 0.3 0.3 0.1 0.1 0.1 <.I + <.I <.I 0.1 <I 0.2 <.I <.I 0.1 0.1 02 0.2 - <.I 
+ + + < I <.I <.1 

< I + 
5.5 5.8 8.8 7.2 9.2 7.7 8.6 13.9 13.2 12.6 13.5 16.4 11.6 6.7 6.9 3.5 3.8 5.2 3.1 1.1 2.0 1.5 0.3 2.1 

10.8 9.7 11.8 7.6 7.9 9.4 8.3 5.1 6.4 7.7 14.3 13.9 11.8 11.1 13.5 14.2 15.5 14.1 8.6 2.2 2.6 6.8 4.9 3.6 
0.3 0.7 <.I 0.4 0.1 0.2 0.3 <.1 0.1 0.2 0.4 0.1 <.1 0.2 0.5 <.1 0.3 <.1 + <.1 <.1 + - + 

<.1 <.1 <.1 
<.I <.1 - + 0.1 <.1 

<.i 

0.6 0.1 <.1 <.I + <.I <.1 <1 
0.1 <.1 + .0.3 <.1 <.1 <. 0.2 <.1 <.1 0.1 <.1 + 

+ <.! <.I + 

<,.1 < <. - <.1 
* - - + - - - - - - - - - + - + - + - - + 

- <. <.1 + + 2.2 
5.4 4.3 3.0 3.7 3.2 3.3 2.1 1.7 1.7 1.6 0.8 0.8 0.3 0.1 0.1 0.7 0.7 0.5 0.2 <.1 <.1 <.1 <.1 
1.5 2.3 2.9 2.4 1.8 1.4 1.2 1.8 2.0 1.8 3.7 6.7 1.1 4.1 8.4 6.2 4.0 1.9 0.7 0.2 0.3 2.0 0.2 0.1 
1.0 0.6 0.5 0.6 0.6 0.5 1.0 0.9 2.3 1.3 2.4 1.6 0.1 0.3 1.0 1.8 2.3 1.5 1.2 <.A 0.2 1.2 0.2 <I 

13.9 13.1 14.4 19.2 22.3 24.9 28.1 26.5 18.0 12.0 4.4 2.7 0.1 <.I 0.1 <.1 
0.7 0.2 <. 0.3 0.6 0.6 0.3 0.3 0.3 0.3 0.2 0.4 <.I 0.1 0.1 0.2 0.1 <.1 + 0.1 + + 
<. - - + + + 0.1 + <.I <.I 0.2 <.1 <1 <.1 <.1 <.1 <.1 + + <.I

(continued)
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Horizontal Band Transects - Annual Algal Mean Cover/m 2 - North Diablo Cove Station NDC 3 at +0.3m (continued)

Year 1976 1977 1978 1979 19$0 1931 1982 1933 1984 1985 1936 1987 1933 1989 1990 1991 1992 1993 1994 1995 1996 1997 1993 1999 

N Stations * Surveys 4 5 6 6 5 6 5 4 6 6 5 6 4 4 4 4 4 4 4 3 2 2 2 4

% Coverae (continued) 

Mazzealla lilacina 
Maznaella lineans 
Mazzaella roses 
MelobesiA ediocris 
Microcladia borealis 
Microcladia coulteri 
Nereocystis luetlkean 
Nienburgia andersoniana 
Non-coralline crut 
Osmtmdea app.  
Pelvetia compressa 
Phaeophyta (juv.) 
Phacostrophion iategulare 
PhylloapaiX Ipp.  
Plocaium violaceum 
Polynem latissima 
PoqrrIy spp.  
Prionitis spp.  
PtcrocldIA caloglossoides 
Ptaensiphonia dendroidea 
Rhodophyta (juv. blades) 
Rhodymenia xpp, 
Swcodiotheca gaudi••audii 
Scinaia confis 
Scytosiphon spp.  
Smithora ii.WLum 
Spogomor•la/Acriphonia-complex 
Ulva/Bnteromo- spp.  
coralline rust 
filamentous red algae-complex 
juv. articulated coralline algae

<.1 0.8 0.5 0.4 1.0 1.2 0.9 0.5 1.6 0.5 0.1 -
+ + -.  

<.1 <.1 
0.1 + + <.1 <.1 0.3 <.1 + <.1 <.1 + + 

<.1 <.1 0.1 + <.1 + <.1 + - + 
0.4 0.3 0.4 0.4 0.6 0.4 0.3 1.0 0.8 <.I + + <.1 0.2 0.5 0.2 + + 0.1 

- <.1 
--= -- <.1 " 

13.9 140 15.7 15.1 18.9 18.0 19.0 19.2 17.4 21.6 30.8 36.6 37.2 44.7 44.9 36.0 261 23.7 24.5 21.3 25.0 27.1 24.1 15.9 

0.6 0.3 0.9 0.9 1.9 1.2 0.5 1.4 1.2 0.9 0.3 0.2 <.1 <.1 <.1 0.1 0.3 0.2 <.1 + 

<.1 -0.4 

+ + <.1 <1 

4.1 7.6 15.3 16.9 15.6 13.2 9.1 3.3 11.7 11.2 7.5 7.3 0.7 0.9 1.0 1.0 0.6 0.5 0.3 <.1 

* --- - - <.1 - * + " 

0.4 5.4 0.5 1.9 1.2 1.2 0.3 0.6 2.2 1.4 0.3 <.I + <.1 <.1 1.6 + 0.1 0.1 + - + + 0.8 

1.4 2.1 3.8 4.1 3.0 3.7 2.6 4.1 4.0 31 2.7 3.2 3.7 3.1 5.4 5.9 7.4 6.7 3.1 0.5 0.4 2.6 2.3 2.7 

I+ .1 <.1 -"+ + + <.1 + + <.1 

+ <.1 <1 - <.1 -I 

<.1 02 <.1 <.1 <.1 <.1 0.1 0.4 0.4 0.4 0.2 0.2 <1 0.2 <.1 0.2 0.3 <.1 + + + 0.1 

+ + 1.7 + 

0.1 <.1 2.2 0.8 1.3 1.0 <.1 <.1 0. <.1 + + 

2.2 0.5 <I 1.7 + + 0.1 + + + + <.1 + + + + - - 0.1 

4.0 2.1 0.3 2.4 0.4 <.1 0.5 0.5 0.9 0.3 <.1 + + 0.5 4.1 12.3 9.2 5.1 5.2 1.8 4.9 13.7 <.1 <.1 

4.0 4.1 5.1 5.2 6.9 8.4 3.8 8.0 10.7 9.8 12.8 6.7 6.3 4.5 3.9 6.1 7.8 9.9 11.3 10.5 10.2 6.9 12.2 7.9 

1.6 2.4 0.9 0.3 1.2 0.9 0.3 0.4 0.6 0.5 <.1 <.1 + 0.3 3.1 17.0 12.9 14.0 1.0 1.6 17.8 5.1 19.0 

. 1.2 0.1 0.3 0.6 0.7 0.6 0.5 0.5 0.5 0.5 1.5 0.6 0.5 0.5 1.1 1.3 2.0 1.2 1.6 2.1 1.3 2.0 3.0

<.1= meased but in low abundance. + =only recorded as present



Horizontal Band Transects - Annual Algal Mean Cover/n 2 - North Diablo Cove Station NDC 3 at +0.91n

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Sveys 4 3 6 6 6 6 6 6 6 6 6 6 nr 3 4 4 4 4 4 3 2 2 2 4

Analipusjaponicus 
callialrhronsBosiella spp.-complex 
Callithaumion pikeanum 
Callithamnion spp./Pleonosponrium spp.  
Chondracanthus canaliculatus 
Choadracenthus wrymbifenis 
Clysophyta unaid 

Codium fragile 
Codium setchellii (prostrate) 
Colpomenia app.  
Corallina oflicinalis 
Corallina vancouvenenasi 
Qypopleura violacea 

Capoilcj woodji 

COnagioia medsonii 
Derbesia marna (filamentous) 
Evregia menzaeaui 
Endocladia muricata 
Fucus gardnoe 
Gastroclonium subarticulatum 
Gelidium coulteri 
Gelidium pusillum 
Gelidium robusturn 
Gratekua d-A*-a 
Halokaccion amoecanum 
H-alynena/Schizymea spp.-complex 
Hesperophycus californicus 
Laminariales 

Ma-ocytis app.  
Mampu•idnii 
Mastocarpus papillatus 
Mazzaella afafis 
Mazzaella flaccida 
Mazzaella heterocarpa 
Mazzaella lepotdtyncos 
Mazzaella lilacina 
Microcladia borealis 
Miefcladia coulteri 
Ncolhodornela larix 
Non-coralline crust 
Osmwndea spp.  
Pelvetia compressa 
Phaeoatroplon mngulare 
Phyllospadix app.  
Plocamium ca'tilagincum

+ <.1 + + + + <.I + 

0.3 0.2 0.3 0.3 0.4 0.4 0.5 0.3 0.3 0.8 0.4 0.2 
0.2 0.7 0.2 <.1 <1 <.1 + + + + -
0.4 <.1 0.2 0.1 <.1 0.2 <.1 <.1 <.1 + * + 
5.1 5.2 5.2 7.6 7.1 7.6 7.5 7.7 8.2 5.8 1.4 <.1 

0.2 <.1 <.I + + <.1 <.1 
0.2 <.1 0.1 0.3 <.1 <.1 <1 <.1 <I <.1 + + 

* - <.i + - - - -
I+ + 

0.2 <.1 <.1 <.1 <.1 <,1 + <.1 <.1 + 

6.6 7.3 7.8 6.9 8.0 8.2 7.8 5.9 3.9 3.2 1.3 0.4 
0.3 0.6 1.2 0.9 1.3 1.7 0.8 1.2 0.9 0.4 <. 0.1 
<I. < <.1 1 <,1 0.1 02 <,1 <.1 01 <.1 <I <I1 

1.0 0.6 0.2 0.2 0.3 <.1 1.4 <.1 
27.0 24.7 22.2 25.4 26.9 24.2 23.6 24.5 25.4 26.4 18.9 19.8 
0.3 0.3 0.4 0.7 0.3 + <.I 0.4 0.1 0.2 <.1 
<. 0.2 0.3 0.3 0.2 0,9 1.5 1.5 1.2 1.6 0.3 0.6 
3.8 2.8 3.6 2.9 2.3 3.2 2.8 2.9 2.6 1.7 1.7 1.3 
2.0 1.9 0.7 0.7 0.5 0.7 0.7 0.7 0.7 0.4 0.2 0.2 

0.1 + <.1 + 

<.1 

5.9 3.4 3.3 4.2 4.0 2.9 2.4 2.2 1.0 1.3 0.8 0.2 
143 18.5 13.5 13.1 11.5 12.4 11.8 11.6 13.4 9.5 10.3 6.5 
2.1 1.7 1.3 2.4 1.6 1.6 1.6 2.0 3.3 3.4 1.7 1.0 

14.5 15.8 16.4 19.7 18.5 19.1 17. 14.1 10.0 6.6 1.1 <.1 
<.I 0.1 0.2 0.4 0.8 0.6 0.1 0.2 0.4 <.I <.I <.1 

- <.I <.I <.1 <.1 + <.1 0.2 0.2 <.1 <.1 
- <. <.1 <.I <.1 

<.1 + + <.I + <.I <.1 
0.7 <.I <.I + + <1 + + 

19.2 16.2 20.3 19.2 22.2 23.0 21.2 23.0 18.8 23.6 27.8 28.3 
<.1 <.I 0.2 <.1 <.1 0.1 <. <. <.1 <.1 -
4.5 3.2 4.6 5.4 5.2 4.7 4.8 3.8 4.2 4.8 4.3 2.3 

<.1 + <.1 + + + + <.1 + 
<.I - - - - - -

0.3 + <.1 0.1 0.1 <.1 0.3 

+ <.1 0.1 0.3 1.0 0.6 0.2 
* - + + 

2.3 1.1 0.6 0.3 0.9 
+ + + + + + + 

*+ + + + 

<.1 
+ + <.I <.I <.I <.1 

+ + 0.1 <.I 

0.5 

7.6 8.7 10.1 12.9 13.3 12.1 11.3 

+ + <.I <.1 
0.3 0.4 0.6 0.8 1.8 1.9 0.3 
<.1 <.1 <.I 0.1 0.4 0.1 + 

- - + 

* - - + + 

+ ++ 

<.I <I <.I <.I 
4.3 6.5 7.2 5.2 5.0 2.0 0.6 
0.6 0.2 0.7 2.4 2.6 2.2 0.4 

-- <.1 -
+ - <1 + 

+ + <.I <.1 <.1 +

0.1 0.2 0.3 

+ <.1 + + 

0.6 0.2 <.1 <.I 
+ + + + 

- * <.1 + 

+ + 

+ + 0.6 2.2 
* + + 

9.2 7.8 13.0 4.3 

- 0.2 + + 
0.2 1.5 0.1 0.3 
0.2 05 + + 

0.3 

0.8 4.1 0.3 <.I 
0.1 1.2 <.1 <.I 

<.1 + 
- +

22.6 27.3 22.8 21.2 22.7 22.3 23.8 25.9 23.5 28.8 10.1 
+ + + -. <.I

(continued)
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C- C..C.
Horizontal Band Transects - Annual Algal Mean Cover/rn 2 - North Diablo Cove Station NDC 3 at +0.9m (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations Surveys 4 3 6 6 6 6 6 6 6 6 6 6 ns 1 4 4 4 4 4 3 2 2 2 4 

% Covere 

Plocamium violaceum <. ! 
Pophyra spp. 2.8 9.1 1.0 4.2 2.4 1.6 0.2 1.0 4.7 0.9 0.6 + <.1 1.0 0.6 0.7 0.4 + + + + 0.1 
Prionitis spp. <.1 <.1 0.1 <1 <.1 <.I 0.1 0.1 0.2 0.1 <.1 <.1 <.I 0.1 0.1 0.1 <.1 0.1 0.1 <.1 + <.1 
Pterosiphonia dendroidea- + + + + + -+ 

Rhodophyta (juv. blades) + 
Sarcodiotheca gaudichaudii + <.1 + + <.1 <.1 <.1 <.1 <.1 <.1 + + + + + 

Scinaia confusa -- + 
Scytosiphon spp. <1 
Spongoamorph/Acrosiphonia-complex 0.2 <.I + 0.4 + + + <.I - + + + - -

UNa/Enteromorpha spp. 0.1 0.2 0.6 0.8 + <.I <.1 0.5 0.4 <.1 + - + 6.0 12.6 6.1 5.4 2.2 1.9 7.1 0.2 <.I 
coralline crst 2.3 4.5 5.1 4.9 5.3 6.6 6.5 6.8 5.5 6.3 5.3 2.0 1.2 1.0 1.4 1.8 3.3 4.9 3.4 3.5 3.1 7.0 2.1 
filamentous red algae.complex 0.2 1.0 0.1 0.2 0.1 0.1 0.1 <.1 0.1 <.1 - + <.! 2.4 5.5 3.6 2.0 <.1 <.1 4.0 0.7 0.5 
juv. aticulated coralline algae - 0.3 <.I 0.1 0.5 0.2 0.1 <.1 0.4 0.4 0.1 0.3 + <.1 + 0.4 0.2 0.3 0.2 02 0.2 1.8 0.3

<.1 = measured but in low abundance; + = only recorded as present



Horizontal Band Transects - Annual Algal Mean Covcr/rn 2 - South Diablo Cove Station SDC I at +0.31n

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Suveys 4 2 ns na na na 4 S 6 6 5 4 4 4 4 4 4 4 4 3 2 2 2 4 

% Covwr&.

Ahnfeltiopsis leptophylla 
Analipusjaponicus 
Bryopsi spp.  
Calliahron/Bossiella app.-complex 
Callithannion pikeanum 
Callithamnion spp./Plconospoum spp.  
Callophyllis spp.  
Chondracanthus canaliculatus 
Chondracan•tus cwymbiferus 
Chondracanthus haiveyanw/spinosu 
Chondrna decipieas 
Caysophyta und.  
Cladophora spp.  
Colpomaena pp.  
CokpomenmIlcatheia/Soranthera spp.  
Corallina oflicinalis 
Corallina vancouveriensis 
Cryptopleura npechtiana 
Cryptopleura violaces 
Cryptasiphnia woodii 
Derbesia marina (filamentous) 
Egregia menziesii 
Endocladi muricata 
Farlowia/Pikea spp.-complex 
Fucus gardori 
Gastroclonium subarticulatum 
Gelidium coultesi 
Gelidium pusillum 
Gelidium robustum 
Grateloupia dmyphora 
Gnmogongnu chiton 
Halorhipis wintonii 
Halosaccion amcrcanum 
Halymenia/Schirimenia spp.-complex 
Hy -enea spp.  
Laminaria setchellii 
Ma •ocyati spp.  
Mastocapusjardini 
Mastocarpus papillatus 
Mazzacila affinis 
Mamella californicum 
MaZIZclla flaccida 
Mazzaclla hetemcaqwp 
MazzaeUa leptorhynchos 
Mazzaella lilacina

2.7 1.2 
0.4 + 

7.0 9.4 

<.1 0.1 
+ + 

- + 

0.2 0.9 
0.4 3.5 

<.I 0.3 
<.I 0.3 

1.2 0.7 
0.1 3.0 
<.I 0.1 
<.  

13.3 17.2 
2.0 4.7 

0.2 0.3 

0.5 <.I 
0.5 0.6 

0.4 

0.1 0.2 
10.2 9.6 
0.2 0.6 

4.2 2.5 
2.0 1.4 
1.4 1.2 
0.7 1.3

+ <1 <.1 + + + 
* + * + - * + * - -- 

+ <.I 
2.9 1.3 0.4 0.5 1.1 0.2 <.I <.1 <.I 0. <.I <,I 0.2 + + 0.3 3.6 <.I + * .--- -<I 

+ <.1 <.1 
10.6 3.6 2.3 1.6 3.1 0.7 0.5 0.6 6.5 17.3 24.6 16.4 20.6 9.5 14.4 13.7 25.0 0.2 
0.5 <.1 - - - - + 0.1 0.2 0.1 <.1 0.1 0.5 <.I 

0.2 <.I 0.1 0.3 1.2 1.1 0.2 
<.1 + + <.I 0.4 <.I 

0.3 <.I 0.3 + <.1 0.3 + + 0.9 0.7 0.2 1.6 <.I 5.2 3.2 
+ + + <.I <.I <.1 0.2 <.I + + + + + + - <.I + 
+ - <.I <I + - + + + 0.1 0.2 

0.6 0.3 <.1 + 0.2 + + + + 
0.5 0.6 0.1 0.1 0.3 0.1 <.I + <.1 <.1 + 0.2 <.I <. 0.1 1.1 3.4 

1.5 1.5 <.1 0.6 0.9 8.5 6.0 3.1 6.4 9.4 23.4 23.6 12.5 10.8 5.7 14.0 7.0 0.4 
0.2 <.I + + + + <.I + - <.1 - 0.2 

<1 
<.1 0.3 
<.1 0.5 0.1 - + <.I <.I <.I 0.2 <.A <.I 

+ <.I + 1.2 <.1 + <.I <.I <.1 + 0.1 <.I 

22.4 4.6 <.I <.I <. 0.3 0.2 0.3 0.8 2.8 7.4 13.1 15.9 13.3 12.2 31.1 3.5 + 
2.5 1.8 0.1 1.1 3.7 8.2 9.8 13.8 13.9 12.2 8.3 3.1 2.7 1.3 3.8 1.8 7.2 0.8 
0.2 + <.I <.I + + <.I <.1 0.4 0.2 0.2 0.2 0.1 + 0.2 + <.A 

- <1 - + 
0.6 0.2 1.2 0.2 0.2 0.2 <.I <.1 <.1 0.2 0.1 3.1 0.4 2.8 0.2 

+ <.I 

0.2 <. - + - - <.1 
0.2 0.2 0.4 <.I 0.5 0.9 + <.1 0.3 <. 0.2 0.6 0.8 1.8 0.3 0.4 1.4 0.5 

<.I 

-- 0.2 3.1 
0.4 0.3 + + + + <.1 0.3 + 0.1 <. <. + - - + 
3.8 1.8 7.2 12.9 19.5 15.3 9.9 25.6 26.2 16.6 8.0 1.6 0.5 0.1 2.0 0.1 <.I <.  
1.4 0.3 0.5 <.I 0.6 1.2 0.7 0.5 2.0 1.5 1.4 1.5 2.0 0.8 1.3 1.2 2.4 0.2 

<.I 
7.7 0.8 + 0.2 0.3 <.1 + <.I 
1.9 0.4 <.1 <.1 0.2 0.4 0.3 0.4 0.4 0.3 0.4 0.3 0.2 <.I 0.4 + 1.5 <.1 
1.1 0.5 <.I 1.4 0.8 1.3 0.3 0.6 0.6 <.1 0.5 0.2 0.2 <.I + + + 
0.3 <.I - 0.2 - <. - -

(continued)
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(7 C. C
Horizontal Band Transects - Annual Algal Mean Cover/m2 - South Diablo Cove Station SDC I at +0.3m (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 4 2 ns ns ns ns 4 5 6 6 5 4 4 4 4 4 4 4 4 3 2 2 2 4

% Coversae (coritinued) 

Mazzaella lincaris 
Melobesia mediocris 
Microcladia borealis 
Microcladia coulteri 
Neodhodomela larix 
Nienburgia andersoniana 
Non-coralline crmst 
Osmundes spp.  
Phaeostrophion iregulare 
Phyllospadix app.  
Pophyra spp.  
Prionitis spp.  
Pterosiphonia dendroiden 
Rhodophyta (juv. blades) 
Sarcodiotheca gaudichaudii 
Sarpasun muticurn 
Scytosipho, spp.  
Smithora naiadurn 
Spongonomorp Acrosiphonia-comnplex 
Ulva/Eneemph spp, 
coralline crust 
filamentous red algae-complex 
juv. articulated coralline algae

0.6 

<.1 

0.7 1.4 
1.1 1.2 

16.2 13.9 
<.I <.1 

9.9 3,9 
2.7 1.8 
1.8 5.7 
<.1 <.1 

0.3 0.9 

<.1 
0.3 1.5 
9.0 8.0 
2.4 1.8 
0.2 0.1 

1.3

0.3 <.1 + + + 
0.9 2.1 <.I <.1 <.1 

- - - - <.1 <.1 - - 0.4 
17.8 14.4 24.5 22.8 22.6 23.8 38.4 33.0 28.2 22.6 17.5 8.5 7.8 8.8 7.7 89 10.3 23.9 
0.1 <.1 + 0.1 0.2 0.3 <.1 0.3 0.2 0.3 0.6 0.4 0.1 0.1 + <.I 

+ <.1 
9.8 2.8 <.I 
3.8 0.4 1.3 0.9 0.4 0.1 <.1 <.I + 
3.6 2.6 2.3 3.4 4.4 8.1 3.1 8.8 9.7 9.1 1.4 1.9 5.8 3.8 3.1 4.8 5.6 0.5 
0.2 0.7 <.I <.1 <.1 + - - - + 0.3 0.4 0.2 0.5 0.7 0.9 2.1 0.2 

- - <.1 + <.1 + - -
0.3 <.1 + <.1 <.1 <.1 + <.1 <.I <.1 <1 <. 0.2 0.1 

-" 7 5.0 

1.9 
<.1 <.1 4.6 + <.1 <.1 + - + + + 1.7 + 
3.9 <.1 3.1 1.7 + - - 5.6 2.8 1.2 1.1 8.7 11.4 15.9 8.0 1.5 1.3 
123 2.7 1.7 1.0 2.1 1.6 1.2 2.0 1.3 1.7 2.3 1.2 0.9 1.9 0.7 2.0 3.7 5.3 
0.2 0.3 <.I <.1 <.1 - - <.1 9.7 19.3 12.0 18.2 16.3 5.5 2.8 6.1 
0.2 0.2 <.1 0.7 0.3 <.1 + <.1 < <.1 <.I 0.2 + <.1 + 0.1 + 0.8

<1 - mneasured but in low abundance; + = only recorded as Present



Horizontal Band Transects - Annual Algal Mean Cover/m2 - South Diablo Cove Station SDC I at +0.9m

Year 1976 1977 1973 1979 1980 1981 1932 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations Surveys 4 2 ns Di ns ns 5 6 6 6 5 5 4 4 4 4 4 4 4 3 2 2 2 4

Ahnfeltiopsis leptophylla 
Analpus japorucus 
Blyopsis app.  
Calliarlhron/Bossiella spp.-complex 
Callithanmioan pikeanum 
Chaeton-pha pp.  
Chondracanthus caljiculatus 
Chondracandwas coaymbiferus 
Chondracanthus harveyanus/spinosus 
Chondra decipiens 
Chzsophyutaunit 
Cladophom app.  
Colpomenia spp.  
Corallina oflicinalis 
Corallina vaneouveneaja 
Crytoplcura ruprechtiana 
Cryptoplcura violacca 
Cptoasiphonia woodii 
Cumraloia anderonii 
Egregia men sii 
Endocladia muricata 
Farlowia/Pikes spp.-complex 
Gastroclonium aubarticulatua 
Gelidium coulteri 
Gclidium pusillum 
Gelidiurn app.  
Grateloupia doryphora 
Halicystis ovalis 
Halosaccion amencanum 
Haly ia/Sduizymma spp.-complex 
Haplogloia andersonii 
Laminariales 
M-ar stis app.  
Mastocapuajudnii 
Mastocarpus papillatus 
Mazzaella affinis 
Mazzaella flacmida 
Mazzaella heterocmpa 
Mazzaella leptorhynahos 
Mazzaella lilacina 
Mazzmella rosea 
Melobesia medioens 
Microcladia coulteri 
Neorhodomela larix 
Nienburpai andersoniana

C

<.I 
2.5 2.8 

<.I <.I 

2.4 3.3 

.4 .  

0.7 
0.8 I 

0.1 0.1 

<.I 
0.1 0.3 

<.1 0.1 
2.2 2.5 

<I 

<.1 

0.3 + 
0.2 

0.3 0.2 
13.4 20.7 
0.2 0.3 
1.4 1.4 
0.6 0.7 
2.6 3.7 
<1.  

0.4

- -- -- - + + - + 

4.6 1.4 + 0.1 0.3 < 1 <.1 + + + 0.1 + <.1 <I + 0.2 1.6 
<.1 

S<.1 + 
4 1.7 <.1 0.4 0.3 <.1 <.1 + 0.4 1.1 4.5 12.5 22.6 13.1 5.1 4.9 10.4 0.1 

<1 - <.1 + + <.1 
<.I <.I 

<I + 
0.6 <.1 0.7 <.I - 1.6 + + 1 0.8 0.4 
<.1 + + <.1 <.1 <1 0.2 <.1 + + + + + + 0.1 + + + 

+ + <.1 + + + - + + + 
<.1 <1 + 0.2 + - + 
1.5 0.3 <.1 <I 0.4 0.5 0.2 0.2 <.1 <.1 0.2 <.1 <1 <.1 <I <.1 0.2 1.4 
<1 - -.  
0.3 <1 - 0.1 <.I 1.4 1 0.4 1.1 1.5 5.5 10.2 6.6 3.6 4.1 5.6 3 0.1 
0.2 <.1 - <.1 + -- + - - <.1 

<÷ 

+ <.1 + <.1 <1 <.1 <.1 <.1 <.1 - + 
+- <.1 + <.1 + + 

0.4 <.1 + <.1 <1 1 0.1 1.5 3.5 8.7 11.6 9.2 6.9 2.8 <.1 
3.2 1.1 + 0.4 0.8 2.7 3.2 3.2 6.3 10 15.8 15 11.2 7.9 12.5 5.6 13.4 0.7 
0.3 <.1 + + <.1 + + 0.2 <.1 0.2 0.9 1.3 0.7 0.3 + 0.6 0.8 <1 

<.1 - <.1 0.6 0.1 <.1 <.1 - 0.1 0.6 3.9 1.2 3.2 0.5 

0.3 <.1 
<.1 + <.1 <.1 <.1 + <.1 + <.1 <.1 <.1 0.6 0.4 0.5 + 0.3 I 0.5 

0.8 <.1 - <.I <.1 0.2 - 0.5 0.2 0.2 <I. + <.1 + + 
14.5 2.1 0.7 9.5 10.6 11 7.2 15.1 25.2 23.8 19.1 10.6 6 3.9 7 4.1 0.9 <1 
0.8 0.3 <.1 <.1 0.1 0.1 0.2 <.1 0.4 0.5 0.7 1.9 3.8 2.9 2 1.6 4.4 0.3 
3.1 0.4 - 0.3 0.2 + + + - - - - - - - -
1.8 0.1 + <.1 <.1 0.3 <.1 0.4 0.1 <.1 <.1 0.3 <.I <.1 + + 1.7 0.3 
1.7 0.4 <.1 0.8 0.1 0.5 0.3 0.4 0.3 0.2 0.9 0.8 0.5 0.5 0.7 0.3 <.1 + 
<I. <.1 

<.1 <I. + 
* - <.I

(continued)
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C, C C.

Horizontal Band Transects - Annual Algal Mean Cover/m 2 - South Diablo Cove Station SDC I at +0.9m (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1917 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

N Stations * Surveys 4 2 ns n ns s 5 6 6 6 5 5 4 4 4 4 4 4 4 3 2 2 2 4

% Covenrg (montinuedl 

Non-coralline crust 
Oamundea &pp.  
Pelvetia compressa 
Phacostrophion inegulare 
Phyllospadix spp.  
porplyra spp.  
Prionitis spp.  
Pterosiphonia dendroidea 
Rhodophyta Ouv. blades) 
Sarcodioaheca gaudichaudii 
Sargassum muticum 
Smithora naiadum 
Spongomorpht/Acrosiphonia-complex 
Ulva/Entemrnoffpha app.  
coralline crust 
filamentous red algae.complex 
juv. articulated coralline algae

21.1 20.7 
<.1 + 

0.7 0.4 
2 3.8 
1 0.6 

0.2 

0.3 2.9 
8.7 1.4 

I 3.1 
<.1 0.1 

1.5

24.6 7.6 9.1 14.7 22.6 28.5 33.6 38.5 36.9 41.3 32.2 20.1 20.4 25.7 34.1 28.8 27.7 34.8 
0.2 <.1 + <.1 <.1 <.1 0.3 0.3 0.7 0.2 + <.1 0.2 

<I+ 
- <.1 + - - -

2.9 0.2 
9.6 1.3 0.4 6.6 1.9 <.1 <.1 - + <.1 0.1 0.2 <.1 <.1 
1.1 0.2 <.1 1 2.3 2.8 1.7 2.9 3.9 4.3 3.3 3.2 3.6 4.3 2.7 4.1 3 1.6 
0.2 0.4 <.I <.1 <.1 - <.1 0.3 0.7 0.6 0.7 1.8 1.1 1.2 + 

+ <.I + + + 
<.1 0.2 + 0.1 0.2 

. -2.6 
0.3 
<.1 + 0.7 <1 <.1 + + + <.1 + 
4.9 <1 5.8 0.4 + 8.5 5.9 9.6 5.5 5.3 8.8 5.9 II 2.3 2.4 
1.9 1.1 0.3 0.3 0.6 0.3 0.2 0.2 0.4 0.7 1.2 1.1 0.9 1.6 I 2.2 2.6 4.7 
0.4 0.1 + 2.4 7 3.8 3 3.5 0.8 I 1.2 
0.3 0.2 + <.1 <.1 0.1 + + <.1 <1 <1 + + <.1 + + 0.3 0.9

<. I menasured but in low abundance- + - only recorded as present



Horizontal Band Transects - Annual Algal Mean Cover/in2 - South Diablo Cove Station SDC 2 at +0.3m 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Station * Surveys 4 6 6 6 6 6 6 6 6 6 5 6 ns I 4 4 4 4 4 2 ns ns ns 4 

% coverage

Ahn'eltiopsis leptophylla 
Ahnfeltiopsis Imearis 
Bryopais spp.  
Calliarzhon/Bossiella spp.-complex 
Callithamnion pikeanum 
Callithamsion spp./Pleonoaporinu spp.  
Callophyllis spp.  
Chondracanthus canaliculatw 
Chondracanthus corymbifenja 
Chondria decipiens 
Claysophyta unid 
Cladophora app.  
Colpomeza app.  
Colpomuia/Leaheaia/Soranthera spp.  
Couallina officinalis 
Coualina vancouvcinamis 
CryptoplIum rupreciana 
Cyptopl• cu violac 
Ciyrtiphonia woodii 
Delesseriacese (juv.) 
Egrqea menziesii 
Endocladia muicata 
Farlowia/Pikea spp.-conplex 
Fucus gari 
Gastoclonmium aubarticLahn 
Gelidium coulteri 
Gelidium puaillum 
Grateloupia doryphora 
Gyimnogom=rv chiton 
Halosaccion amencarnun 
Halymenia/Schizymenia spp.-com•lex 
Laminaria aetchellii 
Lanamiales 
Macrocystia spp.  
Mastocalpa jardinii 
Mastocarpus papillatus 
Mazzaella aflinis 
Mazzaella flaccida 
Mazzaella heterocarpa 
Mazzaella leptorhynchoa 
Mazzaella lilacina 
Mazzaella lineari 
Mazzacila roaea 
Melobesja mediocris 
Microcladia borealis

-. + + -+ 

<.1 <.1 <1 <I <.1 
0.8 <.1 <.1 <I + + + + + + 

1.4 1.4 4.5 1.9 4.1 3.0 2.8 1.5 1.8 4.2 1.3 0.6 
<.1 <.1 <I + <.1 

- <I. <.1 
9.0 9.7 12.2 10.1 8.3 9.4 8.2 4.7 9.9 2.6 0.5 0.4 
<.1 <.1 <.1 - + - . <.1 

<.I <I + + + + < 1 <.1 + <.1 
0.2 0.7 <.1 0.2 0.6 2.6 0.7 <.I 

+ <.1 <.I + <.1 < 1 <.1 + + <.1 <.1 <.1 
+ + + + <.1 + <1 + 

<.1 <.1 + + - + + 
1.7 2.4 1.6 1.0 1.4 1.5 0.6 0.3 0.3 0.1 <.1 <.1 
2.0 2.9 2.7 4.0 5.5 4.0 3.1 1.3 2.6 2.9 1.5 1.9 

- <I - - + <.1 < + + 
0.2 0.3 0.7 0.5 0.1 0.9 0.6 0.2 0.3 0.7 + 1.8 
<.1 0.2 0.2 <1 0.2 0.1 <.1 <I <.1 + <.1 

1.6 0.6 + <.1 - 0.4 07 <.1 
- <.1 <.1 - 0.1 <.1 + <.1 <.1 + 

<.1 <.1 + <.1 <.1 
0.3 0.9 0.1 <.1 <.1 <.1 0.6 + -
3.2 1.7 3.4 3.5 4.3 3.1 3.0 0.3 0.6 0.4 0.3 0.6 
3.8 2.5 4.2 3.4 3.4 4.7 4.8 3.3 28 9.4 3.5 6.5 
0.1 <.1 <.1 <I 0.3 0.2 0.2 <.I <.1 <.1 <.1 0.2 

<.1 0.1 <.1 0.2 0.1 0.3 <.1 <I. <I. <I.  

<.1 + + + <.1 
<.1 0.3 0.2 <.1 0.3 0.3 0.5 0.2 0.1 0.1 + 

<.1 - <1 + 

2.5 1.6 1.8 2.7 2.7 2.9 2.9 0.1 1.1 0.6 <.1 0.2 
7.5 11.4 14.0 10.4 10.8 11.3 9.9 4.1 8.7 6.0 4.8 7.3 
6.0 5.1 4.8 6.9 4.5 4.5 5.9 4.1 4.2 3.5 1.3 0.8 
1.9 3.4 3.4 2.5 3.1 2.9 3.1 2.2 0.7 0.2 0.1 <.1 
0.8 0.9 0.9 1.3 0.7 2.0 1.0 0.3 0.2 0.2 0.2 0.2 
0.5 0.4 0.8 0.3 0.1 0.3 0.3 0.8 0.4 0.2 0.1 0.2 
0.5 0.4 0.3 0.9 0.4 0.3 0.2 0.6 <.1 <.1 <.1 

*- + - - +
-- + + + + + + 

-÷ -

C

+ 0.3 0.5 0.2 0.4 0.7 0.5 

2.7 2.7 6.3 7.9 11.2 9.8 3.8 
+ <.1 + + 

0.1 0.2 0.1 0.3 0.1 <.1 <.1 
- 2.5 3.8 <.1 0.2 1.5 0.3 

+ + + + + + + 

+ <1 + + 

<.I + + <.1 + + 
1.3 0.4 1.0 1.5 1.2 1.1 0.3 

- - - + <.1 
0.6 0.8 1.7 3.8 4.3 1.6 0.8 

0.1 0.2 <.1 0.2 

<A1 

0.4 1.1 2.8 3.1 6.6 4.8 2.3 
1.5 7.4 6.8 5.7 4.7 4.7 3.4 
0.2 <.1 0.5 0.6 1.1 0.5 0.1 

- 0.2 <.1 + 0.5 

<1 + <.1 <.1 + + 

0.4 2.4 2.2 0.5 0.2 + 
5.3 16.5 22.0 18.6 20.7 21.5 7.5 
0.1 1.4 1.7 1.1 1.8 2.4 1.8 

0.1 0.2 <.1 0.3 <.1 <.1 
+ 0.1 0.1 0.4 0.1 0.6 0.3 

- - +

Cr

1.0 

0.6 

0.2 

+ 

<.1 

1.8 

<.1 

0.1 
3.0 
<.1 
0.7 

+ 

3.6 
0.5 

+.

(continued)
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(7 C C.
Horizontal Band Transects - Annual Algal Mean Cover/r 2 - South Diablo Cove Station SDC 2 at +0.3m (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations * Surveys 4 6 6 6 6 6 6 6 6 6 5 6 na I 4 4 4 4 4 2 ns m ns 4 

% Coversue (continued)

Microcladia coulteri 
Neorhodomela larix 
Nienburgia andersonian 
Non-coralline crust 
Osmundea Sap.  
Pelvetia eropremsa 
Phaeophyta, 0-v) 
Phaeostrophion irregulare 
Phyllospadix spp.  
Polyneura latissima 
Porphya spp.  
Prionitis australis 
Prionitis spp.  
Ptemriphonia dendroidea 
Rhodophyt yuv. blades) 
Sarcodiotheca gaudichaudii 
Sargassurn muticum 
Smithora naiadum 
Soranthera ulvoidea 
Spongomorpha/Acrosiphoniacomplex 
Uva/Ente-morpha spp.  
eoralline cudt 
filamentous red algae-complex 
juv. articulated coralline algae

0.1 0.4 0.3 <.1 <.1 0.1 0.1 0.2 0.1 + + + 
7.5 5.7 5.7 9.4 6.5 7.3 6.1 2.5 1.7 1.9 0.6 0.4 

23.8 23.0 25,7 20.5 29.5 27.6 22.3 27.7 34.5 31.5 35.6 44.5 
<.1 <.1 <.1 <.1 0.1 0.2 <.1 + <.1 <.1 + + 
<.1< 

- - - - - - <.1 
<.I + <.I <.I + <.I < I <I <.I 
6.2 2.6 3.5 6.1 6.7 7.5 8.5 2.0 1.2 0.2 <.1 "0.2 

. <.1 < 1 + 0.1 <1 + + 
2.9 3.1 2.6 5.1 2.9 2.5 2.3 8.8 2.7 3.1 <.1 <.1 

0.8 1.5 3.7 3.0 2.3 2.3 1.3 2.6 2.8 2.9 3.0 5.9 
+ + <.I <.I 0.1 0.2 0.1 <.I <I 0.1 + <.I 

<.1 . 0.1 <.1 <.1 0.2 + 
<.1 <.1 <.1 0.1 + <.I 0.1 <.1 <1 <.1 

0.4 + 0.2 0.2 0.8 0.5 <.1 + + 
*+ + + + - + + 

3.0 1.2 0.2 0.9 0.2 <.1 <1 3.2 0.8 <.1 + <.1 
7.0 9.1 9.3 7.1 1.5 2.4 5.2 3.2 4.9 4.7 + + 
3.8 5.6 3.8 3.3 5.6 5.2 6.0 10.8 7.6 9.5 7.8 6.3 
<.I 0.2 <.1 0.2 <.1 0.2 0.3 0.1 0.2 <.1 + <.1 

- 0.2 <.I 0.1 0.7 0.3 0.2 1.1 0.3 0.7 0.4 0.7

-- + * - + 
<.1 <.1 <.1 <.1 

- - - <1 
62.9 37.1 35.8 32.1 31.0 31.9 42.3 

+ <.1 0.2 0,2 0.1 0.1 + 

0.3 <.1 0.6 0.9 0.6 <I1 

2.9 4.1 4.7 4.1 6.2 7.3 6.6 
- - + 0.1 0.1 <I 0.5 

+ <.1 <I + + 

*. + + + <.1 
11.2 2.6 15.2 6.3 9.0 5.1 

3.3 2.3 2.9 3.3 3.8 5.9 10.7 
- + <.I 0.4 <.1 0.4 

0.3 <.1 <.1 0.1 0.3 0.2 0.4

<.I - ineasaed but in low abundance; + = only recorded as present

46.4

<I.1 

4.5 
<.1I 

0.9 

2.3 
6.8 
1.8 
1.5



Horizontal Band Transects - Annual Algal Mean Cover/d 2 - South Diablo Cove Station SDC 2 at +0.9m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

0 Stations * SUvqys 4 4 6 6 6 6 6 6 6 6 6 6 ns 1 4 4 4 4 4 2 ns ns ns 4

Ahnfeltiopsis lincars 
Analipusjaponicus 
Bzyopai spp.  
CalliarironBossaella spp.-complex 
Callithamnion spp./Pleanosparium spp.  
Chondracanthus canaliculatus 
Chondia decipiens 
auysqphya unid.  
Cladaphora spp.  
Colpomenia spp.  
Colpomenia/Lcathesia/Soranthera spp.  
Corallina oflfcinalis 
Corallina vanoouvwuensis 
Cotpleura violacea 
Cqyptoipnia woodii 
cnma,12ota nderaoni 
End&cladia muricata 
Fadowia/Pikea spp.-complex 
Fucua gardni 
Oatroclnium saubaticulatum 
Gelidinm coulteri 
Gelidium pusillum 
Gracilariopsis lemaneifomts 
Grateloupia doryphla 
Halosaccion ameticanum 
Halymc-"-=:nIrmn-rn-.ii Tr -complex 
Matocuap jardinii 
Mastocipus papillatus 
Mauaella aftnms 
Mazzaella flaccida 
Mauahhaoecarpa 
Mazzaella leptrubo s 
Melobesia mediocris 
Microcladia coultei 
Nemalion helminthoides 
Neododomela la"x 
Non-coralline caist 
Ounundea spp.  
Pelvetia compreasa 
Phacowtoion iIreg~uare 
Phylloapadix spp.  
Porphyra spp.  
Prionitis spp.  

hodophyta (juv. blades) 
Sarcodiotheca gaudichaudii

C

<.I + + + + <.1 0.3 + 
+ 

<.I + <.1 + <.I 0.3 0.2 <.1 <.1 <.1 + + 
- * - + - - + + 

<.1 <.1 + <.1 + + <.1 
-- - - + + + 

<.1 <. <. <.I + + 
<.1 <.I + + + <1 <.I + <.I <.I + + 

* -+ - - - + 

- 0.2 <.2 - <.1 - + + * - -
2.6 1.3 0.9 2.2 0.8 1.4 2.7 0.3 0.4 0.5 0.2 0.3 

<.1 <. - - - <. + 
<.2 + <.1 < 1 <. <1 <.1 - + + + 

<.2 <. - + 
2.7 1.7 3.2 3.7 3.4 3.6 4.0 0.4 0.9 1.4 0.3 0.6 

+ - - - + + <.1 - - <. <.I + 

0.2 <.I 0.1 0.2 <.1 0.1 2 0 
S <.1 + <. - <.I 

0.1 <.I 0.2 0.2 0.1 0.2 0.5 0.2 0.3 0.3 0.1 0.2 

<.2 + + + + <.1 <.I <.I <.I <.1 + <.1 
* <. I - - - -

<.I <.I <.1 
÷ - ÷ + - + 

0.1 + <.I 
0.1 + <.I <.I + - <.I <I <I + 
2.5 4.0 3.6 5.1 3.3 3.9 8.0 1.8 5.8 5.2 2.4 2.9 

S <I <.1 0.1 <.1 <. <.I 0.1 <.I <.I <.I <.I 
<.I <.1 <. 0.3 0.1 <1 0.21 <I <.A + 
0.1 <.1 <.I <.I <.I <.I <.I <.1 <.I <.I <.  
<.I <.I 0.2 0.3 <.I 0.2 0.3 0.2 <.I <.I <.1 <.I 

+ <.I + 
+÷ + - - - + 

+ - - + + + + - + 

2.7 1.2 0.9 1.9 1.7 1.3 1.4 0.1 <.1 <.1 + 
16.8 21.1 11.8 13.8 13.3 14.4 13.8 7.4 18.6 13.3 9.0 13.1 

* * - + + * + - + 

+ + + <.I 

- <.I <.1 <.I + <.I + 
1.2 0.3 0.2 0.9 0.5 1.3 1.1 + - * 

0.4 0.3 1.9 3.8 2.1 0.4 0.7 2.8 0.8 <.1 <.1 + 
0.7 0.5 0.6 0.9 0.3 1.0 2.1 0.6 0.8 1.3 0.6 1.2 

-÷ + * - - + + + + + 

- * - ~+ * - - -

+ + 

+ + + 0.1 + <.1 + 

0.2 <.I <1 <.1 <1 <.1 + 

+ - 0.1 - , 

0.7 0.5 0.6 0.7 0.3 0.5 0.2 

- + + 
+ <.1 0.4 0.4 0.1 0.1 + 

+ + <.I + + <.1 

<.I <.1 + 

* - + 
+ <.I + + + 

0.2 0.6 1.3 2.0 1.3 1.7 0.6 
+ <.1 <.1 <.1 <I <I1 

+ <.1 <.1 + <.1 
+ <I + <.I 0.2 <.1 <.1 

19.0 13.4 13.5 14.8 16.2 14.9 14.8 

- - <.1 0.3 + + 
0.2 0.4 1.4 1.3 1.7 0.7 0.7

C.

+ 

<.1 

<1 
<. 2 

<.I 

+ 

2,4 

0.1 

11.5 

0.7

(Ciud

(continued)



Horizontal Band Transects - Annual Algal Mean Cover/n 2 - South Diablo Cove Station SDC 2 at +0.9m (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations * Surveys 4 4 6 6 6 6 6 6 6 6 6 6 ns I 4 4 4 4 4 2 ns na ns 4 

% CoversL (continued l 

Scytosiphon spp. + - + - - - - - -
Smithora naiadum + <.1 + <.1 
Soranthena ulvoidea + 
Spongmorpha/Acrosiphonia-complex <.I 0.3 0.2 0.1 0.1 0.1 0.1 + <.1 + + <.1 + 
Uhva/Ente- oqaha spp. 1.0 1.3 1.9 5.1 0.6 0.6 0.6 <.1 2.7 <.1 + + - + 0.3 0.2 0.1 - + 
coralline crust 0.3 0.3 1.1 0.4 0.5 0.5 0.4 0.8 0.5 0.1 0.3 0.2 0.3 0.2 0.4 0.2 0.4 0.2 0.3 <.I 
filamentous red algae-complex <.1 + + <.1 + + <1 <.I <.1 + - - - -
juv. articulated coralline algae <.1 <.1 + <.1 <1 <.1 + <.1 + <.1 <.1 + <.1 <.1 <.1 <.I + + + 

<.1 = measured but in low abundance; + = only recorded as present



Horizontal Band Transects - Annual Algal Mean Cover/n 2 - South Diablo Cove Station SDC 3 at +0.3m 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations* Surveys 4 6 6 6 6 6 6 6 6 6 6 6 4 4 4 4 4 4 4 3 2 2 2 4

Ahnfeltiopsis leptophylla 
MAalip-japonicus 
Blyopsis app.  
CalliartmBoulienlla ap.-complex 
Callithamnion pikeaum 
Callithanmion app./Pleonosporium a pp.  
Chorndracanthus canaliculatus 
Chondria decipiena 
ChysophylA Unidt 
Cladophora app.  
Colpomnia Spp.  
Colpao.na/alhea ialsorandim sap.  
Corallina oflicinalis 
Corallina vancouvenensa 
Cryptopleu nrprechtiana 
Cyptopleura violacea 
Ciyptosiphonia woodii 
Cumagloia andersonji 
Cyatoacn osanwadace 
Egregia menziesi 

Endocladia municata 
Fucaceac w•d.  
Fucus ganeri 
Gastroclonitan subamculatumn 
Gelidium coultaei 
Gelidium pusillun 
Grateloupia dor~yba 
~l~osaacion amcaicuaum 

Halymenia/Sdluz3ymcia ap.-,omplex 
Mastocarpwsjwdinii 
Mastocarpus papillatus 
Mazzaclia affinis 
Mazzaclla flaccida 
Ma.al-a heterocarpa 
Mazzaclla leptodaynchos 
Mazzaclla Illacina 
Mazzaella rosa 
Melobesia mediocris 
Microcladia borealis 
Mihcrocladia coulteai 
Nertiodomenla larix 
Non-coralline mast 
Osmundea pp.  
Pelvetia compressa 
Phyiopadix app.

. <.1 <.1 
<.I + + 

- <.I - - <.1 <I < I 
0.1 0.1 0.2 <.1 0.3 0.3 0.3 <.1 + < 1 + <.1 + <.1 + + 
<.1 + <1 <.1 -I

<.1 
5.7 6.3 5.1 6.8 3.9 5 4 0.2 0.4 0.2 <.1 + + + <.1 0.1 1.2 3.1 3.9 1.7 0.7 1.7 0.6 <.1 

0.2 0.2 0.1 0.2 0.4 0.3 <.1 <.1 + + + + + + + + 
<.1 0.5 <.1 <.1 <.I <.I <.I <.1 0.1 + 0.1 

+ <.1 <. + + + + + + + + + + + + + + + + + <.1 + + + 
<.1 0.1 <.1 + 0.2 <1 + <.I + - + + + + + 

0.3 + - <.1 + + - + 
<.1 0.3 0.2 0.4 0.7 0.4 0.5 0.2 <.1 <1 <1 <.1 + <.1 + <.1 <.1 + <.1 <.1 <.1 <.1 <.1 

<.1 + 

+ + <.1 + <.1 + <.I - <.1 <.1 + + + 2 
0.2 1.4 2.5 1.7 1.2 1.3 1.2 + + <.1 + + - + + <.1 + 

0.2 0.3 0.2 
+ <I.! <.1 < 1 0.1 0.1 <.1 <.1 <.I 0.3 0.2 0.1 <.1 <.1 <.I <.1 <.I 0.1 <.1 + 0.1 0.1 

5.5 3.6 0.6 3.2 6.4 4.5 1.8 <.1 1.1 0.5 <.1 
9.3 7.8 12.7 9.4 15 7.1 5.1 + + <.1 - + + - <1 <.1 0.4 1.2 2.2 1.9 3.9 0.7 0.2 
0.5 23 2.7 1.1 2 2.3 3 0.7 0.2 0.8 1.1 0.9 0.2 0.1 0.5 0.9 0.9 0.6 I 0.8 0.5 0.3 0.5 0.1 
0.3 0.4 0.3 0.5 0.6 0.6 0.6 0.1 0.2 0.1 <.1 <.1 + + 0.1 0.2 0.6 1.4 0.8 0.8 0.7 1 <.1 + 

<.1 + + + + + <.1 
- <.1 <.1 <.1 <.1 <1 <.1 + <I1 

<.1 0.2 0.2 0.2 <.1 0.3 <.1 + + <.1 + - - + + + - <.1 <.1 + <.1 <.1 
14.3 13.1 15.3 20.2 14.8 18.6 14.8 4.6 17.7 29.9 19.2 21.1 15.9 28.7 28.1 43.7 41.6 38.4 44.1 38.1 37.6 41.5 23.4 7.9 
3.1 3.9 3.8 3.9 2.9 4 5.3 0.4 1.1 0.9 0.4 0.2 0.2 + 0.1 0.5 0.6 1.8 1.7 0.7 0.3 1.4 0.7 0.1 

27.4 24.4 22.6 26.5 20 20.1 21.6 0.2 0.4 0.1 0.2 0.4 <.1 - - <.I 0.4 0.1 0.2 - . 0.2 -
1.9 1.7 2.4 1.1 1.6 1.6 1.6 <.1 <.1 0.2 0.1 0.4 <.1 0.3 0.2 0.5 <.1 <.1 0.2 0.2 + 0.1 <.1 + 
0.1 0.4 0.7 0.4 0.6 0.5 0.5 <.I 0,6 0.1 0.1 0.1 0.1 <I <.1 <.I 0.2 0.2 0.5 0.4 0,2 03 0.5 <.1 

<.1 <.I <.1 <.1 

+ <.1 + + 
<.I + <.1 - + + -
0.7 0.5 1.4 1.4 1.5 1.6 1.3 <.1 + 

17.6 19.8 20.2 18.9 26.9 25.9 24.5 9.7 17.6 14.6 17.4 12.2 19 22.5 25.8 27.5 24.9 20.9. 22.6 24.3 25.2 28.9 33.4 37 
+ <.1 <.1 <I <.1 + + 

0.5 <.I + - <0I <.I <.I + + + <I 
<.I <.1 <1 <.! 0.2 0.2 <.1 <.1<I + -

(continued)
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C. C 6

Horizontal Band Transects - Annual Algal Mean Cover/n 2 - South Diablo Cove Station SDC 3 at +0.3m (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 4 6 6 6 6 6 6 6 6 6 6 6 4 4 4 4 4 4 4 3 2 2 2 4

% Covermem (continued's 

Pofthym •pp.  
Prionitis app.  
Pterosiphonia dendroidea 
Rhodophyta (uv. blades) 
Sarcodiotheca gaudichaudii 
Scytosiphon spp.  
Smithora naiadum 
Soranthera ulvoides 
Spongonmophu/Acuaiphonia-complex 
Ulva/Enteromorpha spp.  
corallime crnst 
filamentous red algae-complex 
juv. uticulated coralline algae

0.3 0.3 0.3 0.9 <1I 0.3 <.I 2.3 1.5 <.I <1 - + 0.2 <.I 0.9 + 
0.4 0.2 0.1 0.1 <.1 <.1 <.1 - <.1 + + + <.1 + 0.1 + 

+ <.1 - - - + <.1 <.1 0.1 
<.1 0.2 <.1 + <.1 + - + 

<.1 <.1 + <.1 
-- + - + * 

<I + 
+ * + - - - + -. .  

+ <.1 <.1 0.1 <I <.1 0.1 <.1 + ++ 
5.8 4.1 4.4 7.1 0.7 1.2 1.1 <.1 1.8 0.3 + + + 8.4 3.7 <.1 0.9 0.5 1.1 + 

6 5.4 5.6 3.7 5 3.4 5.4 1.1 1.1 1.3 0.6 0.6 0.4 0.3 0.3 0.3 0.3 0.7 0.7 0.7 0.7 0.9 1 0.4 
- 0.4 + 0.3 0.2 0.4 0.4 - - 0.1 0.2 <.1 - -
- <1 0.3 0.2 0.2 <.I <.1 <.1 + + <.1 <.1 <I <.1 + + <.1 + + + 0.1 + + +

<.I = measued but in low abunmdsne. + = only recorded as est



Horizontal Band Transects - Annual Algal Mean Cover/i 2 - South Diablo Cove Station SDC 3 at +0.91n 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Statons * Surveys 4 4 6 6 6 6 6 6 6 6 6 6 4 4 4 4 4 4 4 3 2 2 2 4

% Covyraie 

Analipwsjaporcua 
Bryopsis spp.  
Calliartnhm/Bosaiella spp.-complex 
Callithamoion pikeanum 
Callithamnion app./Pleonosponmtn spp.  
Choadracanthus canaliculatus 
Chondria decipiens 
Chrysophyts unid.  
Cladophora app.  
Colpomna spp.  
Corallins officinalis 
Coralina vancouveriesis 
CyptopleNa violacea 
Cyptpho iawoodii 
Endocladia nmuicata 
Fucaceac unid.  
Fuca gardoeri 
Gastrocloniun subauliculatum 
Gelidium coultei 
Gelidium pusillum 
Halosaccion americanum 
Hesperophycus califomnicus 
Maatocampusjardinii 
mastocarpus papiltus 
MazzaUMla afrInis 
Mazzaalla flaccida 
MazzaEa heterocarpa 
Mazawlla Ieafa w, 
Mazzaella lilacina 
Mclobesaa medicris 
Nenalion helminthoides 
Neorbodwnela Iaix 
Non-ecralline cmt 
Pelvetia compremsa 
Phyllopax, pp.  
Polyneura latissima 
Porphyra spp.  
Prioauia app.  
Rhodophyta (juv. blades) 
Scyto app.  
Smithoa naiadum 
SpongomorpludAcroaiphonia-complex 
Ulva/Enteomorpha spp.  
coralline crust 

lamentoua red algae-complex 
juv. articulated coralline algae

* + - - + + + * * - * * 

0.1 <.1 0.1 0.2 <1 <1 <.1 <.1 <.1 <.1 <.1 + + 
<.1 + <.1 + 

0.6 0.3 0.4 0.6 0.3 0.3 0.2 + <I <1 + + + 
<.1 + 

<.1 + <.1 + + <.I <.1 
<.I 0.5 <.1 <.I <1 <1 <1 + + + + + + + + + 

*+ + + - + 

<.1 <1 + 
0.2 2.6 2.1 2.4 2.4 2.3 2.6 0.1 0.4 0.4 0.2 0.1 0.1 0.1 <1 <.1 

- - <.1 - -- - - -

<.1 <.1 <.1 0.2 0.2 0.1 0.1 + - + - - -
5.6 8.8 9.8 9.8 10.3 10.6 9.3 3.1 3.2 3.3 3.3 2.6 2.6 1.4 0.9 0.7 

- - - + 
2.7 0.9 1.4 4.0 4.2 4.5 3.4 1.1 0.5 0.1 0.2 <1 

S - <.1 <.1 <.1 + 
1.5 1.0 1.8 1.8 1.6 2.6 2.4 0.6 1.2 1.1 0.5 0.1 0.1 + <.1 0.1 
0.6 0.8 0.8 1.1 0.5 0.7 1.2 0.2 0.6 0.3 0.1 <.1 + + <.1 0.1 
0.2 + + <.I + + - - - -

0.2 - - - - - - <.1 
+ <.1 <.1 <.1 0.2 <.1 <.1 <.1 <.1 + + 

15.2 16.1 167 21.9 19.6 20.3 23.1 2.6 6.7 10.0 8.6 9.3 3.8 3.9 2.0 1.8 
0.3 0.6 0.7 1.2 0.8 0.5 0.9 0.2 0.1 0.2 <1 + + + <1 
6.9 4.9 4.5 5.7 4.1 46 5.0 <.1 + <.1 <1 + + 
0.2 0.4 0.4 0.2 0.3 0.4 0.4 <.I <.1 <.I <.1 + + <.1 + + 
<. <.1 0.2 0.2 0.2 0.2 0.1 <.1 <.1 <.1 <.1 + + + + <.1 

<I1 
- -- *+ 

0.1 <.I <.I 0.2 0.2 <.1 <.1 
20.4 20.3 19.5 21.6 26.1 26.1 26.1 10.6 11.9 13.2 11.3 13.7 14.5 13.3 10.9 9.4 

0.5 <.I 0.1 0.5 0.6 3.1 2.8 2.5 2.7 3.2 2.4 2.2 1.7 1.6 1.3 0.5 
0.6 0.5 1.7 1.0 1.0 0.9 1.1 + - - - - -

- - --- - - - - *- - <.i 
0.2 0.4 0.2 0.6 0.2 0.3 0.1 0.3 0.2 <.1 <.1 + + 
0.1 <.1 0.2 0.4 0.2 <.1 <.I + <.1 - <.I <.I + + + <.I 

+ <.I <.I + <.I + - + 

<.1 + + 
<.I + 0.3 0.2 <.I 0.2 <.I <.1 <A + + + - .. + 
0.9 0.4 0.6 14 <.1 0.2 <.I + <.I 0.2 + -
2.4 2.8 2.3 2.3 2.8 2.1 2.2 1.0 0.9 0.3 0.4 0.6 0.3 0.2 0.2 <.1 

<.1 <.1 + + + <.I + + + + + + <.I

+ <.1 

+ + + 

<.1 + + 

1.0 1.0 1.5 

0.4 0.9 <.I 
0.6 1.1 0.3 

<.I 
8.8 17.9 11.3 

+ <.1 + 

+ + <I1 
4. .. .4,

1.3 

<.I 
<.I 

7.3 
+ 

4.  

+

+ +.  

+" + 

+ 

1.4 1.0 

* + 

+ 0.7 
0.1 0.2 

8.2 16.8 
<.1

+ 

+ 

0.2 

<.I 
0.2 

3.1 
+ 

<.1

+ 

<.I 

<.I 

5.1 

4-.

15.5 16.9 16.3 22.9 22.8 22.9 21.6 21.7 

+ <.I <.I <.1 + <. <.1 

+ I +1 + + ++ 
<.1 <.1 <.1 0.3 <.1 + 0.2 4 

+ +, + + - + + +-

<1I = measured but in low abulance; + = only recorded as present 

C Ci C_



C. Ci C"

Horizontal Band Transects - Annual Algal Mean Cover/m 2 - South Diablo Point Station SDP I at +0.9m 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Stations * Surveys ns ns ns ns ns ns 4 4 5 6 6 6 m I 4 4 4 4 4 2 nh na ns 3

Alanri mamgiat 
Analipsjapomicw 
Bryopsis spp.  
Calliarthron/Bossiella spp..complex 
Callithanmion pikeanum 
Callithamnion spp./Pleonosporium spp.  
Callophyllis spp.  
Chondranmthus canaliculatus 
Chondracanthus cormybiferus 
Chondria decipiens 
Chfysophyta unid.  
Cladophora spp 
Codium fragile 
Codium setchellii (prostrate) 
Colpomenia spp.  
Corallina officinalis 
Corallina vancouvenemis 
Cyptopleura violacea 
CrAytmiphonia woodii 
Cumnagloia arnlersonii 
Cystoseira osmundacca 
Desmarestia spp.  
Egregia menziesii 
Endocladia muicata 
Farlowia/Pikea spp..complex 
Oastroclonium subarticulatum 
Gelidium coulteri 
Gelidium pusiflum 
Gelidiun robustur 
Halosaccion americanum 
Halymenia/Schizymenia spp.-complex 
Iymene-- pp.  
Laminaria setchellii 
Laminariales 
Mastocmapwjardinii 
Mastocarpus papillatus 
Mazzaella aflinis 
Mazzaella flaccida 
Mazzaella heterocarpa 
Mazzaella leptorhyndos 
Mazzaella lilacina 
Mazzaella linearis 
Mazzaella rosea 
Microcladia borealis 
Microcladia coulteri

+ 

<.1 <.1 0.2 + + + 
- + 

4.6 4.3 5.1 5.3 3.4 5.8 
<I 0.4 <.1 <.1 + + 
0.2 0.8 1.2 0.5 0.4 0.3 

- + 

+ 0.1 <.1 0.1 0.2 <.1 
. <I + + 

<I.  
0.3 2.5 2.4 1.3 0.3 0.7 

+ <.1 <.1 0.2 0.1 <.I 
0.6 0.5 2.7 1.6 0.3 0.1 

+ + <.1 <.1 + <.1 
0.1 0.3 0.8 0.1 0.2 <.1 

34.4 36.5 33.3 29.6 24.3 23.0 
+ + <.1 <.1 <.1 0.1 

<.1 

- + + + 

1.5 1.2 2.1 0.7 <.I 0.7 
9.8 9.0 3.9 4.1 5.3 5.0 

+ <.I 
4.4 3.1 2.9 4.8 5.0 6.3 

+ 0.2 <.I <.I <.1 <.1 
+ 

1.8 0.3 0.1 0.5 0.1 + 

+ <.1 + 
- * + + 

4.4 3.0 4.1 2.0 1.9 1.6 
0.6 0.9 0.3 0.2 0.1 0.1 

S <.1 <.1 - - <1 
16.4 14.5 7.5 10.3 7.5 8.1 

<.1 + <.1 0.1 <.1 + 
+ - - + + 

<.1 <.1 <.1 
<.1 
<1 + 

3.9 4.9 0.3 1.7 0.8 0.6 
- - + - <.1 <.1

4.6 2.2 3.5 2.7 6.1 4.2 2.4 
S <.1 + + + 

+ 0.4 0.4 <1 0.6 0.3 <.1 

<.1 + + + + 
+ + <.1 + + 

0.1 0.2 0.3 + + 
<.1 0.1 0.2 <.1 <.1 <1 + 
<.1 + <.1 <.1 <.1 + + 

<.1 + + + 
+ 0.3 <.1 + 

20.1 19.6 19.3 22.6 16.9 12.1 8.0 
<I <.I 0.2 0.3 1.1 0.9 0.5 

1.0 0.7 1.1 0.7 2.7 3.9 1.1 
6.0 9.3 10.3 10.9 6.8 2.9 2.3 

<.1 + <.1 <.1 <.1 
8.0 10.0 11.9 10.8 12.5 14.3 3.8 

- 0.1 <.1 0.3 0.2 0.1 

- + 

<.1 

2.4 3.5 4.7 4.0 2.8 1.3 1.1 
0.3 0.2 0.5 0.2 0.1 0.1 + 

5.3 12.7 13.5 8.1 4.1 3.9 0.8 
- 0.3 <.1 <. + < 

+ <I 

<,1 <.1 02 <.1 + - -

+ 

1.5 

6.5 
<.A 

0.2 

5.0 
+ 

0.1 
0.1 

<.1 
+ 

(continued)



Horizontal Band Transects- Annual Algal Mean Covcr/li 2 - Souti Diablo Point Station SDP I at +0.91u (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys nas as nas ns as 4 4 5 6 6 6 na I 4 4 4 4 4 2 as ns as 3

% Coverae (continued' 

Non-coralline cut 
Osmundes spp.  
Pelvetia cornpremsa 
Phaeophyta 0-.) 
Phaostwion iuegulare 
Phyllospadix spp.  
Plocamniwn cartilagineum 
Plocammumviolaceum 
Porphyra app.  
Prionitis spp.  
Rhodophyta (juv. blades) 
Sarcodiothea gaudichaudii 
Scytosiphon app.  
Soranthera ulvoidea 
Spongemephsa/Acroaiphonia..complex 
Ulvaf,-ntrwnorpha spp.  
coraline Crust 
filamentous red ,alae-complex 
juv. articulated coralline algae

9.3 10.6 9.9 9.0 16.3 20.2 
* * + -

0.1 
- *+ 

0.1 <.1 + 
+ + 

<.1 <I1 0.1 <.i <.1 <.1 

0.5 0.3 <.I 0.2 <.1 <.1 
0.2 0.1 0.1 0.1 <.I 0.2 

- - * + + 
- 4- 4-+ 

+ <.1 <.I + + 
- + 

<I <.I <1 + + + 
1.4 2.9 6.8 4.1 1.6 0.2 

20.7 23.2 28.9 25.1 27.6 21.7 
0.8 0.6 0.8 1.2 0.4 1.0 
0.6 0.2 0.2 0.3 0.8 1.4

15.6 16.6 18.8 25.0 19.9 22.3 23.9 

- -

+ + + <.1 + <.I 
+ 0.1 0.5 0.1 0.3 2.5 + 

<.1 <.1 <.1 <.1 <.I <.I <.I 

-- + 4-+ 

* + - - + 

- 0.1 + <.I <.I 0.2 <.I 
22.2 17.5 13.0 14.8 18.2 20.1 23.9 

S <.1 0.1 + 0.2 + 
1.5 1.2 0.9 2.9 2.6 2.5 4.0

<I =masured but in low abundance; + = only recorded as present 

C

34.6 

<.1 

+ 

13.3 

4.4

C, C_



C (.

Horizontal Band Transects - Annual Algal Mean Cover/ni2 - South Diablo Point Station SDP 2 at +0.9m 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Station * Surveys 4 3 5 6 5 6 4 4 4 5 3 6 4 4 4 4 4 4 4 2 ns TO ns 3

% Coverace 

Ahinfeltiopsis leptophylla 
Ahnfeltiopsis linearis 
Alaria marginata 
Analipus japonicus 
Bryopsis spp.  
Calliarn/Bossiella spp.-complex 
Callitharmion pikeanum 
Callithamnion spp./Pleonosporium spp.  
Callophyllis firma 
Callophyllis spp.  
Chondracanthus canaliculatus 
Chondracanthus combifereu 
Chondracanthus harveyanus/spinousa 
Chrysophyta unid.  
Cladophora spp.  
Codium fragile 
Colpomenia spp.  
Corallina officinalis 
Corallina vancouveienais 
Cayptopleura niprechtiana 
CQ, topleura violacea 
Cryptosiphonia woodii 
Cystosein osmtmdacea 
Deabeaja marina (filamentous) 
Desmarestia spp.  
Egregia menziesii 
Endocladia mricata 
Eqtrophyllum delesserioides 
Farlowia/Pikea spp.-complex 
Oastroclonium subarticulatum 
Gelidium coulteri 
Gelidium pusillum 
Oelidium robustum 
Halicystis ovalis 
Haloacacion amencanum 
Halymenia/Schizymcnia ap.-complex 
Haplogloia andersonii 
"ren spp.  
Laminaria setchellii 
Laminariales 
Macrocyatis spp.  
Mastocarpuajardinii 
Mastocarpua papillatus 
Mazzaella affinis 
Mazzaella flaccida

<.1 
<1. <.1 + 

+ + + <.1 <.1 <.1 <1 + <.1 + <.1 
+ + + + + <.1 - <.1 + + + + + + + + + 

3.6 4.1 5.1 5.6 5.3 5.4 4.4 6.7 7.9 7.1 4.9 6.9 4.4 6.4 3.9 7.2 9.0 13.8 11.0 10.1 
0.2 0.3 0.1 <.1 <.1 <.I <.1 <.1 <.1 + + + <1 + <.1 <.1 + - - + 

- <.1 1.3 04 0.3 0.1 0.7 0.3 0.6 0.8 <1 0.5 0.2 0.2 0.9 0.4 0.4 0.1 0.8 0,2 

<.1 <1 <I <I <1 0.2 <I <I + <.! < < + + + + 

0.7 1.6 1.3 2.8 2.9 2.8 3.4 2.5 4.1 5.3 6.1 3.7 4.1- 5.5 4.7 4.5 -3.3 3.8 2.5 27 
3.2 3.1 3.9 4.2 4.3 5.0 4.6 5.8 68 3.9 5.1 6.3 5.2 4.3 3.5 4.3 3.3 3.5 1.5 1.3 

- + 0.8 0.7 0.1 1.0 1.0 2.0 3.6 0.6 0.1 0.1 0.2 <.1 + + <I1 0.4 0.4 
4 + <,I + + + + <.I + 

<.1 <.1 
* - + + + + - + + + * - + . -- + 

3.3 1.3 0.3 0.8 1.4 1.5 0.9 1.2 0.5 0.6 0.5 0.6 0.3 0.5 04 0.3 0.2 <.1 <.1 0.3 
24.7 22.9 26.2 25.9 33.0 27.7 26.1 34.5 28.7 32.5 26.6 29.9 27.5 27.5 31.0 28.4 30.8 20.4 21.4 12.2 

+ <.1 <.1 0.1 0.1 0.2 + <.1 0.2 <.1 - <. <. 0.2 + + 

5.0 11.0 16.6 17.7 19.9 17.5 13.9 18.9 19.8 18.4 14.3 21.8 13.5 14.7 11.8 10.8 9.1 9.3 4.9 4.0 

<I+ + + 

- - - - -<.1! + - - - - - + -

25.6 9.8 3.8 4.3 1.4 3.0 1.9 2.6 5.9 3.0 1.2 2.5 1.6 0.1 0.1 <.1 <.1 0.9 0.8 0.7 
- + - + <.1 <.1 + - + + + + + 

0.1 + <.1 0.1 0.2 0.2 0.2 0.3 <.1 <.1 <.1 <.1 <.1 + <.1 <I + <.1 <.1 
+ <.1 <.I + 

2.0 2.4 3.0 3.9 4.2 4.1 5.0 4.9 5.2 5.1 5.5 5.9 7.4 6.2 6.0 6.3 6.7 7.3 3.4 2.6 
2.7 2.6 2.8 5.1 5.1 6.5 5.6 4.4 4.9 9.7 10.2 7.8 11.5 10.1 11.6 6.3 5.1 46 2.8 1.4 

+ + <.1 <.1 -- + - + 
- - + <.1 

+ + + + + + 7 + 
+ + + I 

+ + <.1 + + 0.1 <.1 <.1 <.1 <.1 + + 

- 0.1 0.3 0.5 1.4 1.1 0.3 0.8 0.6 <.1 0.6 0.2 <.1 <.1 <.1 + <.I 
<A1 <.I 0.1 <.1 <.1 0.1 + <.I <.1 + - - <.1 <.1 + 

-+ - - + ÷ 

0.2 0.1 <I + + + <.1 <.1 <1 <I <.1 0.1 0.1 0.1 0.2 <I <.1 + + 
<.I <.! <.1 <.1 <.! + <.1 <.1 <1 <! <.! <1 <.1 <.1 + + + <.1 + 

0.2 - - <1 - - + - + <.] <.I - + 
14.9 22.3 29.3 34.3 37.9 32.5 44.1 28.8 16.8 30.0 40.8 29.4 31.0 35.9 34.1 31.1 24.0 16.2 11.0 8.4

+ 

10.9 

<.1 

06 
+ 

0.2 

4

+ 

19.6 

O8 

+ 

+ 

0.3 

0.3 

1.  

+ 

4.  

1.5 

(continued)



Horizontal Band Transects - Annual Algal Mean Cover/m2 - South Diablo Point Station SDP 2 at +0.9m (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations * Surveys 4 3 5 6 5 6 4 4 4 5 3 6 4 4 4 4 4 4 4 2 ns ns ns 3

Mazzacila haterocarpa 
Mazzaella leptorhyndws 
Mazzaelma lilacina 
Mazzella linews 
MazzaIla romse 
Microcladia borealis 
Mie'ocladia coulteri 
Neoptilota hypnoides 
Non-coralline onust 
Opuntiella calilorica 
Osmundea spp.  
Phaopy(juv.) 
Ptzaotro*in iegulare 
Phyllospadix •pp.  
Plocamium carilagineum 
Plocamium viola•eam 
Polyneura latissima 
pophyra spp.  
Prionitis spp.  
Pterosiphoma dendroidea 
Rhodophyta (juv. blades) 
RhodyinUa app.  
Sawodiotheca gaudichudii 
Scytosiphon spp.  
Spongotmapha/Acrosiphonia.-co, lcx 
Ulva/Entrom oa spp.  
coraline cru,.st 
filamentous red algae-complex 
juv. articulated coralline algae

0.2 + 0.2 <I 0.2 <1 <.I + 0.1 <.I + <.I <.I <.I <.I + + + 
- - -

0.5 0.7 0.8 1.4 1.3 1.3 0.2 0.9 1.3 0.7 0.2 0.6 0.3 0.2 0.2 <.1 0.5 0.9 <.I <.2 
- - - 0.9 0.2 0.4 0.1 1.2 <.1 - - <.1 <.1 + 

<.I <.I 
6.6 9.0 7.3 6.4 4.2 4.3 6.6 5.1 0.8 1.0 0.6 0.2 0.2 0.3 0.1 <.1 <.1 + + + 
1.3 0.2 0.8 0.4 0.2 0.2 0.1 <1 0.4 + <.I 0.2 0.4 <.1 <.1 <.1 0.5 0.7 0.7 0.1 

<.1 0.9 0.3 0.1 0.5 0.5 0.7 0.4 0.3 0.6 0.2 0.4 0.5 0.6 0.8 0.7 0.1 0.9 1.5 1.3 

1.1 1.5 1.4 1.2 1.7 1.4 0.5 2.1 2.5 0.8 0.3 1.5 0.6 1.4 0.7 0.6- 0.4 0.7 <.A + 

+ + <.I + 
- -- - * - - <.1 

- - - -- - <.1 - - - <.1 - -- 

<.I 0.2 <.I 0.2 <.1 <.1 <.1 <.1 + + + <.I + + + 
-- - - - + -+ - + 

- + <.I < 1 <.I <1 0. <.1 <.1 <.I + + <.I + - + + <.I + 
1.9 3.8 4.7 4.7 4.4 4.6 2.2 3.9 5.8 4.3 5.0 8.9 9.5 5.5 6.7 5.4 9.7 9.8 11.9 1.5 

- - - .  

+ + + <1 + + 
<.! <.1 - + + 

<.1 + + <.1 - + 
+ + <.1 <.1 <.I + + + 0.8 0.4 + + + + <.l + + + + 

8.3 12.9 10.7 9.9 9.9 11.6 22.6 14.0 16.0 24.0 14.1 14.8 12.2 11.9 12.1 15.3 16.2 20.3 22.0 30.4 
0.8 2.4 0.8 2.2 1.0 0.9 1.1 0.2 0.4 1.0 1.2 0.4 0.6 0.7 0.4 0.2 0.3 0.2 0.3 <.1 

. 1.4 0.2 0.3 0.8 0.2 0.4 0.1 0.2 <1 0.5 0.7 <.I 0.6 0.3 2.1 1.2 1.6 2.1 2.7

<.I -meaam dbutinlowabundance; + =onlycrecdedaspresent

<.I 

1.3 

2.9 

24.3 

2.2

C C
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Horizontal Band Transects - Annual Algal Mean Cover/m 2 - South Control Station SC I at +0.3m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1918 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 4 6 6 6 6 6 6 4 6 6 6 6 4 4 4 4 4 4 4 3 2 2 2 4 

% Covre

Ahnfeltiopsis leptophylla 
Ahnfeltiopsis linears 
Analipusjaponicus 
Bryopsis spp.  
Calliarthron/Bossiella spp..complex 
Callithamnion pikeanum 
Callithamnion spp./Pleonosporium pp.  
Callophyllis frm 
Callophyllis spp.  
Chondracanthus canaliculatus 
Chondracanthus corymbiferus 
Chondracmthus harveyanus/spinosus 
Clsysophyta uni.  
Cladophwo Wp.  
Colpomenia $pp.  
Corallina oflicinalis 
Corallina vancouveriensis 
C:yptopleura mprechtiaa 
Qyptopleua violacea 
Ciyptosiplonia woodii 
Cyostasir osmundacca

+ <.1 <.1 + <.1 <1 + 
*<.1 <1 <.I 

+ + + + + <.I 0.3 0.4 <.1 + 
-+ - + - -- - - - -+ 

0.5 0.1 0.5 0.9 0.6 0.9 1.4 0.9 0.6 0.5 1.1 3.0 0.7 0.4 0.4 1.4 1.7 2.4 3.1 1.9 2.1 2.3 2.5 0.4 
0.3 <.1 <.1 0.3 <.I <.I <.1 + <.I <.I <.1 0.2 <.1 <.1 + + + <.I 0.1 <.1 + + <.I <.I 

* 0.2 0.4 0.2 0.2 0.1 0.1 <.1 <.I <.1 + + + + <.1 + <.1 <.1 0.1 + <.I 
<.1 + 

<.I + <.I + <.I <.I + <.I + + <.I <.I <.I <.I <.I + <.I + 
21.3 20.2 19.1 24.0 19.7 27.3 33.0 22.0 29.9 16.4 9.8 13.1 14.9 17.2 19.6 20.7 21.8 25.3 30.2 32.2 28.5 26.0 24.6 36.0 
<.I 0.4 0.3 0.4 0.3 0.4 0.7 0.3 0.4 <.I <.1 <.1 <.1 <.1 0.1 0.2 0.7 0.9 1.0 0.9 0.6 0.2 1.0 0.8 
<.1 <I - 0.1 <.I <.I < .I <.I <.I 

- - <.I + + <.1 + <I <.I 0.3 <.1 - + + <.I + - - <.I + 
+ + <.1 + <.1 + + + + <.I + + + + + + + - + + + <.1 + + 

+ + <.1 + - - + + - + 
1.3 1.0 1.8 1.3 1.3 0.4 0.8 0.6 0.1 <.I <.1 <.I 0.1 <.1 0.1 <.1 0.2 0.1 0.4 0.2 <.1 0.1 <.I 
2.4 2.6 3.4 3.5 3.7 2.6 2.5 3.0 2.0 2.6 1.5 1.7 1.4 0.6 2.6 2.2 1.2 1.1 1.4 1.8 1.3 2.5 2.2 1.2 

- <.1 - - + - - <.1 <.1 <.I + + <.I <.I 
0.2 0.5 0.9 0.9 1.7 1.8 2.5 1.5 0.9 0.4 0.4 0.8 0.7 0.5 1.3 1.0 1.8 1.3 1.4 2.0 1.8 0.5 2.5 0.9 

- - - <.1 - 0.1 -
<.1 <.I <.1

Deabesia manna (f lamentous) o + 
Egregia menziesii 0.8 <.1 0.6 + <.1 0.7 <.I <.1 <.1 0.4 0.5 0.3 4.7 0.5 4.4 1.5 0.3 
Endocladia muricata <.I <.I <.I <.I + <.I <.1 0.1 0.2 0.2 0.4 0.4 0.3 0.5 0.4 0.5 0.3 0.6 0.7 0.8 
Eaylvophyllum delesserioides <.I + <. <I - - - - - + - -
Farlowia/Pikea spp.-complex -- + + + <.I + 
Fucus grdneri - + .  

astaocloniwn subarticulatum 6.8 6.4 8.4 5.9 14.9 8.5 6.0 18.0 16.6 8.6 7.3 7.3 6.3 4.1 6.0 4.6 12.7 10.2 9.8 8.5 9.3 11.5 19.9 11.6 
Gelidium €oulteri <.1 0.6 <.1 0.3 <.I <.1 0.2 0.5 0.5 0.4 0.6 0.5 0.4 0.4 1.0 0.5 0.2 0.4 0.1 <.I <.I 0.2 + 0.3 
Oelidium pusillum 0.2 0.6 0.2 0.2 0.6 0.5 0.6 0.7 0.7 0.5 0.3 0.3 0.4 0.4 0.5 0.3 0.3 0.5 0.5 0.2 + 0.3 0.6 0.3 
Gelidiumrobustum - - - - + 
Oraeilriopsis lemaneifonnis o -* + 
Grateloupia dorypoAm <.1 + <.1 <.I - <.1 <.1 <.1 <.1 <.1 <.A + - <.A 
Haloaacion americanum + - + + 
HalymeniafSchizymenia spp..complex 0.2 <.1 0.1 <.I <.1 0.1 <.1 <.1 0.1 0.2 <.1 0.1 <.I <.I <.1 <.1 <.1 + + + 0.1 
Hy-m spp. <.1 I 
Laminaria setchellii + < -<.I + . - + 
Lamwin'iales - + <.I 
Matocarpusjardinii 0.3 0.7 0.8 0.7 1.4 0.9 0.7 1.3 1.5 1.2 0.9 1.6 2.1 2.5 1.2 1.3 1.5 1.7 1.7 38 1.4 1.9 1.7 25 
Mastocapus papillatus 1.6 2.0 2.7 2.5 2.5 3.3 2.0 2.3 7.2 4.7 7.3 12.8 13.1 5.3 4.0 3.5 2.7 2.6 2.3 1.9 2.2 3.0 2.3 2.6 
Ma•zsaella affini, 0.1 <.1 0.1 0.2 0.3 0.1 <.1 0.3 0.4 0.7 0.7 0.5 0.4 0.3 <.I 0.2 0.3 0.3 0.5 0.2 0.3 0.3 0.6 0,7 
Mazzaella califomicum - <. - - -
Mazzaellaflaccida 55.1 43.4 41.1 47.2 47.4 48.2 531.6 37.1 25.4 24.5 38.0 47.9 47.8 52.4 55.9 56.1 47.6 40.5 40.4 42.2 36.1 37.3 33.8 31.5 
Mazzaella heterocarpa 0.3 0.3 0.6 0.6 1.2 3.1 0.7 0.4 1.0 1.3 2.7 2.2 1.4 1.8 1.8 1.9 1.8 1.8 2.5 1.0 1.0 0.9 1.7 1.4 
Mazzaella leptorhynchos - <.1 + - + <.1 <.1 0.1 0.1 0.1 <.I <.I <.1 <.1 <.I <.1 <1 <.I <.I + 

(continued)



Horizontal Band Transects - Annual Algal Mean Cover/n 2 - South Control Station SC 1 at +0.3m (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stions * Surveys 4 6 6 6 6 6 6 4 6 6 6 6 4 4 4 4 4 4 4 3 2 2 2 4

% Coveraea (continuedl 

Mazzalla lilacina 
Mazzella roses 
Mazzaella volaw 
Melobesia mediocris 
Miacrocladia borealis 
Microcladia coulteri 
Nemalion helminthoides 
Nereocysts luekeana 
Non-ornline mug 
Osmundea spp.  
Pelvetia comlressa 
Phaeosurphion ifegulare 
Phyllospadix app.  
Polyneur la Wssima 
Poqihym app.  
Pariontis spp.  
Pterosiphonia dendroides 
Rhodophyta Our. blades) 
Rhod-ia spp.  
Sarcodiotheca gaudihaudii 
Smitwra naiadum 
Sp&g-mo-p Acraiphonia-c-oplex 
Uiva/Fnteroanqa spp.  
coralline must 
tilawmntous red algae-complex 
juv. articulated coMriMe algae

<.1 0.4 0.3 0.5 1.2 0.4 0.5 0.1 0.4 0.9 0.9 0.8 0.3 0.1 0.1 0.3 0.8 0.4 0.2 1.5 1.2 1.0 1.0 
<.1 + + <.1 - + 

* * ** * <.1 -

* * * + ÷ + + - . + + + + + + + + 

<.1 + + 
1.7 0.2 0.9 0.2 0.6 0.3 0.6 0.3 0.2 0.2 0.2 1.0 0.1 <.1 <.I 0.2 0.6 0.3 0.1 0.4 0.2 0.1 0.2 <.1 

- *<.I 
6.2 7.1 5.9 5.8 7.3 9.9 10.2 12.8 11.6 15.7 21.1 21.2 18.8 15.2 15.1 12.6 12.2 10.2 8.9 8.6 8.9 10.3 13.4 10.9 
0.3 0.4 2.0 0.7 1.3 0.4 0.5 0.6 1.0 0.2 0.2 0.2 0,2 <1 0.2 0.2 0.8 1.1 1.1 0.7 0.1 0.2 0.6 0.6 

* <1 - + + -

1.5 2.0 3.6 2.8 3.7 1.8 1.4 1.6 1.2 0.7 0.1 1.0 0.4 0.3 0.2 0.1 1.2 1.3 1.7 4.1 4.9 2.5 4.9 6,5 
<1 1 0.1 <.I 0.2 <.1 0.2 <.I 0.3 <.1 <I1 + <.I <.1 + <.I 01 0.1 <.I 0.1 0.2 + - <.I <.I 

- 0.1 0.5 0.2 0.9 0.3 + 1.6 <.1 2.0 3.3 1.4 1.6 0.1 0.3 0.1 - 0.4 1.0 1.2 + 1.5 <.1 
0.1 0.6 0.9 1.3 1.2 0.8 0.4 0.9 0.9 0.5 0.3 0.6 0.4 0.2 0.6 0.5 1.5 21 3.0 2.6 1.6 1.0 1.9 2.4 

+ + + <1 + + <.1 + + + <1 <.1 + 
<.1 < I + + -

<.1 0.1 <.1 <.1 0.2 <.I <.1 <.1 <.1 <1 + <.1 + <.1 + <.1 0.2 0.2 0.2 0.3 0.2 0.2 <.1 
+ . 0.5 0.5 0.2 0.6 0.2 + <1 <.I - <1 + + - + 0.3 + <.I 0.2 + 0.3 + 

<.I + <.I + - - * 1.1 <1 0.4 + + + <.I + + 0.3 <1 + + 
0.7 0.4 2.7 5.5 0.7 0.8 1.1 2.1 4.2 3.5 2.2 1.1 0.5 1.2 4.1 2.7 3.2 1.2 1.0 0.5 0.2 1.1 0.2 1.1 

16.8 12.8 12.2 10.2 11.4 12.9 13.8 17.1 11.8 15.3 11.7 7.5 7.5 8.4 8.6 8.1 10.2 8.9 10.1 12.3 14.2 11.3 13.2 67 
<.I 0.2 <.I 0.1 <.I 0.2 <I <.1 <I <.I + <.I <.I + + <.I <.I <.I <I + + 0.2 + + 

- 1.1 <.I 0.6 0.7 <.I 0.3 <.I 0.2 0.3 0.6 0.2 0.2 0.2 0.1 0.1 1.2 0.7 0.4 1.4 0.1 1.0 0.7 0.2

<I- measured but in low abundanre; + = only recoed as present 

C.
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Horizontal Band Transects - Annual Algal Mean Cover/m2 - South Control Station SC I at +0.9m 

Yeaw 1976 1977 1978 1979 1980 1981 1982 1983 1984 1983 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations *Surveys 4 4 6 6 6 6 6 6 6 6 6 6 4 4 4 4 4 4 4 3 2 2 2 4 

% Coveraee

Analipus japonicus 
Calliardwan/Bossiella spp.-complex 
Callithommnion pikeanum 
Callihamnnion spp./Pleonosporium spp.  
Chactomopha pp.  
Chondracanthu canaliculatus 
Chondria decipiens 
Chiyaophyta unid.  
Cladophora app.  
Corallina officinalia 
Corallina vancouverienais 
Cryptoplewa violacea 
Cryptoiphonia woQdii 
Cumaglota andersonia 
Egregia menziesii 
Endocladia muricata 
Fucaceae unid.  
Fucus gardneri 
Gastroclonium subarticulatum 
Gelidium coulteri 
Gelidium pusillum" 
Gelidium spp.  
Halosaccion americanum 
Halymenia/Schizymcnia app.-complex 
Hesperophycua califomicus 
Mastocaspiajardinii 
Mastocpus Papillatu 
Mazzaella affinis 
Mazzaella flaccida 
Mazzaella heterocrpa 
Mazzaella leptorhynchos 
Nemalion helminthoides 
Non-coralline cruat 
Osmundea spp.  
Pelvetia compressa 
Phyllopadix spp.  
Plocamium violaceum 
Pophyra spp.  
Prionitis spp.  
Rhodophyta juv. blades) 
Scytosiphon spp.  
Spongomoqha/Acrosiphonia-complex 
Ulva/Enteromorpha spp.  
coralline crust 
filamentous red algae-complex 
juv. articulated coralline algae

<.1 <.1 + + + + <.1 - <.1 <.1 < <.1 <.1 + <.1 
+ + - <.1 + - + + + <.1 <.1 <.1 <.1 <.I 0.5 + + 

<.1 0.2 <1 <.1 <1 <1 <1 + + + + + + <.1 + + + <.1 + + + + 
- - - + + - + -. + -÷ 

- - - -1.6 
0.8 0.3 <.1 <.1 0.1 <.I 0.1 0.4 0.3 0.2 0.1 <.1 <.1 <.1 0.2- 0.3 0.9 0.6 0.4 0.3 0.1 0.2 0.7 <.1 

S- 0.2 
0.2 <.1 <.1 0.2 + <.1 <1 + <.1 <.1 <.1 <1 0.1 + <.1 <.1 + + <.1 + <.1 <.1 + + 

- - <.1 
0.7 1.1 1.0 1.1 1.2 1.1 1.7 0.5 0.2 0.2 0.1 0.2 0.2 0.1 0.3 0.5 0.6 1.! 1.8 2.0 1.7 1.3 1.0 0.9 

+ - - - - + <.1 <1 0.2 0.2 0.1 0.1 0.4 0.2 
<.1 

<.1 + + + <.1 + + + + + 
<.1 <.1 

14.6 15.9 13.5 13.6 17.5 16.1 18.5 6.2 11.1 15.9 18,7 21.3 20.1 24.4 24.9 24.8 22.6 19.0 20.3 16.3 13.0 19.7 14.6 15.7 

0.3 0.4 0.2 <.1 0.3 0.3 0.5 0.3 0.2 <.1 <.1 <.1 0.1 0.6 0.7 0.3 0.3 0.6 0.4 0.1 0.1 
<.1 + + <.1 - + + <.1 0.1 <.1 
0.1 0.3 0.4 0.6 0.6 0.6 0.6 2.1 1.8 0.6 0.2 0.1 <.1 <.1 0.1 0.1 0.2 <.1 0.1 <.I + + <.1 <.1 
1.6 2.7 1.1 0.7 0.9 0.9 0.8 1.2 2.0 0.5 <1 + + <.1 <I <.1 0.3 0.5 0.5 0.2 0.1 0.5 0.3 0.4 

0.3 0.1 <.1 <.1 <.1 <.1 <1 
<.1 

<I1 0.2 0.1 0.2 0.3 0.3 + <1 - + 0.1 <.1 
4.3 4.5 4.0 3.3 3.6 3.2 2.9 0.9 0.5 0.9 1.1 1.0 1.0 0.9 1.3 1.1 2.7 2.4 2.8 1.7 2.2 1.5 1.3 2.1 

25.6 23.6 24.3 24.0 22.8 22.6 25.3 13.9 14.6 10.0 9.0 11.6 13.0 13.2 16.0 18.3 21.5 22.3 27.7 27.5 21.0 26.0 21.3 16.3 
0.1 0.1 0.2 0.5 0.1 0.1 <1 0.2 0.2 0.1 <.1 <.I <.1 + 0.1 0.4 0.3 0.4 0.3 0.1 0.1 0.1 0.1 0.2 

11.1 11.0 8.5 10.0 7.3 5.4 6.6 3.3 1.8 1.5 1.2 1.4 1.2 0.7 1.5 1.6 2.6 3.2 4.3 3.2 2.0 3,0 2.9 3.2 
0.3 0.3 0.1 0.3 0.4 0.4 0.4 0.2 0.1 0.3 0.3 0.7 0.4 0.3 0.4 0.6 0.8 0.7 0.8 0.7 0,2 0.1 1.3 0.5 

-+ <.1 + <.1 <1 < <.1 <.1 + + + <.1 + <.1 + + + + <.1 

23.4 20.5 23.3 20.8 22.8 23.9 24.6 17.9 12.8 12.6 15.5 19.4 21.7 20.1 21.7 19.8 21.0 20.7 20.6 18.4 21.2 17.9 19.7 22.4 

4.4 3.5 4.6 4.0 4.7 5.0 4.0 2.0 1.7 1.8 2.2 2.4 2.7 2.6 2.8 3.7 6.1 7.1 9.4 8.5 6.4 75 6.0 7.6 
+ + + + + + + + <.I + + 

0.3 0.8 0.3 0.4 0.2 0.3 + 1.7 0.5 <.1 0.2 <.1 0.1 <.1 <.1 <.1 0.6 0.6 0.3 0.1 0.2 7.1 1.3 
1.1 + - + o + + 

<.1 + + + + .  

+ <.1 + + + + + + + + <.1 
+ <.1 + + <.1 + 0.4 <.1 + + + + + + + + + + + + + + 

2.4 4.1 4.7 4.1 4.7 4.1 3.5 5.0 1.2 1.1 1.4 1.4 2.1 1.0 1.3 1.4 2.6 2.7 4.5 6.3 7.3 5.8 4.8 5.1 
<.I 0.2 0.2 0.1 0.2 0.1 + - + - + + - - <.1 

- <.1 <.1 + + + <.1 + + + <.1 + <.1 <.I <.1 <.1 <.1 + + <.1 <.I

<.I measured but in low abundance; + =only recorded'as present



E2 - Invertebrate Abundance in Horizontal Band 
Transects
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Horizontal Band Transects - Annual Invertebrate Mean Abundance/m 2 - North Control Station NC I at +0.3m (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations 4 Surveys 4 6 5 6 5 6 5 3 3 6 5 6 4 4 4 4 4 4 4 3 2 2 2 4

Contied Regrdess of Size 

Anthopleura elegantissima 
Balanus spp.  
Calliostoma ligatur 
Epiactis prolifera 
Fissurella volcano 
Haliotis spp.  
H1emigrapsau nudus 
Leptastenam spp.  
Lottia digitalis 
Lottia limatula 
Lottia pelts 
Macclintockia acabra 
Mopalia app.  
Nuttallina califownica 
Ocenebra spp.  
Pachy•apsus crassipes 
Paguru app.  

Pisaster oahraceus 
Pseudmelatoma torosa 
Stron•locentrotus purpratus 
Tectura paleacem 
Tectura scutumt 
Tegula bmnnea 
Tepgla funebralis 
Tetraclita rubescens 

Only CourtM if(lrecaetlhan I 

Acmaea mitra 
Acnacidae unid.  
Aeolidia papillosa 
Alia spp.  
Amphi- spp.  
Anthopleuma artemisia 
Anthozoa unid.  
Asterina miniata 
Asteroidea unidL 
Barleia spp.  
Bittium spp.  
Cancer antennarius 
Cancer app.  
Chaetopterida 
Clavelina huatsmani 
Crepidula spp.  
Cucumaria spp.  
Cyanoplax spp.  
Diaulula sandiegensis

2.2 3.3 4.2 3.7 5.0 3.8 3.6 3.7 3.6 5.1 5.1 5.3 8.7 5.6 7.0 4.7 4.8 3.0 1.0 1.3 0.6 0.6 1.6 0.7 
<.1 

0.3 0.9 1.6 1.1 1.3 0.7 0.3 0.7 - 0.4 0.8 0.2 0.2 0.3 0.6 0.3 0.4 0.6 0.2 0.1 0.2 0.2 0.4 0.6 
. 0.1 0.3 <.1 0.4 0.3 0.2 0.1 1.5 0.2 <.1 0.1 <.1 <1 0.3 0.5 0.4 0.5 0.2 0.3 0.2 0.9 + 

<.1 <I <.1 <.1 - 0.2 <.1 - -

<. <.1 - - . - . <.1 
0.3 0.1 0.6 0.5 0.6 1.3 1.1 0.5 0.1 0.2 0.8 0.6 0.9 1.2 0.9 0.7 0.6 0.2 0.5 0.5 0.5 0.2 0.6 0.2 

< .1 I -
0.2 0.1 0.1 <.1 0.3 0.7 0.2 0.2 0.2 <.1 0.3 <.1 0.2 0.3 - <.1 0.1 - - 0.2 
0.3 0.2 <.1 0.2 0.1 0.3 3.7 1.4 <.I <.1 0.2 <.I 0.2 0.3 0.3 0.3 0.1 0.1 0.2 0.1 0.3 0.9 

<.1 <.1 <1 0.1 <.I <. 7.5 17.5 4.9 0.3 <.1 0.3 <.I 0.2 0.3 - 0.2 - 0.4 
0.2 0.1 <I <.I 0.2 0.2 <.1 - <.1 0.2 <1 0.2 <.I 0.3 0.1 <.1 0.1 0.3 <.1 

<.1 - - - <1 0.2 - - 0.1 <.I 
0.1 0.2 0.3 0.3 0.3 <.1 0.2 0.5 1.4 0.3 0.4 0.1 0.1 0.2 0.6 0.2 0.1 0.1 0.7 0.2 0.1 0.1 

<.1 <. - - - <.1 0.1 0.1 <.1 0.2 0.2 0.1 0.3 0.3 0.2 0.2 0.4 <2 0.1 - 0.1 0.2 
12.3 11.9 11.5 12.9 19.0 14.2 15.3 12.6 20.1 10.0 12.7 14.1 12.7 10.4 19.0 22.0 20.8 19.0 14.5 12.5 19.6 22.3 16.0 14.8 

<.1 0.1 <.I <. <.1 0.2 <.1 - <.1 - - <.1 0.1 <. + <.  
<. <.1 - - < <. <.1 - - - - 0.1 

<.1 <.I <.1 <.1 <.1. + 0.2 <. 0.2 0.1 <.2 0.3 0.2 
- - - + -+ + - + - . - - + - + - ÷ 

0.3 0.3 0.5 0.1 0.2 0.3 0.5 0.1 3.1 1.2 1.4 0.4 - 0.2 0.1 0.7 <.I 0.3 0.3 0.1 0.1 0.1 0.3 

2.1 0.7 1.7 2.4 8.5 2.5 3.3 3.3 0.3 2.2 2.3 3.1 0.8 2.3 4.1 8.5 2.0 0.8 2.3 2.4 4.7 5.5 0.3 0.7 
48.7 40.4 40.6 71.2 98.4 52.3 20.1 62.7 28.0 82.7 86.1 1091 97.4 62.2 83.0 38.2 40.8 36.1 24.0 31.3 31.8 30.2 99.8 43.5 

- - 0.8 - <.I <.I <.1 0.5 8 0.3 0.8 0.3 <.I 1.2 1.2 1.5 0.1 1.2 0.2 1.4 0.5 0.2

- + * - + - . <. + + <.1 
<.I + + + + + + + + + + 0.1 + + + + + + 

<.1 
<.I + + + + + + + + + + + + + + + + + 

<. <.1 <.1 <.1 <.1 <.I 
<.I + 

<.I 
<I - - - - - - - - - - - - - - -. -

<.1. - . - -. 4. 4- . 4* 

-- + + + + +. . +. 4+ + + +. . + + + +.  

<.1 <.1 0.1 <.1 <.1 <.I <.1 
<.I <.1 + <.1 0.1 

<.1 + + .+ + + 

0.2 + + + + + + + + + + + + + + + + 4 + 

- + <.2 

• <.I + <.1 -

- 4- 

0.1 

S + 4

* 0.1

+ 

+-

+

+ 

+.  

+-

(continued)
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C C C,
Horizontal Band Transects - Annual Invertebrate Mean Abundance/m2 - North Control Station NC I at +0.3m (based on 5 "Tegula" count quadrats) (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations * Surveys 4 6 5 6 5 6 5 3 3 6 5 6 4 4 4 4 4 4 4 3 2 2 2 4

% Covercmp (continued) 

Chtfhmalus fissus 
Dodecaceria fewkesi 
Euristorella bilabiata 
Haliclona spp.  
Phiwgmatopoma califomnica 
Pistaspp.  
Porifera unid. (encnuting) 
Salmacina tribranchiata 
Spirorbidae 
tunicates, colonial/social unid.

<1 + + + + + + 0,2 0.3 <1 + + + + + + + + + 
o + + -

< <,1 <! + <.1 + + <,1 + + + + 
<I + + + + + + <.1 <.1 + + <.I + + + + + + + + + + 
5.7 0.9 1.2 2.9 1.7 1.3 1.3 0.5 1.9 0.3 0.6 0.6 0.3 0.6 0.9 1.2 1.4 2.5 3.3 2.3 4.7 5.0 2.8 2.0 

+ + <I <.1 <.1 0.2 <.1 0.1 <.1 <.1 <I <1 + <.1 + + + + + + + <.1 + + 
* - - + +. + + - - + + + - + * - + - + + + + + 

+ + + + + + + <.1 + + + + + + + + + + + + + + 
0.2 + <.1 0.5 0.1 0.4 <.1 + 0.1 + <1 <.1 <i <(I + <.1 + <1 + <.1 0.5 2.0 + +

<.1 easured but in low abundance; + = only recorded as present



Horizontal Band Transects - Annual Invertebrate Mean Abundance/i 2 - North Control Station NC I at +0.91n (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Stations * Surveys 4 4 5 6 5 6 5 4 3 6 5 6 4 4 4 4 4 4 4 3 2 2 2 4

Counted Reoardles of Size 

Acanthina pp.  
Anthopleura elegantiasima 
Balanus spp.  
Callijotoma ligature 
Epiactis prolifem 
Fissurella volcano 
Fusinus luteopictus 
Haliotis spp.  
Hemigapsus nudus 
Leptasteias $pp.  
"Loais digitalis 
Lotia limatula 
Lotfia pelta 
Macclintockia scabra 
Mopalia spp.  
Nucella cangmyt 
Nuttallina californica 
Ocenebra, spp.  
Paclygrapmus asasipes 
Pagunas app.  
Pisaster ochraceus 
Pscudamclatoma torma 
Strongylocentous purpuratus 
Tectura persona 
Tectura scutunm 
Tcgula bnanes 
Tegula funebralis 
Tetrulita nibescens 

Only Counted if Greater than V 

Acmaea nitra 
Aenaeidae unid..  
Alia sop.  
Barleeia spp.  
Bittium $pp.  
Cancer Sap.  
Chaetopteridae 
Cirratulidae/Terebellidae unid.  
Crepidula spp.  
Cyanoplax spp.  
Diaulula sandiegensis 
Diodora spp.  
Gramda (uv.) 
Hemwas oregonensis 
Heptacarpus spp.  
Hemnissenda crasiCOis

- - . <1 - - . 0.4 <I 0.1 0.3 - - 0.1 <.1 <1 . 0.1 . 0.1 <.I 
13.2 8.3 10.3 IZ5 14.4 16.1 6.9 4.7 3.8 5.9 6.9 7.8 4.7 4.3 5.6 3.4 2.7 2.5 2.8 2.1 2.1 1.8 2 1.8 

- + 0.2 <.I 0.2 <.1 0.6 1.4 0.4 - - - <.1 - - - -

S - - -0.1 

-0 .3 0 .3 < .1 0 .1 < I < 1 < .1 0 .3 < .I < .1 < .I 1 < .1 0 .2 < I.1- < .I 

0.1 <.1 <.I <.I 0.2 0.1 <.I 0.2 0.5 0.4 0.2 0.1 0.1 <.1 <.1 0.4 0.3 0.5 <. 0.1 0.3 0.2 
<.1 

0.2 0.2 0.2 0.1 0.2 0.2 <.1 0.7 0.2 0.4 0.7 0.8 0.6 0.6 0.6 0.6 0.4 0.6 0.2 0.1 
- - <.I . <,I 0,2 <,I 0.2 . <I - <.I - <,I 

0.2 0.2 0.3 0.7 0.4 0.5 0.4 0.4 <.I <.1 0.2 0.4 0.2 0.2 0.2 0.7 0.8 0.2 0.7 0.8 0.2 0.4 0.2 0.3 
- - - <.1 . 0.2 - - 0.5 - . - 0.1 0.1 - - 0.1 -

0.3 0.2 0.5 1.3 0.9 1.6 1.2 0.6 1.3 1.5 2 0.8 2.3 1.6 1.3 1.7 1.2 1.3 0.3 0.4 0.8 0.8 0.4 2.6 

<.1 0.3 0.6 0.8 0.4 1.1 0.6 0.3 6.6 2.1 0.7 0.2 0.2 0.1 0.3 0.4 0.3 0.3 - - - - 0.3 2.3 
1.8 1.3 6.9 5.5 8 16.1 11.7 15.9 130 132 96.5 25.1 11.2 14 14.9 7.3 1.9 2.3 0.5 0.7 0.3 0.4 2.1 7.5 

. 0.1 <.1 <.I <.1 0.2 0.2 <.1 0.4 0.6 0.2 0.4 0.3 0.1 <.1 <.I 0.2 0.2 - 0.3 - 0.5 

<.1 + <.1 <.I <.I . <.I 
0.1 0.1 - 0.3 0.3 0.5 0.8 0.6 0.3 0.2 0.8 0.2 0.3 0.2 0.6 0.9 0.8 1 0.4 0.4 0.3 0.9 0.9 0.8 
* <.1 0.2 0.8 0.8 0.4 0.3 0.4 1.5 25 1.6 0.7 0.5 0.2 0.9 0.4 0.7 0.8 0.3 0.2 0.1 0.2 0.4 0.5 

0.2 0.1 0.2 0.1 0.3 0.3 0.3 0.6 0.1 0.3 0.5 0.2 0.5 0.7 0.8 0.5 0.4 0.9 0.3 0.5 0.6 0.4 0.1 0.1 

6.5 6.9 16.7 14.6 19.5 22.8 27.1 15.7 12.9 13.6 11.3 12 10.7 14.3 25.8 38.5 29.8 27.4 23.1 27.3 27.5 11.3 8.2 8.2 
<.I <.I - - <I <.I 0.2 - 0.2 <.I -

<.1 0.2 <.1 0.2 0.3 0.2 0.2 <.2 <.1 <.I <.I 0.1 <.A <.I 0.5 0.2 0.2 <.I 
<. - <.1 
0.6 0.2 1.2 1.7 1.7 1.1 3.9 1.2 3 2.2 2 3 1.8 1 1 1.4 0.5 0.6 0.5 0.4 - 0.2 0.3 
0.2 - - 0.1 <1 <.2 0.3 <.1 . <. <.1 - 0.2 0.1 <.1 - 0.4 

65.8 69.2 130 131 163 220 122 190 151 272 290 250 230 212 20 246 119 221 86.5 157 124 127 127 111 
0.2 1.9 2 0.4 0.6 1.9 0.7 2.6 0.7 1.3 0.5 0.1 0.3 0.3 0.7 3.3 1.5 <.1 0.2 0.3 0.8 - 0.1 

* + + + + + + + + + + + + + + + + + + + + .+ + + 

+ I + + 

* . - + .  

<.1<I + + + + + + + + + + + + + + + + + + + + + 
- - .- <.2 + . . 0.3 0.3 0.1 0.2 + 0.1 - <.1 <.21 + 

<I, <.2 + + + + + . + + + + + + - + + + + 
- -- - * . . ~~~~<.21

(continued)
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Horizontal Band Transects - Annual Invertebrate Mean Abundancc/n 2 - North Control Station NC 2 at +0.3m (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Station * Surveys 4 2 5 6 5 6 4 3 3 6 4 6 ns 1 4 4 4 4 4 2 ns ns ns 4

Counted Regardless of Size 

Acanthina app.  
Antiopleura eleganti.sima 
Balanus spp.  
Calliostorna ligatumr 
Comua californicua 
Epiactis prolitfea 
Faisaella volcano 
Haliotis app.  
Leptasternsa App.  
Lonia digitalis 
Lottia limatula 
Lottia pelta 
Macclintockia scabue 
Mopalia app.  
Nuttallina califoreica 
Ocenebra spp.  
Pachyrapsua crasaipes 
Paguus spp.  
Pisaster ochraceus 
Pseudomelatoma wrosa 
Strcngylocentrotus puapuratus 
Tectura paleacea 
Tectu'a person 
Tectunr Scutum 
Tegu biunnea 
Tegula funehrais 
Tetraclita ruheacens 

Only Counted if Greater than V 

Acnmac mitra 
Acnaeidac unid.  
Alia app 
Amlissa app, 
Astenna mimata 
Barlecia app.  
Bittium spp.  
Cancer antennaius 
Cancer productus 
Cancer spp.  
Chaetopteridae 
Clavelina huntsnani 
Crepidula spp.  
Cyanoplax app.  
Diodora spp.  
Diopatra ornata 
Discurn mainesa

<.1 
7.9 10.9 10.4 8.1 5.4 6.2 6.4 3.9 3.5 5.5 8.2 8.4 

- 0.3 - <1 - - - - 0.2 0.2 

0.2 0.8 3.4 4.9 4.8 1.7 I I 1.1 0.9 1.3 0.7 
0.3 0.2 0,3 0.1 0.3 0.3 0.2 0.2 2.5 0.8 - 0.4 
0.1 0.4 0.2 <.1 <1 <.1 <.I - - <1 -

<.I 0.3 1 1.1 0.8 0.6 0.3 0.1 0.4 1.6 2 
<.1 0.2 .! e I 

- 0.3 0.2 <.1 <.I <1 0.1 - 0.4 1.2 1.2 0.1 
0.1 0.3 0.6 0.4 0.4 I 0.3 0.7 15.5 8.5 0.7 <.1 
<.1 0.2 0.9 <1 - 0.2 0.5 0.3 19 62.1 76.2 10.4 
<.1 - <.1 0.2 0.1 <1 0.3 0.1 0.9 0.1 

S<.1 
0.1 0.1 0.2 0.5 0.3 <.1 0.4 0.7 1 1.2 
<A1 <.1 0.1 <.1 

5.5 6.8 6.6 12.2 15.3 20.9 16.4 11.1 10.3 12.9 9.8 11.1 
. 0.1 - - <1 - <.1

4.9 <.1 <.1 <I1 

0.1 
0.5 0.3 1.4 0.3 0.8 1.1 0.9 0.3 

13.3 1.8 18.5 24.2 29.3 18.7 14 16.2 
12.4 19.5 11.3 11 16.6 19.4 10.8 37.8 
0.3 0.2 1.4 0.8 21 2.8 0.6

<.1

0.1

<I 
+ + 
+ + 

* + 

* <.1 

- <.1 

+ + 

+ +

+ 

+ 

+ 

0.1 

+

+ 

<.1 

+

+

<.1 

+ 

+-

+

+ 

+

0.2 

+ 

+ 

+-

+ 

+

+

C

<.I 

4.9 128 4.4 0.8 
6.7 6.2 4.1 5.9 
7.8 18.3 42.7 68.7 
25 7 5.1 0.5

+ 
+ 

+ 

+ 

+ 

<.1 

+

+ <.1 
+ + + 
+ + + 

+ + + 

<.1l 
* - <.1 

+ + +

3.8 3 6.3 4 5.1 3.5 4.1 

- <.1 - - <.1 

<.1 
2.4 I 1.9 2 1.3 0.8 1.7 

I i 1.4 1.2 1.5 0.8 0.6 
- - . <.I <.1 

0.6 2.2 0.6 0.8 0.2 0.4 0.9 

0.1 0.2 0.6 0.6 0.3 
<1 0.3 0.2 0.5 0.9 0.7 

0.2 0.2 0.3 0.1 0.1 0.2 0.3 
- 0.2 <.1 0.2 

- 0.3 0.3 <1 <.1 0.3 0.1 
- <1 - 0.1 0.1 0.2 

13.2 25.5 25.3 19,3 144 12.5 18.6 
<.1 

0.1 
+ <.1 0.1 + 
- - + 

2 0.8 1.3 0.5 0.5 0.8 0.8 
2.8 10 7.2 5.9 3.6 4.3 8 

59.2 40 30 28.9 19.1 12.5 37.2 
- <1 0.9 3.4 0.6 2.7 01

4- + - +

- - - +

< <I 
+ + +- + 

<.1 <.1 

<1 0 0.1 

<1 + 

4- 4- - + 

- <.1 -

+ 

+ 

<.1 

+-

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

<.1

+

+ 

+ 

+-

C

2.3 

1.1 
1.3 

0.3 

4 
12.8 
2.7 
<.1 <I 
0.1 
0.2 
<.1 

13.4 

+ 

2 
3.4 

17.9 
1.2 

+ 
+ 

4

<. i 
+

(continued)
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Horizontal Band Transects - Annual Invertebrate Mean Abundance/i 2 - North Control Station NC 2 at +0.3m (based on 5 "Tegula" Count Quadrats) (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations m Surveys 4 2 5 6 5 6 4 3 3 6 4 6 xi 1 4 4 4 4 4 2 nxs o ns 4 

Ampnpod (tube) - - - - 0.3 
Bayozaa, unid. (encristing) + + + + - + + + + + + + + + + + + 
Chzhamalus fmus + + + + + + + + 1 2 1 + + + + + + + 
Dodecaceria fewkesi <.I + + <.I + <.I + + 
Euqysoanella bilabiata - + 
Haliclona sap. + + + + 
Phrannatopoma californica - + + + + + + + + + + + + + + + + + + 
Pista spp. <.1 0.4 1,3 1.6 1.9 1.6 0.2 0.3 0.4 0.5 1.2 4.3 1.6 4.1 6.4 5.8 7.3 4.2 1.9 
Pordfea unid. (cmausting) + <.1 + + <.I + + + 0.1 + + + + <.I + + 
Sahnacina tribranmciaa + + + + + + + + + + + 
Spirorbidae + + + + + + + + + + + + + + + + + 
tunicat.e. olonial/social unid. <.1 <.I 0.1 0.2 <.1 0.1 + <.I + + <. + + + + + <.1 + 0.1

<.1 = measured but in low abundance; + = only reoxrded as present 

C_
C C



C) C (.

Horizontal Band Transects - Annual Invertebrate Mean Abundance/mr2 - North Control Station NC 2 at +0.9m (based on 5 "Tegula" count quadmts) 

Year 1976 1977 2978 1979 1980 1981 1922 1983 1984 1985 1986 1927 19"1 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations * Surveys 4 2 5 6 5 6 5 4 3 6 5 6 na 1 4 4 4 4 4 2 on ns on 4

Counted ReArdless of Size 

Acanthina spp.  
Anthopleura elegantissima 
Anthopleura xanthogrammica 
Balanus spp.  
Callijotoma ligatwn 
Epiactis prolifera 
Fissurella volcano 
Haliotis 3pp.  
Hemigrapsus nudus 
Leptastmnas app.  
Lottia digitalis 
Lottia limatula 
Lottia pelts 
Macclintockia scabra 
Mopalia Spp.  
Nucella emarginata 
Nuttallina califomica 
Ocenebra spp.  
Pabypapsus cyipes 
Pagu 3pp.  
Pisaster ochraceus 
StUWylocentroti purpuratus 
Tectura Scutum 
Tegula bnnmea 
Tegula funedralis 
Tetraclitambescen 

Only Counted ifOreater than V 

Acm•aida unid.  
Alia spp.  
Astefma miniata 
Barleeia ap.  
Bittium spp.  
Cinratulidae/Terebellidae unid.  
Crepidula spp.  
Cyanoplax spp.  
Dialula sandiegensis 
Crapidae (uv.) 
Heptacapus app.  
Homolopoma iuridumn/Lirulaia succincta 
ldotea spp.  
Ischnochitonidae 
Lacuna ap.  
Littorna sap.  
Lottia asmi 
Lottia gigantea

- - 0.1 <.1 <.A 0.1 0.2 0.2 0.2 <.1 0.2 
7.8 17.2 16.1 17.1 18.4 10.8 9.8 7.2 8.5 16.1 14.4 15.4 
0.2 .

* <.2 <.1- * 

<.1 
0.3 <.I <.1 <I - -

- - <.1 <,1 0.1 0.1 0.2 - <.I 

0.6 <.1 <,1 0.1 <.1 <.0 
<.1 <.1 <.1 0.3 0.3 0.2 0.7 <.1 0.1 0.2 

0.1 0.3 0.3 0.2 0.3 0.2 0.1 <1 <.1 
0.3 <.1 0.4 0.5 0.2 0.3 0.2 <.1 0.2 0.2 0.2 
0.4 0.9 1.2 1.3 2.5 3.6 22 2.1 3.5 2.8 2.2 1.6 
0.2 0.1 0.2 0.3 0.6 0.3 1.0 0.7 0.9 0.5 0.6 
2.0 4.3 6.8 10.6 13.0 24.2 15.9 13.2 77.3 88.9 82.7 27.4 
<.1 0.1 0.2 0.4 0.6 0.6 0.2 0.2 0.9 0.8 0.4 
0.4 0.1 <.1 0.1 0.3 <.1 0.2 - 0.1 

S <. <.1 0.1 <.1 <.I 0.1 0.3 
1.4 1.6 1.7 1.1 1.7 1.3 1.7 2.7 2.6 4.0 
0.3 0.1 0.2 0.6 0.5 0.8 0.7 0.4 0.4 0.3 

22.1 5,8 11.2 26.9 10.2 19.9 28.0 10.4 21.7 17.3 8.8 10.3 
<.1 <.1 <.1 
<.1 <.1 

1.5 1.7 1.3 1.2 3.1 3.0 4.4 1.6 3.8 4.3 2.8 2.3 
. 0.2 - <.1 0.2 - - <. <.1 

114.0 218.7 188.5 184.7 234.5 164.5 249.0 173.4 160.5 166.2 153.7 122.7 
- 0.4 <.1 0.5 0.9 2.3 3.3 4.8 4.4 1.5

0.3 <.1 + + 
+ + 

<.1 
- - + 

* + 

*+ 

+ + + 

+ 0.4 

0.1 + + 

<.1 <.1 
+- + + 
+ +- + 
+ 4. + 
+ <.1 +

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+

+ + 

- + 

* + 

+ + 

<.2 + 

+- + 

+ 

+. + 

+ . + 
+ + 

+ +

+ + 

* + 
+ + 

0.2 0.2 

+ + 

+- + 

+- + 

+ + 

- 0.2

+ + 

+ + 

0.8 0.1 

<.I + 

+ + 

+ + 

+ + 

+ +

- 0.1 0.1 0.2 0.2 0.3 0.5 
20.8 14.1 17.8 20.5 12.3 13.2 18.0 

0.1 

<.1 0.1 

0.2 <.1 0.1 0.1 0.2 <.I 0.3 
- <.1 0.4 . 0.7 

2.0 2.8 1.7 1.0 2.1 2.2 1.6 
. 0.3 0.5 0.6 0.6 0.7 0.2 

28.0 25.9 15.9 14.0 6.2 7.4 11.5 
- 0.4 0.4 0.2 0.3 0.2 0.6 
. <.1 <.I <.1 <.1 

0.2 0.3 0.2 0.3 0.6 0.2 0.5 
2.6 1.5 2.8 2.6 3.6 2.5 3.9 

. 0.5 0.6 0.6 0.3 03 0.4 
13.8 16.0 40.8 27.3 9.9 17.9 19.4 

<.1 - - 0.1 

3.6 2.8 2.7 2.0 1.7 2.3 2.3 
0.2 <.1 

257.4 140.2 144.5 148.2 134.7 92.7 190.2 
. 0.1 0.7 0.2 * 0.2

+ + 

<.1 

+ + 

0.6 
0.2 

<+ 
- + 

- <.1 
* + 

+ + 

+ + 

+ +

+ 

0.2 

+ 

+ 

+ 

+ 

+ 

+

+

+ 

0.2 

+ 

+ 

+ 

+ 

+

0.6 + 

+ 0.  
<.1 0.2 

+ + 

+ 

+ + 
+ + 

+ + 

+ +

+ 

+ 

0.2 

+ 

+ 

4-

<.2 
15.6 

<.1 
<.1 

<.I 
0.3 
2.0 
3.9 

40.9 
0.2 

02 
1.0 
0.3 
8.6 
<.1 

3.1 

84.0

+ 

+ 

02 

(continued)



Horizontal Band Transects - Annual Invertebrate Mean Abundance/rn 2 - North Control Station NC 2 at +0.9m (based on 5 "Tegula" count quadrats) (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Stations * Surveys 4 2 .5 6 5 6 5 4 3 6 5 6 ns 1 4 4 4 4 4 2 ns ns ns; 4

Only Counted ifGreater than V (continued) 

Lottia instabilis 
Majidac 
Musculus pygnacus 
Mytilidac 
Mytilus califomnianus 
Ncneatea unid.  
Nereididae unid.  
Nitidiscala/Opalia spp.  
Onchidella borealis 
Petlristhes spp.  
Pisaster/Henricia (juv.) 
Pollicipes polymerus 
Pugta app.  
Pyeogonada unid 
Serpulidae unai.  
Sipuncula usid.  
Tricolia spp.  
Trimusculus reticulatus 

Biyozoa, unid. (emcrusting) 
Chthaanalus fisus 
Haliclona spp.  
Phragmatopoma califomica 
Pista spp.  
Poeifera unid. (enersting) 
Sauinma triblrancata 
Spinxbidae 
tunicates. colonial/social unid.

+ 0.2 0.2 
<.1 

0. < 
* 0.1 * <.1 

* + + 

* - <.1 

* +

0.7 0.1 0.1 <.1 

-* + + 

* . + + 
-* +

+ * 

* -+ + + 

+ 0.2 0.1 <I <.I <.I 

<.I 

<.1 

+ + <.1 + 

<,I

* + 

+ 0.1 0.3 + 

+ + + <.I 

- + 0 

- <.1 + 0.2 
* +

+ 0.4 0.6 0.6 

+- +- +- +

- - * + 
+ + 

+ + + +

+ .  

- <+ 

- 01 <.! 

- - <.1 * 

- - - <.1 

0.2 1.0 1.0 1.8 0.8 0.9 1.0 

<.1

0 .  
0.3 

+ + 

+ +

+ 0.1 0.1 + + 

+ + + + + 

S- +

* + 

+ <.1 + + + 
- +- + -

<.I measured but in low abundance; + = only recorded as present

1.4

4

+-

C_ C )



Ci C C
Horizontal Band Transects - Annual Invertebrate Mean Abundance/m 2 - Field's Cove Station FC I at +0.3m (based on 5 "Tegula" count quadrats) 

Yea" 1976 1977 1978 1979 1980 1991 1982 1983 1984 1985 1986 1997 1998 1989 1990 1992 2992 1993 1994 1995 1996 1997 1998 1999 
N Stations * Surveys 4 2 ns ns ns na ns ns 1 2 2 1 ns 1 4 4 4 4 4 4 4 3 4 4 

Counted Regardless of Si

Acanthina spp.  
Anthoplcua elegantissima 
Balans app.  
Calliostom ligatum 
Epiactis prolifera 
Fissumlla volcano 
Fusinms luteopictus 
Haliotis spp.  
Hanigrapsm nudhus 
Leptasteras spp.  
Lottia digitalis 
Lottia limatula 
Lotti pelts 
Macclintockia scabra 
Mitra idse 
Mopalia spp.  
Nuttallina califomics 
Ocenebra app.  
Pachgypsus crasaipes 
Paguni spp.  
Pier ochraceca 
Pseudomelatoma toroa 
St"ngylootua puPrptu 
Tecturam paleac 
Tectusa scutum 
Tegula brmnea 
Teguls funcwhralis 
Ttraclita nbescena 

Only Counted if Greater than V" 

Acmaea nitra 
Acmaeidae unid.  
Aldia sanguines 
Alia spp.  
Amphiasa spp.  
Baleeia app.  
Bittium ap.  
Cancer antenmiuus 
Chsetopteridae 
Crepidula spp.  
Cucurnaria spp.  
Cyuaoplax spp.  
Diodora spp.  
Discumrria imsem 
Doriopsilla albopunctata 
Grapsidac (juv.) 
Henicia leviusculs

<.A 
5.7 9.1 

0.4 1.7 
0.3 

4.6 8.5 
<.I 
0.2 

0.2 0.1 
0.2 
2.0 14.9 

0.1 1.5 
<.I 
0.3 0.2 
4.8 5.9 
0.1 

0.1 1.4 

1.4 0.4 
8.7 5.3 

32.1 52.0 
9.2 14.4 

0.2

. 0.1 -

4.6 5.1 9.1 8.6 
* + 

0.2 
0.4 0.2 0.5 1.0 
0.8 1.8 2.7 0.6 

- - - 0.4 
1.2 0.1 0.3 0.2 

0.3 0.3 2.2 

1.4 0.6 0.5 0.6 
3.0 0.6 0.6 

21.4 8.0 23.5 0.8 

0.2 0.2 
3.6 3.1 6.3 2.2 
1.0 0.8 1.8 2.4 
0.2 1.0 0.9 1.6 

15.8 14.3 8.8 12.8 
0.2 0.2 0.1 0.2.  
0.2 0.1 

0.2 0.2 

3.4 2.6 6.0 1.6 
14.2 23.4 9.1 14.0 
25.0 52.9 128.3 220.2 
11.6 3.7 9.6 5.0 

0.2 0.3 0.4 
+ 0.1 + + 

+ 0 . + 
* + 
* + 

+ + + 

+ + + + 
-* + 

- + + +

- - 0.1 - 0.2 
8.2 9.4 14.1 18.8 20.4 9.4 10.9 10.8 7.3 4.4 6.7 

0.2 + 
1.6 2.0 1.1 1.4 1.5 2.2 1.3 1.6 2.1 0.7 0.8 
1.8 1.3 1.0 1.8 3.6 3.4 0.6 1.8 2.0 5.2 2.1 

I 0.1 
1.0 0.8 0.3 0.4 0.2 <.I 0.2 0.6 

S <.2 0.2 - - - * 
0.2 1.3 0.4 0.4 0.8 0.8 0.7 1.0 0.5 <.2 0.4 

- 0.3 - <.I 
0.2 0.7 0.9 1.5 2.6 1.9 0.5 2.3 2.3 2.7 2.6 

- 0.1 <.1 0.2 1.8 2.9 3.0 1.9 2.5 21.8 6.6 
0.2 0.2 0.3 5.0 6.1 1.4 1.9 3.4 27.4 76.6 

<.I <.I <.I <.I 
<.A 0. 0.2 <.1 0.2 0.2 0.2 

3.0 3.7 3.6 4.1 3.2 4.2 5.0 4.2 3.8 3.1 4.5 
0.4 0.9 0.7 1.2 0.5 0.8 0.3 0.9 0.5 0.6 0.3 
1.6 1.0 1.3 2.4 2.3 1.6 1.7 2.4 2.6 1.3 1.3 

25.6 11.4 22.2 12.0 9.8 7.9 10.9 15.2 4.8 5.0 12.9 
S <.I 0.3 0.3 0.2 0.1 0.1 <.I 0.3 0.2 
S <.I <.A - <.I <.I + 

0.8 1.3 3.0 3.2 8.9 11.5 7.5 2.4 1.7 1.8 3.6 
* * - - - + + + 

1.8 0.6 0.7 0.5 2.9 1.6 0.8 1.5 0.9 1.9 7.9 
5.2 4.5 1.5 4.1 12.8 12.6 12.2 11.1 15.7 7.6 11.4 

1688 136.8 229.9 164.9 27.4 1.8 1.2 3.2 4.3 5.3 2.8 
3.0 25.2 31.4 30.4 49.9 69.6 14.4 13.7 11.7 6.4 7.4

+ 0.3 <.2 0.4 0.1 <.A + + 0.6 
+ + + + + + + + + + 

< -+ < < 
-+ + + + + + + + + 

(+ *ontinue+ 
*+ * + + 

-- - 0.1 - <.1 
* - - + + * * 

+ + + + + + + + + + 

- - - * <.1 + <.1 + 0.3 
* -- <.1 - - <.2 <.1 

* - - 03 + + + + + 

÷ + + +÷ + + 

(cninu-d)



Horizontal Band Transects - Annual Invertebrate Mean Abundancelni 2 - Field's Cove Station FC I at +0.3m (based on 5 "Tegula" count quadrats) (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Stations * Swvcys 4 2 ns ni ns ns ns r s I 2 2 1 ns 1 4 4 4 4 4 4 4 3 4 4 

Only Counted if Greater than IV (continued)

Hcptacarpus spp.  
Hermissenda crassicoris 
Homolopona luridumr/Linlaria succincta 
Idotea app.  
Ischnochitonidae 
Lacuna spp.  
Lepidozmm spp.  
Lissothuria nutnens 
Liuttorina spp.  
Lottia asmin 
Majidae 
Megatebannus bimaculatus 
Mytilus californianus 
Natantia unid.  
Nemerte unid.  
Nercididae unid.  
NitidiscaWOpalia pp.  
Octopus app.  
Ophiactt simplex 
Ophiotlrix app.  
Panulirus inteuptus (puenulus stage) 
Pelcypoda unid. boring 
Petrolisthes spp.  
Phidiana hiltoni 
Pisaster/nmicia (juv.) 
Polychaeta unid.  
Pugettia 
Pycnogonida unid.  
Pycnopodia helianthoides 
Serpulidae unid.  
Scpuorbis squam s 
Sipuncula unid.  
Stenoplax app.  
Tonicella lineata 
Tricolia spp.  

Biyozoa, unid. (encrusting) 
Chthmnalus fissus 
Euystomclla bilabiata 
Haliclona spp.  
Phrapnatopona califotica 
Pista spp.  
Ponifera urid. (eanmbti) 
Salmacina tribanchiata 
Spiorbidae 
tunicates, colonial/social unid.

0.1 

<I o 

0.9 0.7 

<.1

- + + 

+ + + 0 

+ 0.1 0.9 

0.10.  

<I + 

+ 0 + + 
+ .  

0.6 0.5 0.1 1.4 

- + + 

* 0.1 
- 0.6 - + 

4. 0.1 +. 0.2 
+ 4 0.1 0.8 

- - 0.2 0.2 
* 0.1 0.2 

+ 4 + 

+ - - + 
+ 0.2 0.2 0.7 

+ + + + 

+. 0.3 0.2 0.! 
- <.1 + 

+ 0.1 + + 
+. 0.1 + +

+ 0.3 
+ . + -

o ÷ + - + *o 

<.I 
+ <.1 + + + + + 

+ + + + + + 4. + + + + 

-+ - + 

+ + + + <.I + 
- + - + 

+ + + + + + * + - + 
- + -+ -

<.1 
÷ + -

0.1 0.3 0.4 1.5 0.8 0.7 0.6 0.9 0.3 0.8 
+ - * - 0.2 <.1 <.1 - <.1 
* - * * + + + 

- <1 <.1 

<.iI 
* - * * <.1 

* + 

<.1 + < I 
+ . + <.1 + + + <.1 

0.4 <. 0.1 0.2 + 0.3 <.1 0.5 0.5 <.1 0.2 
- + 0.1 

<.1 - - <. <.1 
0.4 0.2 0.3 0.3 0.5 0.3 0.7 0.9 0.4 0.5 0.7 

0 0.3 0.2 0.4 0.2 0.2 0.4 0.3 0.1 0.4 0.5 
+ <I1 <.1 + + + + + + + 

03 <.1 <.1 
+ <.1 

* *- + + -- + 

+ + + + + + + + + + + 
+ + + + + + + + + 0 0.2 

* 

+ + + + 0.1 + + + + 0.3 0.6 

+ <.I 0.1 0.3 0.3 0.3 1.0 1.8 0.9 1.1 2.4 
- + - + * + + + + + + 

<.1 + + + 
+ + + <.1 + + + + + + + 
+ + + + + <.1 <.1 + 0.1 + +

<.1 = measured but in low abundance, + = only recorded as present 

C C C.
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Horizontal Band Transects - Annual Invertebrate Mean Abundance/m 2 - Field's Cove Station FC I at +0.9m (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Stations * Suveys 4 2 ns m ns m ns nn 1 2 3 3 on I 4 4 4 4 4 4 4 3 4 4

Counted Reordless of Size 

Acanthina spp.  
Anthopleura elegantissims 
Anthopleura xanthorammica 
Conus califomicus 
Epiactis prolifem 
Fissurella volcano 
Haliotis spp.  
Hemigapsus nudus 
Leptastefias spp.  
Lottia digitalis 
Lottia limatula 
Lottia pelts 
Macdintockia scabra 
Mopalia spp.  
Nucella emarinata 
Nuttallina califomnica 
Ocnebra app.  
PwhyV assipes 
Pagunis app.  
Pisaster ochmecus 
Strongylocentrus ppuratus 
Tectura perona 
Tectura acutum 
Tegula binnea 
Tegula fimebralis 
Tetraclita ruhescens 

Only Counted ifCGreaterhthan V 

Acmawa mitts 
Acmaeidae unid.  
Aeolidia papillosa 
Alia app.  
Amphlssa ap.  
Bittium spp.  
Cifratulidae/Terebellidae unid.  
Crepidula Spp.  
Cyanoplax app.  
Di-cumia imesm 
Grapsidae (juv.) 
Hemigrapsus oregonensis 
Heptacarpus ap.  
Hipponix spp.  
Homolopoma luidum/Lirulmia auccincta 
Idotea spp.  
lschnochitonidae 
Lacuna app.

0.2 
133.9 206.5 

0.2 

1.2 1.9 
0.1 

<.1 0.1 

0,6 0.5 
0.2 

12.9 3.9 
<.I 

<.I 
0.3 

33.5 53.5 
<.1 

* 0.1 
0.2 
0.6 0.6 
0.2 

281.2 233.5 

0.3 

0.1

0.6 0.7 3.4 1.9 
359.8 223.4 251.2 259.3 

0. <I 0,4 <.1 

0.4 0.4 0.3 0.4 
0.4 <.1 

S - - 0.1 
S <.1 

1.8 6.7 4.4 5.0 
* 0.3 0.3 

9.2 45.3 42.6 46.4 
0.2 0.4 0.3 

0.4 0.1 <.1 0.2 
6.0 0.9 2.5 4.3 
0.6 1.5 0.7 1.3 

23.2 23.8 26.7 39.4 
0.2 0.1 <.1 
0.2 0.2 0.1 0.1 

0.6 11.1 4.6 1.9 

260.4 321.5 235.7 269.7 
- 0.1 <.1 

- 4- - +

* - 4- +. 4 

0.6 3.0 0.1 0.7 

+ <I + 

* + <.1 + 
4-+ +4 +

1.4 2.0 2.5 1.7 1.1 0.1 0.3 1.1 1.3 1.5 0.9 
265.0 271.4 316.1 322.2 231.1 222.3 151.6 161.9 152.7 155.5 172.7 

0.2 
- * ~~<.1 -- 

0.2 <.1 
- <.I 0.1 <.1 

- <.1 0.1 <. - <.1 
0.2 - <1 <.1 <I 0.1 0.1 0.1 

S<.1 - 0.1 <.1 
- - - * * 0.1 -

5.2 4.1 4.2 2.3 4.2 2.3 2.5 4.2 2.8 3.5 3.8 

0.6 0.3 0.5 <.1 0.3 0.4 0.4 0.5 0.5 1.0 1.2 
75.0 65.5 67.3 32.7 36.7 9.2 5.3 12.2 149 11.3 32.3 

0.5 0.2 0.1 <.1 0.2 0.3 0.1 0.2 0.2 0.2 

- <.1 <.1 
0.4 0.2 0.3 <.1 0.4 

1.2 3.6 3.1 2.6 2.5 1.7 1.1 1.4 1.1 0.6 0.4 

1.4 0.8 2.0 1.1 0.7 0.9 1.0 1.5 1.2 0.9 0.6 
32.0 29.4 33.6 34.6 44.9 29.4 41.3 62.1 20.7 19.7 13.3 

S <.1 <.1 0.1 0.2 0.3 0.4 0.1 - <.1 <.1 
0.1 0.1 0.2 0.2 0.3 0.4 0.3 <.1 0.2 

6.6 3.7 3.2 0.6 1.5 1.3 1.9 1.3 1.3 0.7 3.4 
- <.1 - <.1 

267.6 386.6 310.7 271.2 284.6 261.0 214.5 194.7 249.9 221.3 326.3 
- 0.3 + 0.1 0.3 0.9 0.1 - <1 <.1

+ +4 
- <.1 

* + 

2.0 3.l 

-

* + 

-4

- +

+ 
+4 

"4
+ 

1.3 

+ 

+ 

+ 

+ 
+

<.1 

-- - +4 -

4.+ + 

<.1 + 0.1 

1.8 0.9 1.0 1.1 0.8 1.2 0.7 

S- - -4-+ < 

- - <.1 - -

+4 4- - + + 

4- . 4- +

+ + + +- 4-

0 

+ 
+ 

0.6
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A? C C

Horizontal Band Transects - Annual Invertebrate Mean Abundance/rn 2 - Field's Cove Station FC 2 at +0.3m (based on 5 "Tegula" count quadrats) 

Yeaw 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

N Stations * Surveys 4 2 ns ns ns ns ns "s 1 2 2 1 nu 2 4 4 4 4 4 4 4 4 4 4 

Counted Regmdless of Size

Acanthina spp.  
Anthopleura elegantissima 
Balanus spp.  
Calliostoa ligatum 
Epiactis prolifera 
Fisurella volcano 
Fusinus luteopict-s 
Haliotis spp.  
Hemigrapaus nudus 
Leptasterias spp.  
Lottia digitalis 
Lottis limatula 
Lottia pelta 
Macclintockia acabra 
Mitts idae 
Mopalia app.  
Nuttallina califomica 
Ocenebmr spp.  
Pad ipes 
Pa•gur app.  
Pisamer ouaces 
Pacudomelatorna torma 
Strona 2ocemtm pufpratus 
Tectuan paleacea 
Tect pesona 
Tecttra scutum 
Tegula bnsiema 
Tcgula fimebralis 
Tetmaclita rubescena 

Only Counted if Greater than I

Acrmaa mitra 
Acmaeidae unid.  
Aegir albopu•tat 
Aeolidia papillosa 
Alia spp.  
Amphissa spp.  
Bittium spp.  
Cadlina spp.  
Cancer antenmmius 
CisratulidaelTerebellidae unid.  
Cepidua spp. ' 
Cawtochiton stelleri 
Cyanoplax spp.  
DiMulula sandiegensis 
Diopatra omata

29.4 
<.I 

0.2 
0.2 

4.6 
0.1 
<.I 

0.3 

0.2 
1.1 
0.1 
0.2 
7.8 

1.2 

0.2 
0.4 
0.9 

41.8 
9,2

<.1

0.1

4.

45.9 

0.4 
0.4 

8.6 

0.3 

1.2 

9.3 

0.2 
16.3 
0.2 

3.8 

0.3 
2.0 

95.0 
16.3

23.6 

4.8 

1.4 

1.2 

1.6 
8.2 

15.0 

28.2 
0.4 
0.4 

18.2 
0.2 

1.4 

2.0 
6.6 

56.2 
9.8

+
+-

0.1 
20.0 14.9 
2.0 0.4 

0.5 0.3 
1.5 3.5 

0.5 
0.9 1.3 

. 0.4 
2.0 2.4 
0.1 
1.3 2.3 
0.3 1.0 
9.1 26.5 

0.1 0.3 
10.4 15.9 
0.6 0.2 
0.5 0.7 

17.1 16.4 
0.2 0.3 

1.6 1.7 

3.8 2.6 
5.3 5.0 

70.1 141.3 
14.5 7.1

26.4 

1.3 

2.6 

0.2 
2.8 

0.4 
0.8 

13.2 

10.0 
0.3 
0.8 

18.4 
0.4 

3.4 

2.4 
0.4 

77.6 
14.6

+ 0.3 
0.1 + +

- + +" + 

* 

- +
- + 

+ +- +- +

- 0.5 -

27.6 40.3 44.7 
0.8 0.5 

0.8 0.4 0.5 
3.8 2.5 1.8 
0.2 0.1 
0.6 0.7 0.2 

0.4 1.2 0.9 

1.2 2.8 1.9 
0.2 0.2 0.7 
5.8 6.7 3.9 

0.2 0.2 <.1 
3.2 10.1 13.6 
2.0 0.9 1.0 
1.2 1.6 1.3 

15.0 19.9 17.3 
0.2 0.3 0.2 

<.1 <.1 
3.6 13.0 15.6 

4.4 2.4 1.1 
2.2 5.6 4.1 

273.3 162.8 187.9 
1.6 20.3 14.2

46.5 
0.1 

0.4 
2.9 

0.3 
<1.  
0.6 

2.1 
0.7 
1.8 

12.9 
2.1 
1.1 

21.4 
0.5 

16.4 

0.7 
3.8 

71.1 
16.4

31.0 

1.1 

2.7 

0.2 

1.1 

1.5 
1.1 
4.7 

0.1 
6.1 
0.5 
2.0 

13.8 
0.5 

23.8 

1.2 
10.0 
83.4 
21.5

<.1 
26.7 

1.3 
2.2 

0.3 

1.2 

1.5 
0.9 

11.1 
<.1 

6.1 
1.1 
1.5 

14.9 
0.2 

33.7 

2.0 
9.7 

36.6 
51.9

0.4 0.2 + 0.1 0.1 0.2 
+. + + 4+ +. 4 

- * * - 4

* + + + 

+ * * 

- - * 4.  

* 4-

+ 

+ 

+-

<.1

- + +- -

+- - +- - +-

<.1 <.I <.I 

0.1

<.1 
<1

21.0 

0., 
1.5 

1.1 

1.0 
0.5 
4.3 

<.1 
5.9 
0.4 
1.8 

25.5 
0.2 

37.9 

0.9 
5.2 

38.9 
4.3 

0.1 

+ 

0.1

22.2 

<.1 
0.4 
2.1 
<I2 

1.3 

1.0 
0.7 
2.5 

0.1 
5.5 
0.4 
1.4 

24.6 
0.3 

23.5 

1.0 
3.5 

73.8 
9.4

12.1 

0.1 
0.7 
5.1 
0.1 

0,9 

1.3 
0.9 
2.6 

0.2 
12.4 
2.2 
1.4 

16.7 
0.4 

22.4 

0.3 
6.7 

62.4 
5.0

10.1 

0.2 
3.8 

<.1 

0.1 

3.1 
4.9 

19.8 

5.8 
0.2 
1.5 
7.1 
0.3 

27.0 

0.4 
6.3 

46.0 
3.0

16.9 

0.8 
2.3 
<.1 

0.6 

7.2 
6.1 

37.8 

0.1 
9.7 
0.6 
0.6 
8.5 
<I.  

22.9 

0.1 
1.0 
2.3 

54.0 
7.3

0.2 0.2 <.I 0.1 

+ + 4

+ < 
4. * * 

+ - * <:.2 

<.1 + 

- <.1 
<.1 + +

(continued)
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C C C.

Horizontal Band Transects - Annual Invertebrate Mean Abundance/n 2 - Field's Cove Station FC 2 at +0.3m (based on 5 "Tegula" count quadrats) (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

N Stations *Surveys 4 2 s n s m ral "a n is 1 2 2 I m 1 4 4 4 4 4 4 4 4 4 4

pnh* Counted ifCmeate than I (ceontinuj 

Serpulidae unit 
Sezpulorbis squamigerns 
Sipuncula unid 
Stenoplax sPp.  
Tonicella lineata 
Tricolia spp.  
Triopha catalinv 
Triophs maculata 

Bfyoza, unid. (encrusting) 
Chthamalus fissus 
Dodecaceria fewkesi 
Euwystomella bilabiata 
Haliclona spp.  
Phragmatopoma califomica 
Pista spp.  
Porifera unid. (encustirg) 
Salmacia tribranchiata 
Spirorbidsc 
tunicales, colonial/social unid.

<.1

+ + 0.2 0.2 
0.4 2.2 
0.1 0.1 0.2 

0.2 0.3 0.2 

0.1 

+ + + 

+ 0.3 1.0 0.7 
+ + 

- + 

+ + + + 
+ + <.1 4 
+ + + + 

+ * + + 
+ + + + 
+ + <.1

+ 4

0.4 0.6 0.7 0.1 0.4 0.7 0.3 0.2 0.7 0.5 1.1 
1.6 1.9 1.7 1.3 2.1 2.3 3.5 1.0 2.7 1.0 1.5 

+ <.1 + 0.1 + -<.1 + + + + + 
<.1 

0.2 0.1 <.1 <1 - <.1 0.4 0.1 <.1 
+ < + + < + + 

+ + + < + + + + + + + 
0.1 <.1 < + <I + + + + + + 
+ + + + + + + + + + + 

+ + + <.I + + + + + + 0.4 
+ + <.1 0.1 <. + + <.1 <.1 + 0.4 
+ 4 + + + 0.1 4 + + + + 

* * + + ÷ + 4 + 
+ + 4 <.1 + 4 + + + + + 

+ + + + + <.1 + + 0.2 <.1 +

<.I - messured but in low abundance; + - only reord as present



Horizontal Band Transects - Annual Invertebrate Mean Abundance/m 2 - Field's Cove Station FC 2 at +0.9m (based on 5 "Tegula" count quadrats) 

Yew 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 4 2 nS ns ns Ds ns ns 1 2 3 3 is 1 4 4 4 4 4 4 4 4 4 4

Counted Regardless of Sie 

Acanthina spp.  
Anthopleura legantissima 
Balanus spp.  
Callioatorna ligature 
Epiactis prolifeca 
Fissurella volcano 
Haliotis spp.  
Hemigrapsus nudus 
Leptastenas spp.  
LoUia digitalis 
Lottia lintatla 
"Lottia pelt& 
Macclintockia scabra 
Mopalia app.  
Nucella emaiginata 
Nuttallins califmica 
Ocenelra spp.  
Pack,-Tapaus caipes 
Paguru spp.  
Pisaster ochraceus 
Strongylocentrotus purpuratus 

Tectura persomna 
Tectra scutum 
Tegula bnnmea 
Tegula funebralis 
Tetraclita rubescens 

Only Counted ifGreater than I 

Acmaca mitra 
Acmanidac unid.  
Alloioplaw califomica 
Amphissaspp 
Cknatulidaewfercbellidae unid.  
Crepidula spp, 
Cyanoplax spp.  
Urasid-e (uv.) 
Heptacarpus spp.  
Idotea spp.  
Ischnochutonidac 
Isopoda unid.  
Lacuna spp.  
Littonina app.  
Lottia asani 
Lottia gigantea 
Lottia ochracem 
Majidwe

0.5 0.5 
105 142 

2.3 

0.6 1.2 

0.4 0.9 
0.7 0,7 
0.4 0.4 

11.4 13.7 

<.1 0.3 

0.1 0.4 
8 20.8 

0.1 
0.2 

1.3 2.7 
- 0.1 

155 137 

0.3 

0.5

0.8 1.6 3.3 1.5 
125 113 98.5 144 

- 0.9 0.3 

3.2 2.3 2 2.8 
- 0.1 -

0.6 0.1 0.1 13 
4.6 3.4 6.7 4.7 
0.8 1.5 0.8 1.5 

12.8 56.6 68.5 45.5 
. 0.1 0.3 0.3 
. 0.1 0.5 0.2 

0.6 0.2 0.5 0.7 
1 2.2 1.9 2.8 

1.6 1.3 0.9 0.6 
3.4 27.6 20.7 17.3 

1.4 8.2 7.8 5.3 
S<.1 

146 191 154 179 
- .1 + 

+ + + + 

0.2 
+ + + 

0.4 2.4 1.1 2.2 
+ + + + 

- + 

+ + + + 

- + 
* + + + 

+. + + + 

+ + + + 

- - <.1

1.4 1.2 1.1 1.5 0.9 1.4 1.4 1 1.1 0.9 0.8 
145 106 129 15 103 58.2 53.9 60.3 60.7 49.7 58.5 
0.2 0.1 0.1 <I - 0.1 0.1 -

<.1 + 
O .1 + 

- <.1 - - 0.1 - <.1 
I 2.1 1.5 0.5 <.1 <.1 0.3 0.1 0.3 0.2 

0.2 <.1 - <I <.1 <.1 
-<.1 < 

1.8 1.7 1.1 0.7 0.9 1.2 1.3 0.4 1.1 0.3 
0.6 6.2 3.6 3.1 4.4 4.2 2.1 2.7 4.8 4 3.6 
0.2 0.5 0.5 1.5 2 1.7 1.6 1.1 1.4 0.7 3.3 
145 57.7 52.7 26.8 35.4 14.2 12.5 32.1 25.5 19.3 21.6 
0.2 0.4 0.1 - <.1 <I 0.2 <.1 <.I 

S <.1 <I <.1 0.1 <.1 <.1 0.1 
0.2 0.3 0.3 0.2 0.3 0.3 <.1 
0.6 0.8 1 1.4 0.9 0.7 I 1.1 1.1 0.2 0.2 

. 2.1 1.8 0.8 1.2 1.6 1.6 1.3 1.6 I 0.5 
10.6 6.8 6.9 8.8 11.9 11.7 7.3 9.8 10.3 5.9 5.2 

0.1 0.1 - - - - <I <.1 
0.1 - <.1 <.I 

<.1 
8.2 3.3 2.3 0.6 2.9 3.1 2 3 3.2 0.6 1 

* - ~<.l 
240 194 142 153 152 122 161 129 178 143 130 

- 0.2 <1 0.3 - - - - -

* + 

0.8 3.7 
- + 
- + 

+ +, 

* 0.2

<.1 + 

0.3 
- + 

2.3 1.2 

<.1 

<

+ +
* <.1 

+- +-

4, 

+ 

+, 

1.1 
+, 

+

+, 
+

+ 

+ 

1.5 

+ 

+ 

+ 

+-

+ +

+ <.1 
+ + 

1.1 0.8 

+- + 

+- + 
+ +-

+

+ 

.+ 

+ 

+ 
+.  

+

,+

+ 

1.7 

+

+

+-

0.3 

<.1

(continued)
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Horizontal Band Transects - Annual Invertebrate Mean Abundance/mr2 - Field's Cove Station FC 2 at +0.9m (based on 5 "Tegula" count quadrats) (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Stations * Suveys 4 2 ns na ns na Mn na I 2 3 3 as I 4 4 4 4 4 4 4 4 4 4

Only Counted if Greater than I (continued) 

Modiolus app.  
M,•ilidae 
Mytilus califomianus 
Naantia unid.  
Nemeate unid.  
Nereididae unid.  
Nitidiscala/Opaia spp.  
Pisaster/Henricia (juv) 
Pollicipes polyne4m 
Pofych unid.  
peta Spp.  
Sefpuhide wtd.  
Sipuneula unid.  
Spionidae unid.  
Tonicella lineuta 

% Coverage 

Bryozoa, unid. (enc.tating) 
Chthmnadus fmmu 
Phragmatopoma californica 
Spirorbidac

<.1 

0.1 

0.1 

0.8 0.5 
0.3 1.5

- + 
- + 

0.9 <.1 + 
0.1 

0.2 0.2 0.5 .03 
0.1 + 

<I1 

0.2 
-+ 

+ 0.3 0.5 0.7 
0.1 <.1 0.3 0.5 

* - - +

< + 

0.2 0.1 + <.1 0.2 0.1 <.1 

-* + + + ÷ + + + 

<.1 
1.4 4.9 2.2 0.3 2.3 1.1 1 0.2 1.5 0.5 0.7 

* * -* - + * + 

-. * + + + + - + + + 

0.2 

+ + + <.1 + + + + + + + 

I 1.1 0.3 0.1 <.I 0.1 <.1 <1 0.2 <. + 
* + - + 0.1 -

<1I= tneaaured bto in law abunmdanc + = only recorded as resent



Horizontal Band Transects - Annual Invertebrate Mean Abundance/m2 - Field's Cove Station FC 3 at +0.31n (based on 5 "Tegula" count quadrats) 

Yeao 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Suwveys 4 5 6 6 6 6 6 6 6 6 6 6 4 4 4 4 4 4 4 4 4 4 4 4 

Counted Regardless of Size

Acanthina spp.  
Anthopleura elegantiuirna 
Anthopleura xanthararmica 
Balanus spp.  
Callijotomra ligatuin 
Conus califoaiucu 
Epiactis prolifera 
Fissurella volcano 
Fusinm luteepictus 
Haliotis spp.  
Hemirapaus nuda 
Leptasteraa app.  
Lottia digitalis 
Lottia linatula 
Loltia, pelta 
Macclintockm.scahma 
Mitr idac 
Mopalia app.  
Nuttallina californica 
Oecnba app.  
Pachygrapsus crassipes 
Pagurus app.  
Pioaater ochraceus 
Peudomelatoma teresa 
Stron- ioclrotua purpuratus 
Tectura scutum 
Tegula bIunnea 
Tegula funelirali 
Tetraclita nibeacens 

Only Counted if Greater than V 

Amsea nitra 
Acwaeidae unid.  
Aeolidia papillosa 
Alia spp.  
Amphs spp.  
Asterinan miniata 
Balanophyllia elcgans 
Barlecia spp.  
Bittiumn spp.  
Cancer antennarius 
Caceraprodutu 
Cancer ,pp.  
Cha•optridae 
CirratulidaerTerebellidac unid.  
Clavelina huntsmani

<.1 <.1 - - - - - 0.1 - - - - - - <.1 
4.8 7.2 6.8 7.3 7.5 7.8 8.3 7.1 8.7 8.5 9.5 9.8 11.8 7.5 7.7 7.2 5.8 8.0 7.5 9.3 8.2 7.9 6.4 6.6 

- - - - . < - - - - 0.1 - <1 
1.6 0.1 0.1 <1 <.1 0.4 <.1 

- <.1 <1 <.1 <.1 0.1 -<1 <1 0.1 + 
<1 0.2 0.1 <.1 0.1 <.1 <.1 <I| <.1 <.I <.! <.I <.I <.1 0.2 

0.1 0.2 1.4 1.3 0.8 0.8 0.4 0.6 0.1 0.3 0.5 0.3 0.2 0.3 <.1 0.4 0.6 0.1 0.6 0.3 0.3 0.3 0.3 <.1 
0.4 0.4 1.8 2.8 1.6 1.8 2.3 2.2 3.4 4.0 3.6 2.8 1.6 1.3 2.0 3.3 3.5 5.6 3.9 2.2 1.5 2.7 4.6 3.7 

<.1 - + - 0.1 0.1 <I <.1 - 0.1 - - - .

2.1 4.0 3.7 3.6 3.5 2.1 1.5 1.6 1.1 1.1 1.7 1.5 2,1 2.0 1.6 1.1 0.6 0.8 0.9 0.5 0.3 0.1 
- <.I <I . <I . <1 <I - <I <.I <.I - <.I 

0.1 <:I 0.6 0.9 0.7 0.7 0.5 0.4 0.2 0.2 0.6 1.3 0.5 0.4 0.9 0.3 0.3 0.3 0.9 0.7 0.5 0.4 0.3 0.2 
- - <.1 <.1 

<.I 0.3 0.1 0.1 0.3 0.5 0.3 0.4 0.5 1.2 0.2 0.3 0.4 0.5 0.5 0.9 2.2 1.7 0.6 0.4 0.3 11 5.0 
<.1 1.0 0.6 0.6 0.9 0.5 0.3 1.8 2.1 1.3 0.4 0.5 0.2 0.2 0.4 0.2 3.8 2.7 0.5 0.2 0.4 7.1 9.5 
0.1 0.2 0.6 <.1 0.6 0.6 1.5 0.5 2.6 8.1 7.2 1.9 4.4 0.5 0.5 0.2 0.3 4.5 2.8 4.2 0.4 0.2 3.7 13.8 

-- + <.1 0.1 
<1 0.1 0.1 0.2 <.1 0.2 0.1 0.2 0.2 0.2 0.2 <.1 <1 0.1 - - - 0.2 0.1 0.2 . 0.2 

0.2 1.5 1.6 1.1 1.1 0.8 1.0 0.5 0.9 0.9 0.8 0.9 0.4 0.8 0.4 0.5 0.5 0.5 0.6 0.3 1.0 <.1 0.9 
- 1.0 0.2 0.6 0.4 0.2 0.4 0.9 0.6 1.5 1.8 0.6 0.6 0.9 1.1 0.6 0.4 0.9 0.6 0.5 0.6 0.1 <.1 

0.2 <.1 0.1 0.2 0.2 0.2 <1 0.2 0.4 0.2 0.6 0.5 0.2 1.0 0.9 1.1 1.0 1.2 1.8 1.3 0.7 0.7 0.8 0.2 
5.7 9.2 10.4 12.7 21.6 23.5 17.4 17.4 19.1 15.9 15.6 13.5 11.0 17,9 18.7 18.6 13.2 9.6 16.8 22.9 19.9 22.8 8.8 16.5 
<.1 <.1 <.1 0.3 <1 0.1 0.1 <.1 <.1 0.1 0.1 <.1 0.7 0.6 - 0.3 0.2 0.1 0.3 0.1 0.2 0.1 0.5 0.3 

- <.1 - <.1 0.1 <.1 0.1 0.1 <.1 0.2 - <.1 <. - - -
* 0.3 <.1 0.2 0.4 1.2 0.5 - <.1 0.5 2.2 2.0 4.9 5.3 10.6 20.5 46.0 74.5 73.1 33.5 30.5 10.1 38.1 

0.4 1.0 1.2 1.0 1.1 1.2 1.3 1.1 2.2 4.1 3.2 0.6 1.2 2.0 0.9 0.1 0.4 2.4 0.5 2.0 0.9 0.7 1.9 2.7 
9.3 5.2 9.7 19.1 21.6 20.7 13.7 20.2 11.4 11.2 7.9 8.4 1.7 7.7 12.7 10.0 16.2 19.9 13.1 16.5 10.7 10.8 8.7 4.1 

52.6 44.4 43.2 67.0 81.0 30.0 36.1 36.2 32.7 66.5 156.0 134.5 184.6 1526 192.9 136.0 53.4 11.7 14.6 29.0 26.6 20.5 8.6 22.6 
0.5 3.6 16.6 0.3 5.1 6.0 6.3 4.0 1.8 10.2 3.0 1.3 3.1 - 24.6 33.7 26.7 43.2 73.5 40.9 8.2 6.8 2.9 4.8 

- . 0.2 <.1 + 0.2 <1 <.1 0.1 0.2 <.1 0.2 0.4 0.1 <.1 <.I 0.2 0.4 0.3 0.3 0.1 0.1 <1 0.2 
<.I + + + + + + + + + + + + + + + <I + + + + + + 

-- + + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + <1 + + 
<.I- 1 <.I <.I <.I <.1 

+ 0.2 + + + + + + 

-- + + + + + + + + + + - - - + + - - -

<.I <.I <.I <.1I <.1 <.I <.I <.I <.I <.I <.I <.1 <.I 

.+ + + <.1 + 
<1 + + <.1 + + + 

<1 + - -+ 
<.1 + + + + <I + + + +

(continued)
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Horizontal Band Transects - Annual Invertebrate Mean Abundace/in 2 - Field's Cove Station FC 3 at +0.3m (based on 5 "Tegula" count quadrats) (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Suweys 4 5 6 6 6 6 6 6 6 6 6 6 4 4 4 4 4 4 4 4 4 4 4 4

Only Counted if Greater than 1 (continued'I 

Roasanga pulchra 
Se•pulidw unil 
Serpulorbis squamigenra 
Sipuncula unid 
Stenoplax spp.  
Tonicella lineata 
Tricolia spp.  
Wiliamia peltoides 

% Coveraw 

Abiet./SeaularellalSertularia spp..  
Biyozoa, unid. (ennusting) 
B•yozo. uni-d (erxt) 
Bryozoa, unid. (foliose) 
Chthamalus fimm 
Dndoaponi spp.  
Dodecacena fewkesi 
Euryatomella bilabiata 
Haliclom spp.  
Phrasnatopoma califonica 
Pista spp.  
Porifera unid. (encuating) 
Salmacina tribranchiata 
Spirorbidae 
tmicateca colonial/social unid.

- - 0.2 0.2 0.2 0.1 0.1 0.2 <.1 0.4 0.2 0.4 0.5 0.6 0.4 0.9 0.5 0.8 1.1 0.7 0.3 0.5 0.2 0.4 
0.4 0.1 0.2 0.4 0.5 0.8 0.2 0.6 0.6 1.5 2.7 1.7 3.8 2.6 2.8 3.4 2.8 3.9 3.9 2.9 1.9 3.5 0.7 1.4 

+ + <.1 + + + + 0.1 + + + + + + + + + + <1 + 
* * * *- - * <,1 * - - - * - -

<.1 0.2 <I + 0.1 <.1 <.1 0.2 0.4 0.1 0.4 <.1 <1 + <1 0.1 <.1 
+ + + + + <.1 + - + + + + + + 

<.1 - + 

- - + + + + + + + + + 0 0 + + + + + + + + + + 
- + < < + + + + < + 

+ + + + + + + + + 0.5 0.4 0.2 + + + + + + + + + + + 01 

- - * + - + - <.I <.1 + - - + + + <.1! + -

* * * + + + + - + + + + - - - + - * 

** <.1 --.  

- 0. <.1 <.1 0.1 + <.1 <.1 <.1 0.1 <1 <.1 <.i <.1 0.1 + <.1 + + + + + 0.2 1.7 
OI0. 0.3 0.8 0.2 0.6 0.2 0.5 0.2 0.2 0.2 0.3 0.1 +" <.1 0.8 0.4 1.3 1.2 1.7 0.9 1.9 0.9 1.4 

++ + + + + + + + <I + + + + + + + + + <.1 + + 
< 0 + + + + + + + + + + + + + + 
- - + <.! + + + + <.1 + <.1 + 4 + + + + + + + <.1 + 0.2 

- <.1 0.3 <.1 0.3 0.2 0.2 <.1 + <.1 + + + + + + + + + + + + +

<.I = meased but in low abundance; + - only recorded as preaent 

(j C, C2



C, C. C
Horizontal Band Transects - Annual Invertebrate Mean Abundance/m2 - Field's Cove Station FC 3 at +0.9m (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 19"1 191989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Stations * Surveys 4 3 6 6 6 6 6 6 6 6 6 6 4 4 4 4 4 4 4 4 4 4 4 4

Counted Reardless of Size 

Acanthina app.  
Anthopleura elegantisiima 
Anthopleura xtho.• armica 
Balanus app.  
Calliostom ligaturn 
Epiactis prolifera 
Fisaurella volcano 
Fusimnus luteopictus 
Haliotis spp.  
Hemigapsus nudus 
Leptasterias spp.  
Lottia digitalis 
Lottia limatula 
Lottia pelts 
Macclintockia scabra 
Mopalia spp.  
Nucella emnginata 
Nuttallina californica 
Ocenebm spp.  
PadWV-pau crsaipes 
Psgus app.  
Pisaster ochraccua 
Strongywocentotus pupuratus 
Tectura scuturn 
Tegula bnnea 
Tegula fiuebralis 
Tetraclita nibescena 

Only Counted ifOrester than I' 

Acmaea mitra 
Acmacidae unid.  
Alia spp.  
Amoph- spp.  
Anthozoe unid 
Bittium spp.  
Chaetopteidwe 
CiratulidaeiTerebellidae unid.  

-anson spp.  
Cmpidula spp.  
LCAzolithodes sitchemnsis 
Cyanoplax app.  
Disulula sandiegensis 
Diacurria 'mess 
Grapsidae (juv.) 
Hep- wp spp.  
Homolopoma luridun/Liwlauia succincta

0.2 0.1 0.8 0.6 0.3 0.4 0.1 0.5 0.7 1.0 1.1 0.5 0.2 0.7 0.5 0.2 0.3 0.4 0.4 0.4 <.1 0.3 0.3 0.2 

18.1 15.7 13.5 16.3 26.1 27.5 21.0 22.2 18.7 19.0 19.3 24.6 21.1 25.8 28.9 25.3 24.5 19.7 14.2 12.9 10.2 10.5 5.1 7.0 
- <I1 

0.2 0.6 <.1 0.I 

<. 0.1 <.1 <. <.1 <1 <.1 
S<. I <.1 0.1 

<.1 

<.1 0.1 <.1 <.1 0.1 0.2 0.3 0.2 <.1 <.1 0.1 0.2 0.5 0.2 <1 <.  

< ,I 0.1 0.1 <.< - - 0.1 - <.1 0.1 
<.1 + 0.2 0.2 0.1 0.1 0,2 <1 <.I 0.1 <.1 <.1 <.1 <.1 0.1 <.1 <.1 0.2 0.1 

S <.I 0.2 <.I 0.3 - - - - - - <.1 - -

0.1 0.1 0.4 0.7 0.7 0.7 0.4 0.1 0.2 1.7 1.3 1.9 0.9 1.5 1.9 1.4 1.4 2.0 1.3 0.6 1.8 1.6 6.0 4.6 

0.1 . 0.4 0.2 0.3 0.5 0.4 0.2 0.3 0.4 0.7 0.2 0.5 0.3 0.3 0.5 0.5 0.8 0.9 1.3 0.4 0.5 2.1 4.2 

7.3 5.1 7.7 5.8 18.6 19.1 25.6 7.2 11.8 12.8 21.4 15.9 15.5 11.0 14.0 13.3 7.8 4.6 3.5 3.7 4.6 6.3 8.8 21.0 

0.1 0.2 0.4 0.2 <.I <.1 0.2 <.1 <.I <.I <.1 0.2 0.2 <. - - <.1 10.1 <I <.I 0.2 <.1 
0.3 - - <.i < I - <. I - - -

- 0.1 0.3 0.2 0.4 0.2 0.1 0.5 0.2 <.1 0.7 0.7 0.2 0.2 0.2 0.1 02 0.1 0.1 <.1 
. 0.9 1.0 1.1 1.5 0.8 1.9 1.2 1.4 1.5 1.4 1.6 0.9 1.1 1.0 1.0 0.6 1.0 1.3 1.3 1.4 0.1 0.7 

0.2 0.2 0.4 0.4 0.2 0.5 0.3 0.3 0.2 0.4 0.7 0.2 0.6 0.8 1.3 0.7 1.0 0.1 0.9 1.0 0.7 0.8 0.3 

12.2 11.3 8.5 6.7 16.7 20.1 12.4 13.1 11.4 11.6 12.0 14.9 11.9 13.9 15.2 18.0 15.9 16.9 23.6 13.5 9.6 13.3 13.9 12.8 
<. <.1 - <I <.1 - <.1 0.1 - - - - <.1 0.2 0.2 0.2 <.I 0.1 <.1 <3 

<.I <. <.1 -- - 0.2 <.I 0.2 0.3 <.1 - <.1 <.1 0.1 

0.6 0.3 0.6 0.8 1.3 1.6 0.6 0.6 0.8 2.3 1.8 1.3 1.0 2.7 0.7 1.3 0.3 <.I 3.1 0.4 0.8 0.4 0.5 0.2 

- <.3 -<.1 < - 0.2 - - <.1 < <.1 - <.1 - - - 0.1 ! <1 
168.2 150.5 197.6 243.0 379.0 209.1 112.2 228.6 1634 256.5 277.3 291.1 201.8 179.3 313.3 203.8 302.9 261.1 229.8 237.9 134.4 225.3 262.3 165.4 

0.5 <.1 <.1 0.5 0.1 <.1 <.1 <.1 - - < 0.3 <.I <. <.1 

+ + + + + + <.1 + + + + 0.1 + + + + + + + 0.4 + + 
-- + + - + - + + - + - - + + - + + - + 

+ <.1 + + 

<I -- + + - - + + + - - - - - + -

* - - - <.1 + - - * -- - - - -

+ <.1 + + 0.2 + + + + + + + + 

++ + + + + + + + + + + + ÷ + + + + + + + + 

<I 0.2 0.1 0.3 0.3 + 0.4 0.2 0.7 1.0 1.0 1.8 1.3 0.3 0.8 0.5 0.7 0.5 0.5 0.1 0.5 

+ + + + + + + + + + + + <.I + + + 

+ + -

(continued)



Horizontal Band Transects - Annual Invertebrate Mean Abundance/n 2 - Field's Cove Station FC 3 at +0.9m (based on 5 "Tcgula" count quadrats) (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Stations * Suwveys 4 3 6 6 6 6 6 6 6 6 6 6 4 4 4 4 4 4 4 4 4 4 4 4

nl Counted if Greater than I (continued' 

ldotea app.  
hchnochtonidae 
Lmuna spp.  
Lepidozona spp.  
Lmsothuna nutnem 
Littoana spp.  
Lottia aUnsi 
Majidae 
Mdytlus califonianus 
Nanctea wuid.  
Nereididae unid.  
Nitidiscala/Opalia spp.  
Ophiuroidea unid.  
Peleypoda mid. boring 
Platyhelminthes unid.  
Polychaeta unid.  
Puatia app.  
Roatanga pulebr 
Serplida unid.  
Sipucula unid.  
Spionidae unid 
Tonicella hineata 
Triolia app.  

% Covrg 

Chahaalus fisus 
-laiclona spp.  
Phranatopoma californica 
Pista spp.  
Porifera unid. (eacuating) 
Spirorbidae

+ - <.1 - <.1 
<.i 0.1 <.1 <.1 + + + + + + + - + + + + + + 

* - + + + + + + + + + + + . + + + + + + + + + 

I+ + 

- < < < <I<.1 - < < . <1 + < <A 
+ + + + + + + + + + + + + + + + + + + + + + 

+ + + + + + + + + + + + + + + + + + + + + + 

** + - + 

2 0. 02 0.2 0.3 0.1 0.1 0.3 0.2 0.3 0. 0.4 0.2 0.2 0.3 0.2 <.1 0.3 0.3 <.1 0 0.1 <.1 <.1 

+- + + + I+ + + + + + -<. + + 

0.1 <I 0. 0.2 + <I <I <I<<.1 0 + 0 0 0 0 0 0 0 0 0 < <A 
- <.1 <.1 + <.1 <.1 <.i + + <.1 - + + - 0.1 <.1 * <.1 <.1 

* * + - - - - + <.1 + * - + - <.1 - + + + <.3 

* - + + - *<.1 + + +' 0.1 + 0.1 - + - + + + + 

* - + + - + -

2.3 0.4 0.1 <.1 0.1 0.2 0.6 0.6 0.3 0.5 0.4 <.1 0.1 0.1 0.3 0.2 0.2 0.1 0.1 0.2 0.l 0.2 + + 

- -+ * + - * + <.1 + + + - * - * + * - - + 

- 0.1 <.1 0.2 0.2 + <.1 <.1 <.1 <.1 0.1 0.1 0.4 0.8 0.6 0.2 0.3 0.2 0.2 0.2 0.2 0.2 <.1 <.1 

* - + - -- * -+ 

÷ + + +÷ + + + -+ + + + + + + - + +

<.I = measured but in low abundance; + - only recorded as present 

C- C C



C C. (

Horizontal Band Transects - Annual Invertebrate Mean Abundance/m 2 - North Diablo Cove Station NDC I at +0.3m (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 4 3 ns ns nr ns 5 6 6 6 6 6 ns 1 4 4 4 4 4 2 ns FI ns 4

Counted Re••dless of Size 

Acanthina spp.  
AnthoplMleur elegntisaima 
Anthopleua xanthogrmmica 
Balanus app.  
Callioatoma ligaturn 
Callicatoma app.  
Epiadtis prolifea 
Fissurella volcano 
Haliotis pp.  
Hemigrapsus nudus 
Leptastenias app.  
Lotfia digitalis 
Lottia limatula 
Lottia pelta 
Macclintockia scabra 
Mopalia app.  
Nucella emarginata 
Nuttallina califomica 
Ocenebra spp.  
Pachygrap.us crassipes 
Pagurus app.  
Pisastr obaceus 
Pseudomelatonm towon 
Stlrongoclntotta pWu tus 
Tectura scutum 
Tegula hNunne4 
Tegula funebralis 
Tegula spp.  
Tetralita rubescena 

Only Counted if Greater than I" 

Acmaca mitra 
Acmaeidae unid.  
Alia spp.  
Anv*a app.  
Asterina miniata 
Badeeia spp.  
Bittiurn spp.  
Chactoptendae 
Crepidula app.  
Cyanoplax app.  
Diodom spp.  
Discunria insesa 
Doriopsilla albopunctata 
Flabellina trilineata 

rapsidaeOu,,.)

1.9 1.2 
0.2 
6.3 0.7 

<.1 0.2 
0.8 1.0 
9.3 13.3 

<1 <.1 
- + 

<.1 0.1 
0.1 <.1 
<1 <.1 
0.2 0.2 

<.! 
* + 

<.1 <.1 
8.8 11.5 
0.1 

0.8 0.7 
1.7 0.5 

21.1 54.2 

2.2 0.4 

0 + 

0.3 0.1

- <.1 0.3 0.5 
1.9 2.1 2.3 3.0 4.3 5.3 
0.2 0.4 0.6 0.6 0.7 0.4 
0.1 0.4 3.6 0.2 

<I <.1 <.1 
<.1 

<l <.1 - <0.1 

0.8 0.5 2.6 4.8 2.9 2.1 
1.6 0.3 <.1 0.5 0.4 0.4 
< 1 0.1 0.1 0.1 0.1 <.1 
0.2 0.1 <.1 <.1 - <1 

- 1.2 0.4 0.2 - 0.1 
1.2 2.1 1.5 3.8 4.4 3.1 
1.8 2.4 1.9 2.4 1.7 1.1 

16.0 36.4 67.8 151.2 186.8 212.8 
0.4 0.4 0.3 0.4 0.3 0.1 

- * <I<.1 
0.4 <.1 0.1 1.1 2.3 2.0 
2.0 1.8 4.6 4.6 3.5 6.5 
e.1 0.2 0.2 0.3 0.2 0.9 

20.3 14.0 14.3 13.6 14.8 22.5 
<.1 <.1 <.1 <.1 <.1 

<.1 <.1 
<.I 

6.9 5.5 7.0 13.5 6.9 4.2 
8.7 4.8 1.5 2.4 1.5 0.2 

29.6 50.9 76.4 161.0 214.4 288.2 
- - - - 3.3 

51.1 79.9 29.7 58.4 16.2 4.2 

+ + <.1 -
+ + + + + + 
÷ + + + 

-+ + 

0.4 0.5 <.1 0.1 

+ + - + 

+ + + + + + 

+ + + + 0.1 0.1 
+ -+ 
+ + 

+ <.1 + + +

- 0.1 -
9.4 7.2 9.4 8.3 7.0 5.3 3.9 
0.6 0.7 0.4 0.5 0.3 0.5 0.4 
0.4 0.9 1.3 <.1 

<.1 
- - - *- 0.1 
<.1 0.2 <.1 

1.8 1.1 4.8 4.9 7.0 6.7 11.3 
<.1 - 0.1 0.4 
<.1 

4.2 0.4 0.3 0.9 1.2 0.7 
8.0 3.1 2.5 1.6 3.6 4.2 5.0 
5.0 1.0 4.2 1.2 4.9 7.3 5.5 

122.2 69.8 90.5 30.7 105.9 91.8 41.6 
0.2 <.1 <.1 <.1 -

- 0.2 0.2 <.1 0.7 
1.4 2.8 1.9 0.9 0.4 0.8 0.8 
0.4 0.8 1.1 1.4 0.7 1.8 2.1 

33.6 27.0 28.5 13.7 42.1 31.8 52.3 
0.4 0.2 0.5 0.7 0.6 0.4 0.2 

0.8 1.0 3.0 1.7 2.0 17.4 30.9 
6.2 1.7 5.1 0.3 1.1 8.0 1.0 

- 0.6 5.4 15.7 25.5 10.1 13.8 
285.2 165.1 81.6 17.3 7.8 19.5 78.7 

2.8 26.4 75.1 84.1 72.1 235.5 260.0

+ 

0.2

+ 

+ 
0.5 

+

0.1

+ 

+.  
4.  

4.  

+ 
0.1 

+

+ 

+ 

+.  

<.1 

+.

+ 

<.1

+

4.1 
0.9 

3.2 

11.8 

10.5 
29.6 

211.1 
0.1 

0.5 
0.6 
0.5 
9.6 

4.1 
5.0 

19.0 
53.9 

22.3

0.3

(continued)
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C C C

Horizontal Band Transects - Annual Invertebrate Mean Abundance/mr2 - North Diablo Cove Station NDC I at +0.9m (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Stations * Surver 4 3 ns ns ns ns 5 6 6 6 6 6 ns I 4 4 4 4 4 2 ns na na 4

Counted Ret dlean of Size 

Acanthina app.  
Anthopleua elegaMiumiam 
Anthopleum xanthopamrmica 
Balanus app.  
Calliostoma ligatumr 
Epiactis prolifem 
Fissurella volcano 
Haliotis spp.  
Hemigapsus nudus 
Lepttasteas app.  
Lottia digitalis 
Lottia limatula 
Lotuis pelts 
Macclintockia scabra 
Mopalia app.  
Nucella emarginata 
Nuttallins califomica 
Ocenebra spp.  
pacffl PSUS m ipes Pac~apus napp.  

Pisaster odhaceus 
Sfnogylocntotas purpuratus 
Tecura paleacea 
Tectura persona 
Tectura scutum 
Tegula b tua-a 
Tegula funebralis 
Tegula pulligo 
Tegula spp.  
Tetr•clita tubescew 

Only Counted if Oreater than I 

Acanthodomis Iutea 
Aea mitts 
Acmaeidae unid.  
Acolidia papillosa 
Ali& spp.  
Ampwisa spp.  
Anthozoa unid.  
Asterina miniata 
Balanophyllia elegan 
Bittium spp.  
Cifrftulida••Terebellidae unid.  
Crepidula spp.  
Cy"oplax spp.  
Diopatra omata

0.2 
14.8 16.7 
0.3 

0.9 

0.2 0.2 
4.7 5.2 

<.1 

0.5 
0.1 0.1 
<.1 0.1 
1.0 1.2 

- + 

- + 

<.1 <.1 
10.3 15.1 

<.1 

<.1 
2.0 0.9 
<1 0.1 

52.0 81.7 

0.2 0.9 

0.2 0.1 

0.1

+ 0.2 0.7 0.6 1.3 2.3 
12.5 19.1 17.2 17.8 28.6 11.3 
0.6 0.1 <.1 0.1 0.1 0.2 
<1 0.3 <.1 

<.1 <.1 
<.1 <.1 

0.3 0.2 0.5 0.3 0.3 0.1 
1.2 0.3 - 0.1 0.2 
0.2 0.2 <.I <.1 <.1 
0.2 <.1 
0.1 0.1 0.3 0.3 0.2 
1.6 0.7 0.4 4.2 2.8 2.7 
1.0 0.4 1.2 1.1 0.3 0.4 

15.1 16.8 22.4 50.6 114.5 119.6 
0.2 0.7 0.3 0.6 0.6 0.4 

0.2 0.2 0.3 0.4 0.6 
0.6 0.4 0.6 1.2 1.2 1.7 
0.3 0.1 <1 <.1 0.3 0.5 

21.3 7.7 7.9 6.4 9.9 9.2 

* <.1I <I1 

5.1 1.8 2.5 6.2 3.3 2.6 
0.2 0.9 0.1 01 

124.8 143.8 113.3 157.8 193.8 183.7 

7.1 0.8 <.1 0.1 0.5 <.1 

-- + 

+ + + + + 0.1 

*+ + 

<.1 

<.1 <.1 
- + 

- + 

+ + + + + + 

+ + 0.3 0.4 0.7 
. <.1 <.1 <.1

0.8 1.0 0.6 0.2 0.2 0.4 0.4 
17.6 14.5 18.0 20.4 15.9 15.1 25.1 

- 0.2 0.1 <.1 <1 0.1 
<.1 

0.3 0.2 1.5 1.3 0.8 0.4 

0.9 0.2 0.3 0.1 
2.3 2.4 3.0 2.0 2.8 4.7 0.9 
0.8 0.6 0.7 0.6 1.6 1.4 0.9 

82.0 41.5 89.6 57.5 84.3 82.7 35.8 
0.2 <.I - <.1 

-- <.I 
1.4 1.6 0.9 1.7 0.8 0.6 0.5 
0.2 0.7 0.9 0.9 0.6 0.9 0.8 

16.6 11.3 18.9 14.9 17.1 11.8 4.5 
S<.1 0.1 0.3 0.2 <.1 

0.2 0.1 0.3 0.3 - 0.2 0.6 

3.2 0.9 4.5 0.4 1.0 2.0 09 
- - - 0.3 0.2 - 0.1 

301.6 353.5 214.9 173.1 173.6 19.5 153.0 

0.3 1.8 7.1 2.4 1.3 2.0 

0. + + 0 + + + 

- - - + + + 

+ + + + + + 

0.2 0.5 0,4 - 0. 0.5 0.3

0.2 
27.7 
0.1 

1.3 

0.4 
3.8 
5.8 

125.4 
0.3 

<.1 
0.2 
0.4 
2.2 

1.6 

225.8

0.4 

(continued)
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C C

Horizontal Band Transects - Annual Invertebrate Mean Abundance/rn 2 - North.Diablo Cove Station NDC 2 at +0.3m (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

N Stations 0 Surveys 4 6 6 6 6 6 5 6 6 6 5 6 ns 1 4 4 4 4 4 3 2 2 2 4

Counted Regardlen of Size 

Acanthina spp.  
Anthopleua elegantiuima 
Anthopleura xandiogmumica 
Balanus Spp.  
Callimtoma liptum 
Epiactis prolifera 
Fissurella volcano 
Haliotis spp.  
Hemigrapsus nudus 
Leptasterias app.  
Lottia digitalis 
Lottia limatula 
Lottis pelta 
Macclintockia scabra 
Mitrm idae 
Mopalia spp.  
Nucella enusginata 
Nuttallina califonica 
Ocenebra pp.  
Pachygrapsus crassipes 
Paguna pp.  
Pissater ochraceus 
PIeudomelstoma torofa 
Stronvrlocentutw ptupuratus 
Tectura paleacea 
Tectura smutu 
Tegula bnmnea 
Tegula funebralis 
Tetnaclits rubescem 

Only Counted ifWreater than I 

Aemaes mitre 
Acmacidac unid.  
Aeolidia papillosa 
Aeolidiaces unid. a 
Alia app.  
Amphi s•sap.  
Anthopleua arternisis 
Anthozoa unid.  
Aplysia californica 
Asterinm miniata 
Barleia spp.  
Bittiumn spp.  
Cancer antennarhus 
Cancer spp.  
Charna app.

2.2 

1.1 

0.3 
0.5 
2.7 

0.1 

1.1 

0.1 

0.1 

<.I 
4.6 

0.3 
1.8 
2.5 

0.2

2.3 
0.1 
0.4 

1.4 
0.9 
5.2 

0.1 
<.1 
0.3 
0.1 
3.6 

<.1 

1.6 
0.1 
<.1 

13.9 
<.1 

0.5 
1.3 

20.0 
3.8 

<.I 

<.I

<.1 
2.1 
02 
0.3 

0.6 
1L6 
6.7 
0.1 
1.1 
0.2 
0.6 
0.2 
2.9 

0.3 

2.0 
1.4 
<.1 

10.4 
<.1 

1.5 
6.6 
7.8 

13.1 

<.1 
+ 

+ 

+ 

+ 

+

<.1 
2.4 
0.1 
1.2 

1.3 
1.4 
8.3 
0.2 
2.1 
0.1 
1.2 
0.8 
6.4 

0.5 

3.5 
2.3 
0.1 

12.8 
<.1 

2.6 
4.2 
8.6 
9.9 

0.1 

o<I 

+ 

+ 

+ 

<.1 

+ 

<.1 
+

2.4 
0.1 
1.3 

1.9 
1.2 
4.6 
<.I 
2.1 

0.9 
0.2 
6.3 

0.9 
<.I 
2.9 
1.4 
<.1 

15.2 
<.1 

<.1 

2.2 
10.8 
17.1 
11.7 

<.1 

+ 

<.I 

+ 

<.1

<1 
3.5 
<.1 
0.2 

0.4 
1.3 
2.8 

1.5 

1.4 
2.7 

10.3 

0.3 

3.3 
1.7 
<.1 

19.1 

0.1 

2.7 
8.7 

12.4 
24.8 

<.1 
+ 

+ 

<1 

+ 

0.1 
<.I

<.1 
2.0 
<.I 
0.6 

1.2 
1.0 
1.5 

0.5 

1.4 
1.0 

19.5 

0.4 

3.7 
1.5 

20.9 
<.1 

+ 

2.6 
7.0 
7.2 

16.6 

<.1 
+ 

+ 

+ 
0.2

0.1 
3.0 
0.1 
<.I 

0.6 
1.0 
2.6 
<.I 
0.4 
<.1 
1.1 
0.9 

47.2 

0.5 

3.2 
1.1 
0.1 

21.2 
<.1 

+ 

2.0 
5.8 

23.8 
19.7 

<.1 
+ 

+ 

+ 
<.1

0.6 1.1 1.1 1.2 
3.3 3.0 3.2 4.9 
<.1 0.1 
<.I 0.9 0.6 + 

- - 0.1 
<.I 0.2 0.2 0.2 
2.9 4.6 1.4 0.9 
1.0 0.5 0.4 0.3 

- . <.1 
0.1 0.6 <.I <I1 
0.3 5.6 36.6 17.5 
1.1 3.4 3.0 1.8 
4.4 2.3 1.3 3.6 

52.8 228.6 189.9 227.6 

0.7 1.0 0.4 0.6 
<.1 <.I 
3.1 4.2 4.2 2.0 
1.4 2.7 2.8 4.5 
<.1 0.4 0.3 0.5.  

12.8 16.6 11.8 16.5 

<.1 
0.1 + 

+ - + 

9.0 6.8 8.4 8.5 
4.6 7.0 2.9 3.3 

12.9 34.6 114.4 137.2 
14.9 19.0 14.8 5.2

0.1 
<.1 

+ 

+ 

<.1

0.3 

<.I 
< 

<.1 
+

+ 

<.1 

<.1

<.1 
+-

0.4 0.2 
12.4 12.1 8.7 

- 0.6 

0.2 0.3 
2.0 3.6 9.6 

0.6 

6.6 0.3 
1.6 3.1 3.1 
3.0 2.3 5.3 

192.2 171.7 126.8 
- <. 

0.4 <.1 <.1 

2.4 0.7 0.7 
2.0 2.7 2.2 
0.6 0.8 1.4 

24.2 11.3 9.0 
- <.1 0.3 

2.0 1.4 2.5 
- + 

6.6 2.0 5.6 
1.2 2.1 0.8 

168,2 58.8 7.2 
24.0 27.6 87.4

+ 
0.2

+ 

+ 

+ 
+ 

+

<1 

0.1 

+

3.3 

0.1 
30.1 

5.5 
13.3 
12.5 
81.5 

0.3 

1.7 
0.3 
2.6 
1.7 
0.2 

7.4 

2.1 
0.3 
1.6 

28.4

7.7 

0.1 
13.4 
0.3 

0.2 
2.0 
2.4 

30.3 

0.8 
1.7 
1.2 

14.3 
0.2 

4.5 

0.9 
9.4 
4.4 

46.7 

+ 

+ 

+

3.4 

0.2 
24.6 

2.0 
5.0 

64.5 

<.I 

0.2 
1.0 
0.8 

19.1 
0.4 

3.8 

1.7 
4.2 
0.6 

65.3 

+

4.4 
<.1 

0.3 
9.0 
0.1 

139 
16.1 
44.1 

210.2 

0.2 

1.5 
0.2 
0.7 
4.6 
04 

10.8 

80 
2.3 
7.2 

69.1

3.0 

0.3 

0.1 
13.5 
0.5 

0.9 
5.3 
7.0 

36.5 

0.2 

0.4 
0.2 
1.7 

11.9 
0.2 

7.2 

2.1 
3.1 
4.6 

55.7 

<.I

3.2 
<.2 

0.5 
11.6 

5.8 
3.3 

78.7 

0.3 

0.4 

0.9 
8.0 
<.1 

23.3 

4.9 
1.7 
7.8 

96.6 

0.2 

<.1

4.5 

0.8 
9.7 
0.5 

7.5 
12.7 

8.2 
114.7 

0.1 

1.I 
0.2 
2.1 

18.6 
0.4 

9.6 

5.6 
5.2 
7.5 

95.9 

+

0.1 
3.4 

0.2 
5.0 
0.1 

10.0 
0.6 
2.5 

25.8 

0.5 
1.2 
2.0 

12.8 
0.1 

7.2 

2.2 
1.5 

55.6 

+ 

+ 

+

+ 0.2 
0.1 + 

0.1 

(continued)
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Horizontal Band Transects - Annual Invertebrate Mean Abundance/m2 - North Diablo Cove Station NDC 2 at +0.3m (based on 5 "Tegula" count quadrats) (continued) 

Year 1976 1977 1978 1979 1910 1931 192 1913 1984 1915 1986 1937 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
0 Stations * Suveys 4 6 6 6 6 6 5 6 6 6 5 6 ns 1 4 4 4 4 4 3 2 2 2 4

UniV %UOW1, U II 'cai.c" marUi I - tI, cwiiiuI 

Pugettia spp.  
Py g da unid.  
Pycnopodia helianthoides 
Serpulidae unid.  
Serpulorbis aquamige•r 
Sipuncula uid.  
Stmnolax app.  
Toicella lineata 
Truisamella app.  
Tricolia spp.  
Urticina app.  

% Coverage 

AbieL/Sertularella/Seitularia spp.  
Bryozoa, unid. (aicr'uting) 
Bryozom. unid. (folicse) 
Chthwmalus fiaus 
Hydmida 
Ptragmatopoma califomics 
Pists spp.  
Porifera unid. (encasting) 
Salmacins tibranchiata 
Spirosbid a / 
tunicates, colonial/sociall unid.

0.3 <.1 0.5 0.5 0.3 0.9 08 0.4 <.1 0.3 0.2 0.2 
-+ -. + 

*- * * * <.1 <.1 

+ + <.1 + 0.1 

* - * - * * + + ÷ + + 

<I <.1 
0.1 + <1 <.1 <.1 <.1 <.1 

* *+ + 
* * + + + + + + * * + 

+ <.1 + + <.1 0.1 + + 

+ <.1 + + + + 0.2 0.2 0.2 3.4 7.7 8.6 
* -* -* * + + 

- <.1 <.1 + + + + + + <.! <.1 0.3 
1.9 0.8 1.8 7.3 8.0 7.3 38 2.1 4.5 4.2 0.7 0.5 

- <.1 0,2 <.1 <.1 0.2 <.1 0.1 <.1 + + 
- - *+ + + ÷ 

+ + + + + <.1 + + + 
0.1 0.4 0.3 0.3 0.2 0.4 <1 0.3 0.2 + +

0.1 0.4 0.9 <.1 <I 0.3 0.3 0.1 + 0.5 
-*- + - + - + 

0.2 <.1 <.1 1 0.2 0.5 0.4 0.2 0.6 
-- * - 0.1 

+ + - + - + - + + + 

0.1 0.1 0.1 

-* + + + - + 

0.1 

* * - + + + - *+ 

18.2 7.3 4.6 1.3 0.5 0.3 0.3 3.5 1.9 + 0.3 

2.9 0.6 0.3 0.3 0.1 + + <I + + <.1 
0.3 0.2 0.4 0.9 1.5 <.1 + 3.1 <.1 0.2 <.I 

+ + + + + 0 

+ + + + + + + + 0.3 + + 

- + + + ÷ + + -

<.I = measured but in low abundamce; + only recordedl as preset



Horizontal Band Transects - Annual Invertebrate Mean Abundance/n 2 -North Diablo Cove Station NDC 2 at +0.9m (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Sveys 4 4 6 6 6 6 6 6 6 6 6 6 4 4 4 4 4 4 4 3 2 2 2 4

Counted Regardless of Size 

Acanthina spp.  
Anthoplcura elegantissina 
Balanus spp.  
Epiactis prolifera 
Fiasurella volcano 
Haliotis spp.  
Hemnirapsus nudus 
Leptasterias spp.  
Lottia digitalis 
Lottia lbuimula 
Lottia pelta 
Macclintockia wamca 
Mopalia app.  
Nucella emalginata 
Nuttallnsa califomica 
Ocenebra spp.  
Pachygrapsus cmraipes 
Pauri spp.  
Pisaste ochraceus 
Strongylocentrotm purpuratus 
Tectura pemon 
Tectura sacutn 
Tegula brunnea 
Tegula funehralis 
Tegula pulligo 
Tetraclita nbesces 

Only Counted if Greater than V 

Aemaca mitra 
Amnaeidae unid.  
Ali& spp.  
Anthozoa unid.  
Astenna minata 
Barlecia app.  
Bittimn spp.  
Cancer Spp.  
Crepidula spp.  
Cucumania spp.  
Cyanoplax app.  
Diodora app.  
Discurria inmasa 
Grapsidae auv.) 
Henricia levimuscula 
Heptacarpus app.  
Homoloporma Iridum/Lirulana suocincta 
Idotea spp.

- 0.5 0.3 0.4 0.2 0.5 0.4 0.1 0.2 0.6 0.7 0.5 0.4 0.4 0.2 0.5 0.4 0.2 0.5 0.5 1.0 1.3 0.3 0.4 
21.4 28.4 27.7 23.9 35.9 31.6 34.1 12.2 11.7 14.5 15.4 17.4 22.7 22.6 25.9 35.0 31.5 26.6 28.8 29.5 43.1 33.1 38.2 44.9 

- + - - + <1 - - 0.2 <.1 - 0.7 - 0.5 1.5 
<.1 <.1 0.1 <I 0.1 <.1 0.1 - <.1 - - - - 0.1 - -

0.1 0.1 0.2 <.1 <.1 0.2 <.1 0.1 0.4 2.2 1.9 0.4 0.1 0.2 2.7 0.4 
- 0.2 - - <.1 1 < <.1 -

- 0.1 - <.1 - <.1 0.1 0.1 <.! <1 
0.2 0.2 0.4 0.8 0.6 0.4 0.4 0.3 0.2 0.3 <.1 0.2 
0.1 3.6 0.8 0.3 0.2 0.1 0.5 - 0.3 0.6 <.1 "1.3 1.1 0.7 1.4 0.5 1.9 2.9 5.9 4.3 16.3 7.2 1.5 15.8 
0.2 1.0 1.4 1.2 1.3 23 2.6 1.7 1.7 2.9 4.0 3.3 6.3 3.5 6.5 6.6 3.1 7.0 11.6 7.6 18.8 7.8 9.4 24.5 
1.2 1.4 1.4 1.0 0.4 2.2 1.3 0.4 1.9 1.3 0.9 2.5 4.2 1.9 0.6 0.2 1.4 2.5 1.6 0.7 1.6 1.0 2.1 7.9 

11.4 17.4 16.8 30.7 16.7 43.7 41.9 9.2 60.4 64.2 95.6 113.2 155.8 130.6 85.6 140.0 118.5 172.4 161.6 134.6 207.0 86.5 135.2 328.1 
-. 0.2 <.1 <.1 0.3 0.4 0.4 0.4 <.1 0.2 0.5 0.3 0.3 0.1 <1 <.1 0.1 0.1 0.1 0.3 

- <.1I 
0.5 2,5 2.9 4.0 4.8 5.7 5.2 5.3 5.3 3.9 5.6 3.6 2.5 0.9 0.5 0.5 0.7 0.5 0.6 0.6 0.7 0.1 0.1 0.4 

* 0.1 1.0 0.4 0.8 0.9 0.4 0.3 0.7 0.5 1.1 1.2 0.6 1.2 1.9 0.9 2.1 0.9 0.5 0.6 1.2 1.5 0.7 0.1 
0.1 0.1 0.5 0.5 0.4 0.5 0.5 0.2 0.3 0.9 0.9 0.8 1.1 1.3 0.9 2.1 1.5 1.6 2.0 2.3 1.9 2.4 1.7 0.8 
5.8 8.0 7.5 7.3 10.8 13.3 10.9 7.9 7.7 6.7 9.7 5.0 5.5 5.9 8.0 9.9 15.2 15.2 12.5 6.1 17.9 7.4 2.4 2.4 

- - <.1 0.5 0.1 <.1 0.3 
0.1 - 0.2 <.1 < 0.3 0.2 0.2 0.2 0.5 0.2 0.3 0.3 0.1 
0.1 - - - - - - - - - -
1.9 0.8 2.5 1.6 1.9 2.3 4.6 1.6 4.7 8.7 5.4 8.0 2.9 5.1 2.9 3.6 3.7 4.7 2.9 6.9 0.7 3.8 3.1 8.7 
<.1 <1 <.1 <I <.1 0.1 <1 <.1 <I - - 1.8 0.1 

47.3 89.6 131.1 124.0 150.3 165.5 108.8 82.1 89.6 140.5 162.7 156.5 176.8 246.9 269.4 209.8 102.9 116.7 155.5 212.0 120.3 106.3 304.1 145.7 
<.1 
1.1 <.1 0.3 1.3 0.8 0.9 1.1 0.1 0.3 <.1 0.4 0.2 0.2 0.1 2.3 2.0 1.7 0.3 0.3 <.1 

<.1 + + + + + + + 0.2 + 1.2 0.9 3.9 + + + + + + + + + + 
< + + + + + + + + + + + + + + + + + 

- - - -- - - - <.1-<.1

<.1 + + + + + + + + + + + +÷ + + + I - + 

0.1 0.5 0.7 1.2 0.7 0.7 <.1 0.6 1.0 3.4 4.1 3.5 4.9 2.8 0.4 0.8 1.1 2.0 1.7 3.4 2.2 2.7 
+ ++ 

0.1 <.1 + + + + + + + + + + + + + + + 
<.1 

+ + + + + + + + 
*+ + * 0.1 - + - - - - - -- - --

(contiud)

C, C (otnCd
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Horizontal Band Transects - Annual Invertebrate Mean Abundance/nm2 - North Diablo Cove Station NDC 2 at +0.9m (based on 5 "Tegula" count quadrats) (continued) 

Year 1976 1977 1978 1979 1980 1931 1982 1983 1984 1935 1986 1 1933 1999 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * sureys 4 4 6 6 6 6 6 6 6 6 6 6 4 4 4 4 4 4 4 3 2 2 2 4 

Only Counted ifOreater than I (pmtinud) 

Ischnochitonidae 0.3 0.4 0.5 + 0.1 + <.1 + + + <.I + + + + - + + 

Lacuns spp. - + + + + + + + + + + + 
Lepidozona spp. - + 
Littodina spp. 0.1 + + + + + + + + + + + + + + + + + 0.1 + + + + 
Lottis asmi + + + + + + + <.1 + + + + - + <.1 + + + + + + 
Lottia gigante- <1 0.1 0.1 0.4 <.1 0.1 0.1 0.1 
Lottia instabilis <. I + -

Lottia ochracea <. I + 
Majidae + + + + + 
Mytilidae + + + + + 
Mytilus alifomia= <.1 <.1 0.1 0.1 <.1 + <.1 + + 0.1 <.1 - 0.1 
Mytilus galloprovincialis * + 
Natantia unid. - - + 
Nemertea unid. 0.3 0.3 0.4 <.1 0.2 <.1 <.1 <.1 0.1 
Nereididae unid. - - + 
Nitidiscala/Opalia spp. + + + + 
Petrolisthes spp. + -

Pisaster/Hemicisauv.) + 
Platyhvelminthes unid. + 
Pugettia spp, <I. + <.I <. - +I 
Septifer bifircatus - + 
Serpulidae unid. <1 0.1 + + 0.2 
Sipmeula unid- <.1 + <1 + + + 0.1 + + + + + + + + + + 

Spionidae unid. - + 
Tonicella lineata <.I <.I I
Tricolia spp. + + 

Btyozoa. unid. (encrusting) - + 
Chthamalus fissus 0.1 <.I <.I + + + + + <.I <.I <1 0.2 0.6 1.8 4.2 4.1 8.2 4.2 5.1 13.6 14.6 16.6 5.5 2.0 
Haliclona spp. . 0.2 <.1 + 0.1 - <.1 - - - - -

Phragmatopoma californica + + <.1 + + + + + 0.1 0.3 1.5 1.4 1.0 0.9 0.5 0.1 + 0.2 0.1 + + 0.2 
Pista pp. 4+ <.1 - + + 

Porifera unid. (encnrsting) 0.2 <.I + -

Salacinai tribrmchiata + + + 
Spirorbida + + + <.1 + + + + + + + + + + + + + + + +

<.1 - measured but in low abundance; + =only recorded as present



Horizontal Band Transects - Annual Invertebrate Mean Abundance/zn 2 - North Diablo Cove Station NDC 3 at +0.31n (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 2992 1993 1994 1995 1996 1997 1998 1999 
N Stations * SrWVyS 4 5 6 6 5 6 5 4 6 6 5 6 4 4 4 4 4 4 4 3 2 2 2 4

Counted Reeardless of Size 

Acanthina spp.  
Anthopleura elegantissima 
Balanus spp.  
Call joatoma ligatum 
Epiactis prolifem 
Fissurella volcano 
Fuainnu lueictus 
Haliotis spp.  
Hemigrpus nudus 
Leptasterias spp.  
Lottia digitalis 
Lottia lianAtula 
Lottia pelts 
Macclintockia sc, ab 
hfitt idae 
Mopalia spp.  
Nucella emarginata 
Nuttallina califmnia 
Oceeba spp.  
Padcygrapsua maa.ipes 
Pagi,,a ap.  
Pater d m 

seudomlatona torosa 
Strongylocentrotus purpaxatus 
Teetura pale- a 
TeCtra= ncutu= 
Tegula brunne 
TegWua tumebralis 
Tegula nuatereyi 
Tetraclita nubesceas 

OnQy Counted if Greater than I" 

Acnaca nttra 
Acmaeidae unid.  
Aegires albop-ntatus 
Aeolidiella oliviae 
Alia spp.  
Ampnhi- app.  
Anthozoa unid.  
Aplysia califomica 
Astenna miniata 
Barleeia ap.  
Bittium spp.  
Cawc ma awenaria 
Caneer antennariua 
Cancer ap.

< - <.1 <.1 0.1 
-1 - <.1 - <.1 0.3 1.3 2.3 5.6 0.3 3.2 1.2 

2.8 0.2 0.7 0.8 0.1 <.I <.1 <,1 0.5 2.2 0.5 - 0.3 - - - - - 1.2 
<.I <.I <.I <.I <.1 <.1 

0.2 0.4 1.9 0.9 1.4 1.4 1.4 1.5 0.9 0.3 0.5 0.2 0.2 0.2 0.2 0.3 0.4 0.3 1.0 0.5 0.1 0.2 0.3 0.5 
0.4 0.8 1.9 1.5 2.7 1.5 1.9 2.2 4.4 4.6 5.6 6.8 3.7 3.7 14.3 33.3 64.9 52.3 54.0 41.5 42.5 19.7 49.6 29.0 

<.1 
3.3 5.3 3.7 3.0 1.6 1.5 2.2 0.8 0.4 <.1 2.0 1.0 2.0 0.4 0.1 0.2 0.6 0.2 0.5 0.2 0.2 

- - <.1 <.1 <.I <.1 <.I 
0.1 021 1.9 1.2 1.6 2.1 0.5 0.8 1.0 1.5 0.6 0.4 

- - <.1 - - - - * - - 0.1 - 0.5 0.1 - 3.5 0.5 18.8 
0.1 <.1 0.1 <.A 0.1 <.I 0.3 0.1 0.5 1.2 3.7 3.5 6.6 7.3 3.7 3.5 1.3 3.0 7.8 15.4 26.6 3.3 21.8 16.9 

S <.I 0.2 0.3 0.1 0.6 0.6 0.4 0.8 0.8 11 2.0 7.7 3.2 4.6 3.2 2.6 5.4 14.9 4.7 14.3 1.9 121.7 41.2 
<.1 <. 0.2 <.1 0.3 0.4 0.1 0.5 4.5 40.5 135.9 143.9 42.0 33.1 5.8 12.5 13.6 49.7 47.2 3.1 65.9 98.9 

- <.1I 
<.1 <.1 0.2 0.3 0.6 0.3 0.4 0.3 0.4 0.4 0.6 0.7 1.2 0.3 <.1 <.I 0..1<I 0.1 0.9 

. <1 - - - - - <.1 
0.2 1.0 2.1 2.3 1.6 2.1 1.3 1.9 1.0 1.8 2.2 5.6 6.7 4.9 2.7 0.7 0.2 0.1 0.3 0.5 0.5 - 0.8 0.7 
0.1 - 0.6 2.2 0.6 0.6 0.5 0.6 0.9 0.9 2.4 2.5 2.6 1.4 5.6 2.0 0.7 0.2 0.2 . 0.1 0.7 0.1 0.1 
<1 <.1 - - - <. - 0.1 0.2 0.8 0.5 1.4 0.9 0.8 2.1 1.6 1.5 2.4 2.9 3.4 1.9 3.2 2.6 
6.4 8.6 7.0 7.4 11.2 15.1 13.5 12.6 27.0 12.1 9.4 6.3 11.7 4.1 11.1 5.0 2.6 1.9 6.2 2.9 3.3 3.1 . 0.3 

0.1 + <.I <.I <.1 - < 0.2 0.1 0.4 0.8 0.6 0.5 0.7 0.6 0.6 0.7 0.1 <.I 

< 0.2 0.4 <.1 <.1 <.I 0.2 0.3 2.7 3.9 3.7 11.8 20.6 30.0 74.3 59.1 30.2 13.6 21.1 14.8 
*+ -÷ + -- - - - -

2.2 0.3 1.7 0.6 1.2 1.3 2.2 0.8 0.6 2.6 4.4 6.3 10.9 11.3 3.7 2.0 0.4 1.6 2.5 28.4 13.5 3.1 0.9 1.9 
4.5 3.1 9.9 7.1 18.6 12.5 10.7 9.9 10.9 13.6 8.5 5.8 2.4 2.6 3.8 1.2 0.3 0.3 <1 0.8 0.2 1.3 0.2 
1.5 3.0 2.5 1.4 3.7 5.5 3.4 4.6 4.8 7.0 110.5 135.2 189.9 60.2 29.8 2.8 <.I 0.1 0.1 0.1 0.2 02 

5 07 90 3 3 9 2.1 2 9 8 9 6 1 1 1 2 1 2 
4.5 0.7 9.0 3.5 3.8 9.4 6.6 20.5 12.8 20.1 24.3 9.4 8.2 9.4 69.4 124.9 237.5 236.8 244.3 244.2 223.8 244.2 52.2 49.2

2.0 

<.I

0.2 0.1 <.I 0.2 <.I + 0.3 0.2 0.2 <.I <.I <.I <.2 + <.I <.I + + + + 0.2 
* + + + + + + + + + + + ,+ + + + + + + ÷1 + + + 

* + + + + + + + + + + - + - + + + o 

0.1 

<.1 

<1 + + + + <1 + + + +0.

-<1 -<.1 <.1 0.1 <.1 <.1 - 1-. <.2 - 0.1 
* + + + + - - + - - - + -.

(cotinued)

C. C, C
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Horizontal Band Transects - Annual Invertebrate Mean Abundance/m2 - North Diablo Cove Station NDC 3 at +0.3m (based on 5 "Tegula" count quadrats) (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations * Surveys 4 5 6 6 5 6 5 4 6 6 5 6 4 4 4 4 4 4 4 3 2 2 2 4

Only Counted if Greater than I" (continued) 

Pelecypoda unid. boring 
Petrolisthes spp.  
Phidiana hiltoni 
Pisaster giganteu 
Pisaster/Henicia (juv.) 
Platyhelminthes unid
Pollicipes polymerus 
Polychacta unid.  
Polynoidac 
Pugettia $pp.  
Pycnogonida unid.  
Pycnopodia helianthoides 
Roatanga puld
Septifer bifurcatus 
Sapulidac unid.  
Sepullorbis aqumigerus 
SipuncWa unid 
Tanicella lineata 
Tricolia spp.  
Trivia spp.  

% Crc e 

Byozoa, unid. (encruting) 
Blyozoa. unid. (foliose) 
Chihamalus fissus 
Dendropoma spp.  
Dodecaceria fewkesi 
Ewuystomella bilabiata 
Haliclona spp.  
Hydroida 
Phraginalopom ,alifornica 
Pista spp.

<.l

-- + - -- - -- - + + + 
<.1 + + 

0.1 <.1 <.I <.1 <.1 0.1 + 0.1 
<.1 <.1 <.I 

<.1 0.1 <I + <.I + + <.1 + + 
+ <.1 

* - -- - * - - + - + + - - + 

+ 0.1 + <.1 <.1 
<.1 

<.1 0.3 0.5 0.4 0.9 0.7 0.3 0.5 0.5 0.2 <.1 + 0.2 0.5 0.2 0.2 0.2 

<.1 <.1 <1 

<.1 <.1 0.1 <.1 <.1 0.5 0.7 0.9 1.2 0.7 1.0 1.4 1.9 1.8 1.0 
+ - <. <.1 <.1 <.I <.I + . 0.2 0.1 0.1 

<.1 + + + <.1 + + <.1 + + + + + 
0.1 0.1 <.1 <.1 0.1 <.1 <.1 0.1 

- + + - + - + - - - --

+ <.1 <.I <.1 + + .+ + + + + + + + + + 

+ + <1 + + + + + + 0.2 0.6 1.9 10.2 4.9 0.9 0.5 + + + + + 

<.1 + <.1 <.1 + <1 + + <.1 0.3 0.3 2.9 2.6 1.5 0.4 0.5 0.6 0.5 <. <.1 + 
1.0 <.1 0.2 1.1 0.3 0.7 1.1 0.2 0.3 0.6 0.3 <.1 + + + + + + +

- + 

0.9 2.0 
0.3 
<.A

,- + 

+ 0.2

<.1 measured but in low abundance; + = only recorded as present 

C- C, C



C" K C.

Horizontal Band Transects - Annual Invertebrate Mean Abundance/r 2 - North Diablo Cove Station NDC 3 at +0.9m (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Station. * Surveys 4 3 6 6 6 6 6 6 6 6 6 6 ns I 4 4 4 4 4 3 2 2 2 4 

Counted Reasdless of Size

Acanthina spp.  
Anthopleura elegantissima 
Balanus spp.  
Epiactis prolifera 
Fissurella volcano 
Haliotis spp.  
Hemigrapsus nudus 
Leptaatenas app.  
Lottia digitalis 
Lottia limatula 
Lottia pelta 
Macclintockia scabra 
Mopalia spp.  
Nucella enaginata 
Nuttallina califomica 
Ocenebra spp.  
Pah u taipes 
Pagunja spp.  
Pisasterodwacew 
Strongylocentrotua purpratus 
Tectura persona 
Tectura Scutum 
Tegulh Namem 
Tegula fimebralis 
Tegula spp.  
Tetraclita nbescea 

Only Counted ifOreater than P 

Aanaea mitra 
Acmaeida unid.  
Alia spp.  
Amphiasa spp.  
Barlecia spp.  
Bittium $pp.  
Cancer antennarius 
Cancer productus 
Cancer Spp.  
Chaetopteridae 
Crepidula spp.  
Cyanoplax app.  
Diodora spp.  
Doriopsilla albopunctata 
Grapside (juv.) 
Henricia leviuscula 
Hepaarpus spp.  
Homoloporna luridum/Linzlaria succincla

<.1 

<.1 
0.4 
1.5 

0.5 
0.2 
0.6 
0.6 
5.2 
0.1 
0.3 
0.5 
0.3 
0.1 
9.9 

<.1 
<.1 
1.0 
0.9 

28.0 

18.1

0.1 

1.3 
<.1 
0.3 
2.5 

0.1 

<.1 

0.3 
12.9 

2.9 

0.5 
9.5 

1.2 
1.0 

38.3 

13.8

<.1

0.2 0.2 0.2 
0.3 0.8 0.1 
0.2 0.1 0.3 
1.0 1.0 0.3 
3.0 2.3 2.7 
<.I 0.1 <I 
0.5 1.4 1.2 
1.5 1.5 0.9 
1.8 1.7 1.8 
1.3 1.5 1.1 

14.4 19.9 13.3 
0.2 0.6 0.3 

S <.I < 1 
4.6 7.3 6.1 
1.4 1.0 0.4 
0.4 0.3 0.7 
4.1 6.3 10.3 

<.1 <.1 

2.7 1.7 2.1 
1.3 2.9 3.2 

57.2 39.7 64.5 

18.7 6.5 9.0 

<I 

<, + 

4, + -

* 0.1 <.1 

+ 4 + 4, 

<.11 

4. + 4.  

+, + -+ 

* + +

0.2 
<.I 
0.5 
0.9 
3.8 
02 
0.8 
0.5 
2.4 
3.3 

20.5 
0.7 

6.5 
0.3 
0.5 

10.0 
0.1 
0.1 

2.3 
4.3 

51.2 

12.5 

0.1 
+

.+

<.1 

0.3 
0.1 
0.9 
2.8 
0.1 
0.6 
2.2 
2.6 
5.0 

25.5 
0.4 

6.3 
1.1 
0.7 

12.5 

0.1 

5.0 
4.8 

44.4 

10.3 

<.1 
-4 

-+

<.1 
0.2 
1.0 
3.1 

0.6 
1.7 
2.3 
2.4 

20.3 
0.5 

6.9 
1.6 
0.3 
7.9 
<.1 
<.1 

3.6 
3.6 

50.4 

5.8 

+ 

+

0.2 
0.1 
1.4 
3.7 

0.4 
0.1 
2.2 
3.0 

50.1 
0.2 

6.0 
1.8 
0.5 
8.1 

<.1 

2.7 
2.5 

49.6 

6.7 

<I 
+ 

+ 

+ 

+-

+ -- + -

<.1 

+ 

4-

+ 

+.  

+-

0.3 <.I <.1 

0.7 0.9 0.3 
<.1 <.1 0.1 
1.2 0.9 0.8 
2.4 4.0 4.0 
<I <.I <.I 
0.4 0.2 0.2 
0.9 1.5 1.3 
3.5 6.2 5.1 
1.4 2.6 1.0 

96.8 239.7 220.7 
0.5 0.8 0.4 

5.2 5.9 3.2 
2.1 4.5 6.6 
0.6 1.1 2.0 
7.1 11.0 9.7 

<.1 0.3 0.2 

4.1 4.9 7.9 
1.3 0.2 

77.5 194.4 230.1 

11.6 4.1 4.4 

<1I <.I 
+ + + 

+ + + 

-+ 

+

- - <.1

+ - - + +

0.1 0.2 + <.1 0.2 

<.I 

<I.  

- 4+ +

<J . 0.1 
<.1 0.2 0.1 0.1 0.4 

3.2 4.2 1.4 0.4 0.2 0.3 
- <.1 0.1 <.1 0.1 

1.4 2.0 5.0 18.0 147 17.7 15.3 6.6 
0.2 0.1 <.1 <.1 0.3 0.2 0.6 0.3 

16.2 4.6 3.5 3.7 4.7 40.6 15.9 20.4 
7.6 6.8 7.7 5.0 7.0 7.3 5.5 11.8 
1.6 0.9 1.2 0.9 4.8 3.5 2.2 0.3 

170.2 146.6 123.7 142.4 237.5 177.5 178.0 181.3 
0.2 0.2 <.1 0.1 

1.4 0.7 0.4 0.2 0.5 0.5 0.3 
5.4 3.5 2.7 2.8 0.2 1.1 0.7 1.4 
1.2 1.4 1.0 4.1 2.7 3.3 3.9 2.7 

14.8 10.2 10.5 24.3 24.7 47.1 17.2 11.0 
- 0.3 0.4 0.4 0.3 0.3 0.2 

0.4 0.3 0.9 3.5 3.7 11.9 21.4 11.6 

10.4 4.4 3.4 2.0 3.2 3.0 7.6 10.4 
. 0.2 0.4 3.6 0.4 3.3 1.2 

160.2 186.7 126.0 66.2 17.5 48.3 44.9 34.1 
- - 0.1 - * 

1.2 2.1 17.3 18.0 46.6 53.7 50.7 50.3 

+ + 0.2 + + + + + 

* + 

* + + + + 

0.4 2.7 1.2 0.4 0.1 0.5 1.3 0.7 
<.1 

< .1 * 

* + + + 4, +4 

* -*-+

* * * +,

- 0.4 1.2 
0.4 0.3 0.3 

0.5 
0.1 

7.4 63.4 4.5 
0.1 <.1 

54.8 39.4 61.3 
4.1 20.4 38.8 
0.5 30.8 29.9 

80.2 181.7 235.5 
0.4 

0.3 0.5 0.5 
1.8 1.9 0.5 
4.3 2.4 2.8 

24.7 0.4 0.8 
0.2 0.2 0.2 
6.7 4.0 3.4 

2.1 1.7 4.7 
6.4 0.3 0.3 

44.9 15.2 65.2 

19.2 26.8 .3

0.8

4-
0.1 

4+

0 

0.5 0.X 

-

-4-

(continued)



Horizontal Band Transects - Annual Invertebrate Mean Abundance/in 2 - North Diablo Cove Station NDC 3 at +0.9m (based on 5 "Tegula" count quadrats) (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations * Surveys 4 3 6 6 6 6 6 6 6 6 6 6 ns 1 4 4 4 4 4 3 2 2 2 4 

Only Counted if Greater than V" (continued)

Idotea app.  
lschnochitonidae 
Lacuna app.  
Lepidozona spp.  
Leucandra heathi 
Lissothuria nUriens 
Littorina app.  
Lophopanp- sapp.  
Lottia asmi 
Lottia gigantes 
Lottia oaeracea 
Majidae 
Mytilidae 
Mytilus califonianus 
Mytilus galloprovincialis 
Nemeatea unid.  
Nereididae unid.  
Ophiothrix app.  
Pelecypoda unid. boring 
Petrolisthes spp.  
Phidiana hiltoni 
Pisaster/Ilenricia (juv.) 
Platyheliunthes unid.  
Pollicipes polynUaw 
Polydcha und 
Pugettia app.  
Pycnopodia helianthoides 
Serplida unid.  
Serpulorbis squamigenas 
Sipuncula unid.  
Tricolia spp.  

Bryozoa, unid. (ncrmestin6) 
Chthaalus fissus 
Dodecaceia fewkesi 
Haliclona app.  
Phragmatoponm califomica 
Pista app.  
Porifera unid. (ecnuting) 
Samac-ina tribranciuata 
Spirorbidae 
tunicates, colonial/social unid.

<I <.1 <.1 <.1 + 
<1 <.I + + + + + + + + 

-+ + + + + + + + + 

-- - - - - -
- 0.+ + + + + + + + + + 

* - * - *<.1 

- - 0.2 + + + + + + + + + 

<.1 <.I 0.1 0.1 <.I <I 

- * + + - + 

1.7 0.1 1.0 0.7 0.5 1.2 0.7 0.4 1.3 1.6 4.0 3.6 

<1 0.2 0.8 0.4 0.6 0.4 0.6 0.3 0.1 <.1 
< I <.I <.I 

<.1 <1 <.I 0.2 + 

- + * + + 

<.1 
1.0 0.8 0.4 0.7 1.3 0.5 0.8 0.5 0.2 0.4 0.5 

<1 - + 
0.2 0.2 0.1 0.2 0.5 0.2 0.1 + 

<.1 <.1 
+ <.I + <.1 <.1 + + 

+ + + + + + + < 

+ -+ + + + + + 

+ + + < < + + + + 

<.1 <.1 0.2 0.2 0.2 0.2 0.3 0.8 0.4 1.I 3.6 43 

-+ + + + + + + <.+ <. 0.3 
-*- + * + + <.1 + + + 

*+ + + <.1 <.! + + + + 
- + - + 

* - + <.1 <.! <.1 0.2 0.4 0.2 0.2 <.1 <.I 
- - - + + + <.! + + + + +

+ + + + <I 
-+ + + -

- -- * - *0.31 

+ + + + + + + + + + + 

* - - + + + - <.3 

0.1 0.4 0.6 1.2 2.3 2.9 2.9 2.5 2.8 5.8 
0.2 + - * -

- - - + + + 

9.0 8.2 5.9 0.2 + + + 0.9 2.4 + 1.7 
-- - + -- -+ 

<.1 - <.,I- <I.1 

<1I 

+ 0.3 0.7 0.5 + 0.1 0.4 0.3 

1-<1 <I <.1 0.1 

0.2 <.1 0.3 <.1 0.5 0.2 0.4 0.1 0.9 0.6 
<.! 0.1 - -

- + -+ + - - + - + 

*- + - + 

14.7 19.2 19.3 21.0 12.0 17.3 17.2 17.0 16.0 11.5 7.5 

0.4 0.3 <.1 + <.I <.I + + + 0.1 0.2 
*- + + + - + 
*+ + . + 

+ + + + + + + + + + + 

* - - + -* + -

< I = measured but in low abundance; + - only recorded as present 
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Horizontal Band Transects - Annual Invertebrate Mean Abundance/r 2 - South Diablo Cove Station SDC I at +0.3m (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1978 1979 1980 1981 1932 1983 1934 1985 1986 1987 1983 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Station * Surveys 4 2 ns ns ns ris 4 5 6 6 5 4 4 4 4 4 4 4 4 3 2 2 2 4

Counted Redrdless of Size 

Acanthinm spp.  
Anthopleura elegantiasima 
Balanus app.  
Calliostom ligature 
Epiactis prolifer 
Fissurella volcano 
Hemigrapsus nudus 

Leptastenias app.  
Lottia digitalis 
Lottia limatula 
Lottia pelta 
Macclintoclda scabra 
Mopalia $pp.  
Nucella emarginsi 
Nuttallin californica 
Ocenebra spp.  
Pac'ygrapsw c ipes 
Pagunas app.  
Pisaster oaeraceus 
Stro'ioe-ntrotus purpstus 
Tectur persona 
Tectum scutum 
Tegula bunnea 
Tegula funebralis 
Tetraclita rubescens 

Only Counted ifGreater than V 

Acmaea mits 
Acmaeidae unid.  
Aeolidia papilloss 
Alia sapp.  
Aznphiodia occidentalis 
Amphipholis app.  
Amphissa app.  
Anthoplewa artemisia 
Anthozoa unid.  
Aplysia californica 
Archidons spp.  
Astena miniata 
Barleeia $pp.  
Bittium app.  
Cancer antenmnaius 
Cancer spp.  
Chactopterida 
Cirmtulidwe/Terebellidae unid.  
Clavelina huntsmni

21.4 34.6 

0.9 1.3 
0.2 

0.1 

0.3 
0.6 
1.0 2.2 
0.1 

3.2 5.9 

0.3 
0.9 0.6 
1.3 0.2 
1.4 6.3 
<.1 

<.1 
0.3 

0.1

- <.1 <.1 0.2 0.6 0.8 0.2 0.2 <.1 0.1 
5,3 8.5 16.8 24.6 34.4 72.6 72.0 76.6 87.5 70.6 28.2 9.9 4.9 3.7 6.4 4.0 3.3 4.4 

<1 <. 1.6 5.6 11.6 6.4 1.5 1.2 0.7 - <.1 <1 0.2 
<.1 <.1 

2.6 0.8 0.3 1.0 0.4 <.1 <1 <1 <.1 <.1 

<.I 0.2 0.1 0.4 1.8 1.3 0.1 1.3 1.6 2.2 4.6 3.3 2.6 1.4 1.7 9.9 23.6 

<.1 
0.8 0.2 <.1 <.1 

1.0 0.5 <.1 
0.3 <.I 0.4 2.2 3.5 1.9 2.7 1.7 1.8 1.2 0.7 1.0 2.5 2.2 1.9 1.9 5.5 17.9 

1.5 0.4 3.7 5.3 6.1 8.4 3.3 1.1 3.5 3.6 1.7 3.4 6.1 2.9 2.7 2.6 5.0 44.5 

1.2 1.7 3.9 24.4 152.2 200.8 159.7 21.5 3.0 4.0 2.0 1.6 4.7 4.4 13.5 4.0 3.9 76.0 
0.2 0.4 0.5 0.4 0.9 0.3 0.1 - - <.1 0.3 0.3 0.3 0.1 1.6 

* -<.!<. - - - - - - . -

<.1 <.1 0.2 <1 - <.1 
0.7 0.2 0.4 0.4 0.2 0.4 0.4 - 0.1 -

<.I <.I 0.2 0.2 <.I 0.2 0.3 0.3 0.2 0.3 0.4 0.6 0.3 0.3 0.6 

11.8 2.9 3.8 5.5 7.9 9.8 18.6 30.7 20.4 19.6 8.4 16.3 7.1 4.1 33.6 14.1 1.0 2.6 

<.1 - 0.1 0.5 0.2 0.2 - <.1 0.1 . 0.1 0.1 
<.1 <.1. + 0.2 1.5 2.1 2.0 1.9 0.1 0.5 0.4 - 4.2 

2.2 0.9 3.9 10.6 18.3 3.6 3.3 2.2 2.3 0.7 0.6 0.9 1.4 1.1 0.2 0.5 0.8 1.2 

9.7 0.6 1.0 3.0 0.7 . 0.2 3.9 9.1 1.8 1.7 0.2 0.1 

14.2 39.2 62.4 36.6 109.0 123.6 298.0 173.5 57.4 2.7 4.6 0.4 <1 0.8 41.0 43.9 

2.0 1.5 0.6 23.6 126.6 32.1 110.5 101.7 153.3 268.6 71.2 23.1 49.1 71.0 57.9 15.5 11.3 97.7

<I1 - - - - -

<.1 

+ + + + + 4+ + + + + 

* * + -4-- . + 

+ + 4+ + + + + + + + 

<.<1 

<1 <1 <1 <.1 

0.2

+ +- + 

+ + + 
-- + 

* - + 

<.1 
<.1 

+ < 
+ + 

- <.! <1i 

4--

+ 

+ 

+

+ 

+ 

+

4- + + 

<.1 

0.1 <.1 

0.1 

* 

- -

(continued)
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C, ( o.

Horizontal Band Transects - Annual Invertebrate Mean Abundance/rn 2 - South Diablo Cove Station SDC I at +0.3m (based on 5 "Tegula" count quadrats) (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
9 Stations * Surveys 4 2 ns on on on 4 5 6 6 5 4 4 4 4 4 4 4 4 3 2 2 2 4

Only Counted if Greater than V (conitinued) 

Pijidiana hiltoni 
Pisaster/Henricia (juv.) 
Platyhelmninthes unid.  
Polychneta unuL.  
Pugettia app
Pycnogonida unid.  
Pyenopodia helianthoides 
Sexipulia unid.  
Serpulorb.s squamigerus 
Sipuncula unid.  
Tonticella lineata 
Tricolia spp.  
Williamnia peltoides 

Bryozos. unid. (encnusting) 

Dodecaceris fewkesi 
Pbragnaopomae californuca 
pists app.  
Ponifers unid. (encrusting) 
Spirorbidae, 
tumicates, colonisl/social unid.

0.2 

<.1 <.1 

0.1 <.1

<.I 
<.1 + - - - -

<.1 

0.2 + <.1 <1 + - <.1 0.2 0.4 0.6 0.1 <.1 0.3 + 0.4 0.7 1.0 <.1 
+ + + + + + + + + 0.1 0.1 + 

<.1 
+ <.1 0.3 + 0.2 + <.1 + + + - 0.1 + + 

<.1 0.2 0.5 0.3 0.4 0.2 0.5 0.2 0.5 0.2 0.3 0.2 0.7 
÷' + - + -

<1 0.1 
+ + + + + - - - + + - + + 

<1 + 

+ + + + + + + + + + <I1 
+ + + 2.7 15.1 11.0 12.5 5.1 0.7 0.1 + + <.1 0.6 3.5 2.8 1.7 + 

+ + <.1 0.4 0.2 0.5 1.9 0.2 + + + + + + + 1.0 1.0 
3.0 0.9 0.1 0.1 0.1 <I <.1 0.1 + 0.4 1.1 7.2 16.5 22.1 21.6 19.3 1.5 1.6 

+ + + *o 

+ + + + + <.1 + + + + + + + + + + + 
0.5 + - + - + + + + + +

<.I = measured but in low abundance. + = only recorded as present



Horizontal Band Transects - Annual Invertebrate Mean Abundance/m 2 - South Diablo Cove Station SDC I at +0.91n (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Station * Survqs 4 2 n na nrs tu 5 6 6 6 5 5 4 4 4 4 4 4 4 3 2 2 2 4

Counted Recardless of Size 

Acanthina spp.  
Anthopleura elegantissima 
Balanus spp.  
Epiactis prolifera 
Fismella volcano 
Haliotis Spp.  
Hemi•psu nudus 
Leptaterias spp.  
Lottia digitalis 
Lottia limatula 
Lottia pelta 
Macclintockia ,cabira 
Mita idae 
Mopalia spp.  
Nucella enaginaa 
Nuttallina califomica 
Ocenebra spp.  
Padygapsus crassipes 
P3,uni spp.  
Pisastec ochaoeeu 
SUtnylocenrUotu puapuratus 
Teetumr pesona 
Tectura scutum 
Tegula bnannua 
TeguLa funebralis 
Tetraclita nuescens 

Only Counted if Greater than V 

Agnaeidae unid.  
Aeolidia papillosa 
Aeolidiamea eid, a 
Alia spp.  
Amphia pp.  
Anthoplcura artemisia 
Aphrodita spp 
Aplysia califomica 
Barleeia app.  
Bittaum spp.  
Cancer antennarius 
Cancer spp.  
Chaetopteridae 
Cirratulidae/Terebellidae unid.  
Cragon spp.  
Crepidula spp.  
Cyanoplax spp.  
Diodora spp.

80.2 134 
0.2 0.4 
0.3 

0.2 
0.2 
0.1 

0.4 
0.2 0.1 

3 4.3 

0.3 

3.5 5.6 

<.A 
2 0.8 

0.7 0.5 
43.9 76.8 
0.7 2.3 

0.5 

<.I 
0.1 

<.I 

<.I

0.2 <.1 0.7 1.8 0.6 <.I 0.2 - <.1 <1 0.2 0.3 - <.1 
71 34.4 18.2 29.4 53.2 531.7 74.7 147 152 145 85.7 39.3 41 44.4 35.4 38.9 30.1 21.8 

- 5.5 5.4 1.1 6.4 1.8 0.4 <.1 - - - -

2.2 0.4 0.3 0.5 <.1 <I - - <.1 - - -
- - <.1 <.1 <.1 0.7 0.4 0.3 - 1.8 3 6.2 4.5 5.4 1.4 4.4 15.5 15.5 

- <.1 0.1 <.I 
<.1 <.1 <.I 

I <.1 <.I <.1 
0.1 0.2 8.2 3.5 0.6 0.4 0.3 0.9 
0.2 <.1 0.1 1.1 3.4 5 4.7 2.1 2.7 2.9 1.4 2.8 2.5 4.1 3 4.3 7.5 9.5 
2.1 0.7 1.4 3.2 3.6 4.8 2.6 1.2 2.4 2.2 1 5.6 5.4 5.9 3.5 4 6 39.4 
5.2 0.5 0.8 22.2 320 185 107 24.7 3.2 3.6 0.6 4 8.1 8.3 4.4 15.2 9.4 100 

<.I 
0.5 0.3 0.1 0.2 0.4 0.2 0.2 <.1 < <.1 0.1 0.1 0.2 1.1 

12.1 - -
-- 0.3 0.1 - 0.1 

0.6 0.2 <I1 - <I 0.1 0.6 0.2 - 0.2 - 0.1 
<. - - - 0.3 0.7 0.2 0.4 0.3 0.9 0.3 0.3 0.3 0.3 0.1 - 0.4 0.4 

32.5 2.3 0.5 3.6 9 12.3 23.6 9.7 22.2 7.1 6.9 10.3 4 2.7 5 10.4 0.9 3.3 
<.1 - <.1. - 0.8 0.1 0.9 <.1 0.3 0.2 . 0.1 

<.1 <.1 - <.1 - 0.2 0.2 0.5 0.4 0.4 1.3 0.2 1.7 0.5 0.2 I 
0.8 - - - - - - - - -

6 1.1 2.7 6.4 17.3 31.1 7.7 4.2 1.6 3.1 0.3 0.2 2 3.5 0.5 0.7 1.3 2.5 
1.3 <.1 <.1 1.4 0.1 <.1 1.7 0.1 0.2 0.2 <.1 
112 62.8 57.8 96.4 151 271 436 274 79.1 24.3 88.6 9.9 53.2 31.3 155 119 2.9 4.2 
4.4 0.8 0.5 17.5 87.4 44.8 46.1 22.8 61.8 165 68.8 54.4 75.1 85.7 64.8 31.5 11.2 209 

'+ 4. + + + + + + + + + + + + + + + + 

<.1 + -+ + 0.1 
- - <.I 

+ - - - - -- + + + + + - .  

0-1 0.3 
+ + - - -- -- - + -

+ - - - - - - + - - - - + + 

<.1 <.3 0.1 
<.1 

<,A <.I + + 0.1 + 

+ + + + + + + + - + - + 

+ 0.2 0.4 0.5 0.2 0.2 0.4 0.4 0.3 0.2 0.3 0.1 0.3 0.5 0.2 0.5 
-- <.I

(continued)
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Horizontal Band Transects - Annual Invertebrate Mean Abundance/in 2 - South Diablo Cove Station SDC I at +0.9111 (based on 5 "Tegula" count quadrats) (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

N Stations * Surveys 4 2 ns rs ns na 5 6 6 6 5 5 4 4 4 4 4 4 4 3 2 2 2 4 

Only Counted if Greater than O (continued) 

Bryozoa. unid. (encrusting) <I - - + <.2I + + + + - + + + 

Chtlmatus fassus + 0.1 + + + 2.1 10.8 6.9 6.6 4.7 1.2 <.I 0.1 + + + 2.5 4 1.7 0.2 

Phragnatopogia califonicsa + + + <.2 <.I 0.5 0.3 0.2 + + + + + + + + + 0.1 

Pista spp. + 1.4 0.1 + + + + + + + + 0.3 1.7 2.2 2.3 2.7 0.4 1 
Poitnea unid (encrusting) + + + - - - - -

Spirotbida + + 0.1 + + + + + + + + + + + 

tunicates. colonial/social unid. <1 + + + + +

<2I = measured but in low abundance; + = only recorded as present 
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Horizontal Band Transects - Annual Invertebrate Mean Abundance/m 2 - South Diablo Cove Station SDC 2 at +0.3m (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 3992 1993 1994 1995 1996 1997 1998 1999 

# Stations * Surveys 4 6 6 6 6 6 6 6 6 6 5 6 ns 1 4 4 4 4 4 2 on ns on 4

Counted Regardless of Size 

Acanthina app.  
Anthopleura elegantissima 
Antlopleur xanthogamnuca 
Balamus spp.  
Conus califomicus 
Epiactis prolifera 
Fissurella volcano 
Haliots app.  
Hemigapsus nudua 
Leptasterias spp.  
Lottia digitalis 
Lottia limatula 
Lottia pelta 
Macclintodcida scabra 
Mopalia spp.  
Nucella enarginata 
Nuttallina califomica 
Ocenebra spp.  
Pachygrapas was ipes 
paguns spp.  
Paster aceus 
Pseudomelmtoma toro 
Stronpo-etrotus purpuratus 
Tectura paleaces 
Tectura Scutum 
Tegula brnnmea 
Tegula fimebralis 
Tegula spp.  
Tctaclita ruleceMa 

Only Counted if Creater than I 

Acmaea mitra 
Acmaeidae unid.  
Aeolidia papillosa 
Ali& app.  
Amphissa spp.  
Anthopleura artemisia 
Anthozoa unid.  
Aplysia califomica 
Asterina miniata 
Balanusfretraclita ap.  
Barleeia spp.  
Bittium spp.  
Cancer antennariu 
Cancer pMoductus 
Cancer Spp.

. 0.4 0.7 0.2 0.4 0.3 0.2 0.4 1.1 0.9 1.4 1.7 
27.0 33.7 38.1 44.6 53.7 39.5 39.1 33.6 47.3 29.3 55.6 77.9 

- <.1 <.1 <.1 <.I 
<.I 0.4 0.2 3.3 0.1 <.1 + 0.1 <.1 

<.1 
0.2 0.6 6.8 12.9 5.7 1.2 0.7 1.9 1.0 0.7 <.1 <.1 
<.1 - <. 0.1 0.3 0.1 <I <.1 0.3 0.1 0.3 0.1 
0.2 0.2 0.2 0.3 0.2 0.1 0.1 0.2 0.3 <. 0.2 <.I 
<. 0.1 0.2 0.1 0.2 0.1 - <.1 <.1 

0.6 0.3 0.4 0.8 0.6 0.3 0.2 <.1 <.  
0.8 <.1 <.1 1.1 0.5 0.3 0.3 . 0.5 0.5 -

1.0 <.1 03 0.7 1.2 1.2 1.3 0.8 0.5 3.3 2.6 4.0 
0.2 0.1 1.0 1.9 0.4 3.1 1.1 2.1 3.1 4.2 2.6 1.5 
6.3 38 4.1 10.7 14.6 11.9 22.9 15.4 19.4 40.3 54.4 65.0 
0.2 <I 0.9 0.8 0.2 <. 0.1 0.2 0.2 0.4 0.2 <.1 

<.1 - - <I .1 01 
- 0.4 0.3 0.3 0.1 0.3 0.5 0.4 0.4 0.2 

0.2 0.4 1.0 1.0 2.0 0.9 0.2 0.4 0.6 0.3 <.1 
<.I <.I <.1 - 0.1 <.I 0.3 0.1 <.1 0.3 <.1 0.3 
4.9 17.1 8.2 11.3 20.3 20.8 17.2 5.2 9.2 11.4 10.2 16.8 
<.1 <.1 0.1 0.2 <.1 0.1 - <.1 <.I <.1 

- - <.1 - 0.2 + -
0.4 0.1 <.1 <.1 <.1 1.0 <.1 0.2 <.I 0.1 0.1 

3.1 2.0 2.0 2.6 2.7 2.2 _4.8 2.6 8.0 8.6 72 8.1 
0.2 0.4 0.4 1.0 2.5 3.5 2.3 3.1 0.4 0.4 1.5 0.8 
9.5 60.2 40.4 28.1 42.5 42.6 22.7 76.9 66.5 1D4.7 237.0 294.3 

<. -" 
5.4 1.3 0.7 1.0 4.7 5.0 2.5 1.5 4.9 12.1 5.2 3.3 

+ <.1 + <. < + 

0.5 + + + + + + + + + + 
<.1 <. < <. 1 * 

* + + ÷ + + + + + + + + 

<.1 + + + <.1 + - + + 

S- <.I 

<.1 
4.4 

-- + + + + + - 4 

-- + + + - + - - + 

<. <.I 0.1 0.2 0.1 <I1 <.1 <.1 

+ <.1 + +

0.2 0.3 -
1940 150.2 116.6 92.9 88.3 73.3 43.5 

4.6 

<.1 <.1 <.1 
0.6 1.5 1.5 1.3 1.7 
<.1 <.1 

<.I 
<.1 <.1 

0.4 - -
2.4 1.5 4.3 2.5 2.9 5.1 3.7 
2.0 1.5 2.4 0.7 2.7 2.1 0.2 

39.4 14.6 7.2 1.3 3.2 5.6 1.7 
- O!0. <.! 0.1 

.<.1 < <.1 

- 1.3 1.0 0.7 0.7 0.6 
24.2 15.0 24.2 20.5 33.2 15.1 3.4 

0.2 0.2 0.6 0.5 0.6 0.5 0.1 

0.2 0.3 0.3 1.0 1.4 6.1 

6.0 0.8 1.9 0.6 0.9 1.8 0.5 
. 1.4 0.4 0.3 <.I - 0.1 

515.4 160.7 67.1 92.0 134.0 140.2 170.7 

9.8 11.4 74.1 48.9 78.7 46.1 29.9 

+ + + + <.1 0.1 + 
0.2 + + - <.1 
* - * + + + + 

*- + + + + 

<.1 

<.1 <.I <.I 

- <.I <.1 +

+ 
33.3 

3.6 

15.9 
7.6 

24.4 
0.6 

<.1 

0.7 
4.0 

1.7 

0.8 

111.7 

20.6

+ 

<.3 

+ 

<.3

(continued)
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C. ( C,
Horizontal Band Transects - Annual Invertebrate Mean Abundance/r 2 - South Diablo Cove Station SDC 2 at +0.3m (based on 5 "Tegula" count quadrats) (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations i Surveys 4 6 6 6 6 6 6 6 6 6 5 6 n 1 4 4 4 4 2 ns n. t 4 

Amphipod (tOe) <1 - - - <1 
Bryoza, unid. (encrnsting) <.1 <.I + + + + + + + + + + 

Biyazoa. unid. (foliose) - + 
Chbtamalus tissus 0.4 <.1 <.1 <.1 0.1 + + <.1 + 0.3 0.4 0.4 3.2 0.8 0.1 0.1 <.1 0.1 + + 

Haliclona spp. - - <.I <.1 <1 <.1 + <1 + 
Phragmatopoma califomica 0.1 . 0.3 <.1 + <.1 + + + <.I + 0.1 + + + + + + + <.1 
Pista spp. 0.9 1.0 1.4 2.1 1.7 2.0 0.9 1.9 5.2 0.9 0.2 + + + + + + + + + 

Porifem unid. (encrusting) + <.I <.I <.I + <.I + + + 
Spirorbidae m - + - + + + + + + + + + + + 

tunicates, colonial/social unid. + + + + + + + + + 

<.1 measred but in low abundance; + o only recorded as present



Horizontal Band Transects - Annual Invertebrate Mean Abundance/rn 2 - South Diablo Cove Station SDC 2 at +0.9m (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Station * Surveys 4 4 6 6 6 6 6 6 6 6 6 6 ns I 4 4 4 4 4 2 na ns ns 4

Counted Reardless of Si 

Acanthina spp.  
Anthopleura elegantissina 
Anthopleura xantholpaznmca 
Balanus spp.  
Epiactis prolifera 
Fisurells volcano 
Haliotis pp.  
Hemigrapaw nudus 
Leptasteias app.  
Lottia digitalis 
Lottis linatula 
Lottia pelta 
Macclintockia scabra 
Mopalia spp.  
Nucella emarginata 
Nuttallina califomica 
Ocencbra spp.  
Pachyl wpus asipes 
Pagurus spp.  
Pisaster ochraceus 
P elatoma towa 
Stroralocuntrotus purpxatus 
Tectuwa 1penna 
Tectura scutan 
Tegula bnmnea 
Tegula fnwbris 
-Teg•la pulligo 
Tetraclita rubescenas 

Only Counted ifGrcater than I 

Acmaea mitra 
Aanaeidae unid.  
Ahi spp.  
Amphissa spp.  
Balecia app.  
Bittiun spp.  

ancar spp.  
Chaetopteridae 
Crepidula spp.  
Cyanoplax spp.  
Diaulula sandiegensis 
Diopatra nmata 
Discunria inaesaa 
Grapaidae (juv.) 
Heptacarpus spp.  
Hinnessenda crassicomis

0.2 0.5 0.6 0.4 0.6 0.8 0.3 0.5 0.8 0.6 0.8 
220 160 139 236 242 193 156 58.6 94.5 129 143 173 

<.1 0.2 <.1 <I.  
<.1 <.1 0.2 0.3 
0.2 0.1 <.1 < I 

<.1 

0.2 0.1 <.1 0. <.1 0.1 0.1 <.1 <1 0.3 
- - <.I 

4.1 0.9 0.8 4 3.2 Z3 0.7 0.8 1.6 0.5 0.8 
2.1 0.6 0.7 1.7 1.2 2.2 2.7 1.2 I 2.4 2 3.9 
0.2 0.4 0.6 1.4 0.5 1.1 1.2 0.9 1.5 0.9 0.8 1.5 

47.2 36.7 31.6 59.9 84,6 90.3 78 27.7 37.6 49.5 47.8 62.2 
0.1 0.2 0.2 <.1 <.1 <.1 0.2 0.2 <.1 
0.8 <I1 <I <.1 
<.1 - <.1 <I <.1 
0.2 0.2 0.1 0.3 0.3 0.3 0.1 <.I <.1 <.1 

- <.1 0.1 0.2 <.1 <.1 0.1 0.2 <.1 0.2 0.2 0.4 
14.9 8 6 19 11 15.8 15.1 5.9 2.7 5.4 6.3 16.1 

<1 <1 <1 < 1 
<I 

<.1 <.1 <.1 <1 <.1 
<.1 

8.7 2.8 3 3.3 4.3 2.8 7.7 2.4 6.8 9.6 4.1 8.5 
. . <.1 <.1 - <1 <.1 

83.8 M2 85.5 63.2 88.4 84.4 135 109 91.4 113 123 I4 
- - - <.1 

<.1 <.I 1.7 0.4 0.1 0.3 <.1 0.2 2.1 0.3 0.5 

- -<I1 
0.6 + + + + + + + <.I + + + 

- <.31 + + ÷ + - + 

-- + - - - + o 

* + + -
S+ + + + + + 

0.2 <I 2.2 2.1 1.6 0.8 1.6 0.9 2.3 1.5 2.6 
<.1 

0.3 <I - 0.1 

+ + + + + + + 

*-*- <.1 + +

C-

1.2 0.1 0.3 - 0.2 0.2 0.3 
301 280 317 215 193 175 81 

0.4 0.4 <.1 0.1 <1 

+ <I.  
0.2 

<.1 <.1 

0.2 0.7 <.1 <. - 0.2 
1.8 1.4 4.1 2.8 4 &7 1.5 
1.6 0.4 0.8 0.8 2.9 0.9 0.7 

54.8 39.9 26.9 13.1 28.8 21 8 

0.1 

<.1 <.1 <,1 <.! 
+ 0.6 0.4 0.3 0.6 0.5 0.2 

11.8 16.9 16.5 21.2 21.8 5.4 0.3 
0.3 0.3 0.7 0.3 - 0.1 

<.1 0.1 0.2 0.1 

6.8 1 4.8 1.2 1.4 3.1 2.6 
- 0.3 - - - 0.1 

145 263 217 120 176 295 217 

I 4.7 40.5 20 7.5 11.3 6.2 

+ + <.1 + + + + 
÷ + + 

* + 
+ + + + + + 

+ 0.4 0.3 0.1 0.7 0.2 0.2 

* + - + -

C

0.2 
92 

0.1 

6.4 
2.8 

37.5 

0.4 
2.1 

0.1 

0.8 

182 

<.I 

0.3

(continued)
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Horizontal Band Transects - Annual Invertebrate Mean Abundance/m 2 - South Diablo Cove Station SDC 3 at +0.3m (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
#Stations * Surveys 4 6 6 6 6 6 6 6 6 6 6 6 4 4 4 4 4 4 4 3 2 2 2 4

Counted Reeardless of Size 

Acanthina spp.  
Anthopleura clegantissima 
Anthopleua xanthogramnica 
Balanus spp.  
Calliostoma ligature 
Calliatomna app.  
Cotus californicus 
Epiactis pVolifera 
Fissurella volcano 
Haliotis spp.  
Hemnigapsus nudus 
Leptastenas .pp 
Lottia digitalis 
Lottia limatula 
Lottia pelts 
Macclntockia cabra 
Mitts idka 
Mopalia app.  
Nassaius app.  
Nuoella em ta 
Nuttallina ealifonica 
Ocenema spp.  
Pachygrasus crasaipes 

Pisaster oc"racew 
Pseudoneaatoma toroa 
Stoglocentrotua purpuratus 
Tectura persoma 
Tectura scutum 
Tegula bruwne 
Tegula funehralis 
Tegula pulligo 
"Tegula spp.  
Tetraclita rObesWcn 

Only Counted if Greater than I

* 0.1 <.I <.1 0.1 0.1 <.1 0.1 0.2 1.7 0.9 0.5 0.5 - - - - <.1 - 0.1 - - <.1 
4.1 2.5 1.8 2.0 2.4 2.8 3.0 1.3 1.4 1.1 1.2 2.3 4.0 9.5 21.3 24.8 16.2 8.9 5.9 9.0 7.8 10.0 7.7 8.5 
0.1 0.2 0.3 0.3 0.2 0.3 0.2 - - - - - - - - - - - - 0.1 0.1 
0.3 <.1 1.5 0.1 0.5 - 0.9 <.1 <1 <.1 0.1 + 0.1 <.1 

<.1 
+ - <.1 

0.4 <.1 1.2 0.6 0.4 0.3 0.1 
- 0.4 0.3 1.3 1.0 0.3 0.3 <.1 <.1 <.1 <.1 0.1 <.1 

0.2 <.1 0.3 0.6 1.1 0.6 0.3 .0.1 0.1 <.1 <.1 0.1 0.1 0.2 0.9 0.6 1.7 1.1 0.3 0.1 1.3 0.6 
<1 0.1 0.3 0.2 <i <.1 <.1 <.I <.1 - - - - - - - - -

- 0.2 0.1 0.2 0.2 <.I <.I 0.3 0.3 0.1 <.I 0.3 0.4 0.2 
0.4 0.2 0.5 0.4 0.5 0.5 0.2 - <.1 - - -

- - - 0.2 0.1 - . 0.2 0.1 0.3 . <1 0.3 0.2 1.3 
0.3 <.1 0.5 0.6 0.6 0.6 0.5 1.3 1.2 2.4 6.3 8.0 7.2 4.5 5.5 5.4 4.9 10.4 7.4 10.2 5.3 4.8 4.3 5.2 

- - 0.1 0.2 0.2 0.3 1.5 0.5 1.6 1.5 0.6 0.9 0.9 0.1 1.0 1.2 1.5 2.4 3.4 1.6 1.2 2.3 4.5 5.3 
0.2 1.9 4.0 3.7 2.7 4.2 21.2 10.5 57.2 84.8 118.6 111.8 112.1 69.3 40.7 73.2 16.7 28.6 21.4 17.0 19.2 19.2 59.4 51.5 

<.1 
<.I <.I <1 0.3 <.1 <.1 0.1 0.1 <.I <.1 <.1 <.I <.A <.1 0.1 0.1 

<.1 - 0.1 
- <.1I 

<.1 0.6 0.9 2.1 1.9 1.4 0.9 0.1 0.2 0.5 0.8 1.2 1.4 3.0 1.7 1.5 1.3 0.2 0.4 0.1 0.3 1.1 0.1 <.1 
- - - 0.1 - <.1 0.1 0.2 0.1 0,4 0.4 0.4 <.1 0.2 0.4 1.0 0.2 0.6 0.3 0.2 0.2 1.9 1.8 0.3 

9.9 22.8 26.5 17.5 22.1 24.0 25.5 27.6 18.1 12.9 29.2 37.4 28.2 28.2 82.4 211.9 102.6 60.6 69.5 74.7 43.9 24.5 8.5 14.7 
- <.1 <I <1 <.1 0.1 <.1 0.2 0.6 0.6 0.1 0.4 0.2 0.2 0.2 0.2 <.I 

<.1 <I.  
<.1 <1 0.2 0.2 0.15.1 < .1 <I <.1 <.1 0.3 0.5 2.5 0.8 0.7 0.4 0.8 
0.2 - <1 - - - - - -
1.8 1.3 1.8 2.1 1.5 1.7 18.2 3.1 6.1 7.1 9.7 7.8 2.5 7.2 2.0 13.9 1.4 1.7 1.7 1.7 7.1 5.3 15.9 4.1 

- 0.8 0.5 2.7 3.3 4.0 1.7 0.3 0.2 0.1 <.1 - 0.2 . 3.1 1.8 0.6 2.3 . 0.3 0.5 
22.4 49.9 47.8 37.8 130.4 82.0 98.3 104.7 125.5 194.9 383.7 291.7 380.0 390.2 260.9 48.5 59.4 82.0 248.9 81.9 140.1 277.3 358.4 237.5 

0.- + 1 3 9 2 2 1 2 4 + '.  

0.1 1.0 10.3 3.8 9.7 28.0 20.4 11.7 28.5 45.5 21.1 4.4 1.8 2.0 19.1 29.2 25.2 48.1 54.4 18.1 20.9 18.7 8.9 15.6

Acmaea mitra <.1 <.1 + + <.1 + - -

Acmaidae unid. 0.9 - <. <.I + + + + + + + + + + + + + + + + + + + + 
Aeolidia papillosa -+ 

Acolidiacea unid a + 
Alia spp. + + + + + + + + + + + + + + + + + 
Anphisaspp - + <I <.I + 
Anthopleura artenisia <.1 - " 
Anthozoa unid. + 
Aplysia califomica O.1 
Asteina miniata <.I <.1 0.1 0.1 <.I <.1 0.2 0.3 <I 0.1 

(continued)
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Horizontal Band Transects - Annual Invertebrate Mean Abundance/m2 - South Diablo Cove Station SDC 3 at +0.3m (based on 5 "Tegula" count quadrats) (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Swveys 4 6 6 6 6 6 6 6 6 6 6 6 4 4 4 4 4 4 4 3 2 2 2 4

Only Counted if Greatea than V (continued' 

Ophiothi spp.  
Pelecypoda unid. boring 
Petroliathes spp.  
PisasaterHenicia (juv.) 
Plat)yenxintdi unid.  
Pollicipes polymerus 
Polychaeta unid.  
Polyplacophora unid. a 
P•,•uia Spp.  
PycnPonida unid.  
Sepulidaw unid.  
Seapulorbis aquanigeus 
sipunc utti 
Stenoplax spp.  
Tonicella lineata 
Tranaennella spp.  
Tricolia spp.  
Utaicina app.  

A&aOpheia app.  
Bryozoa, unid. (encrusting) 
Bryozoa. Unid. (foliose) 
Chthamalus fisaus 
Dendropoma spp.  
Eurystomella bilabiata 
Haliclone spp.  
PRagmnatopoana califamica 
Pista spp.  
Parifer unid. (enasting) 
Spirorbidae 
tunicates colonial/social unid.

<.1 <1I 
* *+ + 

<.A <.1 0.5 1.3 0.6 0.7 0.3 
- - - + + + + 

<.1 <.1 0.2 0.1 0.2 

<.I 
<.1 <I1 

- - +

* <.! 

- - <.1 
-

* <.1 

-

- + 

-- +

<.1 <.1 

+ + .  

<.1 
<! 

- ÷ +

0.1 

- -

+

+4

- <.1 

+ -

- - <.1 

0.1 0.1 

+ + + + 
* - 0.4 * 0.2 

+ + - + 

- o

<.1 + <.1 <.1 + + <.1 + <.1 + + + + + + 

+ + <.1 + <.1 + <.1 <.1 0.1 1.9 4.9 3.3 2.6 3.4 2.4 1.1 1.2 0.9 0.6 0.5 1.3 1.4 1.3 0.2 

* <2 - *<.1 - - -I- 
I1 + I 

+ <1 <.1 + + + + + + + <.I 0.2 0.2 + + + + + + + + + <.I 

1.2 0.5 0.9 2.3 1.7 1.6 1.1 + + <.1 + + + + + + + <.1 + 
- - <.I <.I <.1 + 

+ + + <.1 <.1 + + + + + <.2 <.1 + + <.1 <.1 <.1 <.I <.1 + + <.2 <.I 

<. - <.1 <.I + + +, - - - - - - - -

<.I-meamed but in low abundance; + = only recorded aa present 

C2 C2 C
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Horizontal Band Transects - Annual Invertebrate Mean Abundance/m2 - South Diablo Cove Station SDC 3 at +0.9m (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1978 1979 1980 1981 2982 1913 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Stations * surveys 4 4 .6 6 6 6 6 6 6 6 6 6 4 4 4 4 4 4 4 3 2 2 2 4

Counted Reardless of Size 

Anthopleura elegantissima 
Anthopleura xanthogranumica 
Balanus spp.  
Calliostorna ligature 
Calliostomna spp.  
Epiactis prolifera 
Fissurella volcano 
Haliotis app.  
Hemigrapsus nudus 
Leptasterias spp.  
Lottia digitalis 
Lottia limatula 
Lottia pelts 
Macclintockia acabra 
Mitra idae 
Mopalia spp.  
Nucella enaapnta 
Nuttallina californica 
Ocenebra spp.  
Pachygrapaus csaipes 
Pagurus spp.  
Pisaster oc-,aceus 
Strongylocentratus purpuratus 
Tectura paleace 
Tectura perona 
Tectura setm" 
Tegula brunnea 
Tegula flmebralis 
Tegula app.  
Tetraclita rubescena 

Only Counted if Greater than I 

Acmaca mitra 
Acn-seidae unid.  
Aeolidia papillosa 
Alia spp.  
Amois saapp.  
Asterina minista 
Bittium spp.  
Cancer antennarius 
Cancer poductus 
Cancer app.  
Chaetopteridae 
Chatulidaeiwerebellidae unid.  
Cirripedia unid. a 
Crangon ap.

76.2 90.3 748 73.4 81.3 75.3 75.3 23.5 12.2 6.3 8.0 17.7 26.0 39.4 56.0 51.9 65.8 92.9 90.4 70.9 72.6 56.9 56.8 52.3 
- 0.1 0.1 0.1 <.I <.I <.I <.I - - - -

0.2 + + 0.1 <.I <.I 0.2 - 0 <.1 <.1 <2 0.2 .1 0.1 0.1 

- - < -
+ <,! 

0.5 -0.3 <.1 <.I <.1 <. 
<I <.I <.1 <.1 <.2 <.I <.1 0.1 - 0.2 

0.4 0.2 0.2 0.3 0.3 0.4 0.2 - - - <.1 0.1 
. <. 0.1 0.2 0.2 <.I 0.2 0.2 0.2 0.3 0.3 0.3 0.2 0.5 0.1 0.2 0.1 - 0.1 

<.1 - 0.1 <.2 0.2 < I - -

1.6 2.5 0.6 0.5 0.7 0.7 0.6 0.3 2.2 0.8 0.7 0.4 0.6 0.5 0.4 0.5 < 1 0.2 0.2 0.2 0.7 0.1 0.3 
1.9 1.0 1.5 2.4 1.7 1.7 1.6 1.0 0.8 2.1 2.6 4.7 3.9 6.4 4.5 5.8 2.9 5.3 2.8 4.2 2.3 3.0 5.5 3.7 
0.4 0.3 0.2 0.5 0.2 1.3 2.5 1.1 0.7 1.3 0.7 0.8 2.1 1.9 1.7 2.1 0.4 <.I <.I 0.3 0.4 0.8 0.5 3.7 

16.8 44.2 24.2 27.1 36.0 39.3 54.3 34.3 39.5 51.5 526 113.2 74.4 63.2 34.1 31.4 26.4 35.4 27.4 18.2 24.2 34.1 31.9 58.8 
- -- - - - - <.21 - -. 

0.1 0.1 <.I <.I <. <1 0.2 <2 0.2 <. 0.1 <.1 0.1 <.1 - <.1 0.1 
1- 1 <.2 <. 

< ,1 - < 1 < ,1 
- 0.1 0.5 0.2 0.9 1.0 0.5 0.4 0.2 0.3 0.3 0.8 0.7 1.3 2.0 0.7 0.6 0.6 0.3 0.2 0.7 1.2 0.3 0.2 

<.1 <.I 0.3 0.3 0.2 0.1 0.2 0.3 <.I 0.2 0.2 0.4 0.4 1.0 0.6 2.2 0.6 0.7 0.5 0.1 0.7 0.2 0.7 0.6 
41.7 17.9 18.3 22.5 30.8 35.6 31.1 15.2 22.0 10.6 16.6 27.3 9.9 22.0 24.9 27.3 71.9 39.9 24.3 15.7 20.3 27.9 3.8 5.3 

- <.I <2 - <. 0.1 <.I 0.6 - . 0.2 0.4 

<.I - <.1 <.I <.2 + - <.1 - 0.1 . 0.3 

0.1 -- 
6.8 4.2 2.0 2.9 3.0 1.8 5.8 1.7 4.0 6.5 3.3 4.2 2.9 8.9 2.3 3.9 1.6 1.9 1.3 0.7 2,0 1.9 2.8 3.9 

. <1 0.22 < <I <. 0 - <I - - - 0.2 

111.7 173.7 169.9 136.9 217.5 216.1 158.7 170.3 141.5 207.7 232.3 229.9 201.2 366.7 361.4 370.8 124.6 213.6 243.1 342.9 294.2 313.3 298.8 251.5 

<.2 <.1 121 3.9 6.1 4.1 4.7 0.7 2.0 3.8 1.9 0.9 2.7 1.6 2.8 3.7 2.5 4.0 3.0 0.4 0.1 3.0 0.1 <.I 

- - + <.1 - - .- - - 0.1 - -

0.1 + + + + + + + <.I + + + <.2 + + + + + + + + - + + 
<.I 

-- + + + + + + - . , .  

<I1 <,I ,0I 

+ + + + + + < + 

<<,I 

<.1- + .  
* - - <.2 - - +<.1 

* + + - + -. . + - + - <.21 + - + 

<.2 . - - . - . -. - - -°

(continued)
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Horizontal Band Transects - Annual Invertebrate Mean Abundance/mr2 - South Diablo Cove Station SDC 3 at +0.9m (based on 5 "Tegula" count quadrats) (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

#Stations * Surveys 4 4 6 6 6 6 6 6 6 6 6 6 4 4 4 4 4 4 4 3 2 2 2 4 

Only Counted if Chueater than I (continued) 

Pycnopodia helianthoides + - - -

Sqetifer bifurcatus + 

Serpulida unid. <. + 
Sipuncula unid. <1 + + + + 

Tricolia spp. + + + 

Bfyozoa, unid. (e ncrusting) + - + -

Chthanalus fissus 0.7 0.9 <.1 0.3 0.2 0.2 0.2 <.1 + <.1 0.3 0.5 0.6 1.9 3.8 2.3 2.1 1.8 2.0 1.3 2.1 3.2 1.9 0.6 

De-dqpoma spp. - -+ - - - - - - - - -

Phragmatopoma califonfica, <. I + + + <.1 + + + + + + + + - + + + 4 - 0.3 

Pista spp. + + <.1 + + + + + + + + 

Porifem unid. (enrusting) -+ + + 
Spirorbidae + + + + + + + <1 + <.1 + + + <.! <.1 + + + <I + + 

<.1 measured but in low abundance; + only recorded as present



Horizontal Band Transects - Annual Invertebrate Mean Abundance/m2 - South Diablo Point Station SDP I at +0.9m (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations *Surveys ns ns nss na ns us 4 4 5 6 6 6 ns I 4 4 4 4 4 2 ns ns ns 3 

Counted Renardless of Size 

Anthopleura elegantissima 36.1 35.8 32.5 16.1 21.3 25.2 57.2 49.8 63.2 68.8 99.1 100.2 78.1 92.6 
Anthopleura xanthorammica 0.7 0.8 0.9 0.8 0.7 0.7 0.4 1.1 0.6 1.1 1.1 0.9 0.8 0.9 
Balanus spp. 7.0 3.7 <.1 35.9 18.9 77.0 9.4 16.4 <.1 1.0 - - 0.5 51.3 
CalliosLorna ligaturn - <.I <. - - - 0.1 
Epiactis prolifera - 0.2 - 0.3 0.1 <.1 <.1 0.1 0.2 -
Fiasurella volcano 2.5 1.2 4.7 3.3 3.5 6.1 2.4 1.8 5.4 6.1 6.4 11.7 16.3 12.5 
Haliotis spp. 0.2 <.1 0.1 0.5 0.8 0.7 0.4 0.3 0.3 0.7 <.1 
Hemigrapus nudus <.1 - - 0.3 0.2 
Leptatcrias spp. 1.4 3.1 0.7 2.4 2.5 3.6 2.4 2.0 1.6 0.2 0.2 
Lottia digitalis 0.2 0.3 1.2 1.0 0.2 0.3 0.4 1.0 0.2 0.1 0.2 - 0.3 0.5 
Lottia limatula 1.7 1.8 2.6 2.7 2.9 2.2 4.2 2.2 2.7 1.8 3.2 2-4 2.3 7.1 
Lottis pelta 0.7 5.1 8.7 3.1 4.2 4.6 5.0 5.3 10.2 7.9 25.1 16.0 17.8 28.9 
Macclintockias cabra 30.0 43.2 96.4 57.6 92.8 136.4 238.0 143.0 96.8 65.9 55.3 60.2 74.9 108.5 
Mopalia spp. 0.2 0.2 <.I 0.3 0.2 0.1 <.<1 <.I 0.1 0.1 0.2 0.2 
Nucells emarginata 0.2 0.1 0.2 0.8 0.7 0.6 0.4 0.3 0.3 0.3 0.4 0.1 0.1 <I 
Nuttallins califomica 8.3 5.4 3.5 7.3 15.5 14.0 14.0 11.9 6.8 1.5 1.3 4.6 9.8 6.7 
Ocenebra spp. <.I <.I 0.2 0.2 0.2 <.I 0.2 0.8 0.7 0.5 0.5 0.3 0.4 
Pae3ygapsm crasipes 0.7 0.6 0.5 0.7 1.1 1.0 0.4 0.5 2.9 1.6 2.3 1.9 0.8 2.9 
Pagurus spp. 9.1 4.0 3.1 3.9 6.9 3.9 8.2 4.2 1.2 1.3 1.1 0.4 0.6 0.7 
Piast odaraceus 0.3 0.3 0.3 0.2 0.4 0.8 1.0 1.0 1.5 1.1 1.8 1.2 1.6 0.1 
Paumdlonelatoms toas - - - - <.1 <I.  
Strouglocentrotuspurpuratum 42.7 38.6 19.1 13.0 17.1 27.1 42.2 40.6 66.1 78.1 67.9 98.0 67.3 63.5 
Tectura scutumn 1.7 1.6 1.9 2.5 2.5 0.8 4.0 0.5 0.5 1.4 1.1 0.2 0.4 
Tegula bNnnea 4.2 3.6 6.7 2.9 5.2 2.4 2.4 2.5 1.3 1.0 0.2 0.1 <.I 
Tegula fimebralis 0.2 0.5 0.8 1.4 3.5 4.4 14.0 13.1 3.7 0.5 0.4 0.1 0.1 0.7 
Teguls spp. . <I - - - -
Tetraclita rubeecena 66.7 44.1 37.8 61.0 60.2 113.0 258.0 289.0 281.7 207.0 446.6 411.8 266.6 143.9 

Only Counted if Greater than V 

Acmaes nutra 0.2 0.2 + 0.1 0.1 0.1 0.2 <.1 + <.1 - - + 
Aameidae unid. + + + <I + + + + + + + + + + 
Aeolidia papillosa + 
Aeolidiacea utid. a + 
Ampnasi app. + + 
Asteroidea unid. + 
Balanus/Tetraclita spp. - 8.8 
Barleeia sapp. + + 
Bittium spp. + 
Cancer antennarius <.1 <.I <.I 0.1 
Citratidae/Terebellidae unid. - + + - - + 
Cowynactis califomica - + 
Crepidula app. - + + + + + + -
Cyanoplax app. . 0.1 <1 + <.1 - 0.5 <.I 0.8 1.4 0.1 1.7 
Diaulula sandiegensis <.1 + 
Diodora app. + 
Dimauia iass + + + 

(continued)
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Horizontal Band Transects - Annual Invertebrate Mean Abundance/m 2 - South Diablo Point Station SDP I at +0.9m (based on 5 "Tegula" count quadrats) (continued) 

Year 1976 1977 1978 1979 1980 1981 1932 1983 1984 1983 1986 1987 1988 1939 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Stations u Suve ns ns on na na ii 4 4 5 6 6 6 on 1 4 4 4 4 4 2 ns ns rig 3

Only Counted if Greater than I (continuedi 

Grapsidae (juv.) 
Henricia leviuscula 
Homolopona, luridun/Lilaria succincta 
Hopkinia rmas e 
Idotea spp.  
Isanochitonidae 
Isopoda unid.  
Katharina tunicata 
Lacuna app.  
Lepidozona spp.  
Lissothuria nutriem 
Littorina spp.  
Lottia sani 
Lottia gigantea 
Lottia o'hrace 
Majida 
Megatebennus bimaculatus 
Mytilidac 
Mytilus califontinus 
Mytilus galloprovincialis 
Nenmtea unid.  
Nereididae aiud.  
Nitidiaeala/Opalim spp.  

Oct- pp.  
Onchidella borealis 
Ophiurmeo-a xmid 
Pelecypoda unid. boring 
Pisaster/Herrcia (Iuv.) 
Pollicipes polymer.  
Polychaeta unid.  
Polynoidae 
Polyplacophors unid. a 
Pugettia spp.  
Pycnogonida umid.  
Rostanga pulebr 
Serpulidae unid.  
Serpulodbis aquamigerus 
Sipuncula unid.  
Spionidae unid.  
Tonicella lineata 
Tricoli aspp.  

Bryozoa, unid. (encrusting) 
Bryozoa. unid. (foliose) 
C-hthamalus tasust

+ +4 + + 4- + 

+ + <I 

<.1.  
0.2 0.2 <.1 <. 

+ + <.1 + + 
-+ +4 

- 4- + 4- '+ + 

+ 4- + * + 

<.1 <.1 <.1 0.1 0.5 0.9 
•*4- + 

,4-- 4+ 

-- + 

2.1 0.6 0.5 7.7 93.0 133.2 

1.9 2.4 0.9 2.0 1.2 2.6 
<.1 <1 + + <.1 

+ 4 + +- + + 

<.1 
+ +4 +4 +4 + + 

+4 + - + + + 

0.3 0.5 0.3 0.6 0.5 0.6 
- - + <.I 0.1 

0.8 0.2 <I 0.1 0.2 <.1 
* - + + 

+ <.1 0.1 <.1 0.3 
<.1 + <I + <.1 

+ 0.9 + 0.1 <.1 0.1 
* - + 

<.1 0.1 0.4 0.4 0.1 0.1 

0.4- 0 < 1 2 7 

0.4 0.3 <.1 2.9 7.0 1.7

- + + 0 + + 

+ + <I + + 0 + 

<.!I 

0.1
<I 0. + 

• <I . .2- + 01 • - + + 

+ + + + 0. + + 

2.8 1.3 0.9 1.2 1.5 1.9 3.1 
0 + 0.3 + 0.4 

15.4 4.9 1.2 40. 0.8 83.1 193.4 
- + 

0.6 0.2 1.5 0.2 1.9 1.8 2.2 

-- + +4
-* + <.1 * 0,1 

* 4- .4 + + 

+ + -4- + 

1.4 1.1 0.3 0.7 <.1 0.3 0.3 

-0.1 -<.1 

0.<1 0.2 -' 

<.1 +2 + 

0.4 <.1 <.1 0.2 0.2 0.1 0.3 
- <.1 - 0.2 0.1 

+ + + + 0.1 + + 

0.8 -

0.3 + + + + + 

0.3 <.1 <.1 0.5 0.2 + 0.1

+ 

+ 

11.5 
+ 

304.3 

2.4 
0.1 

+ 

+ 

0.4 

+

+-

(continued)



Horizontal Band Transects - Annual Invertebrate Mean Abundance/ni 2 - South Diablo Point Station SDP I at +0.9m (based on 5 "Tegula" count quadrats) (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations* Surveys na ns ns MI ns a's 4 4 5 6 6 6 ns 1 4 4 4 4 4 2 ns as ns 3 

% Coverage (continued• 

Dodecaceria fewkesi <.1 + <.1 <.1 <.1 0.1 0.3 <.1 0.1 0.1 0.2 0.3 0.5 0.2 
ESlystomela bilabiata - + + - <. - - - - -

Haliclona spp. + + - + - -
Phragnatopoma californica + <.I + <.I 0.1 0.2 1.9 0.2 <.I 0.2 1.0 1.9 3.6 4.3 
Pista •pp. + - -

Porifaus md. (enmusting) + + + + + + + + + + 
Salmacina tribanchiata + + + <.1 + + + + + + 
Spirorbidac + + + + + + + + + + + + + + 
tunicates colonial/social unid. + + + + <.I + + 

<.I = measuaed but in low aburdance; + =only recded as present

c�j C.



C ( C
Horizontal Band Transects - Annual Invertebrate Mean Abundance/m 2 - South Diablo Point Station SDP 2 at +0.9m (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1998 1989 1990 1992 2992 1993 1994 1995 1996 1997 1998 1999 
0 Stations 0 Surveys 4 3 5 6 5 6 4 4 4 5 3 6 4 4 4 4 4 4 4 2 mts s s 3

% Counted Recardless of Size 

Acanthina app.  
Anthoplewa elegatissima 
Anthoplema xanthop•nmica 
Balanus spp.  
Calliostonm ligstwm 
Conus califomicus 
Epiactis prolifera 
Fiasuella volcano 
Haliotis app.  
HemiapV'us nudtm 
Leptasternas app.  
Lottia digitalis 
Lottia limatula 
Lottia pelta 
Macclintockia scaba 
Mopalia app.  
Nucella emarginata 
Nuttallina califonica 
Ocenebra app.  
Pachygpapsus crassipe 
Pag%- app.  
Pismater odrceus 
Stronglocntrotu puspuratus 
Tewttrs scutum 
Tegula bnnnea 
Tegula fimebralis 
Tetraclita rubescens 

Only Counted if oreater than I 

Acmaea mitre 
Acmaeidae unid.  
Aeolidia papillosa 
Aeolidiacea umid. a 
Alia spp.  
Amphisas app.  
Anthopleuma urtemisia 
Antho?4a unid.  
Archidoris spp.  
Asterina miniata 
Balanopyllia elegam 
Balamn/retracliat app.  
Barleeia pp.  
Bittaum spp.  
Cadlina app.  
Cancer antennarius 
Cancer app.

<I 
1.2 3.2 1.8 1.7 1.2 1.2 1.1 
0.4 0.1 0.8 0.4 0.9 0,8 0.7 
1.5 6.7 7.3 3.8 2.0 2.0 1.8 

0.1 0.2 0.3 0.2 0.3 

0.2 0.5 0.8 0.7 0.4 0.6 
<.I <.I 0.3 0.3 0.4 0.3 0.2 
0.8 1.2 1.0 0.8 0.5 0.8 0.8 

- <.1 
0.3 0.3 1.6 2.6 3.8 1.9 3,6 

- - 1.2 1.5 0.3 0.2 1.6 
- - - <.I -

0.2 0.5 0.2 0.2 0.1 0.2 0.9 
- 1.4 0.4 1.3 3.5 1.2 1-3 

0.1 0.3 0.1 <.2 0.1 
S <.I 0.2 0.1 0.1 0.1 

0.1 0.2 0.7 0.8 0.4 0.9 
<. < -

S0.2 <I <.1 
1.6 2.9 1.7 21 3.0 10.0 3.4 
0.5 0.2 0.6 0.9 1.7 0.8 1.2 

12.1 24.8 19.8 12.1 6.3 8.0 6.7 
. 0.2 <.1 0.3 * 

0.2 0.9 2.4 3.1 4.2 3.7 3.1 
1.0 <.I 0.2 . 0.2 
3.6 3.8 44.6 31.3 38.7 25.4 37.6

<.I 

<.1 
<.1

0.2 
+ 

+ 

+ 

+ 

0.2 
<.I

<.1 

+ 
+ 

0.2 
<.2

+

+ 

<.1 

0.3 
+-

0.4 
0.1 
1.2 
1.1 

0.3 
1.3 
0.9 

2.3 

2.3 
1.0 
<.I 
<.1 
<.I 

<.1 
2.1 
0.9 
4.3 

4.0 

13.7 

0.1 

+ 

+ 

0.3

<.1 0.2 
+ +.  

- 4+ 

+ 
- + 

<.I 

<.I <.I 
+ 0 

+ +

0.2 0.1 
+-

0.5 
0.3 
2.1 
1.5 

0.8 
0.4 

2.7 

0.8 
1.0 
0.1 

0.1 

0.1 
1.5 
0.9 
6.6 
<.I 
4.2 
<.1 
5.1 

<.I 
+ 

+ 

<.2 
<.1 

+

0.4 
0.3 
0.4 
1.6 

<.1 
1.2 
0.4 

2.2 
<.1 
0.2 
2.0 
0.2 
0.1 

0.5 

0.3 
1.4 
1.8 
8.6 
0.1 
5.0 

6.7 

<.I 
<.1 

<.I 

+

0.4 1.2 1.8 2.2 3.3 5.2 10.1 
0.3 0.2 0.3 0.2 0.7 2.2 1.1 
1.1 3.7 4.9 3.4 1.4 1.8 1.0 
0.9 1.7 1.3 0.5 0.1 0.1 0.1 

* ~+ 
0.2 0.2 0.2 0.4 0.4 0.1 
1.4 2.6 3.5 2.9 5.6 12.6 4.6 
1.2 1.0 0.6 <.I 0.4 0.7 0.1 

1.6 2.5 2.9 1.5 1.6 1.5 2.8 
0.1 0.2 - -

<.1 1.2 0.6 
1.8 3.4 2,4 1.2 1.9 6.5 7.4 
0.3 1.3 0.3 - 0.4 3.5 0.4 

0.2 0.2 <.1 0.1 - 0.1 
. 0.3 <.1 0.1 <.1 0.4 

<.I 0.2 0.2 0.3 1.2 1.5 5.1 
S <.1 <.1 

0.7 0.3 0.9 0.3 1.3 0.9 1.9 
0.4 2.1 1.5 0.7 1.4 1.1 0.9 
2.1 1.5 2.2 2.2 2.5 3.2 3.3 
8,7 16.7 35.9 51.5 84.6 236.0 214.8 

- - - - <.1 0.2 
5.1 6.0 6,5 7,3 5.3 0.9 1.2 
<.1 <.1 - <.1 <.1 
9.2 45.2 30.2 16.6 16.0 29.3 52.6

+
+

+

+ 
+ 

<.I 

<.1 

<.2

0.5 

+ 

+

+ 
+
+.  

+ 

+

<.1

+ 

+ 

+

+ 

+ 

+

0.1

0.2 
+ 

<.2

0.1 
+

+-

22.9 
0.9 

13.5 
<.2 

0.2 
12.5 
0.3 

0.5 

0.3 
39.9 
2.3 

0.3 
3.6 

1.5 
0.2 
5.7 

211.9 
0.3 
0.7 
<.1 

50.6

0.3 
+ 

0.2

(cantinued)
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Horizontal Band Transects - Annual Invertebrate Mean Abundance/r 2 - South Diablo Point Station SDP 2 at +0.9m (based on 5 "Tegula" count quadrats) (continued)

Year 1976 1977 1978 1979 1980 1981 1932 1933 1934 1985 1986 1987 198i 1939 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Stations *Surveys 4 3 5 6 5 6 4 4 4 5 3 6 4 4 4 4 4 4 4 2 ns ns ns 3

Ol Counted ifCareater than V (continu.d) 

Nuttallina spp.  
Onchidella borealis 
Ophiothrix spp.  
Ophiuroidem unid, 
Pachyceles app.  
Pelecypoda unid 
Pelecypoda unidt boring 
Petrolisthes spp.  
Pismater giganteus 
Pisaer/Henicia Ouv.) 
Platyhelminthe muid.  
Pododesns cepio 
Pollicipes polymeus 
Poly-chWa unid.  
Polynoidae 
Polyplacophom unid. a 
Pugettia aspp.  
Pyanogonida unid.  
Pym hau•tor 
Roatang pulcbr 
Sabellidae 
Serpulidae umid.  
Serpuloibis squamigerus 
Sipuncula unid.  
Styela Spp.  
Tectura fenestrata 
Tonicella lineata 
Tricolia spp.  
Triopha catalinse 
Tnopha maculate 
Trivia spp.  
Uuticina spp.  
snail. unid` 

Abiet./SertularellaSertularia app.  
AghlAonima spp.  
Bryozo, unid. (encrusting) 
Bryozoa, unid. (erec) 
Buyozoa, umid (foliose) 
Chdamalus fism 
Dendropoma app.  
Dodecaceria fewkesi 
Entoprocta unid. a 
Euryotnmella bilabiata 
Haliclona spp.

<.1 I 
÷ + - + '+ + + - + +- 

0.1 0.2 

+ + + <I + + 
+ <.1 

- +÷ - ÷ -÷ 

+ + + + + + + <.1 + + + + + + + + + + 
<.1 

--- <.I <.I 0.1 

S0.2 + + 0.2 + + <.I <.1 + - + + + + <.1 + 
*- -* + - - - - -- - + 

<.1 0.2 0.1 0.2 0.2 0.2 0.3 0.4 0.4 0.5 0.8 0.5 1.1 1.4 0.5 0.5 0.6 0.7 

0.8 10.4 11.8 8.1 3.9 2.1 + <I + + <.1 + + + 0.2 <.1 0.2 0.6 1.2 
- <.1 + 0.2 <.1 0.2 

* - - + -÷ o 

<.1 
1.2 0.3 0.6 1.1 0.3 0.8 1.1 0.5 0.8 0.7 1.3 0.5 0.9 0.5 0.3 0.4 0.2 0.2 0.4 

++ + ÷ 

. + - -÷ 

* - - <.1 - - -- + - - - - - -

<.1 <.1 0.1 0.2 0.2 0.2 0.2 0.4 0.2 0.5 0.4 0.9 0.3 2.0 1.6 0.6 0.5 2.0 4.4 

0.2 0.3 0.4 0.4 0.6 1.2 1.6 1.8 1.6 1.6 7.2 6.2 6.1 5.3 6.6 9.0 7.5 6.5 5.7 10.2 

+ + <.1 0.2 + + 0.2 <.1 0.3 0.2 + + + + + + + + 

<.1 <.1 

0.6 0.4 0.3 0.3 0.3 0.3 0.3 0.6 0.3 0.6 0.7 0.6 0.7 0.4 0.5 0.6 0.5 0.6 
+ - + + < + + + + + + + + + 

++ < < 

S <. 1 0.1 <.1 <.1 0.2 + + <.1 + + + + + + + 
< 0 + < + + <.1 + + + + + + + + + + + 

- - + + <.1 <.1 <1 <.1 + + <.1 <.1 + + + + + + + + 

*+ + - -+ * + 
-- + <.! 0.2 0.1 0.1 0.2 + <.1 + 0.i + + + + + + + + 

<.1 0.2 <.1 <.1 <.1 + + + + + + + + + + + + + + 
-- + + + + + + - . + + + + - - + 

0.4 1.3 0.1 0.3 0.2 0.4 0.6 0.7 0.3 0.9 0.5 0.8 0.7 <.1 0.4 0.1 0.3 0.3 <.1 0.8 

+ + + + + + + + + 0.1 + + + + + + +

<.1 

0.3 
24.9 

11.3 
9.0 
0.1 

0.5

+ 

+ 

+ 

0.4 

(cont.inued)



Horizontal Band Transects - Anuwal Invertebrate Mean Abundance/m2 - South Diablo Point Station SDP 2 at +0.9m (based on 5 "Tegula" count quadrats) (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations* Surveys 4 3 5 6 5 6 4 4 4 5 3 6 4 4 4 4 4 4 4 2 ns ns ns 3 

%. coveraoe (continued) 

Hydroida - - + + + + + + + + + 

Leucosolenia spp. <. I + + <.I I
Metandrocarpa taylori + 
Phragntopom califomica 1.1 + + + + + + <.I + + + + + + + + + + 0.1 
Pista pp. + + + + - - - - + 
Potifem unid. (encusting) 0.3 0.1 0.1 0.4 0.5 0.4 0.3 0.2 0.3 0.2 0.2 0.3 0.1 + 0.1 < 1 <.1 + + + 

Salmacina tribranclhata + + + + + + + + + + + + 0.1 + + + + + + 
Spirorbidae + + + + + + + + + + + + + + + + + + + 

Stylanthcca porphyra + + 
Stylantheca app. + "
buyozoan unid. - + + 
tunicats colonial/social unid. 0.2 0.4 0.6 0.3 0.8 0.6 0.6 0.8 0.4 0.7 0.5 0.3 + <.1 <.1 + + + +

<1 -measured but in low abundance; + = only recorded as pesent

C, C,



C ( C
Horizontal Band Transects - Annual Invertebrate Mean Abundance/m 2 - South Control Station SC I at +0.3m (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations Surveys 4 6 6 6 6 6 6 4 6 6 6 6 4 4 4 4 4 4 4 3 2 2 2 4

Counted Regardless of Size 

Anthopleura elegantissima 
Andthopleura xanthogmnunmica 
Balanus app.  
Callicotoma ligature 
Calliostoma app.  
Conus califomicus 
Epiactis prolifera 
Fissurella volcano 
Haliotis spp.  
Hemigapsus nudus 
Lepta-ten spp.  
Lottia digitalis 
Lottia limatula 
Lottia pelt& 
Macclintockia scabra 
Mopalia app.  
Nucella enwginata 
Nuttallina califamica 
Ocenebm ps 
Padqy paus crassipes 
Pagunas spp.  
Pisaster ocacu 
Pseudomelatoma tormaa 
Strongyloentrotus purpurstus 
Tectura pale&cac 
Tectta perima 
Tectura scutwn 
Tegula bnamea 
Tegula funebralis 
Tegula spp.  
Tetraclita rubescena 

only Counted ifOreater than I 

Acmaea mitra 
Acmaeidae unid.  
Aldisa sanguinea 
Alia app.  
Amphiam spp.  
Anthopleua amemisia 
Anthozoa unid.  
Asterina miniats 
Asteroidea unid.  
Barleeis app.  
Bittium spp.  
Cancer antennaius 
Cancer spp.

1.6 2.7 2.2 1.1 1.6 1.8 2.0 2.7 2.2 2.0 2.2 1.8 1.7 1.4 1.8 1.5 1.3 1.4 1.4 1.1 1.2 2.5 1.5 1.6 
0.2 <.1 0.1 0.1 0.2 <.1 0.1 0.3 0.5 0.3 <.1 <. - -

4.0 0.2 1.4 0.3 0.3 . 0.1 0.1 <.1 0.4 0.5 
- - + <.1 - + <1 - <.1 - <. 0.2 <.1 <.2 + + 

<.1 
- 0.5 0.5 0.3 0.4 0.4 0.4 0.2 <.1 0.1 0.1 0.1 0.3 0.5 0.2 0.7 0.6 0.3 0.3 0.2 - 0.6 0.1 

1.1 1.0 1.6 1.7 1.3 1.3 1.0 0.3 1.4 4.3 2.7 1.0 0.6 0.7 1.1 1.7 2.4 1.6 0.8 0.8 0.3 1.7 1.0 1.8 
0.5 2.3 2.6 0.8 0.4 0.2 0.2 <.1 0.1 <.I <. - - - - - <.1 

. 0.1 - - - <.1 0.1 0.1 0.1 <. - - . <.1 0.1 
0.2 0.5 0.5 0.7 0.7 0.2 0.4 0.1 0.2 0.3 0.3 0.2 0.3 0.3 0.5 1.2 0.4 0.8 0.3 0.3 0.4 
<.1 <. - - 0.3 
0.4 0.7 0.1 0.2 0.4 0.8 0.4 1.1 2.8 1.5 0.5 0.6 1.2 1.4 0.3 0.7 1.7 1.4 0.9 4.0 2.0 1.0 1.8 

0.2 . <. 0.2 <.I 0.7 0.3 0.8 0.7 3.0 1.3 1.6 1.8 0.6 0.8 0.4 1.6 1.3 1.8 3.1 2.0 1.4 1.7 2.7 
0.1 <.I 0.1 0.3 0.5 1.0 0.5 0.7 7.2 70.8 43.9 12.6 8.4 4.0 1.5 0.3 0.6 1.0 0.6 2.2 4.3 10.6 2.9 3.9 
<1 <.1 0.1 0.2 0.1 0.1 0.1 <.I 0.1 - <.1 0.2 0.2 <.1 <.1 0.1 - 0.4 0.1 0.8 0.1 0.1 
0.2 - - - - -

<.1 <. <.1 - - 0.1 <.I - 0.1 . 0.3 . 0.1 
<.1 0.2 0.5 0.5 0.3 0.4 0.3 1.0 0.2 0.6 0.5 0.8 0.5 1.3 2.2 0.8 0.9 0.6 0.5 0.2 2.2 0.8 0.6 

- - <.1 - - - <.1 <<.1 0.1 . 0.3 . 0.4 0.1 - - 0.6 0.1 

3.7 16.0 6.3 12.9 18.7 19.6 12.0 12.1 16.9 10.8 9.2 12.5 11.4 7.7 8.8 19.1 11.3 12.3 9.5 7.4 13.1 17.7 11.6 14.4 
- 0.2 <. - 0.2 0.1 <.1 <.1 0.2 0.1 0.2 0.1 <.1 <.1 - - <.1 <.1 - - 0.1 0.1 <I 

+ + - - - 0.1 0.2 < I 
<.1 0.2 <.I <.1 <.1 0.1 <.I <.1 + 0.2 + 0.1 0.3 

0.3 - -
0.5 1.2 1.6 1.4 1.9 2.1 2.2 0.9 3.2 6.7 3.4 2.2 5.4 2.1 1.2 1.5 1.0 1.2 1.2 1.5 1.5 0.8 0.1 0.9 
0.2 1.9 3.5 11.2 11.7 8.3 4.1 7.1 4.2 6.6 8.7 14,1 20.1 10.5 9.8 8.7 9.8 6.9 3.3 20.0 4.5 7.4 12.0 18.6 
9.6 9.5 9.2 6.5 8.9 10.2 5.2 15.0 18.3 9.1 14.3 5.2 10.2 3.6 1.5 5.5 1.7 0.1 0.3 3.7 22.6 4.0 5.1 2.6 

- 0.2 . 0.2 <. - + - - - - -
4.0 27.2 11.8 13.7 31.4 58.2 40.4 27.9 18.5 80.1 37.1 23.8 14.9 35.9 52.5 37.4 67.4 5.4 62.1 45.7 122.0 46.9 36.5 10.6 

<.1 0.4 0.2 <.I 0.4 0.2 <.I + <.1 0.2 0.1 0.2 <.I <. <1 - + <.1 0.3 + 0.2 0.2 + <.I 
0.2 + + + + + + + + + + + + + + + + + + + + + + 

- + + + + + + + + + + + + + + + + + + + + + + 

<.I + + <.1 + + 0.1 + - + + + 
1.2 0.1 <.1 <.1 0.2 0.1 0.1 <.1 <.1 <.I 0.1 0.1 

0.1 
0.2 0.3 0.5 0.4 0.9 0.5 0.2 0.7 <.1 <.1 0.1 0.3 0.3 0.2 <.1 0.2 0.1 0.2 0.2 0.2 

<.1 

- - + + + + + + + + + + - + + + + + + + . + 

<.1 <.I + <.1 0.1 
+ + <. < +

(continued)
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C. (

Horizontal Band Transects - Annual Invertebrate Mean Abundance/m 2 - South Control Station SC I at +0.3m (based on 5 "Tegula" count quadrats) (continued) 

Year 1976 1977 1978 1979 19"0 1981 192 1983 1984 1985 1986 1987 1988 2 1989 1990 1991 1992 1993 1994 1995 1996 1997 1993 1999 

# Stations * Surveys 4 6 6 6 6 6 6 4 6 6 6 6 4 4 4 4 4 4 4 3 2 2 2 4 

Only Counted if Creater than V (continued)

Onc(hdella borealis 
Ophiuroides unid.  
Pelecypoda unid.  
Pelecypoda unil boring 
Petrolisthes spp.  
Phidiana hiltoni 
Pisaster/Hericia (juv.) 
Platyhelminthes unid.  
Polychaeta unid.  
Polyplacophors unid. a 
Pugettia spp.  
Pycnogonida unid.  
Pycnopodia helianthoides 
Roatanga pulbra 
Seapulidac unid.  
Setpulorbis squamLger 
Sipuncula unid.  
Stenoplax app.  
Tonicella lineata 
"Tlansennlla app.  
Tricolia spp.  
snail, unid.  

% Coveraee 

Bryozos. unid. (encrusting) 
Btyozoa. unid. (erect) 
Blyozos. unid. (foliose) 
Chtharnalus fissus 
DendMeora spp.  
Euaystomella bilabiata 
Haliclona spp.  
Leucosolenin spp.  
Plvagnatoponi califomica

-- + + + + + + - + + - .- - . . .  

* .+ - + - + . . - . + . - . - + 

0.1 + <.1 <1 + . + + - 0.1 

<.1 + <1 + + + + + + + + <.1 + + + 0.1 + 
+ - <.1 <I <.1 + 

<1 + <.1 

0.5 1.4 0.5 0.4 0.4 1.0 0.3 0.3 0.2 0.6 0.5 0.3 0.6 0.5 0.6 0.2 0.3 0.7 + 0.4 0.3 0.3 

<.1 0.1 <.1 <I <.1 <.1 <.1 < .1 0.2 <.1 0.1 + 
* . . .+ - - - - . - - + + - - + .- . + 

0.1 <.1 <.I <.1 + + <.1 0.2 0.3 0.1 + <.1 0.1 0.3 <.1 0.1 0.2 <.1 0.2 0.2 0.3 0.4 

<.1 <.1 - <.1 <1 <. <.1 <.1 <I <.1 0.3 0.3 <.1 + <I.  
+ + <I <.I + <1 + + + + + 

<.1 <.1 <.1 <.1 
0.2 0.5 0.3 0.1 <.1 + 0.1 <.1 <.1 0.2 <.1 + 0.2 0.1 + 

- - . + + + + + + ÷ + + + - * - + + . + - - - + 

<.1 + + <1I <.I + + + <.1 <1 <.1 <I + + + 0.1 + + + + + <.  

- - - - - + - . * + + . 9 -

+ + <.1 + + + + + + 0.3 0.6 0.1 <.1 + + + + + <.1 + + + + + 

< 1+ + .. + 3 2 0.+ + 0 + + + + + + .  

<.1 2.0 5.3 3.4 2.7 0.9 1.0 0.3 0.2 0.7 1.3 2.2 2.3 5.4 5.0 2.0 1.5 0.6 0.3 0.3 0.3 1.5 0.7 1.4

<.1 = measured but in low abundance; + = only recorded as present



Horizontal Band Transects - Annual Invertebrate Mean Abundance/m 2 - South Control Station SC I at +0.9an (based on 5 "Tegula" count quadrats) 

Year 1976 1977 1979 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations 0 Surveys 4 4 -6 6 6 6 6 6 6 6 6 6 4 4 4 4 4 4 4 3 2 2 2 4

Counted Recardles of Size 

Acanthina spp.  
Anthopleura elegantisaima 
Anthopleura xanthoparamica 
Balanus spp.  
Calliostoma canaliculatum 
Calliostoma ligatum 
Epiactis prolifera 
Fissurella volcano 
Haliotis app.  
Hemigapaups nudus 
Lepstenas spp.  
Lottia digitalis 
Lottia limatua 
Lotta pelts 

Macclinockin scabra 
Mopalia spp.  
Nucella emamginata 
Nuttallina californica 
Ocenebra app.  
Paygrapt aasipes 
Pagums spp.  
Pisaster ochracu 
Paeudomelatoma trmoa 
Stnrwocemtrotua purpuratus 
Tectura pesona 
Tectur unutn 
Tegula bimneA 
Tegula Iimeizatis 
Teunda pulligo 
Tetraclita njbescens 

Only Counted ifGreater than I 

Amaca maitra 
Acmaeidae unid.  
Alia spp.  
Astenna minmiata 
Barleeia app.  
Bittium spp.  
Cancer app.  
Crepidula spp.  
Cyanoplax app.  
Diaulula aandiegensis 
Diopatra omata 
Discurria inwa 
.rapsida OGV.) 

Homolopoma Itidum/Lirularia succincta

- 0.2 0.3 <.1 0.2 0.2 0.2 <.1 <.1 < 1 0.3 0.2 0.3 0.2 0.1 - - 0.2 <.1 0.1 - 0.9 0.1 0.3 
41.6 49.0 54.5 37.3 30.5 32.4 26.6 9.2 6.2 5.1 5.6 46 3.6 4.4 4.5 3.6 4.0 3.0 3.5 2.5 3.6 4.4 2.5 4.4 

0.8 0.4 0.2 0.3 0.3 0.5 0.4 0.4 0.5 0.4 0.3 <.I 0.2 0.2 0.2 0.2 0.1 0.4 0.2 0.1 0.3 0.2 
19.6 0.3 0.3 0.4 0.5 0.2 0.4 0.5 1.0 0.1 0.3 + 0.3 0.1 0.3 •, - .  

<.1 

<.1 <.I <.I 0.4 <I 
- - <I <I <.I - <.I 0.4 

3.9 6.6 5.1 4.4 3.9 4.9 2.9 0.9 0.4 0.5 0.2 <.I <.1 0.2 - 0.2 <.1 0.2 <.1 - 0.5 
0.5 0.2 0.4 0.7 0.4 <1 0.2 0.2 0.4 0.2 < 1 0.2 0.1 <.1 0.2 0.2 0.5 0.4 0.2 0.9 0.5 0.4 0.1 0.3 
0.1 0.5 0.2 0.5 0.4 0.4 0.5 <.1 - <.1 <.1 0.1 0.2 0.2 0.2 0.4 0.3 <.1 0.2 0.1 

- 10.5 1.2 5.0 1.8 0.8 0.9 0.2 0.1 0.9 - 0.1 . 0.3 - 0.1 <1 - 0.3 1.5 . 0.2 
1.2 2.1 1.9 3.1 2.0 5.2 46 1.3 1.5 2.5 3.7 4.5 5.5 4.7 5.0 8.3 3.9 3.6 3.8 3.9 5.4 6.7 2.8 7.3 
1.1 1.4 2.6 2.6 1.9 25 0.7 0.3 1.1 1.1 0.7 0.7 1.7 0.3 1.1 0.6 1.5 1.0 1.3 2.3 2.6 1.5 1.1 6.4 

27.9 95.1 66.4 79.4 76.1 100.3 87.9 44.1 109.2 189.4 125.6 99.7 100.2 73.7 55.2 39.8 17.6 23.8 12.0 6.4 17.9 45.0 22.7 52.2 
- 0.4 0.2 <.1 - <.1 - <. - <.1 - - - - <.1 - - 0.1 

<.I <.I <.I < I <1 <.1 < * 1
0.1 0.2 <1 . <.1 <.1 <.1 <.1 0.1 <. - <.1 <.1 0.3 
<.1 0.6 0.6 0.4 0.3 0.1 0.2 <.1 0.3 0.6 0.8 1.0 0.3 0.7 0.8 0.8 0.6 1.0 0.2 0.4 1.1 1.7 0.4 

0.2 <11 0.6 0.5 0.3 0.5 0.2 0.4 0.3 0.1 0.2 0.4 0.2 0.5 0.4 0.9 0.8 1.0 0.7 0.5 0.2 0.9 0.7 0.6 
4.9 5.5 7.7 9.1 12.2 8.5 13.3 5.3 8.1 7.1 5.4 7.4 8.7 6.8 125 10.2 14.2 11.1 11.0 13.3 5.6 11.6 7.5 10.1 

<.I <.1 0.1 0.3 0.2 0.2 <.1 0.2 <.1 <.1 0.3 0.2 0.2 0.3 0.1 0.2 0.2 0.2 0.3 - - <.  
S- <.1 <.1 - <.1 - - . 0.1 

<.1 <.1 0.2 <.1 0.1 0.4 0.2 0.2 0.3 0.3 0.1 0.2 0.1 0.2 
*- <.1 - - - - - - - - - - -

0.6 3.1 3.6 5.0 3.4 5.1 9.2 1.3 4.8 6.2 5.9 7.4 3.8 5.2 4.8 4.5 2.9 3.2 2.6 7.1 7.8 8.1 1.2 6.4 
<.1 - <.1 <1 <11 <.1 + 

69.6 141.0 98.4 186.9 184.5 184.6 142.5 142.8 163.0 162.2 264.2 293.9 276.1 250.0 234.4 248.4 142.1 100.5 90.8 123.2 127.6 78.3 207.5 136.2 
<.1 - <.1 - - - - - -

0.2 4.5 2.1 0.3 3.4 6.5 5.0 35.3 1.0 1.0 0.7 0.4 0.9 2.1 2.9 1.2 8.6 11.8 21.6 1.7 8.2 2.2 0.6 

+ + + + + + + + + + + + + + + + + + + + + + 
* - + - + + - - - - + _ 

- - <.1 <.1 <.1 <.1 <.1 --- - - --- 

-- + + + + + + + + + + + + + + + + + + + + + + 
* 0.1 <.1 0.5 0.7 0.2 0.3 * <1 + 0.2 0.5 0.2 + 0.1 0.1 0.2 + 0.1 0.1 0.4 0.1 <.1 

* - - ~<.1 <.1 - <.1 - - -- - - - - - -* 

* <.i <.1 + + + + + + + + + + + + + + + + + + 
- - -- + -÷ + +

(continued)
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C C C

Horizontal Band Transects - Annual Invertebrate Mean Abundance/mr2 - South Control Station SC 1 at +0.9m (based on 5 "Tegula" count quadrats) (continued) 

Year 1976 1977 1978 1979 1980 1921 1922 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

N Stations 0 Surveys 4 4 6 6 6 6 6 6 6 6 6 6 4 4 4 4 4 4 4 3 2 2 2 4

Only Counted if C,reatcr than I (cortinud) 

Idotea spp.  
lacdhochitonidae 
Lacuna spp.  
Lepidozona spp.  
Lithopo• a gibbersum 
Littorina spp.  
Lottia asmi 
Lottia instabilis 
Lottia ochracea 
Majidae 
•Iidae 

Mytilus californianus 
Nemertea unid.  
Nercididac unid.  
Nitidiacala/Opalia app, 

Octopus app.  
Pelecypoda unid. boring 
Peorolisthes spp.  
Pisaster/Hericia (jO.) 
Platyhelminthes unid.  
Pollicipes polymerus 
Polychactsu mid 
Pugettia spp.  
Sespuuidae mid.  
Serpulodbis squamnigeus 
Sipuncula tmid.  
Trieolia spp.  
Velutina velutina 

Bfyozoa, unid. (enecrsting) 
Chthamalus fiasta 
Haliclona spp.  
Phragmatopomna califomica 
Pista spp.  
Porifera unid- (encruating) 
Spi-orbidae 
tunicates, colonial/social unid.

<.I + 0.3 0.1 0.2 0.1 + <.1 <.1 <.1 + 

0.2 0.2 0.1 + <.1 + + + + + + + + + + 0.1 + 

+ + + 0 + + + + + + + + + + + + 

++ 0. + + + + + + + + + + + + + + + + + + + + + 
- - + + + <.1 + + + + + + + + + + + + + + + + + ÷ 

- + <.1 + * + - * -
+ + + + 

- - + + + - - + - + - .  

- . + - + 

0.2 0.1 + + * + + 0.1 0.1 0.3 + 0.3 <I + 

<. 0.2 0.1 0.2 0.4 <.1 0.2 <.I 0.1 0.1 0.3 0.1 0.4 <.1 0.2 0.1 0.1 0.1 
<.I <.I 

I+ + + + + + 0+1 

+ <.< 

- <1- <.1 + . .  

- - + + +1 <I + 

0.10.1 
<. - - - <11 -- - -! 

<. .1 - - <1 -"* * + - <.  

< - l <. 0. <.l - - - *

+ + 0.1 + + 0.1 

+ - - + 

0.6 0.7 0.5 0.5 0.7 1.5 0.9 0.1 0.3 0.7 1.9 1.0 1.3 1.0 0.8 0.8 3.9 2.0 1.0 0.6 1.0 4.5 1.2 0.5 

S - - <.1 <. <I <.I + + <I - + + 

0.1 1.3 0.6 0.5 0.6 0.5 0.2 <1 <.1 <.I <.1 <.1 <.1 <.1 0.1 <.1 + <.1 + + + <I <I. <.1 

0.1 
< + + + + + + + + + + + + + + + + + + + 

- - <.1 - - - - --

<.1 = measured but in low abundan•e; + - only recorded a present



E3 - Fish Abundance in Vertical Band Transects



Vertical Band Transects - Annual Fish Mean Abundance (# of fish per station) - North Control Station NC I-V (36 quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Surveys ns a na ns rd na fi ns rnh fl nn s E ns ES ns na re ns Eu ra ns fs ns 3 

Anoplarchus purpurescem 2.3 
Artedius spp. 0.3 
Cebidichthys violacew 1.7 
Cottid (juv.) 0.3 
Gobiesox ma•cadricus 10.0 

Oligocomta.ws 0.3 
Pholidida./Stichseidae unid. 49.3 

Xemes fuimnm 0.3 
Xiphist atropurpurew 3.0 

Xiphister mucosus 13.3 

Vertical Band Transects - Annual Fish Mean Abundance (# of fish per station) - Field's Control Station FC I-V (36 quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1914 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
SSurveys ns ns ns 3 4 2 m nu ns 1 4 5 2 3 4 4 4 3 4 4 4 3 4 4 

Anoplarchus pu resoen- - - - 4.0 2.3 3.3 6.3 4.3 3.3 0.5 5.8 
Anoplmrdms/Cebidichthys spp. 40.3 26.5 27.0 31.0 23.8 43.2 31.5 1.3 3.0 6.8 0.5 0.3 0.5 
Artedius corallines - - 0.3 - - , - -

Artedius latenais 0.5 
Artedius spp. - 0.3 - - - 0.3 
Cebidichltys violaceus 1.0 0.2 5.0 3.5 6.3 2.8 8.7 3.0 2.3 2.8 2.0 3.5 6.0 

Clinocottus recalvus 0.7 - - -

Cottidae (uv.) 0.8 - 1.5 1.8 0.7 1.8 0.5 1.5 0.3 1.5 

Gibbonsia metzi 0.3 -

Gobiesox macandricus 8.7 4.3 13.0 5.0 3.5 6.4 2.5 1.0 1.0 4.3 3.5 1.0 2.0 3.3 3.5 1.7 0.3 4.5 

Heterostichus rot-t - - - - - - - 0.3 

Oligocottus nyderi 8.3 7.0 9.0 10.0 6.3 16.0 14.0 4.0 4.0 1.3 2.5 5.0 5.5 4.0 7.0 4.3 3.5 6.5 

Oligocottus Spp. 0.3 - - - - 0.3 0.8 0.8 . 0.5 
Pholididae/Sticheidse unid. 1.3 3.8 4.3 4.8 5.0 8.0 5.3 1.3 2.3 

Porichihys notat" 0.3 - - - -

Prionitis laeeolata 0.3 0.5 0.3 0.5 . 0.3 1.3 0.8 0.5 1.0 

Typhlonobius califomiensis 0.2 - 0.5 

Xererip fuconar 9.7 2.3 - - 1.0 0.4 0.8 0.3 0.5 1.0 0.3 0.3 0.3 
Xiphister atrurpureus 4.7 4.0 6.0 3.0 1.0 4.6 4.0 1.3 0.5 4.8 3.0 0.3 - - 0.3 
Xiphister mucosus 42.0 13.0 28.5 16.0 37.8 32.0 15.0 10.7 10.5 26.3 6.3 11.3 11.5 16.8 21.5 13.7 2.8 19.8 

Xiphiste spp. (ju,) - - 3.4 1.5 - 0.5 2.8 0.8 - - - - -



Vertical Band Transects - Annual Fish Mean Abundance (# of fish per station) - North Diablo Cove Station NDC I-V (36 quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Surveys na nz ns 4 6 4 5 2 ns I 4 5 2 3 4 4 4 3 4 2 I 1 1 4 

Anoplarchm purpurece - - - - - - 1.3 1.0 -
Anoplarchuscebidichthys spp. 24.0 15.3 11.8 19.0 7.0 17.0 14.5 17.6 4.5 1.3 2.3 0.3 
Aredius lateralis - - 0.3 - - -
Cebidichthys violaceus - 1.8 1.3 1.8 0.8 0.3 0.5 1.0 0.3 
Cotlidae (juv.) 0.8 - - 0.8 
Gobiesox maeandricus 4.3 3.7 1.3 4.0 2.5 2.0 0.8 0.4 1.0 - - 1.0 - 0.3 
Oligocoam snydei 2.3 1.0 3.8 3.0 2.0 0.8 1.2 0.3 0.3 0.3 0.7 0.8 - 1.0 
Oxyjulis califonica 0.3 - - - - -
Pholididae/Stidiaeidac umid. 2.3 3.5 4.0 3.0 1.0 
Pwicdhhys noatws - 0.2 
Prionitis lanceolata 0.5 2.0 0.3 0.3 
Scytalina cm'dale - 0.2 -
Xurpes fSconsn 7.5 3.3 8.3 4.8 4.5 2.0 0.8 0.4 2.0 - 1.0 
Yiphist"a z'opuq--eu 19.0 16.0 24.3 11.4 16.5 6.0 0.8 0.4 4.0 0.8 2.3 1.3 0.3 3.0 - 1.0 
Xiphistwrmucasus 25.8 14.7 27.8 15.2 28.5 6.0 2.5 1.6 2.3 6.8 14.3 1.0 2.0 1.0 2.0 0.5 
Xiphita 3pp. (jGy.) 3.0 - - - 5.4 7.5 - - - -

C) C. C•
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Vertical Band Transects - Annual Fish Mean Abundance (# of fish per station) - South Diablo Cove Station SDC 2-V (36- quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

N Surveys m nn ns 4 6 4 5 2 ns I 4 5 2 3 4 4 4 4 4 2 1 I 1 4 

Anoplarchuspurpuresom - - 0.3 7.0 5.0 1.0 1.0 - 2.0 1.5 

Anoplarchus/Cebidichthys spp. 8.0 7.8 7.0 6.4 2.5 17.0 16.5 15.0 10.0 1.3 1.0 3.0 - 1.8 0.3 

Apodichthys flavidus - - - - 0.3 

Artediw lateralis 0.3 0.3 0.8 

Artedius spp. . 0.8 

Cebidichthys violaccu 0.5 2.8 2.2 2.0 2.0 2.3 1.8 3.0 3.3 5.0 15.0 2.0 2.0 2.8 

Chilara tayloi - 0.3 - -

Cottidae auv.) s0. 0.5 - 0.5 0,3 

fish eW 0.3 
Girella nigricam - - 0.3 0.3 

Gobiesox macandricus 11.8 6.3 4.3 11.0 1.0 3.0 0.5 0.2 1.0 0.3 0.3 0.5 0.3 1.0 3.0 2.0 

Micrometntu at'ori - 0.8 

Micrometrus minimus 0.7 

Oligocottus syderi 2.8 3.7 2.8 1.2 2.0 0.5 0.4 - 20 0.8 1.0 0.8 2.0 1.0 0.5 2.0 0.3 

Oligocottus app. - 0.2 - -

Pholididae/Stichaeidae unid. 0.5 1.5 6.5 3.3 2.0 15.0 4.0 2.0 1.5 

Prionitis Imlceolata 0.8 0.3 1.8 0.8 - 0.3 - - 0.3 

Scytalina cerdale 27.3 10.5 10.3 14.6 1.0 17.0 1.8 4.8 1.7 0.8 3.0 3.3 0.5 0.8 0.3 

Sebastes spp. 0.5 -

Typhlogobiw califomienais 0.3 - 0.3 

Xerepes fimmcna 3.8 2.0 4.5 4.4 6.5 1.3 - 0.3 1.0 0.3 - 0.3 1.0 

Xiphister atrpwae 21.5 20.3 14.8 18.8 13.5 5.0 3.8 3.6 5.0 4.0 0.8 3.8 8.5 1.5 0.5 3.0 2.0 - 0.3 

Xiphistwrmucaus 36.5 20.2 25.8 15.2 14.0 9.0 6.5 3.2 1.0 3.7 8.8 21.5 9.3 8.3 14.8 2.0 6.0 8.0 2.0 1.0 

Xiphister spp. (juv.) 0.8 0.4 2.5 1.3 0.8 -- 31.0 

Vertical Band Transects - Annual Fish Mean Abundance (# of fish per station) - South Control Station SC I-V (36 quadrats) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Survey rf uis ns ns na S ns na as is as ns na ns as ns m ns ps ns 11 ns t s 3 
38.0 

Anoplar-hus px- e3ces.0 
Anoplarchus/Cebidichthys spp. 

2.0 

Artedius corndlines 
0.3 

Cebidichthys violaceus 
25.3 

Gobiesox macandricus 
7.7 

Oligocottus yd"'i 
1.3 

PholididaelStidceidae unid. 
9.7 

Powichthys notatus 
0.7 

Xerapes fucorm 
0.3 

Xiphister. atropspureus 
1.7 

Xiphister mucosus 
9.0 

Xiphister app. (juv.) 
1.3

(i



Appendix F 

Annual Taxa Means by Subtidal Sampling Method 

F1 -Algal, Invertebrate and Substrate Cover on Subtidal 
Benthic Stations (Line Contact Method) 

F2 - Algal Abundance on Subtidal Benthic Stations 
(Arc Quadrant Method) 

F3 - Invertebrate Abundance on Subtidal Benthic 
Stations (Arc Quadrant Method) 

F4 - Invertebrate Abundance on Subtidal Benthic 
Stations (Fixed Quadrat Method) 

F5 - Fish Abundance on Subtidal Fish Observation 
Transects



F1 - Algal, Invertebrate and Substrate Cover on 
Subtidal Benthic Stations (Line Contact Method)



C C. C,

Subtidal Line Contact - Annual Algal and Substrate Mean Abundance/7m 2 - Field's Cove Station FC I at -3m

Year 1976 1977 1971 1979 1980 1981 192 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Station Survey ns ns ns nI ns ns ns ns ns ns na na 2 4 4 2 4 2 3 3 I 1 4 4

Coveram Based on # of Contact Potnts 

Alnfeltiopsis leptophylla 
Ahnfeltiopsis linearis 
Bfyopsia app.  
Calliartfron/Bosaiella app-complex 
Callithamnion spp./Pleonosporium spp.  
Callophyllis finna 
Callophyllis flabellulata 
Callophyllia app.  
Chondracanthus cowymbifenus 
Chrysophyta unid.  
Corallina officinalis 
CrpT-pewa mnnprechtiam 
CyIptopleur violacea 
Cystosena oamwndaces 
Delesseria decipiena 
DesmareAtia spp.  
Dictyoneurtu califomicum 
Egregia meziesii 
EI)Iiophyllum delesserioides 
Farlowia/Pikea spp..complex 
Gastroclonium subarticulatuan 
Gelidium robusatum 
Halicystis ovalis 
Halymenia/Schizymenia spp-complex 
Hynenen- ap.  
Laminari. setchellii 
Laminariales 
Marocystis spp.  
Mazzaella lilacina 
Mazzaella rosea 
Microcladia coulteri 
Neoptilota densa 
Nereocyatis luetkeana 
Non-comlline must 
Osmundea spp.  
Pikes robusta 
Plocamium cartilagineum 
Polyneura latisaima 
Porphyra spp.  
Prionitis australis 
Prionitis app.  
Pterocladia caloglossoides 
Pteroiphonia dendroidea 
Pteryohom Waifomics 

Rhodymenia spp.  
Sarodiotheca gaudichaudii

<.1 <.1 <.1 0.3 

50.8 56.3 59.1 64.0

<.1 
<.I <.1 

64.6 76.3

<.1 <.I <.1 <.1 0.1 <.1 
2.8 4.1 5.3 3.3 5.5 3.0 

31.5 26.6 29.0 28.8 28.1 38.3

0.3 0.1 
65.8 49.8 

0.3 0.1 
<.I

<.1 
45.6 
0.5

<.1 0.1 
<.1 <.1 0.1 

2.8 3.3 2.9 
0.5 0.8 0.6 

<.I <.1 <.I

0.5 0.3 0.8 

0.8 2.5 1.9 

31.8 20.5 20.3 
<.1 <.I <.I 
0.8 1.8 3.8 

<.I <.I 
. 0.1 

1.5 6.0 3.8.  
0.3 0.6 1.1 
0.5 

<.1 
<.I <.1 

<.1 0.1 <.1 
10.5 12.0 16.5 
<.1 <.1 <.I 
<.1 
<.I <.I 0.3 
4.5 3.0 4.4 
<.1 0.1 <.I

<.1 

59.0 
0.3 
<.I

0.1 <.1 
52.9 56.3 
0.8 1.8 
<.1 -

<.I 

64.3 
<.1 

<.1 
0.8 

31.2 

<.I 
41.7

<.1 

56.8 

<.1 
<.1 
1.3 

23.7 
4.0 
<.1 

28.0 
0.3

2.0 

56.0 

<.1 
0.5 
1.0 

26.5 
2.0 
<.1 

19.5

0.5 

65.5 

<.1 
21.5 

<.1 
24.5 

0.5

<.1 8.3 20.3 0.5 
<.1 <.1 <.1 <.1 0.2 <.1 

- - - <.1 <. -

2.8 1.0 1.0 0.7 <.I <.1 <.I 
0.8 1.5 3.0 1.0 1.8 6.0 <.I 
0.5 - - <. - -
<.1 0.3 0.5 0.2 0.3 <.1 0.5 

<.I <.I 
<.I 1.0 <.1 0.7 1.3 4.5

1.5 

16.0 
<.1 
0.8 
<.1 

7.0, 
<.1 

<.1 

15.0 
<.0 

8.0

0.5 0.3 

10.8 8.8 
<.1 <.I 
<.1 4.0 
<.1 0.3 

3.4 2.0 
1.4 1.0 

<.31 

0.9 0.3 
14.6 12.5 "- <.13 

7.3 4.3 
0.4 <.I

<.1 
0.7 0.5 

<.I 

5.7 2.0 
<.1 <.I 
1.2 0.3 
0.3 0.2 
<.1 0.5 
2.7 3.2 
<.1 0.3 

0.2 

0.2 

<.1 0.5 
13.3 8.5 
<.1 

<.1 
3.7 4.2 
<.1 <.1

0.5 
<.3 

3.5 
<.1 
1.5 
0.5 
0.5 
1.5 
0.5 

0.5 
10.0 

14.5 
0.5

5.0 

1.5 

<.1 
<.1 
0.5 
2.0 
<.I 

7.0 

2.5 
<.I

0.1 

60.5 

<.1 

0.4 
20.5 
3.3 
<.1 

15.4 
0.8 

14.3 

<.1 
0.5 
1.0 

0.3 
<.1 
3.4

0.6 
0.1 

53.0 

<.1 
0.3 

20.3 

0.3 
22.3 

<.I 
0.1 
<.1 
2.5 

<1 

0.6 

0.8 

<.1

2.3 3.0 
<.1 <.I 
<.1 0.4 
2.3 1.3 
0.6 <.I 
0.4 3.0 
0.1 1.3 
1.1 1.8 
1.3 2.6 
0.1 0.3 

<.I <I 
< I 
<.1 1.5 
9.9 7.3 

<.I 0.1 
2.9 1.4 
5.9 5.3 
<.1 <.1 

(continued)



Subtidal Line Contact - Annual Algal and Substrate Mean Abundance/7m 2 - Field's Cove Station FC I at -3m (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Suveys ns ns s n ss m i mus ns ns nu ms ns 2 4 4 2 4 2 3 3 1 1 4 4 

Coverae Based on # of Contact Points (continued) 

Scinaia confusa <.I - 0.1 
Ulva/Ent-rr-* spp. - <I <.I <.I <.I <.I <.I <.I <.I - 0.1 <.I 
Weeksia spp. <. - - - -
coralline crust 35.0 56.4 56.0 64.8 54.0 52.8 42.8 39.8 55.5 35.0 47.4 43.8 
fdamentous red algae-complex - - 0.1 - - - -

C C. C
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Subtidal Line Contact - Annual Algal and Substrate Mean Abundance/7m 2 - North Diablo Cove Station NDC 2 at -3m

Year 1976 1977 1973 1979 1980 1931 1982 1983 1984 1985 1986 1987 1933 1939 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
0 Stations * Surveys 1 3 4 4 3 3 3 3 4 5 4 5 3 4 4 3 4 4 4 2 ns s M n 3

Coverag Based on 0 of Contact Points 

Ahnfeltiopsis leptophylla 
Ahnfeltiopsis linearis 
Antithamnmion/Platythamnion app-complex 
Calliatmon/Boasiella app.-complex 
Callophyllis firma 
Callophyllis flabellulata 
Callophyllis spp.  
Chondracanthw canaliculatus 
Chondracanthus coymbiferus 
Chondnicanthus harveyanus/spinosus 
Chiyaphyta unid.  
Clathromorphum parcurn 
Coilodeame califomica 
Colpomenia spp.  
Corallina officinalis 
Oyptopkwanipmpchtiana 

Cryptopleua violacea 
Cystera osm edac 
Delesseriaceam (Guv.) 
Derbesia marina (filamentous) 
Desmaresti, spp.  
Ditconemun califonikuri 
Dictyotabinghaniae 
Egreia mmzesii 
Baythrophyllum delesserioides 
FarlowiiaPikea app.-copex 
Gastroclonium subarticulatum 
aelidium coulteri 
Gelidium pusillum 
Gelidium robustum 
Gelidium spp.  
Gloiosiphonia californica 
Grateloupia doyphora 
Halicystis ovalis 
Halymenia/Schizymenia spp.-complex 
Laminaria setchellii 
Larinariales 
Macrocyatia ap.  
Mazzaella adinis 
Mazzaella heterocarpa 
Mazzaella lilacina 
Mazzaella rmac 
Melobesia mediocria 
Microcladia coulteri 
Neoptilota densa 
Nereocy•tis luetkeana

<< .1 <.1 <.1 <.I <.1 
1 <.1 < 1 < <.1 <.I 0.1 0.1 0.3 013 0.6 <.1 0.3 

<.1 <.1 <.I <.I 
39.5 42 44.5 39.9 43.2 47 46.5 38.7 36.1 35.6 35 35.6 23.3 23.3 31.1 29.7 31.3 37 32 28 

<.I <.1 <. <.I <.I 
- - <.1 <.1 <.1 <.1 <.1 <.1 <.1 0.1 <.1 0.1 <.I 

0.2 0.4 0.1 0.5 1 1.3 0.3 0.6 0.1 <.1 0.4 0.3 0.9 0.9 0.3 <.I 0.3 0.6 
<.1 - - - <.1 <.1 0.2 0.3 0.3 <.1 <1. <.1 <.1 <.  

5.5 7.8 7.4 5.9 9.3 7.8 15 12.3 15.1 11.4 18.5 15.1 14.5 10.3 14.8 12.3 13.3 10.9 2.8 2.3 
- - - - - <.1 0.2 <.I 0.1 <.1 <.1 - 0.1 0.6 0.8 1.4 3.3 2.6 1.5 

<.1 - -< 1.9 3.2 2.5 1.4 2.9 3.3 
<1 <1 <.1 
<.1 0.1 

- <.I <.1 - - <.I 0.1 0.1 0.3 <.1 

2 3.3 4.8 3 3.3 3.2 1.5 2.7 1.5 1.5 3.4 0.6 5.2 <.1 <.I 1 0.5 <.I 0.1 <.1 
- 18 30.3 29.1 26.3 36.3 36.8 33.3 48.4 40.2 23.8 30.2 4.2 6.6 2.3 2.5 
- 0.7 0.3 1.5 0.5 1 0.5 3.3 13.9 3.8 9.4 37.3 75.3 59.5 61 44.3 42.9 37.4 23.6 21.5 
4 4.8 4.3 4.5 4.3 5.8 9.7 7.3 7.4 7.3 3.3 1.8 1 <.1 <.1 <.I 0.5 0.9 0.9 0.3 

24 6.3 <.i <.1 -- - -< 
- - .. 4 .3 < .I 
- 2 <.1 0.3 <.I 2.7 - 0.3 0.1 1.8 0.7 0.1 0.3 5.6 0.5 
- 0.2 - <1 0.3 

<.I 
I 0.3 0.3 0.1 0.2 <1 <1 <.I <.1 - <.1 

- 0.3 0.4 <.1 0.7 0.3 0.5 0.2 0.3 <.1 0.1 -
. 0.2 <.1 0.3 0.2 0.2 0.2 <..I 0.4 1.4 0.5 2.6 1.3 2.8 1.5 1.5 4.3 15.4 20.3 14 

- - - - <.1 <.1 <.1 <1 <.1 0.2 0.2 0.3 1.3 1.7 0.1 0.5 0.1 
<1 

- - - . ...- - <<.- 

<.I <.I 0.3 <.1 <.1 <.1 <.1 0.2 <.1 0.4 0.3 1 0.6 1.2 3.4 6.3 9.4 7.5 
- <.1 < <<.  

- - - - - - - *<.1 <. -1 <.1 <.1 <.1 

- <.1 0.3 0.3 
<.I <.I <.1 <.I <.I <.1 <.1 <.1 <.1 <.1 <.1 <.1 

<.1 <.I <.1 0.3 <.I 0.5 0.3 0.1 0.6 3.5 1.5 6.3 1.3 1.5 1.5 0.1 0.1 <.1 <.1 
1 0.7 1 1.9 0.5 1.2 0.3 0.2 0.1 0.4 <.I - <.I <.1 <.1 

0.2 - <. 0.3 <.I - <.I <.1 <.1 
<.I 0.6 1.5 7.1 3 

0.1 0.2 
2.5 

4 1.8 1 4.5 6 10.5 7.3 11.5 15.4 15.3 14 6.9 1.5 1 0.4 0.2 <.I <.2 
- - <.1 <.1 0.2 0.1 0.1 0.4 0.6 1.2 1.4 0.5 0.5 1.6 0.1 0.3 <.I 

• -<.1 0.1 <.I <.1 <.I <.1 <.I <.I <.I o 

2.5 2.2 1.1 2.1 1.2 1 1.3 6 2.5 2.1 <.I 2.6 0.7 2.6 2.6 7.8 0.1 < .1. 0.1 
0.5 - <.1 - 0.2 <.I 0.2 <.I <.1 0.8 

S <.1 0.1 <1 0.3 <.I <.I - -

0.8 

29.8 

<.1 
2 

1.5 
0.7 

19.7 

<.1 
<.2 

3.8 
2.5 

3.3 

8.3 
<.1 

2.7 

<.2 

<.1 

<.2 

7.7 

<.2 
<.2 
<.2 

<.1

(continued)



Subtidal Line Contact - Annual Algal and Substrate Mean Abundancc/tm 2 - North Diablo Cove Station NDC 2 at -3m (continued) 

Year 1976 1977 1978 1979 1920 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
#Stations * Surveys 3 4 4 3 3 3 3 4 5 4 5 3 4 4 3 4 4 4 2 rs ns ns 3 

CogeW Bsed on # of Contact Points (continued)

Nienburgia andersoniana 
Non-coralline crust 
Opuntiella califomica 
Osmundea spp.  
Pmao•ya (juv.) 
Pwycodry spp.  
Phyllospadix spp.  
Plocarniwn cautilagineuma 
Polneura latissima 
Porphyra spp.  
Prionitis australis 
Pronotus pp.  
Pteochondta woodii var. woodii 
Pteroladia maloglssoides 
Pterosiphonia baileyi 
Pteeshiponia dendroidea 
PlWphorA califomica 

(iodophyta (uv. bdes) 
Rhodymenia spp.  
Sarcodiothcagudidhudii 
Sa-sm muticum 
Scinaia confuis 
Smithara naiadum 
Spogonwpha/Ac siphonia-complex 
UvaEnterornopha app.  
coralline cru 
filamentous red a•ae-complex 
juv. a= ultd corall, e alae

<1 0.4 0.1 - <. 1.4 3.1 1.3 0.8 
12 8.3 2.4 5.3 2.7 1 1 6.2 7.6 6.6 5.9 8.9 10.5 8.6 8.4 8.8 4 3.9 2.8 4 

- - <. - <.I <.I <.I <.I - <. <.I 0.2 - <.1 <.I 
0.5 L.5 2.4 2.6 2.8 42 3.2 0.7 0.1 2.9 2.6 3.3 3 6 13.5 20 2.3 3 1.9 0.5 

' - - - - -- - <.1 <,1I 

12 7.7 10.8 9.1 7.7 8 8.5 3.7 3.3 1.5 0.4 0.1 
- - <.I 

0.5 0.1 <.I <. 0.1 <.I <. < I <.I <.I <.I <.I 
0.3 

<.1 - - - 0.2 <.I 0.2 <.I 0.1 0.1 <.I <.I 0.2 0.3 0.1 
S0.5 0.6 1.4 1.7 1.7 0.7 0.7 1.6 2.4 5.4 9.5 10.3 18.9 17.4 22.8 20.9 20.8 15 7.3 

<.1 <.I 
0.5 0.7 0.3 0.5 0.2 0.5 0.2 <. 0.1 <.1 < 1 0.1 0.2 0.3 <.2 <.2 <.I <.I 

- - - - .- - . . - . * - <.I -<.1 - - <. <. <.I 0.1 0.3 <.I 
3 1.3 1.9 2.6 23 0.5 1 0.7 0.3 0.4 <.I 
I - 0.1 0.1 <.< - 0.3 - 0.2 -

- - 0.1 <. 0.2 0.3 <.I <.I 0.3 0.2 0.2 0.2 1.4 2.9 3.8 3 25. 1.9 2.3 
0.3 0.8 0.4 0.5 0.2 0.3 0.2 0.8 1 3.1 3.5 1.8 3 2 1.3 0.3 0.4 <. 0.5 

<.I <.2 <.I <.I1 .1 <I -< <. <I < I <.  
I <.1 1.4 2 1 25 - <. 

0.2 
6.5 2.2 <.2 <.I 0.7 0.2 0.3 0.8 <.2 <.I <1 <I <.2 <.I <. 0.8 <. 1.2 0.1 <.I 
54 36.8 37.9 44 49.8 38.7 53.8 46.7 57.4 60.6 62 64 62.7 48.9 50.9 59.2 59.5 67.5 58.4 46 
0.5 0.5 0.1 0.1 <. - - <. <.I < <.I 3.5 <.I 0.3 1.3 0.5 0.5 

. 0.6 0.1 - -

C. C_

1.7 

0.2 

<.1 
6 

0.2 

0.2 
<.I 
0.3 

0.3 
55 

<I

C.
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Subtidal Line Contact - Annual Algal and Substrate Mean Abundance/7m2 
- North Diablo Cove Station NDC 3 at -3m 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

0 Stations * Surveys 1 3 4 4 3 3 3 4 4 S 5 4 3 4 4 4 4 4 4 2 2 2 2 4

Qq0,,cfaWe Based on N of Contact Points 

Acrosonumr uncinatum 
Alnfeltiopsis leptophylla 
Ahnfeltiopsis linearis 
Antithamnion/Platythamnion app.-complex 
Bryopsis $pp.  
Calliarthrm/Bossiella spp.-complex 
Callithninion app./Pleonosponum spp.  
Callophyllis finns 
Callophyllis flabeflulata 
Callophyllis spp.  
Chondracmnthus canaliculatus 
Chondracmthus cocymbifenm 
Chandracanthus harveyanus/spinosus 
Chrysophyta unid.  
Colpomenia spp.  
Corallina officinalis 
Corallina vancouvenensis 
Cayptopleuma nzprechtiana 
Cryptopleura violacea 
Cystoseirs osmundacca 
Delesseria decipiens 
Delesseriaceae (juv.) 
Demsia marina (fllmnentous) 
Desmareatia app.  
Dicryoneurun califoniuwn 
Dictyota binrgniae 
Egrea memziesii 
EAythrophyllum delesseroides 
Farlowia/Pika spp -complex 
Gastroclonimn subasticulatum 
CGelidium coultei 
Gelidiurn pusillum 
Gelidium robustum 
Gelidimn spp.  
Oloiosiphonia califomica 
Gniteloupis doryphora 
Halicystis avalis 
Halytnenia/Schizymenia spp.-complex 
Hymenen sapp 
Laminmia setchellii 
Laminaniales 
Macrocystis spp.  
Mastocapus papillatus 
Mazzmella affinis 
Mazzaella leptodryncos 
Mazzaella lilacina

<.1 

<.1 <.1 <.1 0.1 <.1 - - - -
- 0.1 0.1 0.1 0.2 0.3 0.3 0.4 0.5 0.6 1.1 1.3 0.3 0.3 0.4 

. <.1 <.1 <1 <.1 <.1 <.1 <.1 
--- <.1 <.I <.1 <.1 <.1 - , <.1 

61 0 47.8 52.5 53.6 49.8 54.8 58.2 38.6 44.6 46.7 43.3 41.9 29.8 29.6 35.0 35.0 29.4 26.3 22,5 15.3 18.5 20.8 18.0 20.8 

<.1 - <.1 

. <.1 <.1 <.1 <.1 <I <.1 <.1 <.1 
. <.1 0.3 <.1 <.1 <.1 <I <.1 <.I <.1 0.3 0.1 <.I <.I 0.1 <I.1 - <.1 

- 2.2 0.6 0.6 1.2 1.7 3.2 0.6 0.1 0.3 0.2 <.1 0.3 0.8 0.4 1.3 0.3 0.3 . 0.3 0.8 0.3 . 0.8 

- - <.1 <.1 <I <.11 <I <.1 0.1 <.I <.1 <. <. <1 - - .
11.5 14.8 14.8 14.8 19.2 22.5 21.7 22.9 16.4 16.1 16.2 18.1 14.3 18.4 22.0 17.6 11.8 10.1 10.9 7.5 5.8 3.0 4.5 2.1 

- - -- <.1 <. <.1 0.1 - 0.1 - 0.3 <.1 20 1.6 1.0 1.8 1.8 0.5 0.1 
<.1 -- <1 1.5 2.1 0.4 0.8 11.0 2.8 13.5 7.8 11.8 21.1 

-- <1 <1 <.I <.1 <.I <.1 <.1 <.I <.1 0.1 
2.5 16.3 11.1 9.6 11.7 10.5 13.0 8.0 6.8 7.7 8.0 2.5 0.7 0.4 1.9 2.6 0.5 1.3 0.8 0.5 1.3 0.5 0.8 2.8 

8.0 - - - - - - - - - - -
- 35.8 .40.8 43.0 35.3 52.7 44.5 37.3 44.9 38.7 18.5 14.3 0.2 1.3 0.1 0.1 0.1 - -

. 0.5 2.4 2.9 1.0 2.0 0.2 2.4 6.8 1.0 13.7 55.5 72.0 69.5 60.6 568 55.0 52.0 42.5 33.3 40.8 45.8 2.5 1.3 

0.5 0.5 0.3 0.1 0.5 0.3 1.2 0.1 0.5 1.0 0.5 - - <.1 <. <.I <.1 0.3 0.1 <.1 <.1 <.1 <.1 2.0 
<.1 

39.0 0.4 - 0.3 
- 0.9 

7.5 0.1 0.3 0.7 <.I 4.8 <.1 <,! 0.4 0.1 0.1 <.1 <.1 0.3 

<.I 0.1 <.1 <.1 -
<- <I-<.I 1 < <.I <. - 0.3 <.I <.I 

-- 0.3 
0.5 0.3 <.1 0.5 0.3 0.2 0.9 0.1 <.1 - <.1 

0.2 <.1 0.5 <.I 0.3 0.5 <.1 0.4 0.6 0.9 2.4 2.8 3.3 1.6 2.0 12.5 23.9 21.6 19.5 16.0 19.3 1.8 6.4 
- <. 0.2 0.3 0.5 0.2 <.1 0.3 1.2 2.0 1.6 0.9 0.1 0.3 0.1 0.3 0.3 <.I - <.1 

<.1 0.2 
0.1 -

0.2 0.4 0.3 0.7 0.3 0.3 .0.1 0.3 0.1 0.4 0.3 0.5 0.6 1.6 28 5.4 6.3 9.1 10.3 13.8 9.0 11.3 139 
- - - - - - - . - - <.3-1 - -

<.1 <.1 <.1 <.1 <.1 <.1 <.1 <.I 
- - <.I 0.2 - <.1 <.1 

0.2 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 <.I 
0.3 0.4 < I <.1 <.1 2.5 0.1 0.2 1.5 2.6 15.7 4.3 0.6 0.8 <.I <.1 <.I <.1 0.3 

0.2 - - - <. 0.1 

0.7 0.3 1.1 0.3 1.0 <.1 0.3 0.3 0.4 0.3 <.1 -

0.3 <.1 <.1 - <.1 <.I 1 <.1 <.1 - <.I 0.3 -

- - 0.1 <. 1.3 2.0 3.8 4.3 3.5 14.6 
<.I 

0.3 
. 4 6.1- 73 1. . 1. 1. 1. 1. 73 53 4. 1. 0 

8.5 4.0 6.3 7.3 11.3 14.3 14.3 15.0 10.5 13.1 7.3 5.3 4.0 1.0 0.5 - - - - - - - -

(continued)



Subtidal Line Contact - Annual Algal and Substrate Mean Abundance/7m 2 - North Diablo Cove Station NDC 3 at -3m (continued) 

Year 1976 1977 1978 1979 1980 1921 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Survcys 1 3 4 4 3 3 3 4 4 5 5 4 3 4 4 4 4 4 4 2 2 2 2 4

'.AOVMAQ&C 435Ci On N 01 UonlU'ta t Oct lU I ntsContrlfudI

Mazzaella rosea 
Melobesia mediocris 
McmbranopteAranchuowlossum spp.  
Microclada coulcTi 
Neoptilota dnam 
Neoptilota hypnoidees 
Nereocystis luakeana 
Nienburgia andersoajana 
Nan-cmaine crust 
Opuntiela califomica 
Osmrunda spp.  
Pha y Ga(juv.) 
Phycodrys app.  
Pliyllo%-kdx spp.  
Pikea robusta 
Plocarnium cartilaginnru 
Polynura latdsmnna 
Prioritis aus is 
Pionitai spp.  
Plerchondo, woodii var. woodii 
Picrocladia calogjossoides 
PcRaiphonm dcndmida 
Ptegpho raaifornica 
Rhodophyta 6u blades) 
Rhodoptilum plumosum 
Rhodymenia spp.  
Sarcodiotheca gudidmiadi 
Sugassumn muticurn 
Scmnaia confus 
Sumithora nadun 
Ulval/Enterornopba app.  
craline cust 
fiaLnentous red algac-coxnplex 
juv. articulated caralline algpe

0.2 <.I <.I <.1 0.1 <.1 0.1 0.5 0.6 0.8 0.9 0.8 0.9 2.1 <.I 0.5 1.8 0.5 <.I <.1 < 1 
<.1 <.1 <.I <.I <1 <.1 <I <.I <.1 
- - - ~~<. I - - -- - - - - - - -

1.0 3.8 3.1 1.8 2.3 4.9 4.7 2.4 4.1 1.5 <.1 5.5 0.7 4.9 7.0 4.5 <.1 <.1 <.1 <.I 
0.5 0.7 0.3 <.I 0.3 0.3 0.7 0.3 0.6 0.2 <.1 0.1 - - - -

. <.I - - - - -- 

0.3 <.I <.I <.I <.I 0. <.I - - <.I 
-- - - - - 0.3 0.8 2.8 7.0 4.3 7.0 2.5 2.3 0.5 0.1 

- 3.7 1.8 2, 13.0 0.2 3.2 3.4 3.9 6.4 7.1 7.9 10.2 12.4 7.3 5.0 5.8 4.8 3.1 3.0 3.3 3.5 2.3 29 
- - - - - <.1 <.I <.I 0.1 <.I <.I 

1.0 2.0 2.8 3.4 2.5 3.2 5.0 2.5 2.1 3.4 0.7 3.8 6.5 16.0 7.9 33.0 20 0.6 0.3 0.3 3.5 0.8 <.I 
<.1 

<.I 
14.0 8.7 5.0 4.6 4.7 6.5 10.3 3.1 1.6 0.9 0.3 <1 

<1 
--- <.1 <.1I 

- <.1 0.2 <1 <1 0.3 <.1 <1 <1 - <.1 <. 0.1 0.1 
0.2 .<.1 - <.I - 0.1 <.1 0.2 <1 0.2 - 0.1 0.4 0.4 <.I 0.4 0.8 0.5 - 0.9 

1.0 2.0 0.6 0.9 0.5 0.5 1.7 2.3 2.4 3.1 4.7 11.1 9.2 19.0 23.1 23.5 17.8 13.4 16.6 7.0 7.5 5.5 2.8 6.8 
<.I 

<.I 1.8 1.6 0.3 0.5 0.5 0.8 0.1 0.1 0.3 0.2 0.1 1.7 0.6 0.3 <.1 <.1 - -
- - - <I - - - <I. <.I <1 1.1 0.6 0.5 0.5 0.5 0.9 

1.5 0.3 0.6 1.5 0.3 0.2 0.2 2.3 3.5 2.5 0.4 <.I <.1 <.I 
- 0.2 0.1 0.4 <.I <.1 <.1 - - 0.2 

* - - <.1 - - - - - - -

<.1 <.I 0.3 0.6 0.3 0.1 0.3 0.3 0.8 4.4 3.9 4.4 4.4 5.1 7.5 7.0 6.0 3.3 1.0 3.1 
1.5 2.1 1.1 0.3 1.7 2.0 0.9 0.9 0.8 1.2 2.0 0.7 2.8 0.4 0.3 <.I 0.1 <.I <.1 <. <. - <.I 

- - - - - - - - <.I <.I <.I 0.5 
- - <.I <.I <.1 0.1 

<.1 0.3 0.3 0.8 <1 
4.0 1.8 <.I 0.3 0.2 0.2 <.1 0.6 <.A <.1 <.I <.1 <.1 <.1 0.6 <.I <.I 0.5 0.3 0.3 <.I 0.3 0.3 <.I 

29.5 60.0 34.8 39.4 41.5 45.5 50.5 62.4 62.5 56.3 47.1 58.9 63.8 59.9 54.4 56.8 62.5 54.6 53.8 51.5 49.3 44.0 53.5 54.9 
. 0.2 <.1 - 0.2 <.1 - <.1 <.I <.1 <. <. - 1.4 0.1 0.6 4.0 2.3 6.8 2.8 2.0 8.8 <.1 
- 0.8

C C C



C- C C.
Subtidal Line Contact - Annual Algal and Substrate Mean Abundance/7m 2 - North Diablo Cove Station NDC 4 at -4m 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Stations * Surveys I I 4 5 3 3 4 4 4 6 4 3 ns ns 4 4 4 4 4 2 1 2 2 4

Co =ae Based on At of Contact Points 

Acmsorium uncinaturn 
Ahnfeltiopsis leptophylla 
Ahnfeltiopsis linearis 
Amplisiphonia pacifica 
AntithamniomnPlatythamnion spp.-complex 
BDyopsis spp.  
Caliairthron/Bosiella spp.-complex 
Callihamrnion spp./Pleonosporiun spp.  
Callophyllis finna 
Callophyllis flabellulata 
Callophyllis Spp.  
Chondracanthus canaliculatus 
Chondracanthum corymbiferus 
Chondracanthus harveyamus/spinosm 
Claysophyta unid.  
Coilodesme califomica 
Colpomenia Spp.  
Corallina otticinalis 
Cyptoplem iruprechtiana 
Cryptopleuta violacea 
Cystosira omundacea 
Deleaw'iaeae (juv.) 
Desmuestan app.  
Picdyoneurm californicum 
Dictyota binghamiae 
Egregia menziesii 
Endaradme/Petalonia.complex 
Erythmo llum deleasenoides 
Farlowia/Pikea spp.-complex 
Fauches laciniata 

astroclonimn subarticulatum 
Gelidiuan aobustum 
Gelidium app.  
Oloiosiphonia califomica 
Halicystis ovalis 
HalymeniatSchizymenia spp.-complex 
Hy - spp.  
Laminaria setchellii 
Lamainaiales 
Macrocystis spp.  
Maripelta rotata 
Mazzaella heterocarpa 
Mazzaella lilacina 
Mazzaella maca 
Mcmbranoptera/Branchioglosum spp.  
Microcladia coulted

<.1 0.3 0.3 <.1 0.1 0.3 0.4 0.3 
<.1 

<.1 

54.5 57.0 47.5 51.8 49.7 53.7 49.1 40.4 44.4 47.6 43.0 50.5 

<.1 <.1 
S <.1 <.I 0.3 <.1 0.2 0.9 <.1 0.3 0.4 0.1 1.2 

3.0 4.5 2.9 3.2 3.5 4.2 7.9 4.3 4.3 3.2 2.1 1.7 
. <.I 

4.5 6.0 7.5 5.9 6.5 9.3 10.3 9.5 12.0 12.8 15.0 19.2 

<.1 - <.1 <.1 <I 0.1 

<.1 
<.1 < l I 

.- <I <.1 
- 0.4 0.5 0.7 <.1 0.1 0.1 0.1 0.3 0.3 0.3 

31.5 40.3 39.9 42.8 49.8 51.8 44.8 54.5 51.5 43.3 54.7 
. 0.1 0.4 - . 0.3 0.5 0.2 4.1 14.7.  

8.0 7.0 5.1 5.8 9.3 10.0 13.0 8.3 9.4 11.2 8.3 3.0 
33.0 - 0.5 0.2 - - - -

. 0.3 <.1 - . 2.5 0.3 <.1 <.1 
6.5 5.0 7.6 6.5 6.5 7.0 6.4 6.9 6.1 5.3 0.6 

- <1 01 <.1 - - <1 0.1 - <.1 <.1 
0.1 <.I 

<.1 0.5 0.1 <.I 0.2 0.3 0.3 0.5 <.1 <.I 
<.1 <.1 <.1 0.2 0.2 0.2 <.1 0.1 <.1 <.I 1.3 2.2 

<.1 <.1 0.2 <.I <.1 <1 0.2 <.1 <.I 

- <.I <.I 
<.I <.1 <.I <.1 <. <.I <I <.1 <.1 <.1 
0.1 0.2 0.1 <.I <.I 0.6 0.5 

- - - - - *<.1 

1.0 1.0 2.5 2.1 1.7 1.0 1.3 0.4 0.9 0.6 0.3 <.1 
<.I <.I <.I <.1 <.1 0.1 <.I 

0.1 <.1 
<.1 - - - <.1 

2.0 05 0.4 0.8 0.7 0.8 0.9 0.8 2.8 1.3 2.4 3.3 
0.3 <.1 <.1 0.1 <.1 

<.1 - - <.1 <.I 

0.5 0.5 0.3 0.4 0.5 1.3 0.8 0.6 1.1 0.3 0.6 1.5

* * -- * * * 01 
<.1 
0.4 0.9 2.3 0.4 0.9 0.3 0.5 1.0 1.5 0.4 

<.1 
<.1 0.3 <.1 <.1 <.1 0.3 

- -<.1 

46.1 42.9 50.6 47.3 46.1 36.8 47.0 39.3 37.0 36.4 
<.1 
<.I <.1 <.1 

0.1 0.3 <.I <.I <.I <1 <.I <.I <.1 0.3 

3.0 1.4 0.3 0.6 <.1 0.8 1.0 <.1 0.4 

18.3 18.8 12.3 9.1 12.0 6.3 3.5 5.0 4.3 4.3 
0.1 0.4 1.4 1.8 3.6 1.3 1.8 0.8 0.9 
<.1 0.1 30 0.5 5.0 0.5 6.5 6.5 6.3 7.4 

- 0.1 -
<.1 <.I <.1 <.1 0.1 <I1 <.I <.1 
0.1 0.1 0.1 0.1 <.1 <.1 <.1 <.1 0.1 

24.4 14.6 2.5 1.8 0.4 * 0.5 <.1 
34.5 30.9 24.0 23.5 18.8 15.5 27.5 23.8 1.0 1.0 

0.4 0.4 2.0 0.6 0.8 1.0 1.5 0.3 0.8 0.6 
* -* - 0.3 

2.3 0.4 0.1 0.4 3.5 <.I <.1 <.1 

<.1 
<.I 

1.8 5.0 15.0 16.5 19.5 13.0 12.0 19.3 3.3 6.5 
<.1 

S - <.1 0.5 <.1 
0.9 1.8 2.6 1.8 2.8 1.5 50 1.8 3.5 5.0 

<.1 
<.1 <.1 <,I <.1 
<.I <.I 
0.4 0.1 <.I 0.1 <.1 0.3 <.1 <.I 

- - . 0.1 
<.I <1 <.1 <.1 <.1 <.I 
<I.1 <.1 <.1 <.1 <.1 <.1 < 

<1 0.6 3.0 3.4 2.8 3.0 2.5 7.5 105 

0.3 0.3 

< 01 <Ic 0.1 <.1 0.5 0.5 <I <.1 

1.8 4.0 <.1 <.1 <.1 <.1 <.1 <.I 

(continued)



Subtidal Line Contact - Annual Algal and Substrate Mean Abundance/7m2 - North Diablo Cove Station NDC 4 at -4m (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
#Stations * Suvey 1 I 4 5 3 3 4 4 4 6 4 3 ns a u . 4 4 4 4 4 2 I 2 2 4 

Covee Based on # of ontact Points (continued)

Neoptiloa dema 
Neptilota hypnoides 
Neaocystis luatkean 
Nienburgia andersoniana 
Non-coralline erust 
Opontiella califomica 
Osmundea spp.  
PhaeWhyta Ou.) 
Phycodys spp.  
Phyllospadx app.  
Pikes robusta 
Polynea latissuna 
Priontis australia 
Prionitis $pp.  
Ptemchondria woodii vat. woodii 
PtReocladia caloglassoides 
Ptersiphmoia dendroidea 
Ptxygopbora califomica 
Rhodophyta (juv. blades) 
Rhodoptilum plumnosm 
Rholeyniea a pp.  
Sareodiothmc pudchaudn 
Sargassum inuticuen 

Sp-&--iopliaAeriphoWi-eompex 
UNva/nerm-oipha app.  
corallhne mnist 
filarnirtous red algae-comnplex

- 0.1 <I <.1 0.2 0.1 <.1 0.1 <.1 0.1 
<.1 <.1 
0.5 <.1 <1 <.! <1 <1 <.1 

2.5 3.0 1.3 1.5 0.2 0.5 <.1 <.1 0.6 0.8 2.3 1.7 
1.5 <.1 - 0.3 <.1 0.3 0.3 0.3 0.3 0.3 <.1 0.2 
<.1 <.1 0.5 0.8 0.5 0.3 0.4 0.1 0.4 0.6 1.5 2.5 

<,I 

<1 <1 <.1 

0.1 <I 
* 1.0 3.1 0.9 1.2 1.2 1.1 2.5 2.5 0.9 0.1 0.5 

1.5 2.0 0.6 - 0.5 0.9 0.6 0.3 0.3 . 0.5 
0.5 0.5 2.3 1.8 1.7 1.7 0.9 0.8 2.0 2.0 5.3 8.7 

-- - <1 
0.5 5.0 0.9 0.2 <.1 <I 0.3 <.1 <.I <.1 <1 <1 
1.0 <.I 0.1 <.1 - - . <1 <.1 
2.0 1.6 2.8 1.8 23 1.4 1.3 2.8 1.9 0.5 <.1 
1.0 0.5 0.5 0.5 . 0.4 <1 

<1 <1 
6.0 1.9 1.5 1.8 2.5 4.5 4.9 4.5 3.8 7.8 7.5 
1.5 < 1 0.1 <.1 <.1 <I 0.1 <.I 0.2 0.1 1.2 

<.I - 0.4 <1 <.1 

1.5 0.1 <.I <1 <.I <.1 0.8 <I <1 0.1 <.I 
52.5 60.5 67.8 65.3 61.7 60.0 62.6 52.6 68.3 56.7 67.8 70.0 
6.5 5.0 0.4 0.6 <.1 <1 <1 0.9 0.1 <1 <1 <.1

C

<.1 0.4 0.3 4.3 2.0 0.8 3.0 2.0 - 0.5 
1.8 1.9 1.4 0.6 0.5 1.3 - <.1 0.5 0.3 
0. <.I - - -
7.5 6.4 1.1 0.1 <1 0.3 3.5 0.5 - <.  

0.1 0.1 <.1 0. <.1 <.1 <.1 - <.1 
0.8 2.0 2.3 0.8 1.0 1.8 0.3 0.3 0.6 

19.6 19.0 16.5 16.8 15.1 8.0 8.5 4.3 7.5 9.8 

<.I <1 <.1 1.5 
<.I <1 <.1 0.1 0.4 0.5 4.5 0.3 0.5 0.3 
0.1 <.1 <.1 

IZO 12.3 14.9 14.3 9.6 8.5 5.5 5.5 5,0 4.5 
0.4 0.1 <I <I <.1 - - < I 

0.3 <.1 - <.1 <.1 <.I 
< <.1 <.I <.I 

<.1 
<1 <.1 0.1 0.1 <1 <.I <1 <.1 <. 

63.9 61.1 51.6 47.1 45.1 50.3 58.0 39.3 34.8 40.1 
0.3 0.5 0.6 1.8 3.0 3.8 - 4.3 28 0.5

C C



C. C. C
Subtidal Line Contact - Annual Algal and Substrate Mean Abundance/7m 2 - South Diablo Cove Station SDC 2 at -3m

Year 1976 1977 1978 1979 1980 1981 192 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1991 1999 
0 Stations 0 Surveys 1 3 5 6 6 4 4 5 6 6 5 5 4 4 4 4 4 4 4 2 2 2 2 4

Covgm Based on N of Contact Points 

Ahinfeltiopais leptophylla 
Ahnfeltiopsi lInearis 
Amplisiphonia pacifica 
Antithamnion/Platythnmnion spp.-complex 
Botryocladia pseudodichotoma 
Blyopsis spp.  
CalliaillarorBossiella spp.-complex 
Callithamnici pikeanum 
Callithamnion spp./Pleonosporium spp.  
Callophyllis firma 
Callophyllis flabellulata 
Callophyllis spp.  
Chondracanthus canaliculatus 
Chondracmithu corymbifeau 
Chondracandita haveyanus/apinosa 
Chondria decipiea 
Chryophyta unid.  
Cladophora app, 
Coilodesme califomica 
Colpomenia app..  
Corallina officinalis 
"CryIopleura rmprechtina 
ciyptopleura violacea 
Cystocira omundacea 
Delesseriaceae (juv.) 
Derbeaia marina (filamentous) 
Desmareatia spp.  
Dictyoneurumn califomicum 
Egregia menzieaii 
Endarachne/Petalonia-complex 
ErythrVhyllum delesaerioides 
Farlowia/Pikea spp.-complex 
Gastroclonium subarticulatum 
Gelidium robustum 
Gelidium spp.  
Grailariopsia lemaneiformis 
-rateloupia doryhora 

Halicystia ovalis 
Halymenia/Schizymenia spp.-complex 
Haplogloia anderaonii 
Hymenena spp.  
Laminaria setchellii 
Lamunariales 
Macrocystis spp.  
Mazzaefla lilacina 
Mazzaella rosea

0.7 <.I <.I <.I <.1 <.1 <.I <,I <,1 0.1 0.5 <I.! <! <I.1 <,1 <.1 0.1 
- <.1 0.3 <.1 0.4 1.1 2.6 3.1 1.3 1.9 1.3 1.3 2.9 6.5 3.5 <1 0.8 2.5 0.4 

<.1 
0.3 <.1 <1 <.1 <.1 <.1 <.i <.I <.I <.1 <.I <.1 <.1 <.1 <.1 <.1 0.3 <I.1 

- - -.....,- - . - - - - - 0.1 
<.I <.I <.1 

40.5 41.2 33.4 39.3 36.4 29.4 33.1 21.5 17.6 18.5 11.0 16.8 15.9 22.3 22.3 34.6 24.4 22.5 248 16.5 19.5 15.5 11.0 10.4 
<.1 

<.1 <.1 <.1 
- <.I <.I <.1 0.1 <-I <.I <.1 0.1 0.2 <,I <.1 <.I <.1 <.1 <I1 0.3 <.1 0.5 0.8 0.6 1.4 0.1 0.1 <.1 <,1 <I1 <I1 0.5 

0.5 1.8 0.1 0.3 0.2 0.1 <.I <.1 <.1 0.2 0.6 0.1 1.0 1.5 0.1 2.0 0.4 0.1 0.1 <.1 
<.I 0.1 <.1- <.1 <.1 

1.0 0.2 <.1 2.3 1.8 1.1 1.8 1.5 4.9 11.2 6.5 18.7 21.9 14.9 16.8 12.0 8.3 9.5 11.5 8.8 5.8 1.3 0.8 3.9 
- - <.1 <.1 0.1 0.3 0.3 0.9 0.5 2.3 7.9 1.6 7.3 4.3 0.8 5.5 7.3 10.0 6.0 2.3 <.1 1.3 

<.1 
<.1 1. 3.3 <.1 <.1 0.1 0.1 0.3 2.6 3.6 0.8 0.5 1.0 21.3 31.4 

- <.1I 
. <.I 

<.1 <.1 - <.1 <.1 <.1 01 <.1 - - <.1 0.1 
3.0 2.5 6.3 5.7 5.2 2.5 3.8 1.6 3.4 3.1 0.6 1.7 0.5 <.1 0.5 2.6 0.6 2.4 2.5 4.5 1.3 1.5 1.0 1.6 

- 11.3 12.4 28.3 25.9 196 23.6 12.3 19.0 45.3 18.9 13.8 13.1 20.9 10.3 12.1 2.5 <.1 0.1 - - 0.1 
- 0.4 0.5 0.8 0.3 0.8 0.4 1.0 3.6 5.0 15.6 33.0 25.1 37.3 34.4 45.9 45.0 0.5 1.3 43.5 41.0 . 1.9 

3.5 3.5 4.3 3.1 3.7 3.0 3.0 2.5 0.4 <.1 0.2 <.1 - <.1 0.1 2.4 2.3 6.0 4.5 43 2.5 1.8 0.5 1.9 
7.5 0.2 - - - < - - - <.1 - - -

<.1 
3.0 7.2 31.2 6.3 15.3 12.4 11.1 46.0 17.1 6.9 0.1 0.4 <.I 0.8 <.I <.1 0.3 <.1 <.1 0.1 
<.1 
<.1 <.1 0.2 <.1 0.1 <.1 0.1 

-- - 0.4 
- <.I 0.2 <.I <I1 

<.1 0.1 0.3 <.1 0.1 0.3 <.1 0.5 1.0 1.1 1.5 1.6 2.9 0.9 1.0 4.3 6.9 1.9 0.3 9.3 8.8 <.1 0.4 
<1 <.1 <.1 - <.1 <.1 0.1 . 0.6 1.8 1.1 0.4 0.1 0.1 

0.7 0.2 0.2 0.3 <1 0.1 <.1 <.1 <.1 0.1 0.2 0.5 0.5 1.6 1.5 2.4 1.6 3.6 1.8 1.0 0.8 1.0 1.8 
<.1 - <.1 0.2 <.1 0.1 0.1 0.1 0.1 1.1 0.9 1.9 3.9 2.8 3.5 6.0 5.8 5.4 

<1 - <.1 
0.1 0.3 

<.I <.I <.1 <.I <.1 <.I <.I <.I <.I <.I <.I 
0.2 0.2 <.1 <.1 0.9 0.7 <.1 <.1 4.4 2.1 0.1 0.1 0.3 

<.1 
0.2 - 0.1 

<.1 0.3 0.5 0.8 0.3 0.6 0.4 0.3 0.3 0.2 <.1 <.1 <.1 <.1 -<I 
0.7 0.2 <. <.1 <.1 <.1 <.1 <. <.1 <1 <1 <. 1 *.<.1 <.1 <.1 <1 - <.1 <.1 

- - - - - - - - - 1.9 5.4 9.1 6.8 5.3 3.8 10.8 5.9 
<.1 0.6 1.7 0.5 0.6 0.6 0.6 1.1 4.6 1.7 8.9 6.0 3.9 2.5 1.3 <.1 - 0.1 - -

<.I <I <.I <.I <.I 0.5 0.8 <.I <.I <.I <.1 <.I 0.3 <.1 <.1 <.I

(continued)



Subtidal Line Contact - Annual Algal and Substrate Mean Abundance/7n12 - South Diablo Cove Station SDC 2 at -3m (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 1 3 5 6 6 4 4 5 6 6 5 5 4 4 4 4 4 4 4 2 2 2 2 4 

Coveraaa Based on N of Contact Points (continued'

Melobesia mediocris 
Microcladia borealis 
Microcladia coulteri 
Neoptilota densa 
Nereocystis luctkeana 
Nienburgia andersoniana 
Non-coraline crust 
Opuntiella califarnica 
Osmundea spp.  
Phacophyta auv.) 
Plaeostrophion iregulare 
Phy-odys app.  
Phyllospadix 3pp.  
Pikes robusta 
Plocamium cartilagineum 
Poiynera latisanna 
Pophyrsa spp.  
Prionitis australis 
Prionitis spp.  
PtemochondrAia woodii var. woodii 
Pteroladia caloglssoides 
Pteosiplonia dendroidea 
Nerypphom califomica 
Rhodophyta (uv. blads) 
lthodoptilum plumosum 
Rhodymenia spp.  
Sarcodiotheca"udibaudii 
Sar•assum muticwan 
Scinaia confusa 
Smutlora naiadum 
Spongona•rpa/Acrosiphonia-complex 
Ulva/Enterorpha spp.  
coagline crust 
filamentous red algae-complex

C

* <I <.I <.I <.I <1 <.1 <.1 
. <.I 

<.1 0.1 0.8 0.3 1.0 1.6 0.3 2.2 4.3 1.3 4.6 7.0 4.4 0.3 1.5 < . <.I <.I <.1 
- <. - <. - <. - <.  

0.3 <.1 0.4 0.3 <.1 < - -

- - <.1 <.1 2.0 3.6 6.9 1.1 3.5 33.0 14.0 <.I 
1.5 1.7 2.0 3.3 1.4 0.8 2.3 0.8 4.1 4.5 0.8 8.3 8.9 8.5 9.8 5.5 7.0 1.8 3.6 0.5 1.5 1.5 0.3 0.1 

-<.I <.< 0.1 <. - - - -
0.7 <.I 1.7 0.4 1.1 0.8 0.4 1.3 10.0 26 3.6 7.8 19.9 8.0 6.4 3.0 0.3 <.I <.1 <.1 0.3 

-- <1 
<.I 

*~~ I . - - - - < * - - -* <.31- - - - - <.1 

0.5 3.8 4.2 3.6 4.1 4.4 4.4 1.8 0.3 
<.1 - - <1 <.1 <.1 < I <.1 < I <.I 

<.I - <.1 I < I . <I <.I <.I <.I 0.3 
0.3 <.I <.I <.I <.I 0.1 <.I <.I <.I <.I <.I < II 

<.I - <.I <.1 <.I 
<.I - <.I 0.3 <.1 0.3 <.1 <.1 0.1 0.1 0.9 1< 1.2 0.9 0.4 0.4 0.5 - 0.3 0.5 1.9 

1.0 0.2 0.5 0.5 0.8 0.6 1.4 1.0 2.8 3.1 6.9 6.6 16.3 19.0 23.0 22.0 13.0 10.4 19.1 13.5 12.5 4.8 10.3 11.9 
- - - 0.1 - - - - -

<.1 <.1 <.I 
<.1 - <. <1 <.1 <.I <.I <.I <.1 <.I <.1 <.I 0.5 3.0 2.3 3.0 

6.0 4.8 2.4 3.9 1.9 1.4 2.6 3.2 1.3 1.0 0.4 <.I <.I <1 0.1 <.I , <.1 <1 <.I 
- 0.3 0.4 - 0.1 <1 -

<.1 <.1 0.6 0.4 <.1 1.0 0.5 0.4 0.3 0.6 1.3 1.9 25 7.3 5.4 6.4 8.0 10.1 10.8 4.0 5.5 6.5 10.6 

<.I 0.3 0.3 0.3 0.8 0.1 0.9 2.2 1.2 4.9 5.3 1.8 2.3 1.0 <.1 0.1 - 0.3 <I <I1 
<.I 

<.I <.I <.I <.1 -1<.<<.1< 11 < I <. <.  
<.I 0.6 <1 -

1 .0 * - - - <.I - - -

2.5 2.2 2.2 2.9 2.8 0.3 1.3 0.4 20.0 19.6 <.I <.I 0.5 <.I <11 <11 <I <I <.1 <.1 <.I <.I <.I <.I 
35.5 36.3 35.5 43.8 34.5 20.5 36.8 27.9 47.8 57.9 21.2 64.0 54.1 61.5 48.0 55.3 58.3 44.5 38.8 34.8 40.5 44.3 36.8 24.3 

- - <. <.I 0.2 <.1 0.3 1.0 0.3 <.I 0.1 0.1 0.1 <.1 0.1 0.5 0.9 4.3 - - 0.5 0.3

C- C



C. ( (
Subtidal Line Contact - Annual Algal and Substrate Mean Abundance/7m 2

- South Diablo Cove Station SDC 3 at -4m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 198 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations * Swuveys I 3 5 6 6 3 6 3 6 6 4 5 ns ns 4 4 4 4 4 2 I 2 2 4

6_. Based on # of Contaf Points 

Acroaorium uncinatum 
Ahnfeltiopsis leptophylla 
Ahnfeltiopsis linearis 
Amplisiphonia pacifica 
Antitharnmion/Platythanmion spp.-complex 
Bfyopsis spp.  
CalliarthrmBoasiella ap.-complex 
Callophyllis firma 
Callophyllis flabellulata 
Callophyllis spp.  
Chondracanthus analiculatus 
Chondrcanthus corymbifenis 
Chondracanthus hmvcywa/npinoaus 
Claysophyta wed.  
Cladophor app.  
Clathan-opwun pucurn 
Coilodeame californica 
Colpomenia spp.  
Corallina officinalis 
Ca"Iyptoleura prechtiana 
Cryptopleua violacca 
Cyatoacira ownunamdae 
Delesseria decipiem 
Delesserisceme (juv.) 
Desmarestia spp.  
Dietyata buiejwmat 
Egregia nwnzicxii 
Eydtophyllwn delesserioides 
Farlowia/Pikea spp.-complex 
Gastroclonium subarticulatum 
Oelidium coulteri 
Uelidium robustum 
Gelidium spp.  
Gloiosiphonia californica 
Halicystis ovalis 
Halymenia/Sdizymenia spp..complex 
Hymenea spp.  
Laimmia setchellii 
Laminaniales 
Macroystis app.  
Mazzaella lilacina 
"Mazzaella rosea 
Membmanoptera/Brunchioglossum spp.  
Microcladia coultei 
Neoptilota denas 
Nereocystis luetkeana

- -- -<.1 <.1 

-- <.I <.1 0.1 

<.1 <.1 <.1 <.1 <I 
<.1 <.1 

30.5 37.2 31.5 30.0 29.5 43.7 48.2 45.8 37.3 34.1 35.4 25.6 
-- <1 <.1 <.1 

- <.I 0.2 0.3 0.2 0.2 1.1 0.2 <.1 0.4 <.I 0.1 
- 0.7 0.2 0.2 <.I 1.2 1.1 0.5 0.4 0.9 1.4 1.1 

<1 <.1 
0.3 <.1 0.7 -1.3 4.8 9.1 9.6 9.5 

<.1 
10.0 3.8 

<.I <.I 
<.I 

<.I 
<.1 <.1 

<.I 0.3 - <1 0.2 0.4 0.3 <.1 <.I 0.1 0.4 
4.7 6.0 8.3 11.3 23.8 31.0 35.5 35.2 70.3 41.1 61.7 
0.2 <.I <.I <.I <.I 0.2 0.4 0.5 1.4 27.9 

1.0 0.2 0.7 0.3 0.7 1.2 2.8 2.8 2.3 0.3 0.1 1.0 

6.0 1.3 <.1 <.1 <I1 
. 1.0 . 1.6 0.8 1.3 18.3 6.3 1.3 39.5 
S <.1 <.1 <.1 0.2 <.1 0.2 <.1 <.1 0.2 

1<.1 
- - * - ~<.1 - -

<1 <.1 <.1 <.1 <.1 0.2 <.1 <.1 1.2 0.3 0.3 

0.5 
<.1 <.1 <.1 <.1 <.1 <.1 

0.1 
<.I <.I <.I <.1 <.I <.I <.I <.1 
<.I <. 0.2 <.I <.I <.I 

0.7 0.5 0.4 0.2 0.7 1.5 0.4 0.2 <.I 0.1 
<.1 <.I <.I - 0.3 - 0.1 

<1 - <.1 <.1 <.1 <.1 0.2 0.3 0.4 1.7 
.- < <.I 0.2 

<.I <.1 <.I 
<.1 <.I <.I <.I <.I 0.3 0.7 <.1 0.1 

<.I <.I <.I <A. 0.2 <.1

0.5 <.1 

0.1 0.1 0.1 0.6 2.0 2.3 1.5 <.1 1.8 1.5 

<.1 <.1 <.1 <.1 3.5 0.3 0.5 0.5 
<.1 

22.8 18.4 24.8 27.6 26.5 33.8 39.0 34.3 35.5 29.4 
<.I <I - - <.I <I - - - <.I 
<.1 0.4 0.9 0.8 <1 1.0 <.1 <.1 <.1 0.1 
1.3 3.8 3.1 0.9 0.3 <.1 

<I1 
12.9 14.6 16.3 15.8 11.1 11.5 3.5 2.0 2.5 2.5 

- - -- 0.3 -
<.1 <1 <.1 1.1 1.0 3.5 12.0 1.8 7.1 

- <.1 <.1 0.3 - < 

<.1 <I 0.3 0.1 0.1 <.1 <.1 0.8 0.3 <.I 
59.9 56.0 43.4 39.9 12.6 3.5 1.0 - -

1.0 0.6 3.0 3.9 0.1 <1 0.5 4.3 <1 <1 
1.0 1.1 1.5 2.3 1.6 3.3 2.5 1.0 0.3 0.6 

<.1 
9.5 <.1 0.3 0.3 <.1 1.3 <.1 <.1 <.1 
<.1 <.1 <1 <.1 

0.1 

0.5 0.1 1.6 3.3 2.5 0.8 5.0 0.5 <.1 <.1 
<.1 

0.1 <.1 0.5 0.4 0.8 0.5 1.0 1.8 1.3 1.0 
<.1 <.1 <.1 <.1 <.1 <.1 <.1 <.1 

<.1 <.1 <.1 <.1 <.1 <.1 <.1 
<.1 <.1 I 

<.1 
0.1 0.3 1.4 0.3 0.8 0.3 0.5 <.1 <.1 
<.1 <1 <.1 <.1 <I 0.3 0.5 <.1 <.1 

S <.1 2.3 8.3 5.0 6.0 15.8 8.3 5.1 
1.8 1.5 1.4 2.3 0.4 <.1 

S <.I <.I <.I 
<.I 
<.I <.I <.I <.I <A <.I 
<.1 <.I <I.  

<I <.1

(continued)



Subtidal Line Contact - Annual Algal and Substrate Mean Abundance/7m2 - South Diablo Cove Station SDC 3 at -4m (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations * Swuveys I 3 5 6 6 3 6 3 6 6 4 5 ns ns 4 4 4 4 4 2 I 2 2 4 

Coverae Based on # of Contact Points (continued)

Nienbiugia andersoniana 
Non-coralline aust 
Opunella califomica 
Osmundea spp.  
PhacophYA (jG.) 
Phaco&opon uregulare 

Phyc-day spp.  
Phyllopadix spp.  
PikeA robusta 
Plocaumwn ca'tilaginemn 
Polyneura latissima 
PcOwhyra pp.  
Priontia australis 
Prionitis spp.  
Pteroladia cadoglossoidea 
Pterosiphonia dendroidea 
Pteaygophora califomica 
Rhodophyt (juv. blades) 
Rhodoptilumplumosum 
Rodymenia spp.  
Sarcodiotheca gaudwbudmi 
Scinaia confusa 
SpongowAnopha/Acros~iphia-corsiplex 
UIva/Enteonsoapha app.  
Weeksia app.  
cralline rust 
fialaentow red ale-omplex

1.0 0.8 0.5 0.4 <.I 0.2 0.4 <.I 0.5 0.3 0.3 1.6 
S <I <.I 0.2 <.I <.I 0.2 0.3 <.I 0.1 

0.2 <.I <.I 0.3 <.1 0.2 1.7 2.0 2.4 
< I 
<I * 

<.I 
1.0 

<.I <.I <.I <.I <.I 
<.1 <.1 <1 

0.2 0.3 0.6 1.4 1.8 2.5 6.3 1.5 0.5 0.3 1.4 
<.1 

<.1 <1 <.1 
- <.I <.I <.I <I 0.1 

1.0 - <I <.I <I 0.2 <I <.I <.I <.I <.I <.I 
- 0.7 <I 0.3 <I 0.2 <1 <.I <.I <.1 <.I 0.2 

12.5 8.7 9.4 6.9 4.9 4.5 3.6 0.8 1.1 0.3 0.4 0.8 
0.2 - <1 <.I <.I 

- <.1 - <1 <.1 <.1 
0.2 <.1 0.4 0.3 <.1 0.8 1.8 0.7 <.I 0.3 0.9 

- <.1 <1 <.1 0.3 
<1 - <.1 

0.2 <.1 
0.5 <.1 <I <.1 <1 <.1 9.2 2.0 <.1 

- <.I <I <.I 
53.5 61.8 73.1 67.5 73.4 72.8 72.0 72.0 69.8 76.3 79.4 86.2 

- 1.0 0.2 <.1 <.1 0.3 0.6 1.2 0.5 <.1 <.I <.1

C

. 0.4 0.6 1.0 0.5 * <1 - <.1 
0.4 1.6 1.6 1.1 1.4 0.5 2.0 3.5 1.8 1.4 
<.I <I - <.I 
0.8 2.0 2.9 1.1 <.I 

--- <.1 -

* <.! <.1 -

<.I 0.1 0.4 <.I <. -I 

0.6 0.6 0.1 <.I 1.4 - - 0.6 
0.4 2.0 21 2.5 3.4 2.5 25 0.5 3.5 2.3 
<.1 <.1 
0.1 <1 <I 0.1 <.1 0.3 1.5 0.5 <.1 3.5 
0.8 2.9 2.4 2.4 1.5 3.0 0.5 0.5 <.1 <.1 

S 0. <.1I 
<.I <.I <.I <.I 

2.9 1.6 6.0 7.6 10.9 11.0 10.5 5.5 7.8 5.8 
<I1 <.I 0.1 <.1 - - - -

<1 <.1 <.1 <.I <.1 

<.1 <.1 I <.1 <.1 <.1 <.1 

78.8 75.4 75.1 69.4 62.3 53.8 52.0 60.3 55.0 57.5 
<.1 0.1 0.1 0.3 1.5 40 0.5 - 03 2.4

C- C-



C. ( (-.

Subtidal Line Contact - Annual Algal and Substrate Mean Abundance/7m 2 - South Control Station SC I at -3m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations Survey I 2 .3 4 3 3 3 3 3 5 2 3 3 4 4 3 4 3 4 2 2 I 2 4

COMM Bmed on N of Contact Points 

Ahnfeltiopsis leptophylla 
Ahnfeltiopsis linearis 
Antithamnion/Platythaznion spp.-complex 
Blyopsis spp.  
CallimhuoniBossiella spp.-complex 
Callophyllis firma 
Callophyllis flabellulata 
Callophyllis spp.  
Chondracmthus camliculatus 
Chondrcathus corywbiferus 
Chondracathus hIveymus/spinonis 
Chrysophyta unid 
Corallina officinalis 
Corallina vancouveriensis 
Cryptopleua nxpechtimana 
Cryptopleura violacea 
Cystoseira osmundacca 
Delesseria decipiens 
Delesseriscese (juv.) 
Desmarestia spp.  
Dictyoneunan califomicum 
Egregwa meoziesii 
Ey*t llun delesserioides 
Farlowia/Pikea spp.-complex 
Gastroclonium subarticulatum 
Gelidium robusturn 
Gelidium spp.  
Halicystis ovalis 
HalymeniatSduizymenia spp.-complex 
Haplogloia andersonii 
Laminmia setchellii 
Laminariles 
Mazzaella affinis 
Mazzaella lilacina 
Mazzuella roses 
Melobesia mediocris 
Memntnnoptera/Brmchioglossum spp.  
Microcladia boealis 
Microcladia coulteri 
Neoptilota densa 
Nereocystis luetkeana 
Nienburgia andeaoniana 
Non-coralline crust 
Osmunde sapp.  

ph"" (uv.) 
Phyllospadix spp.

68.0 

1.5 

18.5 

3.0 

24.5 
1.0 

9.0 

<.1 

2.0 
0.5 

4.0 

1.5 

0.5 
3.5 

2.0

<.1 <.1 
* - 0.1 

64.3 58.2 62.5 56.3 63.8 

0.8 0.2 <.1 <.1 0.3 
1.3 1.2 1.1 0.8 1.8 

23.3 20.3 25.0 21.7 23.7 
- 0.2 0.3 <.1 <.1 

<.1 
1.5 1.2 1.3 1.5 1.2 

. 0.1 
27.5 27.8 38.8 19.3 36.8 

- 0.3 0.4 - 0.2 
0.5 0.2 0.3 <I 1.2 

5.0 - <.1 
23.0 1.2 0.3 1.7 

3.8 3.3 4.4 0.3 0.5 

- <.I <.I 
<.1 0.7 0.3 0.5 <.1 

0.3 0.2 0.3 0.2 0.2 

<.1 <.1 
0.3 <.1 <.1 0.7 <.1 

- <.1 
0.5 2.5 2.8 3.2 3.7 

- <.1 0.1 0.2 <.1 

- 0.5 
2.0 3.7 0.9 3.2 1.7 

- - 0.3 - <.1 
<.1 <.1 <.1 

<.1 
6.0 2.7 2.1 0.5 1.0 
<A - <.1 <.I 0.3 

- 0.2 0.3 <.1 0.3

0.8 -1.3 
1.8 0.8 

2.5 0.7

0.3 1.7 
0.9 0.7 

2.3 1.5

<.1 
0.8 

0.2

<.! 

70.5 
<.1 
1.2 
2.8 

18.5 
0.2 

2.2 

33.5 
0.7 
<.I 

<1 
0.8 

0.3 

0.3 

0.2 

5.7 
<.1 

2.3 
0.2 
<.I 

0.5 
<.1 
<.1 

1.3 
1.0 

0.2

<.1 

32.2 
<.1 
0.2 
0.3 

22.8 
0.2 
1.3 
2.3 

10.0 
0.5 
0.2 

3.3 

<1 
0.3 
0.2 
<.0 

12.7 

1.3 
0.2 

8.7 
1.2 

<.1 

4.7 

<.1 

1.3 
<.1 

0.2

<.1 
<.1 

37.5 
<.1 
0.2 
0.7 
<.1 

26.7 
2.0 

1.2 

25.0 
3.2 
0.2 

0.7 

0.2 
1.2 
<.1 
<.1 

0.7 

4.5 
<.1 

8.2 
0.3 

2.7 

1.7 
6.5 

<1

<.1 
<.1 

44.1 

0.3 
1.6 

27.8 
<.1 

0.8 

28.2 
1.5 
0.4 

0.1 

<I 

0.8 
0.2 
<.I 

5.7 
<.I 

2.2 

<.I 

0.2 
<I 
<.I 

0.9 
16.1 

0.1

<.1 

<.1 
34.3 
<.1 
0.5 
2.3 

23.0 

3.3 
1.8 

25.0 
1.8 
<.1 
<.1 

13.8 

< I 

0.3 
<.1 
<1 

0.3 

6.0 
1.5 

7.3 

<.1 

0.8 
<.1 
<.1 

1.8 
2.5 

0.5

0.3 

42.7 35.0 
0.7 <.1 
<.1 0.3 
3.2 3.3 

17.2 20.7 

- 0.5 
0.2 1.8 

39.3 31.2 
3.7 1.8 
0.7 0.7 

* <.1 

0.5 12.8 

0.2 <.1 
<.1 0.3 
1.2 0.2 
0.2 
0.2 <.I 

0.2 

7.5 3.2 
0.2 0.8 

4.2 2.3 
<.I <.1 

1.0 2.2 
<.1 <.1 
0.2 0.8 

0.7 2.3 
4.2 4.8 

0.2 <.1

<.1 

40.8 
<.1 
0.4 
5.8 

17.0 

<.1 
2.0 

29.6 

1.4 
<.1 

3.0 

<.1 
0.1 
0.1 
<1 
0.6 

<.1 

6.0 
0.5 

0.4 
0.1 

0.9 

0.3 

2.4 
4.1 
<.1 
<.1

<.1 

41.8 
<.I 
<1 
7.8 

17.1 

<.I 
1.9 

35.1 
0.3 
2.9 
<.1 

1.0 

<.1 
<.I 
<.I 
0.4 

<.I 

4.8 
<.1 

0.4 
<.I 

0.8 

1.0 
2.1 

<.I

47.0 
<.1 
0.2 
4.5 

17.5 

0.8 

37.8 

3.7 
0.2 

1.2 

<.1 
<I 
<.1 
0.8 

0.3 

6.0 
<.1 

1.8 
0.3 

0.3 
0.2 
<.1 

1.3 
2.8

<.1 
<.1 

45.0 
<.1 
0.4 
4.0 

22.9 

0.9 

42.9 
0.3 
6.5 
<.1 

0.1 

<.1 
<.1 

0.9 

0.3 

3.6 
<.1 

5.0 
<.I 

1.4 

<.1 
<.1 
1.1 
3.5

0.2 
0.2 0.3 

46.5 45.3 
S <.1 

0.2 <.1 
3.5 3.3 

21.7 27.0 
<.1 

0.7 0.5 

49.0 50.9 
0.2 
5.8 9.0 

0.5 0.6 
<.1 

<.1 0.5 
- <.1 

1.2 1.5 

2.5 1.9 
<.1 

3.0 2.4 
<.1 

<.1 2.0 
<.1 
<.I <.1

<.1 

34.8 
<.1 
<.1 
1.3 

26.0 
<.1 

0.5 

15.8 
0.5 

11.3 
<.I 

10.8 
<.1 

<1 
<.1 
<.1 
2.0 

2.3 

1.3 
<.1 

8.0 
2.3 

3.0 
<.1 
0.5 
<.1 

.1.0 
1.5

0.5 

48.0 
<.I 
0.3 
1.8 

29.8 

0.3 

23.5 
0.3 
6.5 
0.3 

0.8 
<.1 
0.3 

1.3 
1.3 
1.5 

<.1 

1.0 

3.3 
<.I 

5.8 
<.I 

1.0 
<.1 
0.3 
<.I 
0.8 
3.5

0.5 <.I 

48.5 35.8 

<.1 
0.5 1.3 

14.0 22.0 

- <.1 

26.0 16.8 
- 0.3 

7.5 1.5 
<.I 

12.5 

0.3 
<.I 

<1 0.3 
0.5 <.1 
1.0 2.5 

<.1 
13.5 

6.5 1.3 
- 5.0 

7.0 9.8 
1.0 

0.5 1.0 

<.1 2.8 
<.I 

<.1 0.8 
1.5 0.3

0.1 

22.5 
<,1 
<.I 
0.1 

11.6 

0.1 

21.1 
<.I 
0.8 

<.I 
<I 
<.I 
<.I 
0.8 
<.I 

1.9 
<.I 

1.6 
0.3 

0.6 

0.1 

0.1 
0.3

1.5 
3.7

0.9 
4.4

(continued)



Subtidal Line Contact - Annual Algal and Substrate Mean Abundance/7n 2 - South Control Station SC I at -3m (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys I 2 3 4 3 3 3 3 3 5 2 3 3 4 4 3 4 3 4 2 2 I 2 4 

Covrame Based on N of Contact Points (continuedj

Pikes robust& 
Polyncura laiasims 
Porphyra spp.  
Pram is austrais 
Prionits app.  
Pterocladia cAorjossoides 
Ptek iphonia dendroideA 
Ptayophor aifornica 
Rhodophy (Ouv blades) 
Rlodoptilum plumosum 
Rhodyneaia spp.  
Sarcodiothec gaudichaudii 
Scmnawa confizu 
Smithors naiadum 
UNIvaEnterxooaphas pp.  

rallme ecrust 
filamentous red ak&a.,npIex

<.1 

<.1 

<.1 

2.0 

3.5 
59.5 
0.5

0.5 

0.8 

1.3 
1.3 

0.3 
2.5 

48.3 
2.0

1.7 

<.1 
0.2 

1.3 
2.0 
<.1 

3.2 
51.8 

1.5

0.4 

1.8 

0.I 
0.1 

0.9 
1.1 

<.I 
1.4 

39.4 
0.4

0.2 

1.2 

0.2 
0.2 

<.1 
0.3 
<.1 

2.7 
53.8 
0.2

<.1 

1.5 

1.2 

0.7 
1.2 
<,I 

5.3 
47.3 
<I

<.I 

<1 
1.0 

1.5 
0.2 

1.2 
1.0 

0.3 
52.2 

0.5

0.2 
0.2 
0.2 
0.2 
2.7 

1.0 
0.8 
<.1 
1.0 
1.0 
0.5 

33.3 
55.5 
0.5

C

<1 
0.2 

2.5 
<1 

2.7 
0.7 

3.7 
0.7 

9.8 
56.5 
0.2

<.1 

2.8 

<1 
6.2 

2.0 
0.2 

0.2 
51.5 
<.1

0.3 

1.8 

8.3 
0.3 

2.5 
1.3 

3.8 
53.0 

0.3

0.3 1.5 
<I 

6.5 3.7 

<.1 
7.2 7.7 

* 0.2 

8.7 6.3 
0.7 0.3 

<.1 

1.7 2.3 
30.2 48.3 
< 1 <.1

0.4 

3.5 
<.1 

8.4 
<.1 

4.6 
0.8 
<.1 

0.9 
41.8 

0.1

0.6 

1.8 

<.1 
6.4 

<.I 
6.3 
<.1 

1.1 
42.8 

<.1

. <.1 
<.1 0.5 0.3 0.3 

<.1 <1 
1.2 0.6 1.0 1.4 

<.1 

4.2 4.3 2.3 2.9 

9.0 8.4 10.2 11.9 
0.3 <.1 0.3 0.3 
<.1 

0.7 <.1 0.2 <.I 
46.7 49.8 52.5 44.5 
<1 <. <.1 0.1

C

0.8 

1.0 

1.8 

<.1 
13.3 
0.5 
<.1 

<.1 
53.0 
<.1

1.8 

<.1 

1.0 

3.8 

17.5 
0.3 
<.1 

1.0 
47.0

1.8 

9.8 

2.5 

<.1 
8.3 

12.3 
0.3 
<.1 

4.3 
59.0

0.6 

<I1 
1.8 

12.5 

16.5 
<.1 

<.1 
41.8

1.0 

1.5 

9.0 

45.5 
<.1

C



Subtidal Line Contact - Annual Algal and Substrate Mean Abnndance/7m2 - South Control Station SC 2 at -6m 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations * Surveys I 2 3 4 2 3 4 3 3 5 3 3 nx m 4 3 4 3 4 2 ns ns m 3 

Coverage Based on # of Contact Points 

Antithummion/Platythanmion spp.-complex <1- . <1 <.1 - - - <.1 <1 <.1 
BIyopsis spp. - <I1 
Callirthron/Boasiella spp.-complex 18.0 24.0 26.8 28.1 41.0 40.5 46.9 38.3 44.7 46.0 38.8 39.3 42.3 48.0 45.9 45.0 46.0 43.8 33.3 

Callithamnion spp./Pleonospofium spp. - <.I -

Callophyllis fmma - - 0.2 <.I <.I 0.2 0.2 <.I <I <.I <.I <.I <.I <.1 

Callophyllis flabellulata 2.0 4.5 0.3 2.4 1.3 1.0 2.3 1.2 2.2 1.0 0.7 1.5 1.1 2.8 0.8 0.2 1.3 0.3 <.1 
Callophyllis spp. 5.5 8.8 8.8 9.9 10.8 7.7 7.4 1.5 3.8 6.6 4.7 8.3 9.0 8.0 8.6 8.7 8.8 6.5 1.2 
Chondracanthuscoymbifen3 7.5 11.0 22.7 30.3 32.5 22.7 26.6 15.2 28.0 24.0 19.5 17.3 17.9 21.2 20.0 26.0 25.5 22.8 20.8 
Chondracmthw hmveymus/spinosm - - - - 0.2 <.1 -I 
Chrysophyta unid. - 0.1 0.2 0.2 <.1 
Corallina oflicinalis 2.0 - 0.2 - - <. - <.1 - <.1 <.1 -

Cryptopleurantpechtiana - 22.5 21.7 29.0 30.0 25.5 28.8 9.7 15.7 22.3 27.7 40.7 32.6 36.0 37.0 47.5 43.3 365 53.0 
Cryptopleun violacea - <.1 0.3 0.1 - <1 <.1 < - - - <.1 0.1 <.1 
Cyaloairaonunndace 2.5 0.8 3.2 4.3 6.0 5.0 6.6 1.8 3.7 2.6 1.8 1.2 1.5 1.3 0.9 1.0 2.1 2.3 0.2 
Delesseriaceae (juv.) 12.5 - 2.5 1.8 0.3 - <.1 0.2 0.2 -

Desmarestia spp. 1.5 5.3 13.2 <.1 2.0 1.2 0.1 13.2 <I 0.5 7.0 0.5 3.3 2.8 0.5 0.8 

Dictyoqmneun califonicum 1.0 0.3 2.7 1.9 2.3 0.7 0.1 <.I <. - <.I <.I 

Dictyotabinghamiae - 0.8 . 0.7 0.5 0.8 0.3 0.4 <1 <.1 0.1 0.5 0.5 0.1 <.1 0.1 0.3 0.6 <.1 0.2 
Egregia menzsesii - - - <. I 
Erythophyllum delesserioides 1.0 3.0 1.1 1.5 0.8 0.9 0.7 0.5 0.2 0.7 <.1 0.1 0.2 0.3 1.0 1.1 0.5 0.7 

Fadowi/Pikea spp.-complex - <.1 0.6 <. - <1 <.1 <.1 <.1 <.1 <I <.1 <.1 <.1 <.1 <.1 <.1 0.3 

Fauchea laciniata <.1 - <.1 <.1 <.1 <.1 <.1 <.1 <.1 

Fryeelagadneri - -<1 <.1 - <1 <.1 <.1 <.1 

Oastroclonium subarticulatum <.1 <.1 

Gelidium robustum <.1 <.1 <1 <1 <.1 0.3 0.1 0.2 <.1 <.1 <.j <.1 <,1 0.1 
Halicystisovalis - <.1 <I .- -<.1 <.1 <.1 
Halyrmnia/Schizymenia spp.-complex 0.5 .1.0 1.3 0.3 0.8 0.3 0.7 0.3 <.1 0.5 <1 0.5 0.5 0.1 0.3 1.4 1.3 0.2 
Hy-onena spp. 0.2 <.1 - - 0.3 
Laminaria setchellii <.1 0.2 1.6 1.8 1.7 2.4 0.8 2.2 1.2 1.0 1.2 1.3 2.0 0.8 0.5 0.6 0.3 0.3 

Laminariales <.1 <.1 0.3 <.1 <I <.1 <.1 <.1 0.3 <.1 0.1 - <.1 <.1 
Maaella lilacina 5.0 5.8 7.2 2.1 2.8 1.7 1.1 0.3 0.7 0.4 0.3 0.3 0.2 <.1 0.7 0.5 1.0 2.3 

Mazzaella rosea - - - - <.1 <. <.1 - <.1 <. <.1 0.2 
MembranopteralBranchioglosusm spp. <I - <.I <.I - -I <.I 
Microcladia coulteri <.1 1.3 1.0 1.0 0.3 0.5 0.5 0.2 0.3 <.1 <.1 0.5 0.1 <.1 <.1 0.2 <.1 <.1 <.1 

Neoptilota dema 0.5 0.5 0.7 0.5 0.5 0.3 <.1 0.2 0.5 0.7 <.1 <.1 <.1 <.1 0.4 0.2 <.1 <.I 0.3 

Nereocystis luetkea - 0.3 <.1 < <.1 <.1 <.1 <.1 0.2 <.1 0.3 0.2 <.1 0.3 <.1 0.8 

Nienbugia andesoniam - - - <.I 
Non-eoralline crust 2.5 0.3 <.1 0.8 <.1 0.5 0.8 <.1 <.1 0.9 0.2 0.2 0.4 0.8 0.1 0.7 0.4 <.1 <.1 

Optmtiella califomica - 0.3 <.1 <.1 0.5 <.1 0.8 <1 0.2 0.3 0.5 0.5 0.3 0.2 0.1 <.1 <.1 0.3 <1 
Osmundea spp. 0.5 1.8 1.3 <.1 0.5 0.4 0.5 0.6 <.1 0.3 0.1 <.1 <.1 0.2 <.1 <.1 <.1 

Phaeophyta (6uv.) <.-- - - ....<1. ..... - - -

Phyodry spp. <.1 
Phyllospadix spp. <,I <. I 
Pikea robusta <.1 <.1 - <I <.1 0.3 <.1 
Polyneura latissima 12.5 21.2 71 3.5 4.5 2.3 7.5 5.0 1.4 1.8 8.5 56 4.5 3.8 4.2 2.5 7.0 3.2 

Porphyra spp. - - - <.1 <.1 <.1 - 03 

(continued)



Subtidal Line Contact - Annual Algal and Substrate Mean Abundance/7n 2 - South Control Station SC 2 at -6m (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 1 2 3 4 2 3 4 3 3 5 3 3 ns ns 4 3 4 3 4 2 ns FS rs 3 

Coveraec Based on # of Contact Points (continued) 
Prionitis spp. 0.5 0.3 0.5 0.5 0.3 0.5 0.1 0.2 0.2 0.2 0.2 <.1 <.1 <I <.1 <.I <.1 0.3 0.2 
Pterocladia caloglossoides 0.5 0.3 <.1 0.2 <.I <.I 
Pterosiphonia dendroidea 1.0 0.3 0.8 0.3 0.2 0.5 0.2 0.7 0.1 <.1 <.1 <. <.1 <.I 
Pteiyophom califomica - <.I .3 1.0 1.0 1.8 3.5 6.3 8.2 6.3 5.8 4.3 3.2 1.3 1.5 1.4 <.1 2.5 
Rhodopyta (juv. blades) 4.0 5.3 <.1 0.1 . < 1 0.5 <.1 - <. -
Rhodoptlmn plurnosun - 0.3 0.5 0.5 <.1 <.1 <.1 <.1 <.1 <.I <.I <.1 <.1 <.1 <.1 <.1 <.I 0.5 <.1 
Rhody-na spp. 0.3 0.7 0.5 <.1 <.1 0.8 0.2 0.3 2.2 2.3 5.2 4.6 7.8 8.3 12.2 13.8 8.0 17.2 
Saxcodiotheca gaudichaudii 0.8 0.2 0.1 0.3 <.1 0.1 <I - <. <.1 0.2 <.1 <.I <.I 0.2 <.I 0.3 <.I 
Schizqnenia cpiphytica - - <. I 
Scinaia onfusa - <.1 <.I <.1 <.1 <.1 0.2 <.1 <.I - <.I < <1 <.1 
Ulva/Entermon ah spp. 0.5 0.3 0.3 <.I <.1 <.1 <.1 1.7 0.2 <.1 <.1 <.I <.1 0.3 <.I <.1 <.1 <.I <.1 
Weeksai spp. - - - <. <. - 0.2 <.1 I <.1 <.1 0.1 <.1 
cerallineCrust 45.0 44.3 68.0 68.6 81.5 73.3 76.3 73.5 68.3 72.4 61.7 64.7 67.4 60.5 63.1 60.8 54.3 67.5 53.0 
filamentou red lgae.complex 19.0 22.5 9.2 2.8 <.1 0.5 <.1 4.5 1.3 <.1 0.2 0.2 <.i 0.2 0.1 <.2 <.2 0.3

C CE C
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Subtidal Line Contact - Annual Invertebrate Mean Abundance/7m 2 - Field's Cove Station FC I at -3m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations * Surveys ns ns ns ns ns Os ns s na ns ns ns 2 4 4 2 4 2 3 3 I I 4 4 

Coverage Based an # of Contact Points 

Biyozoa. unid. (encmusting) . 0.3 -
Phragmtopoma califomica - - 03 
Po'ifera tmid (encrusting) 0.1 0.5 0.8 0.1 
Sespulorbis squamigerus 0.3 
tunicates, colonial/social unid. 0.5 0.4 

Subtidal Line Contact - Annual Invertebrate Mean Abundance/7m 2 - North Diablo Cove Station NDC 2 at -3m 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Stations * S eys I 3 4 4 3 3 3 3 4 5 4 5 3 4 4 3 4 4 4 2 ns KU ns 3 

Coverage Based on 0 of Contact Points 

Anthozoa unid. 0.5 
Byozo,, unid. (encisting) 1.0 0.1 
Dodecaceria fewkesi -- 0.1 
Epiactis prolifera - 0.1 - -

Hydroida 0.5 -- - -

SPhragatopomacalifomica 0.1 - 0.3 1.7 2.4 0.3 - 08 
Porifera unid. (enenating) 0.2 - 0.2 
tunicate colonial/social unid. r- - 0.1 

Subtidal Line Contact - Annual Invertebrate Mean Abundance/7m 2 - North Diablo Cove Station NDC 3 at -3m 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Stations Suveys 1 3 4 4 3 3 3 4 4 5 5 4 3 4 4 4 4 4 4 2 2 2 2 4 

Covera Based on N of Contact Points 

Bryozom unid. (encmusting) - - - - - - 0.1 - - - -

Didenmwn/Trididemnum spp. 0.3 
Plvaijnatoporna californica 1.0 0.8 0.2 0.1 - 0.6 

Pista spp. - - - 0.1 
Porifet unid. (encrusting) 0. - 0.1 0.1 
Serpulorbis squamigens '- -0. - -

tunicates, colonial/social wnid. . . . 0.3 - - -"



Subtidal Line Contact - Annual Invertebrate Mean Abundance/7m 2- North Diablo Cove Station NDC 4 at -4m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 3992 1993 1994 1995 1996 1997 1998 1999 
# Stations Surveys 1 1 4 5 3 3 4 4 4 6 4 3 ma ma 4 4 4 4 4 2 I 2 2 4 

Coverae Based on # of Contact Points 

Abiet/Sertularella/Sertularia spp. 0.5 - - - - - - - - -
Anthopleura elegantissima 1.0 
Bryozoa, unid. (encrusting) 0.5 - 0.3 
DidemunwTrididemnum spp. 0.5 
Diopatra omata 0.1 
Phragnatopoma €alifomica 0.1 2.6 3.4 10.3 7.4 1.3 0.3 - - 0.3 7.5 16,5 23.1 
Ponifea unid. (encrusting) 3.5 - - - 0.3 - 0.3 
Seapularbis squamigerus - 0.1 
tuncates. coloiaI/aocial unL. 0.5 -

Subtidal Line Contact - Anuual Invertebrate Mean Abundance/m 2 - South Diablo Cove Station SDC 2 at -3m 

Year 1976 1977 .1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations *Surveys I 2 3 4 2 3 4 3 3 5 3 3 ns ma 4 3 4 3 4 2 ma ma ns 3 

Coveysae Based on # ofContact Point 

Antlioplcurs clegantusima 0.1 
Didernnumm rididenmum spp. 0.1 
Diopatra onata 0.2 0.3 
-alcpa decemtentaculata - 0.1 
Phragnatopona californica - 0.2 0.5 1.3 2.9 
tunicates. colnias/ocial unidL 0.3 - - -

C C C
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Subtidal Line Contact - Annual Invertebrate Mean Abundance/7m 2 - South Diablo Cove Station SDC 3 at -4m

Year 1976 1977 1978 1979 1980 1931 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations * Soreys I 3 5 6 6 3 6 3 6 6 4 5 ns ns 4 4 4 4 4 2 I 2 2 4 

Covemie Based on # ofContat Poifnt; 

Anthopleura elegantissima - 0.2 - <.I - - - - 0.2 - - - - - - - -

Anthopleum xanthogrmmic- 0.2 -

Bryozo. tmid. (enamurting) - 0.3 
-ndropo-M spp. 0.2 -

Diopatma osata 2.0 0.3 0.8 0.2 0.1 0.2 0.1 0.4 0.4 0.4 0.5 1.5 2.5 0.5 0.6 
Epiactis prolifera 0.5 - - - -
Phwagrnstopoma califomica - 0.2 0.4 <.1 - 0.6 0.3 - 2.3 2.8 1.0 
Porifern unid. (encrusting) - - - 0.1 0.1 - 0.3 
Serpulidae unid. 0.5 
Styela spp- <. I 
ttmicates, oolonial/social unid. 0.2 0.4 <I 0.1 0.1 

Subtidal Line Contact - Annual Invertebrate Mean Abundance/7m2 - South Control Station SC I at -3m 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Stations Surveys 1 2 3 4 3 3 3 3 3 5 2 3 3 4 4 3 4 3 4 2 2 1 2 .4 

Covernse Based on # of Contact Points 

Anthopleurs elegantissima - - - - - 0.3 
Bryozoa, nid. (encrusting) - - 1.3 0.2 0.8 0.3 
Denckopon spp. 0.3 0.3 0.3 0.2 0.3 
Diopatrts om -a0.2 - - 0.2 
Epiactis prolifera 0.5 
Phragmatopoma califomica 0.3 - 0.3 0.8 8.5 7.5 7.5 7.5 10.0 8.6 6.2 3.9 0.5 0.6 0.5 1.0 3.3 14.6 
Porifera unid. (encrusting) 0.5 0.3 0.3 0.1 - 0.3 -

Sepulidae unid. - - 0.2 
Serpulorbis squamigenms 0.3 1.0 - 2.8 0.5 0.1 
Tetnawlitar n s- - 012 
tunicates. colonial/social unid. 0.1 0.1 0.1



Subtidal Line Contact - Annual Invertebrate Mean Abundance/7m2 - South Control Station SC 2 at -6m

Year 1976 1977 1978 1979 1980 1981 1932 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys I 2 3 4 2 3 4 3 3 5 3 3 ns ns 4 3 4 3 4 2 os ns n. 3

Coverage Based on # of Contact Points 

Aj~1aophcniasapp.  
Anthopleua el egantissima 
Balanophyllia elegam 
Balmaus spp.  
Bryozoa, unit (ericstinr) 
Bryozoa. unid (erect) 
Bryozoa, unid& (foliose) 
Conatis californica 
Demkopo- spp.  
Diopatra omata 
Dodecaceria fcwkesi 
Eudistylia polmwr* 
Hymenamphiastra cyanorypta 
Phragma oporm califomica 
Porifera uid (encrusting) 
Scrpulidac unidl.  
Sapulorbis squaniigerus 
tunicates, colonial/social unidt

C

I 0.3 

0.5 

0.5 * - 0.1 
- 1 1.2 

4 3.5 3.7 2.8 
1 

0.1 

2.5

0.2 

0.2 
- 0.5 

0.3 0.2 1.1 2 4.3 
-- 0.2 

0.2 0.2 
0.2 0.2 

0.1 0.3 0.2 0.2 0.3 0.5 

0.7 0.6 1.7 0.3 0.5 0.3 

0.2 
0.5 2.5 5.2 10.2 5.3 

- - 0.2 1.5 3.7 

- 0.5 2 
0.2 0.7 0.5

0.3 -

0.8 4.5 0.6 4.3 1.6 
0.5 

0.2 

1.9 I 0.3 0.2 0.1 
1.1 0.8 0.1 0.2 

0.6 0.2 0.1 
I i - 0.3

C C-



F2 - Algal Abundance on Subtidal Benthic 
Stations (Arc Quadrant Method)



-c ( C.
Subtidal Arc Quadrant - Annual Algal Mean Cover/7m 2 - Field's Cove Station FC 1 at -3m

Year 1976 1977 1978 1979 1980 1981 192 1983 1934 1915 1936 1987 1933 1919 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
SStations Surveys ns ns s ns ns vs -n n n vs in s M MS 2 4 4 3 4 2 3 3 I 1 4 4 

Counted Rwegless of Size 

Cystoseia osmundacea <,1 0.2 0.1 0.1 <.1 0.2 0.3 3.4 
Epegia menziesii -. <I - <. 0.2 
Lanarin sethellii 43.3 37.3 13.5 20.0 12.9 8.8 9.3 3.2 28.8 41.3 45.3 73.9 
Laminariales - - - - 0.1 1.9 3.6 3.3 13.1 5.3 
Macrocystis spp. - - I 0.1 0.3 
Nereocystis luetkeam 0.1 - - <.I 8.3 2.8 2.0 19.6 15.4 
Pterygophom eslifomica 5,9 0.9 7.7 0.1 1.4 - - 18.1 49.7 

Subtidal Arc Quadrant - Annual Algal Mean Coverlmi2 - North Diablo Cove Station NDC 2 at -3m 

Year 1976 1977 1978 1979 1980 1931 1982 1983 1934 1985 1986 1937 1988 1939 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
0 Stations *Surveys 1 3 4 4 3 3 3 3 4 5 4 5 3 4 4 3 4 4 4 2 ns ns ns 3 

Counted Regm~es of Siz 

Cystoseraosmndacea 2.3 6.3 6.0 5.9 6.5 11.3 12.4 19.0 6.6 5.7 3.6 2.5 0.3 0.3 0.1 0.4 4.1 4.6 2.4 1.1 6.8 
Eg3ia mmziesii - 2.3 0.3 0.3 0.4 1.5 1.2 0.6 0.1 

Laminariasetchellii 24.5 17.3 23.3 12.2 13.5 9.4 12.9 5.9 6.9 5.7 1.7 0.1 
Laniriales . .. 0.7 0.6 1.3 7.7 0.6 - . . 0.5 0.3 - 0.2 - 3.4 
Macrocystis spp. - 0.3 0.3 2.1 4.1 3.8 15.7 
Nereocystisluetkeana 2.9 0.1 0.8 3.2 0.2 0.4 <.1 <1 - - <.1 o0.7 
Pterygophorscalifomica 19.3 19.6 38.3 38.1 21.7 25.4 12.4 8.5 6.2 4.2 0.3 <.1 -I 
Sargassurn muticun - 0.3 

Subtidal Arc Quadrant - Annual Algal Mean Cover/nm2 - North Diablo Cove Station NDC 3 at -3m 

Yewr 1976 1977 19 1979 1980 1911 1932 1913 1934 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1993 1999 
SStations *Suveys 1 3 4 4 3 3 3 4 4 5 5 4 3 4 4 4 4 4 4 2 2 2 2 4 

Counted Reeardless of Size 

Cys, steias mundacea <.1 4.4 1.1 2.3 2.1 2.7 5.4 1.1 0.8 0.3 1.0 0.6 1.1 1.3 0.3 0.9 3.9 1.3 1.6 7.6 
Egregia menziesii - - - - - 0.9 0.3 - - - - <.1 - -

Laminariasetchellii 9.3 3.7 9.8 15.6 10.3 12.9 10.8 13.4 9.8 12.2 1.5 0.1 
Laminariales - - - 0.5 0.4 21.3 16.0 1.2 0.6 0.1 .
Macrcysis spp. - <.1 0.4 0.8 2.8 3.3 4.8 8.3 25.3 
Nereocystis luetkeana 3.3 1.1 0.3 0.1 1.0 0.8 0.7 0.9 <.1 
Ptewygophoracalifomica 16.3 15.2 27.9 21.6 18.3 11.1 7.2 39.6 49.3 31.5 9.1 0.6 0.3 0.3 <.1 
Sa•g •= nmuticuim - - - 0.1 0.1 0.5



Subtidal Arc Quadrant - Annual Algal Mean Cover/7m 2 - North Diablo Cove Station NDC 4 at -4m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys I 1 4 5 3 3 4 4 4 6 4 3 us us 4 4 4 4 4 2 I 2 2 4 

Counted Remardless of Size

Cystoscira omundaca 
Egre&ia menziesii 
Laminariasetchellii 
Laminanales 
Macrocystis spp.  
Nereocystis luedkeana 
Rwjyophom califoruica 
Saugsssum muticum

9.8 8.0 13.3 9.7 10.5 16.5 15.1 15.9 11.9 10.1 7.3 7.1 
. 0.3 <.1 - - - - -

15.0 15.3 15.8 18.2 17.5 17.9 16.6 11.8 4.8 5.9 3.2 0.5 
- - 0.2 0.2 0.7 0.4 0.3 2.8 2.4 0.5 

0.3 - 0.9 0.5 0.3 <.1 0.3 0.5 
21.3 18.0 27.6 28.5 23.8 23.5 20.2 22.3 18.2 14.6 4.3 1.3

1.9 5.3 3.2 3.0 4.1 4.1 8.8 
- 0.1 

0.1 <I 0.1 .1 <.I 0.1 0.5 
0.4 0.2 - 0.5 0.7 3.1 0.5 

<.1 0.9 1.8 4.7 1.8 4.3 

0.3 
- -0.2

Subtidal Arc Quadrant - Annual Algal Mean Cover/7mn2 - South Diablo Cove Station SDC 2 at -3m 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys I 3 5 6 6 4 4 5 6 6 5 5 4 4 4 4 4 4 4 2 2 2 2 4 

Counted R&iardlesa of Size 

Cystoseira oumdaoea 2.4 11.8 6.8 4.7 7.4 5.7 4.1 2.1 1.1 0.5 0.9 0.4 2.7 11.3 7.8 7.8 8.3 7.6 8.5 4.3 9.3 8.4 

Egregia mezieai . 0.9 0.6 0.1 - - - 0.3 0.6 . 0.1 
Laninaria setchellii 4.0 5.6 4.9 16.3 9.2 11.4 12.8 7.8 4.8 4.8 1.9 - <.1 0.1 0.4 <I <I 0.1 0.4 0.1 
Laminariales 2.0 1.2 1.2 1.0 0.6 0.5 30.8 1.0 0.1 - 0.3 <.1 - <1 0.1 -

Macro••is spp. - - - - - - 0.1 1. 2.5 13.6 5.9 5.8 5.1 8.1 13.7 
Nereocystis luetkeana 0.3 1.2 1.3 4.1 1.4 <.1 <.1 0.2 -- - - -

Pteygoplhoracalifomica 35.8 31.1 38.1 40.2 36.7 36.0 29.1 18.8 16.0 13.9 6.2 1.3 0.2 0.1 0.3 <.1 - 0.3 0.1 

Subtidal Arc Quadrant - Annual Algal Mean Cover/7n 2 - South Diablo Cove Station SDC 3 at -4m 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations *Surveys I 3 5 6 6 3 6 3 6 6 4 5 us us 4 4 4 4 4 2 1 2 2 4 

Counted Reeardles. of Size 

Cystoseira ouamdacea - 0.8 2.4 3.9 3.0 5.7 6.3 5.7 3.5 1.9 2.1 2.8 1.8 4.1 5.8 3.6 2.0 4.0 7.0 2.4 3.5 2.2 
Epegia menziesii - - 0.1 - - - - - - - - - - - -

Laminaria setchellii 5.0 3.8 10.2 7.5 9.6 13.3 10.5 7.0 5.6 5.4 2.8 4.1 5.3 5.4 4.9 3.3 4.4 4.5 3.8 0.5 

Laminariales 0.6 0.6 1.6 - 0.3 <.1 1.5 0.3 109.8 2.5 14.1 0.9 0.8 5.8 0.4 16.3 12.8 0.5 - 0.3 
Macroeystasspp. 2.3 4.8 6.0 11.3 4.4 5.8 3.8 
NereocysUs luetkeana <. I 0.2 0.2 - -

Ptengwoporacawlinoica 111.5 96.7 92.7 76.9 64.7 58.0 32.8 13.7 8.2 3.6 8.1 22.1 15.4 39.4 27.4 14.5 12.6 10.3 21.5 5.8 2.0 I.

(j C C

2.9 1.3 2.4 

<I1 

3.5 10.5 22.4 

0.9 3.0 
0.1 0.1 <.1



C (
Subtidal Arc Quadrant - Annual Algal Mean Cover/7m 2 - South Control Station SC I at -3m

Yew 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# StmtioI/Sw ,eys I 2 3 4 3 3 3 3 3 5 2 3 3 4 4 3 4 3 4 2 2 1 2 4 

Cotmted Reem'dless of Size 

Cystoseira mosmundacea 0.1 <.I 0.2 0.9 1.3 1.0 1.2 1.0 0.9 0.4 3.3 2.4 6.6 6.0 7.0 7.4 7.0 7.4 8.3 11.0 5.0 5.0 4.9 
Eegia menziesii - 0.3 <.1 0.1 0.1 0.3 0.4 - - - - - 0.1 - 0.1 0.6 
Laminariasetchellii 22.0 21.9 40.3 64.2 57.3 49.1 98.1 20.7 73.0 89.0 50.8 73.5 101.3 75.9 12.4 52.0 47.0 35.1 20.8 18.9 33.4 67.3 15.6 96.2 
Laminariales 2.8 - 3.8 2.2 8.1 17.8 62.3 15.2 139.3 125.9 89.4 50.1 24.4 13.0 7.7 5.6 0.5 38.1 17.5 . 90.0 217.5 
Nereocystis luetkema 0.1 2.8 0.3 0.7 1.0 <.1 1.3 <.1 2.0 2.0 13.7 1.1 0.5 2.4 0.2 0.3 - 9.1 0.6 0.3 17.8 3.4 
Pteaygophoac.alifomica 0.4 3.3 7.8 15.7 23.7 16.6 33.1 107.9 72.1 38.5 163.6 184.0 142.1 114.9 79.3 49.9 32.6 21.0 19.6 25.5 18.5 84.9 200.6 

Subtidal Arc Quadrant - Annual Algal Mean Cover/7m 2 - South Control Station SC 2 at -6m 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Station/smveys I 2 3 4 2 3 4 3 3 5 3 3 ns ns 4 3 4 3 4 2 ns ns M 3 

Counted Reardle of Size 

Cysoseir Omundacea - 1.3 8.3 6.8 7.4 9.2 5.8 4.7 8.8 3.6 3.1 2.7 3.8 3.8 2.9 2.8 2.7 2.4 0.2 
Egregia mensij-ii - - - 0.1 - - - - - - - 0.2 - -
Laminaria setchellii 2.1 5.5 6.5 15.3 17.4 20.5 22.7 10.4 12.8 20.5 26.5 28.5 12.1 19.2 13.4 13.3 9.9 11.5 7.8 
Laminariales - 0.5 1.1 . 4.1 2.3 108.3 41.7 60.1 21.3 35.6 6.4 4.0 4.2 0.5 0.4 - 2.3 
Naeocstisn uetkeana 2.8 0.4 4.3 0.3 1.5 0.9 0.6 2.3 - . 0.3 <.I 1.5 0.7 0.1 <.1 0.8 15.8 
Ptaygophm califomica . 0.9 1.7 23.2 29.8 28.9 38.4 152.3 237.0 171.6 123.5 145.5 31.5 22.8 17.6 13.9 10.1 6.4 47.3

f,,°



F3 - Invertebrate Abundance on Subtidal 
Benthic Stations (Arc Quadrant Method)



C C
Subtidal Arc Quadrant - Annual Invertebrate Mean Abundancel/7m 2 - Field's Cove Station FC I at -3m

Yenr 1976 1977 1978 1979 19"0 1931 1932 19M3 1934 1935 196 197 1933 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations *Surveyr ng ng ng s ns m "s is ns ns fts ts 2 4 4 3 4 2 3 3 I 1 4 4

15.4 13.4 5.8 
3.0 2.3 0.1 
1.8 3.3 2.1 
4.5 3.6 3.  
0.1 - 0.1 
0.4 0.7 0.3 
0.1 <I 
1.1 0.9 3.0 
0.1 

12.5 10.9 11.0 
0.3 0.3 0.4 
0.6 <.I 0.1 

" 0.3 0.3 
0.3 0.5 <.1 

146.3 78.9 51.2 
1.5 0.6 
0.3 <.1 

3.4 3.6 2.6

Counted Rem"Rdess of Siz 

Acma rnita 
Anthopleura elepgntissima 
Asterm minista 
Calliostoma ligaturn 
Canr anteamius 
Diopatra omata 
Eudistylia polymofpha 
Leptasterias app.  
Lithopoma gibberoumm 
Pagus vp.  
Pissater giganteus 
Pisaster oderceus 
Pycnopdia helianthoides 
Stycla spp.  
Tegula birurme 
Tegula montereyi 
Tedtya aurnttia 
Tonicella lineata 
Urticina app.  

Only Counted ifrOeter Om I 

Aeolidia papillosa 
Andthpl'ura temisia 
Aplysia califormica 
Archidoris spp.  
Boltenia villoaw 
Cdlina spp.  
Cancer productus 
Cancer spp.  
Cavclinu huntsmani 
Chrnidoca" fizanaddienis 
Cm ohiton stller 
Ciyptolithodes sitchenais 
Cucumaria $pp.  
Diaulula sandiegensis 
Diodora spp.  
Doridaces unid.  
Doriopsilla albopunctata 
Epiactis prolifera 
Eupentacta quinquesemita 
Fissurella volcano 
Fusinus luteopictus 
Halcampa decerntentaculata 
Haliotis spp.  
Hcnicia leviuscula 
Hennissenda cm-aicomis

5.3 
0.2 
2.9 
5,5 
0.3 
0.5 

1.8 

20.2 
0.3 
<.I 
0.3 
<.1 

93.8 
5.0 
0.2 
2.3 
<.1

6.6 
0.3 
5.1 
3.4 

0.2 

3.5 

9.7 
0.4 

0.1 

82.3 
2.1 
0.4 
4.7

3.8 
0.3 
5.3 
0.8 

0.1 

5.9 
0.1 

88.9 

0.1 
6.4

<.I <.1 
- <.1 <.1 

0.1 <.1 <.I <.I 0.3 
<I < I

3.3 10.3 
0.3 0.3 
3.6 3.7 
0.5 

0.7 <.1 
- <.1 

3.0 6.7 
0.4 0.4 

- <1 
0.4 0.2 

19.3 20.5 
0.3 
0.2 
4.8 5.3

6.0 8.3 
0.5 0.3 

11.0 3.0 
12.0 

0.3 

2.0 
0.3 1.0 
1.3 9.3 
0.5 1.0 

6.8 126.0 

4.5 3.3

0.3 
<I

0.5

- - - * - - - <,1 
- - -0.2 

0.3 0.3

0.  

0.

0.1 

<I <.1 
<.I 

.1 - 0.1 
0.1 0.3 0.3 

1 0.1 0.4 0.3 
<.I 0.8 

S<.1 
0.2 0.3 0.5 
- . <I r -

< 1. 0.1 
0.3 - 0.5 0.2 
0.1 0.3 0.2

<.1 

0.7 

0.1 
0.4 

<.I 
<.1 
0.9 
0.2

0.1 

0.1 
0.9 
0.1 
0.3 

0.4 
0.1 
II 
0.6

<.1 
<.1 

0.2 

0.4 
0.4

<.1 
<.1 

<01 

0.2 

0.2 

<.1 

0.3 
<.I

0.3 
0.3

3.0 3.4 
0.9 0.4 
0.4 1.6 
1.3 0.2 

- <I 
0.4 0.2 

0.6 03 
0.4 07 
2.1 6.4 
0.3 0.1 

- <I 
0.4 0.1 
0.1 

33.6 231.9 

<1 
1.5 1.9

<.I 
<.1 

<.1 
<.I 

0.5 
<.1 

0.4 

<.1 

0.1 
0.3

<.1 

0.6 

0.2 

0.2

I (continued)

C.



Subtidal Arc Quadrant - Annual Invertebrate Mean Abundance/7m2 - Field's Cove Station FC I at -3m (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations u Survcys us ns ns Di Di as Di ns na m 11 ns 2 4 4 3 4 2 3 3 1 I 4 4 

Only Counted ifGrCeater than I* (continuedi

Hopkinsia rosac 
hhnvchitomdac 
Lamellaridac 
Lepidozona spp.  
Leucandra healhi 
Lophopanop- spp.  
Lottia instabilis 
Lattia achxacm 
L-orrwhmi spp.  
Megadm crentiulata 
Mimulus foliatus 
Mitra idaw 
Mopalia spp.  
Ocoserla spp.  

-Opu spp.  

Opliioplocw app.  
Ophiotluix sp.  
Pachycheles spp.  
Parwaantuiia tayloi 
PeleCIOVA Unid.  
Phidiana hiltomi 
Pisaaterb evimpins 
PisaateHnricia Ow.) 
Pista app.  
Placiphorella velata 
Pododesmnu cepia 
Picudomelatoma torosa 
Purnlia, app.  "py hatso 

Serpwlida uni 
Serpuloabis iquamnigenis 
Siptmcula unid.  
Striogylocntrotu purWPwt 
Tegula pulligo 
Triopha catalinae 
tunicate, solitary unid.

C

<.1 <.I <1 0.2 0.3 0.2 
- <.1I 

<.1 
0.1 0.1 

0.1 
<.1 

0.3 0.2 0.9 0.1 <.1 0.3 
0.9 

-- <. 0.4 
-- <.1 

- 0.2 <.1 
0.1 0.4 0.4 0.3 1.1 0.4 0.3 0.4 0.3 0.8 0.3 0.1 

0.3 0.1 0.2 0.1 0.1 <.I 
0.1 <1 

* - - --- <.1 

- 0.1 <.I i <. 1 0.3 
<.1 0.4 0.5 

<.I <.1 0.1 

0.4 0.1 0.2 - 0.3 0.3 <.1 
0.1 - <.1 - 0.2 - - 0.3 
0.3 . 0.4 <.1 

0.8 <.1 
o o <.3 

S I <.1 -
0.2 <.I <.1 <.1 0.1 <.1 <.I <.I 

0.3 0.5 0.2 0.4 0.6 0.6 0.2 <.I 0.8 <.1 0.1 
<.I <.1 <.1 

- 0.1 0.3 0.1 <.I 
3.0 0.3 1.1 29 6.1 1.2 1.4 1.0 10.0 2.1 0.2 
6.0 4.7 4.8 3.8 6.1 5.3 1.8 1.7 0.8 4.8 1.3 0.3 

- 0.3 
- 0.3 0.5 0.4 0.2 0.7 0.7 0.4 

0.3 0.2 
0.5 

- 0.2 -

C. C



C' ( C.

Subtidal Arc Quadrant - Annual Invertebrate Mean Abundance/7m 2 - North Diablo Cove Station NDC 2 at -3m

Year 1976 1977 1978 1979 1980 1911 1912 1913 1914 1985 1986 1917 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys I 3 4 4 3 3 3 3 4 5 4 5 3 4 4 3 4 4 4 2 ns m ns 3

Counted Rtgecude- of Sie 

Aimaea mitr 
Anthopleura elegantissima 
Astezina miniata 
Calliostoma ligatum 
Cancer antennmarius 
Diopatra omata 
Eudistylia polymoqpha 
Leptastetias spp.  
Lithwo gibberosu6 
Pagurus spp.  
Parastichmpus spp.  
Pisaster giganteus 
Pisaster ochracem 
Pycnopodia helianthoides 
Stycla spp.  
Tegula btmnea 
Teila monteroyi 
Tetdya aurantia 
Tonicella lineata 
Urticina spp.  

Only Counted ifOreater than 1 

Aeolidia papillosa 
Aldisa sanguinea 
Anthopleur arternisis 
Anthozoa unid.  
Aplysia califomica 
Arcludoda spp.  
Boltenia villosa 
Cancer app.  
Chama spp.  
Chronodos mmcfartandi 
Cnernidocarpe fininarkiensis 
Cruigon spp.  
Cr~ftlitiodes sitchensis 
Cucummia app.  
Dia&ula sandiegenais 
Diodora spp.  
Doriopaills albopunctata 
Epiactis prolifera 
Eupentacta quinquesemita 
Fissurella volcano 
Flabellina trilineata 
Fusinus luteopictus 
Halcan" decemtentaculata 
Haliotis spp.

14.3 6.8 6.0 5.8 2.8 0.5 5.3 3.0 6.2 15.9 11.3 4.5 2.0 6.9 
0.3 0.4 0.3 0.6 0.6 1.5 03 0.3 0.6 1.3 0.9 0.8 1.8 0.9 
0.5 1.0 1.4 1.8 0.8 4.2 3.5 2.7 <.1 - 0.1 <.1 0.2 

- 0.5 0.4 2.8 1.0 0.3 1.0 0.3 1.5 1.4 2.1 1.5 1.0 0.4 
!.0 <.1 <.1 0.3 0.2 <.1 <I 0.2 e,1 <1 <1 

. <1 0.3 1.7 0.2 0.7 0.3 - 1.1 0.6 0.6 0A 0.3 0.1 
0.5 0.3 - - - 0.3 0.2 . <1 

- 1.0 <.1 0.8 0.3 1.9 3.1 1.3 0.9 1.0 0.8 0.5 0.3 
1.8 0.5 0.1 0.4 1.4 0.2 0.2 <.1 0.1 - <.1 0.2 0.2 
8.5 7.0 12.0 11.0 17.9 23.5 15.8 15.4 23.1 13.4 19.3 15.8 21.3 17.9 

- <1 <.1 
<.I 0.2 - - <.1 - - - - <1 <.1 0.5 

- 0.1 - 0.2 - 0.3 0.1 - <.1 
0.8 0.2 0.4 0.4 0.8 0.3 0.6 0.5 0.2 0.2 0.3 0.3 <.1 0.1 

- - 0.3 - 0.2 - 0.3 0.1 <.1 0.3 
23.3 19.8 59.4 154.7 92.8 75.5 63.8 92.0 195.6 100.5 157.1 204.2 174.8 42.6 

3.5 - 0.9 3.8 2.0 0.3 2.1 0.9 1.5 7.3 0.4 
- < I <. < - - - 0,2 

1.5 1.5 3.0 13.5 3.8 4.5 1.8 9.5 10.3 5.4 9.9 3.0 5.5 2.4

- 0.1 

<,1 0.3 0.3 

- <.1 <.1 
o 0.3 - - <.1 

<,I <.I 

0.6 <.1 <. <.1 
5.0 2.6 0.9 2.1 0.5 0.3

2.8 0.3 1.5

0.2 

06 1.1 0.2 <.1 <.I

<. -
<1 

0.2 

0.1 <1 
<.1 

- - <.1 

<.1 

<.1 
S0.2 <I1 

•2 

0.3 0.3 0.2 
0.3 1.0 2.0 1.7

<.1 

<.1 0.3

0.3 <.1 
<,1 

0.4 2.9

<.1 

<.1 

<.1 

<.I 

0.3 <.1 
0.2 0.1 
3.1 3.1

3.4 
I.1 
0.1 

<.1 

<,1 
1.6 

1.0 
<.1 
0.1 
0.3 
3.6 

0.8

8.5 11.1 43 19.7 6.8 
1.9 2.3 1.5 3.5 2.8 
0.3 0.3 

<,1 

0.3 0.8 0.3 1.3 
<.1 

0.8 1.2 1.6 
<.! <.1 0.1 <.1 

1.1 1.2 0.4 0.7 0.5 
0.3 0.1 <.I <.1 
0.3 0.4 0.2 0.1 0.1 

2.3 22.1 7.9 9.6 

<0 
0.8 0.6 0.2 0.8

<1 <.I <.1 

0.3 
<.1 

S- <.1 
<.I 

<.1 0.2 
0.2 0.3 0.3 
0.9 <.1 0.2

1.5 0.9 1.1 <.I 

<.1 
0.3 

1.0 0.6 0.2 <.1

<.1 
0.1 

<.1

<.1 

0.1 
0.1

<.I 

<.1 

0.2 
0.3

0.5 0.9 

<.1 
<I1

0.3

6.3 
2.3 
<.1 

0.4 

0,2 
<I1 

1.5 

<.I 
0.3 
0.2 

0.3 

0.3

(continued)
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C ( C
Subtidal Arc Quadrant - Annual Invertebrate Mean Abundance/7m 2 - North Diablo Cove Station NDC 3 at -3m

Year 1976 1977 1972 1979 1980 1931 1982 1923 1924 1985 1986 1987 1983 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 1 3 4 4 3 3 3 4 4 5 5 4 3 4 4 4 4 4 4 2 2 2 2 4

Counted Reyrdless of Size 

Acmaea mitra 
Anthopleura elegantissima 
Asterina miniata 
Calliostoma ligatum 
Cancer antennarius 
Diopatra omata 
Eudistylia polymorpha 
Leptasterias spp.  
Lithopoma gibberosum 
Paguma spp.  
Parastichopus spp.  
Pisaster giganteus 
Pisasterochraceus 
Pycnopodia helianthoides 

.Styela spp.  
Tegula bnmmea 
Tegula m tereyi 
Tethys aurantia 
Tonicella lineata 
Urticina spp.  

Only Counted if reater than V

1.5 4.5 5.4 11.3 6.0 10.8 8.8 4.9 9.2 9.9 3.0 5.6 1.5 14.4 3.9 5.1 4.9 0.3 7.3 154 315 3.3 0.8 21.1 
- 0.3 0.5 0.8 0.9 0.7 1.4 1.2 0.3 0.8 1.0 1.1 0.4 2.2 1.3 2.3 2.5 2.2 4.8 4.6 6.4 5.0 3.3 2.6 

0.8 2.6 1.9 3.8 5.7 5.5 4.3 0.1 <.1 0.1 0.3 - 1.1 0.2 0.5 1.2 <.1 <. - - 0.1 - <.1 
0.5 0.2 0.9 1.5 - 2.3 1.3 0.9 3.3 2.0 2.3 0.3 0.6 

- 0.1 0.1 0.3 <.I <.1 0.1 0.1 <.I 0.1 <1 <.I - <.1 
0.3 0.2 0.3 - - 0.5 0.2 0.1 <.1 0.3 0.3 0.4 0.5 0.3 0.6 0.7 0.4 0.5 0.8 0.1 0.3 

. 0.3 - <.1 0.3 0.2 - 0.2 0.2 - 0.1 - - 0.1 
1.5 0.3 2.3 3.4 5.5 2.4 1.2 0.6 1.0 0.7 0.3 0.2 

0.3 0.3 0.3 0.2 0.5 0.3 <.1 <. 0.1 - 0.3 0.8 0.2 0.1 <.1 -
3.3 4.9 13.7 109 20.7 13.8 16.7 14.2 12.2 13.4 19.6 8.6 10.5 7.4 2.6 1.1 0.4 0.4 0.6 1.5 4.3 -

0.1 <.1 <. - <.1 - - < < <.1 - 0.3 0.1 0.1 
0.2 . 0.3 <. < <.1 - 0.3 0.3 0.6 1.3 1.2 0.5 0.6 0.5 1.4 1.0 0.1 <.1 

- 0.1 <.1 <.I <.I 0.2 <.1 < <.1 - 0.3 <.1 <.1 - <.I <.1 
0.2 0.2 0.6 0.2 0.5 0.3 0.6 0.4 0.2 0.2 0.1 0.3 <.1 0.3 0.6 0.5 0.1 0.3 0.1 - 0.1 

<.1 - - * 0.1 - 0.2 * 0.2 - . 0.1 
6.8 18.3 28.1 53.3 56.5 70.8 54.5 43.5 53.8 92.0 33.7 93.8 128.8 36.9 3.6 2.3 14.3 0.9 3.8 14.6 23.3 17.6 

- 9.3 - 0.6 - 1.3 0.4 0.9 2.6 1.1 0.4 1.0 0.8 - - 0.4 - - -
<.1 <. <.1 - <. - - 0.1 

S0.5 5.4 10.1 13.0 5.3 5.3 10.7 5.3 7.5 4.2 4.5 2.3 4.3 1.9 0.4 0.6 0.2 0.4 11.3 0.8 0.2 
<.1

Acmaeidae unid. <.A 
Aeolidia papillosa - - 0.1 
Anthopleura artemisia <.1 <.1 0.3 -
Anthozoa unid. <I 
Aplysia califomica 0.2 0.2 <.1 0.4 <.I 0.4 0.5 
Aplysia califomica eog mass - <1 - - - -
Archidoris spp. 0.1 0.3 0.3 0.3 0.3 - <.1 0.3 <.1 <.1 0.2 <.1 0.2 0.3 0.4 0.1 0.1 
Balarm spp. * 0.3 0.3 <. I 
Boltenia villosa <.I 0.2 <.I <.1 <.1 0.1 0.1 
Cadlina spp. <I I-
Canmspp. <.I 
Ceratoatoinfoliatum o0.1 
Chanaspp. <.1 <.I 0.1 
Chromodoris macfarlandi <.I 
Clvfelina huntsmani 0.3 
Conus califomicus 0.1 
Cryptolithodes sitchensis <. I 0.2 <.2 <. I - ; 
Cucumariaspp. <.I <.1 
Diaulua sandiegenmis <.1 <.1 <.I 0.1 <.1 - 0.1 
Diodora spp. - 0.2 - - 0.3 <.1 <.I . ... 0, 0.1 0. - 0.1 
Doriopsilla albopunctata 0.2 0.5 0.3 , 0.2 0.5 0.4 <.1 0.1 0.3 0.5 <.1 0.1 0.1 0.4 0.4 0.3 0.1 0.4 
Epiactis prolifera 1.2 1.4 0.7 0.6 0.5 <.I 0.3 0.9 0.7 1.0 5.0 2.0 1.9 0.1 - 0.2 
Eupentacta quinquesernita <.1 - - <.I . ...  
Fismurella volcano 0.1 0.5 1.3 0.3 2.4 0.4 0.3 0.6 <.1 
F--ins -uteopictus <.2 1.0 <.1 0.3 

(continued)



Subtidal Arc Quadrant - Annual Invertebrate Mean Abundance/7m2 - North Diablo Cove Station NDC 3 at -3m (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 1 3 4 4 3 3 3 4 4 5 5 4 3 4 4 4 4 4 4 2 2 2 2 4

Only Counted if Greater than I (contnued• 

Halcampa decemLentacataul 
Haliotis pp.  
Henricia leviuscula 
Hegmruissda cassicoiws 
Hopkinsia rosacca 
lsmochatonidae 
Lepidoanna spp.  
Loeucwa heat 
Linaria hemplulli 
Liasothuria nutriae 
Lottia instabilis 
Lottia odvacm 
L-oxornch- spp.  
Megathu"Mr ula"a 
Mitra idae 
Mopalia spp.  
Mytilide 
Nassmus spp.  
Natantia mid.  
Ncmatea unid.  
Nonisia norrisi 
Ocenebra app.  
Octopus spp.  

Opfhwplocus app.  
Ophiothfrix spp.  
Ophiuroidea muid.  
Orthateiaa koeleni 
Peecyqpoda muid.  
Phidiana hiltoni 
Pkanaopoma califomica 
Piasater brevispinus 
Pissartnrt~icia jUV.) 
Pista spp.  
Placipoirella velata 
Pododemus cepio 
Pscudmnelatons torosa 
Ptcropwrpwu feativa 
ptqwa spp.  
Sabellidac 
Seapulidac unid.  
Srpulorbis squamiea
Sipuncula unid.  
Stenoplax spp.  
Sb'ro locentrotus purpurata 
Tegula pulligo 
Tnopha catalnae 
Williamia peioides 
tunacate. solitary unicL

C.

- 0.2 - 0.2 - <.I <. - - 0.3 
<.1 0.8 0.7 0.5 0.2 0.2 0.1 0.3 0.3 0.4 0.3 0.4 <.I - 0.2 - 0.1 <.I 

0.3 0.2 <1 <.1 -- - - - -
0.3 0.1 <.1 0.1 0.3 <. - <.I 

<0.3 < <.I 
<.I 

<,I <.I 
<.I 

<.I 
< I1 0.2 
0.3 0,8 1,9 2.8 1.7 0.6 1.3 3 .9 1.7 0.4 <I < 0.2 0.6 0.9 1.1 

-<1 0.1 
0.1 0.6 

0.1 0.3 <1 0.2 <I 0.7 0.9 0.6 0.7 0.3 0.3 0.2 0.1 0.1 

<.I <1 0.2 0.3 0.2 0.3 0.4 0.5 0.2 0.1 <. - 0.1 <.I - <.I 0.1 
<.1 

S - <.I 
<.1 

<.I 

0.1 0.1 
- <.1 0.1 0.1 0.2 

<.I <1 <.1 
<.I 0.1 <.I 0.4 <.1 <.I 

<.I 0.5 2.7 2.3 2.8 5.0 18.9 5.0 0.1 0.6 

.1<1 
0.1 

<.I <. <.I 0.8 0.3 0.3 2.5 1.8 1.0 0.9 0.9 0.6 0.9 1.6 1.6 
0.4 1.2 0.4 - - - - - - - -

<.I 

0.2 <1 - 0.5 0.2 
<. - <. <.1 <.1 0.1 

<.1 
S<.1 0.1 1.4 2.5 0.2 0.4 <.I 0.1 <.1 0.1 

<.I 0.5 0.2 0.2 <.I 0.6 0.6 0.1 0.5 0.1 <.I 
S- - - - - - - - - - - 0.1 

0.2 <.I 0.1 0.4 1.0 0.3 0.3 0.3 0.6 0.1 0.4 0.3 <.I 0.4 <.I 0.1 1.6 0.6 0.4 
<.I <.I 
0.3 0.3 0.6 0.1 0.2 0.1 0.2 0.5 0.7 1.4 1.3 1.2 1.4 1.3 31.1 0.8 2.5 

0.2 0.3 0.3 0.5 2.7 3.9 2.0 4.9 8.0 10.1 5.7 4.6 3.3 1.8 0.9 0.7 0.6 0.1 0.6 1.9 0.4 
<.1 

0.2 <.1 
0.2 - 0.2 0.2 2.3 1.0 5.7 4.9 5.5 3.8 26.3 35.3 11.5 6.9 16.3 393 

<.1 - 0.3 0.2 0.1 <.1 - - - - - - - - - -

<1 
0.1 
<.1

C C



Subtidal Arc Quadrant - Annual Invertebrate Mean Abundance/7m 2 - North Diablo Cove Station NDC 4 at -4m 

Yewr 1976 1977 1971 1979 1930 1981 1912 1913 1914 1985 1986 1987 1988 1919 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

N Stations uSveys I I 4 5 3 3 4 4 4 6 4 3 na ns 4 4 4 4 4 2 1 2 2 4 

Counted Reqardless of Size 

Acmaca mitra 5.3 9.8 7.1 7.4 4.3 4.3 7.9 5.3 2.8 7.9 9.6 11.5 6.8 12.4 3.8 2.8 17.6 7.1 3.0 1.1 1.9 8.4 

Anhopleura elegmtissinma 1.3 2.3 2.3 1.8 2.2 2.8 2.4 2.4 2.1 2.3 2.6 4.3 4.4 5.2 4.6 4.1 8.6 6.0 5.8 6.4 4.6 8.6 

Asterina miniata 6.5 8.0 7.3 9.0 9.8 13.8 9.1 6.8 1.3 0.7 1.5 1.7 1.5 2.4 1.9 1.1 0.3 0.4 0.1 

Calliostoma ligtum 1.5 1.1 4.4 3.3 3.0 2.3 4.1 2.3 2.1 5.1 5.0 0.2 

Cancer antemnarius - 0.2 0.2 . 0.2 <1 . <1 <.1 <.1 <.1 
Diopatm ornata 1.0 2.7 2.2 3.5 4.3 2.4 1.2 1.2 1.3 0.7 1.3 0.4 0.3 1.6 1.7 1.1 1.5 0.1 0.9 1.1 

Eudistylia polyn~pha 0.3 1.1 0.7 0.3 <.I 0.3 0.6 <1 0.4 - 0.2 0.1 0.1 

Leimastiaa spp. 0.5 2.5 <.1 0.4 0.3 0.3 1.1 L4 0.4 0.2 0.4 0.8 

Lithopomn gibberosum 2.0 1.5 0.4 1.1 0.8 0.3 0.4 0.4 0.4 0.2 0.3 2.2 0.1 <.1 - 0.1 <.1 

Pmgunusmpp. 2.0 . 4.6 9.7 15.3 27.2 19.2 19.5 15.6 16.6 10.4 18.7 0.9 0.6 2.5 0.4 1.2 <.1 

Parastichopua spp. 0.5 0.8 <.1 0.3 0.3 0.2 0.4 0.3 0.3 0.3 0.2 0.2 <.1 0.1 <.1 - 0.3 - 0.3 0.5 0.4 0.9 

Piasta giganteus 1.0 0.1 - 0.2 <.1 <.1 0.1 0.2 0.1 0.3 0.9 1.4 1.3 1.6 1.6 0.6 0.8 1.4 0.1 

Pisaster ochracew - - <.1 <.1 0.4 0.1 0.4 0.3 - <.1 <.1 
Pynopodia helianthoides 0.3 . 0.3 1.0 0.4 0.3 0.5 0.4 0.3 0.5 0.3 0.5 0.2 0.3 0.6 0.4 0.4 

Styela $pp. 0.4 0.2 <.1 0.1 <.1 0.4 0.3 0.2 0.8 - - .0.3 0.1 

Tegulabnwmea 11.3 42.0 52.7 82.7 102.5 96.8 82.5 93.2 99.4 91.5 86.3 99.5 2.3 18.4 70.3 7.3 9.4 3.0 28.9 1.1 

Tegulam nt--yi - 1.1 1.0 1.3 1.5 2.8 3.2 4.6 2.4 3.5 - 0.2 0.2 

Tethy aurantia 2.3 3.0 1.3 1.8 2.3 2.0 2.8 2.6 2.7 2.0 1.9 1.2 1.1 0.9 0.6 0.9 0.7 1.3 1.5 1.4 1.1 1.9 

Tonicella lineata 0.8 9.8 6.2 12.6 10.3 3.5 8.8 7.3 9.2 6.3 4.7 4.3 0.9 1.5 1.3 0.2 0.8 0.8 0.3 0.8 0.4 0.2 

Urticina spp. - - - <I - - - -0 

OnlyCounted if Greater mhan I 

Anthopleum atemisia 0.2 - 0.1 - 0.2 0.3 <.I 0.3 0.3 <.1 - 0.1 0.3 

Anthoplem xunthognmnica < - - -

Anthozon unid. - 0.8 -

Aplysia ..- ifomica - <.1 0.1 0.2 1.0 - 1.1 - - 1.0 

Aplysia califomica egg mass - - - 0.1 - -

Ardhidoais spp. 0.3 1.1 0.3 0.3 0.4 0.3 0.3 0.4 0.1 <.1 <.1 0.6 0.1 . 0.2 0.1 0.3 0.1 

Balmau spp. - - <. I 
Balanu/Tetraclita app. 1.3 
Boltenia villoa <.1 <1 0.4 0.2 <1 0.3 0.1 0.3 0.2 0.2 0.4 0.1 

Cadlina spp. 0.1 <.1 - -

Cancer productm <.1 
Cancr spp. <.1 <.1 - <.1 
Cham spp. <.I 
Cnemidocarpa fmmnrkiensis 0<.I 0.3 0.1 0.3 0.1 -

Conm califomicus - <. - 0.1 

Crepidula spp. 0.2 - - -

Cytochiton stelleni <.1 <.I 0.2 <.I 
Cryptolithodes sitchenis - - <.1 <.1 - <1 0.3 

Cucumunia spp. 0.1 <.1 0.6 0.5 0.3 

Diaulula sandiegemis 0.3 - 0.2 <.1 - - <1 <I 0 . .1 - - 0.1 0.1 

Diodoraa spp. - <.1 <.1 - 0.1 <.1 - 0.3 0.3 

Doriopsilla albopunctata <1 0.7 0.8 0.3 0.1 0.6 0.6 1.5 1.0 0.2 1.5 0.8 0.6 0.5 0.3 2.6 0.3 0.3 1.6 

Epiactis prolifera 0.2 0.3 0.3 - 0.6 <.I 10 0.3 0.7 0.3 0.2 - 0.1 <.t - 0.2 

Eupentacta quinquesemita - 0.1 0<1 <I1 

Fiurella volcano .- 0.1 0.2 <.1 0.8 0.1 <.1 0.3 
(continued)
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Subtidal Arc Quadrant - Annual !nvertebrate Mean Abundance/7m 2 - North Diablo Cove Station NDC 4 at -4m (continued)

Yew" 1976 1977 1978 1979 1980 1981 1912 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
#Stations 0 Suveys 1 I 4 5 3 3 4 4 4 6 4 3 m m 4 4 4 4 4 2 I 2 2 4 

nl Counted ift rCate" than I" (continue4) 

StorylocenttrutpuiN tus 0.3 <. - - <.1 0.3 0.3 1.9 2.8 6.1 4.0 12.8 7.9 2.0 2.1 9.8 65.9 

Tegulapulligo 0.3 0.3 0.4 0.1 <.1 0.8 0.4 - <.1 <.1 -

Tetradlitas bescens - - - <1 
Triopha catalinae - - - <.1 <.1 <I 
Triopha maculata <.I -



Subtidal Arc Quadrant - Annual Invertebrate Mean Abundance/Tm 2 - South Diablo Cove Station SDC 2 at -3m

iii 

Year 1976 1977 1978 1979 1980 1981 1932 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations Surveys I 3 5 6 6 4 4 5 6 6 5 5 4 4 4 4 4 4 4 2 2 2 2 4

Counted Re-axdless of Size 

Auam mitra 
Anthopleum elegantisaima 
Asterina miniat 
Calliostoma ligature 
Cancer antearmmus 
Diopatra nata.  
EudmAyhap moly h 
LlAAtui app.  
Lidhpoma gibberosum 
Pagun. app.  
Parastichopus app.  
Pisater giganteus 
Pisaster odgraccu 
Pyacopodia hefisathoide 
styela am.  
Tegula bunnea 
Tegua rntereyi 
Tethyd autntia 
Toicella lineata 
Urticina $pp.  

Only Counted if Greater than I 

Acandthdris lutea 
Aldiksa g a 
Anthopleura artemisia 
Anthozo unid.  
Aplysia califomica 
Aplym califormia egg mass 
Aplysia vaccaria 
Arhiddria spp.  
Ascidia app.  
Bawanhllia clegans 
Baltm spp.  
Bolteia villosa 
Cadlina spp.  
Calliotoma annulatum 
Cancer productus 
Cancer $pp.  
Ceratostona foliaturn 
Chamsa spp.  
Chromodoni macfadandi 
Chdtnalus fious 
Clavelina hutlsnani 
Cnoemidocapa finnarkiensis 
Conus califonicus 
crngon app.

6.0 1.5 6.0 3.3 3.3 1.3 1.3 0.3 3.9 9.3 0.8 11.3 11.4 16.3 5.3 4.3 12.2 1.7 0.9 7.1 2.3 1.9 0.4 
0.5 0.5 1.0 1.3 1.6 1.1 1.2 0.7 1.4 0.9 1.2 3.3 1.7 0.9 1.1 1.4 1.0 1.1 1.8 0.9 1.1 1.8 1.0 2.1 
3.8 2.3 3,6 3.0 3.8 5.3 4.2 1.6 0.2 0.5 0.2 1.3 0.7 1.0 0.6 0.8 2.6 1.2 0.3 0.4 0.6 0.3 0.1 0.1 

- 0.5 0.2 21 1.5 0.2 1.7 1.5 0.4 2.6 2.9 2.0 1.7 0.4 - - - -
0.5 . 0.3 0.4 <. I 0.1 <.I <.1 0.1 . < 1 0.2 - . < I - 0.1 -
1.0 1.3 1.1 1.3 0.8 0.3 0.1 <1 0.5 0.1 0.6 0.6 0.3 0.3 0.8 2.2 3.8 2.1 0.8 0.9 5.9 4.5 3.4 

- - <.1 0.2 0.1 - 0.1 - - <.1 <.1 <.1 <.1 < 1 0.1 0.1 
0.3 0.4 0.2 0.4 0.4 0.9 0.6 0.3 <.1 0.2 04 0.2 0.4 - - <.1 
1.3 1.3 1.7 1.0 1.3 1.8 0.3 0.3 0.1 0.5 0.8 1.6 3.2 0.5 .

7.5 5.3 8.0 14.3 11.8 19.4 10.9 15.8 13.3 11.8 20.4 30.6 62.1 24.1 11.1 1.9 2.3 0.4 <.1 0.6 0.3 0.4 <.1 
0.2 - - - - - - - - -
0.3 <.I <.1 < 1 0.3 < I <1 0.1 0.2 1.0 0.9 1.3 1.5 1.9 2.1 0.7 0.6 0.8 0.6 0.4 

<.1 0.3 <.I - -0.2 - <.1 . 0.2 .0.1 -
1.3 0.3 0.7 0.5 0.4 0.4 0.2 0.2 <.1 <.1 0.5 0.2 0.4 0.2 0.1 0.3 0.3 0.1 0.1 0.1 - <.  
0.5 <.1 <.1 0.2 0.2 . 0.1 <.1 0.3 - 0.6 0.4 1.0 0.7 0.3 - - <.1 0.1 0.6 0.1 0.2 

15.8 13.5 53.4 106.1 57.4 65.4 45.0 36.9 31.3 36.4 35.0 62.9 37.1 26.8 1.3 5.1 60.6 1.3 0.4 16.5 1.9 
0.8 0.5 5.6 1.8 2.1 1.1 4.1 2.1 0.8 2.3 1.4 7.7 .1 - 0.2 - -
S <.1 0.2 0.3 0.3 0.3 0.2 0.5 0.8 0.3 0.5 

1.5 0.3 1.1 3.8 4.5 4.3 23 0.9 1.3 44 1.4 
- -- 0.2 <1 - -

<.I 
° <.| 

0.2 0.2 0.6 0.3 <.1 0.4 0.1 0.3 0.4 0.4 
* --- - 0.2 

0.4 0.3 0.8 0.2 0.2 0.2 0.1 0.1 

0.8 
- 0.1 0.3 <1 <.1 

<1 -<1 0.3 
- 0.2 

<.<1 

- <.. 1 - -1<.  

.1<1 
.1<I 

<.1 <.I 

0.5 
<.1 0.3 

<.1 0.1 <.1 <.1 0.4 <.I <.1 <.1 
<.1

0.3 
2.3 

0.2 

0.5 
0.1 

<.1 

0.3 
<.1 
<.1

0.1 0.3 0.1 
5.1 4.1 1.1 

- 0.4 <.1 

<.1 

1.9 0.6 0.5 

0.3 <.1 
03 

1.2 0.2 0.3 

<.1 

0.6 1.3 
0.3 <.1 <.1 
0.2 <.1

0.5 0.1 0.1 <.1 
0.8 0.6 

0.4 0.4 0.3 0.6 0.1 

0.3 0.3 0.6 1.6 0.1 
0.6 -

<1 <.I 0.1 

<.1 1.1 0.4 0.3 0.1 

0.1 

<.1 
<1 <.1 -

0.4 

0.3 

0.1

0.1 <.1 

0.1 0.9 1.1 

3.0 1.6 
. 0.8 

0.1 0.6 
0.8 

0.3 <.A 

- - <.1 

- ° . .1

(continued)
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Subtidal Arc Quadrant - Annual Invertebrate Mean Abundance/7m2 - South Diablo Cove Station SDC 2 at -3m (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Statons *Surveys 1 3 5 6 6 4 4 5 6 6 S 5 4 4 4 4 4 4 4 2 2 2 2 4 

Only Counted if G'eater than IV (continued'i

PisaterHennicia Ouv.) 
Pista spp.  
Platyhelmanthes unid.  
Pododeamus cepio 
Psexiadnelat tomm a 
Pwuta spp.  
P~yurhaustor 
Sabellidae 

S•yr acu rs 
Sapidae unid.  
Seakmnrbi• squamgo
Stenoplax spp.  
Str-o glocetrotus pura-tl 
Tegl pulio 

Tnopha ca&alns 
Trioph maulata 
Tritota feativa

0.3 <.1 <.1 0.1 
<.1 <.1 0.1 0.3 0.5 1.9 0.5 1.2 

<.I - . 0.1 
S1 - - <1 0.1 0.1 0.2 0.6 0.3 0.4 

- 0.1 0.3 < 1 0.3 0.1 0.1 0.2 0.4 <.1 - <.1 
0.5 <.1 0.2 1.2 0.8 0.8 1.0 0.3 0.5 0.7 0.5 0.2 0.4 0.4 0.2 0.1 0.6 <.1 0.1 0.1 0.1 <.1 

-<. <.1 <.1 < 0.5 0.2 <.1 - - -
0.8 <.I - 0.1. 0.4 

0.2 - - 0.1 
0.4 0.3 0.4 0.4 1.0 0.1 <.I 0.8 0.1 <.1 0.8 2.8 0.4 0.6 0.6 2.3 0.4 0.1 0.3 

0.2 1.3 2.4 1.8 3.5 1.8 27 9.2 8.1 20,8 17.3 23.1 8.4 6.8 3.4 2.3 0.4 0.5 - 0.5 0.3 0,7 
SI1 

0.3 <.1 1- < 0.1 0.4 0.9 0.4 0.8 0.4 2.2 1.8 - 24.1 4.6 
0.8 1.2 0.5 0.2 0.4 0.3 0.3 - 0.4 <.1 0.3 0.2 0.1 < I <.1 

- < 1 0.1 
"* - <.1 I 
- 0.1 < <.1 <.1 <.I

C C C



Subtidal Arc Quadrant - Annual Invertebrate Mean Abundance/T7m 2 - South Diablo Cove Station SDC 3 at -4m 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
#Stations Surveys I 3 5 6 6 3 6 3 6 6 4 5 i ns 4 4 4 4 4 2 I 2 2 4 

Counted Regardless of Size 

Acmaeamitra 5.3 5.8 10.7 3.3 7.0 4.5 10.5 10.8 17.1 23.9 8.4 6.3 3.2 5.6 8.4 7.5 9.9 10.1 2.3 2.3 0.4 4.5 
Anthopleur elegantiasima 1.3 6.0 6.1 5.0 10.1 9.8 5.6 4.5 6.5 5.8 6.8 8.2 4.5 7.1 10.8 9.0 14.4 15.1 11.5 12.6 8.1 22.6 
Asterina miniata 10.0 15.6 17.5 13.5 18.6 15.7 14.8 9.5 1.6 0.3 0.7 0.3 0.5 0.6 2.2 1.4 1.3 1.6 1.5 3.0 0.1 0.7 
Calliostoma ligatum 1.3 3.5 4.5 3.4 1.8 3.4 3.0 3.0 8.4 9.6 5.7 0.2 0.8 
Cancer atemarius 0.2 <.I 0.2 . 0.2 <1 . <.1 0.1 0.1 -
Diopatraomata 8.3 15.1 22.4 25.8 20.7 10.6 8.3 4.6 6.3 5.5 5.8 8.6 6.9 20.7 23.7 19.4 16.3 20.6 26.0 28.5 21.5 11.3 
Eudistylia polymorpha 0.3 . 0.5 0.3 0.3 0.3 0.4 0.5 0.3 0.1 - - - - - 1.7 
Leptasteaas spp. 0.4 0.5 0.1 0.3 1.0 0.4 <.I 0.1 <.1 0.1 <.I <.1 0.1 <. <I 
Ldhopoma gibberosum 2.5 22 1.5 1.4 6.8 2.8 2.6 1.2 0.5 1.0 1.3 1.1 0.3 <.1 0.3 1.6 <.1 
PaMgIaUspp. 1.8 5.2 5.8 15.2 15.5 18.0 22.8 19.7 17.3 15.0 7.6 18.7 5.1 9.3 6.3 4.9 0.6 0.5 1.3 1.7 
Parastichopus spp.. <1 - 0.1 0.3 
Pisasr giganteus 0.5 0.2 0.4 0.3 0.3 <.1 <.1 <I <.1 <1 0.6 1.9 2.4 0.9 1.7 0.9 2.3 1.0 0.5 0.7 
Pister ochacew - . 0.1 - <.1 <.1 <.1 0.2 - <.1 <.1 <1 
Pyawpodia helianthoides . 0.8 1.0 1.3 0.8 0.6 0.3 0.4 0.3 0.2 0.3 0.4 0.4 0.2 0.4 0.4 0.2 0.4 - 0.8 -

Styela spp. 2.0 3.4 2.3 1.0 0.3 <.1 0.2 <.1 0.8 0.9 0.9 0.3 1.0 1.0 0.6 <.1 0.3 - 0.5 2.1 0.9 0.9 
Tegulabmnmea 18.0 67.8 68.9 96.0 79.9 72.8 80.5 41.3 34.6 22.3 44.1 107.1 7.1 33.2 24.9 0.8 4.5 18.0 3.0 5.3 0.8 
Tegularnntercyi - 5.5 2.4 1.3 4.9 3.5 6.5 0.5 1.6 2.6 0.6 3.9 0.6 0.2 . 0.2 . 0.4 - 0.4 
Tethya auantia 0.4 0.8 1.3 1.0 1.4 1.1 0.7 1.4 0.8 1.0 0.8 0.7 0.8 1.0 1.1 0.9 0.6 0.3 1.0 -; 
Tonicella lineata 0.5 6.2 2.8 5.3 4.0 6.9 5.0 3.9 11.6 3.8 7.4 2.4 2.1 3.4 0.8 0.9 0.4 - 0.4 0.6 
Urticina spp. <.1 <.1 <1 - <.1 - - - - <.1 <.1 0.1 <.1 0.3 . 0.1 0.2 

Only Counted if Greater than I 

Aeolidiacea unid. a <.1I 
Aldisa anguinea -- - <.1 - - -. 0.1 
AnthopleM a temisia 0.3 0.2 0.5 <.1 <.1 0.3 0.6 0.1 0.3 0.3 0.3 0.8 0.3 0.5 0.6 0.1 0.5 0.4 0.5 0.6 
Anthozoa unid. - - - 0.8 -
Aplysia califomnica <.I <. I <.I 0.3 0.3 1.4 0.1 3.0 0.1 
Aplysia califomica egg masn <. I <.I 0.3 . - . 1.6 
Aplysia vaccu-ia - 0.8 0.6 
Archidori spp. 0.3 2.8 1.0 0.6 0.5 0.3 0.2 0.4 <.1 0.3 0.3 0.6 1.6 <.1 0.5 0.1 -

Balanophyllia elegans 4.0 0.5 - - - - - - - - -

Balanus app. 0.8 - - - <I.  
Boltenia villosa 0.1 0.4 <1 <.1 0.6 0.6 0.9 0.8 1.0 1.4 0.4 1.0 0.5 1.7 
Brachyura unid. b (juv.) - - - - - - <1. 
Cactosoma arenaria 1.4 
Cadlina spp. <.1 - <.1 <.1 <1 <.1 <.1 0.1 
Calliostorna annulatum <1.  
Cancer productus <.I 
Cancer spp. <.I 
Ceratostoma foliatum - <.I 
Chmapp. -p,- 0.1 
Chrnomodoris mac'falandi <.1 - <.1 0.1 
Cinatulidae/Terebellidae unid <.I 
Clausocalanua spp. - <.  
Cnemidocafpafinmarkiensis 0.1 0.2 1.0 0.6 0.3 06 0.5 0.4 0.3 <.I 0.3 0.4 0.2 
Conus califoricus - 0.2 0.4 0.2 

(continued)
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C C C,
Subtidal Arc Quadrant - Annual Invertebrate Mean Abundance/7m2 - South Diablo Cove Station SDC 3 at -4m (continued) 

Year 1976 1977 1978 1979 1980 1931 1982 1983 1984 1985 1916 1987 1918 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 1 3 5 6 6 3 6 3 6 6 4 5 m' rs 4 4 4 4 4 2 I 2 2 4

Only Counted if Greater than I (continuedi 

Pododesnus cmplo 
Protothaca laciniata 
Pseudomelatoma toersa 
Pugettia spp.  
Pyun haustor 
Rictaxis punctocaelatus 
Sabellidae 
Scyra acutifrons 
Sepulidae unLid.  
Serpulorbis squamigens 
Sipuncula unict 
Stenoplax $pp.  
Strongylocentrous pu•pratus 
Tegula pulligo 
Triopha catalinme 
Tritonia festiva 
tunicate, solitary unid.

-- <.1 0.1 1.4 
0.3 

0.7 0.5 0.4 0.3 0.3 0.3 0.4 0.7 
0.3 <,1 <.1 - 0.9 0.3 0.5 0.5 0.4 0.7 0.2 0.4 

- 0.2 <.1 0.1 <1 0.2 0.2 0.1 0.3 
<.1 

0.3 <.I <I1 

0.8 2.0 1.0 0.3 0.4 0.2 0.4 0.2 
0.3 0.3 2.4 2.5 2.5 10.5 9.3 6.6 13.7 9.8 19.3 16.4 

<.1 
<1 <1 - 0.2 0.3 0.3 

1.0 1.1 2.2 0.5 0.6 0.8 <.I 0.1 <1 2.2 
<.1 

0.6 <.1 <1 <.1 
0.3 . <.1

0.6 0.2 - 0.3 

- 0.1 
0.3 0.4 0.6 0.2 - - 1.4 0.3 
0.1 <.1 - 0.3 0.1 - 0.2 

0.1 <.1 0.1 0.3 0.8 1.1 
- - - 0.4 

<1 0.3 0.8 1.4 0.4 1.4 0.3 1.5 0.3 7.4 
3.3 2.1 1.4 0.9 0.2 0.6 0.4 1.0 2.1 
< <.1 I 
<.1 
0.3 0.4 1.5 1.2 2.8 11.9 3.8 0.4 26.6 55.9 
0.1 - 0.1 - - -

- <. 0.3 0.1 
<I1



Subtidal Arc Quadrant - Annual Invertebrate Mean Abundance/7m 2 - South Control Station SC I at -3m 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Station/Surveys I 2 3 4 3 3 3 3 3 5 2 3 3 4 4 3 4 3 4 2 2 I 2 4

Counted Reemrdless of Size 

Amwa nitra 
Antopleumr clegantissima 
Asterinam iiata 
Calliostoma ligau 
Cancer antemnarius 
Diopatra warnts 
Eudistyli polymnoipha 
LeWasters spp.  
Lidhopoma gibbersumn 
Pagu86 spp.  
Parstichopus spp.  
pisaster giganteus 
PisatM- oraceus 
Pyonopodia helianthoides 
Stycla spp.  
Te." bmnea 
"Tegula monterey 
Tdthya m'wtw 

Tonicella lincata 
Utticina spp.  

Only Counted if Greater than V 

Aeolidia papillosa 
Andiopleura atemisia 
Andbopleuma xanthogrmrnica 
Anthozoa unid 
Archidoris spp.  
Ascidia spp.  
Boltenia villasa 
Cactosoma aremana 
Cadlins spp.  
Callijatoma amnulatumn 
Ceratotomnma foliatumn 
Clavellinahun,,mani 
Cneaidmo p fummadcienis 
Qypoduton stellei 
Qyptolithodes siteins 
Cucumaria App.  
Dendonot' spp.  
Diaulula sandiegensis 
Dtscurria inacis 
Dandaces unid.  
Doriopailla albopunctala 
Epiactis prolifera 
Eupenta•a quinquesemita 
Fissurella volcano

C

3.0 2.3 3.3 7.5 3.3 4.3 4.3 1.5 12.8 6.2 2.3 2.3 6.0 0.6 0.9 - 1.7 1.8 2.3 10.1 22.9 0.8 4.1 2.4 

1.3 2.4 1.9 4.1 4.1 2.4 4.2 3.5 3.0 3.3 3.8 3.8 8.1 4.3 3.4 4.9 6.9 4.2 4.9 4.9 7.0 1.0 4.4 5.1 

16.5 19.8 17.1 18.8 23.1 19.8 30.4 25.3 2.3 2.1 2.9 2.8 5.7 4.8 7.4 7.3 9.7 6.3 6.0 7.5 9.4 9.0 0.9 1.8 
- - 0.2 1.3 0.8 1.5 0.3 1.0 1.1 2.6 3.5 2.5 3.4 3.4 1.3 1.1 1.0 1.1 2.3 9.0 3.0 1.1 2.1 

0.1 0.1 <.1 0.2 - <1 - - 0.1 0.1 - <I <.1 <.1 . 0.4 
. <.1 0.5 1.4 1.0 2.2 0.3 3.3 2.6 3.3 6.9 6.8 5.1 2.9 2.3 1.9 1.8 1.3 4.5 3.6 2.8 1.6 1.3 

S0.1 - 0.4 <.I < 1 <.1 0.2 - - <.1 0.3 0.1 - - - 0.1 

2.3 0.8 0.6 1.6 0.5 3.8 3.2 0.3 0.9 0.8 1.0 0.8 1.3 0.9 0.4 1.0 0.4 0.8 0.3 0.1 0.5 1.0 0.9 

2.0 1.0 0.4 1.3 4.1 1.1 0.9 <.1 1.3 <.1 0.4 0.5 0.7 0.4 0.1 0.2 0.2 <.1 0.4 0.5 0.3 0.1 0.2 

2.8 11.3 5.8 14.9 10.9 17.6 10.9 14.4 12.5 10.0 6.0 14.0 lI1 6.0 6.4 10.2 8.9 5.1 3.2 15.0 3.8 1.3 2.4 4.6 
<.1 - <.1 

0.3 <.1 0.1 <. <1 0.1 0.1 0.2 0.2 0.2 0.2 0.6 0.6 0.3 0.1 0.6 0.5 0.1 
" <.1 0. <.! <.I - 0.2 <.1 - 0.2 - <.1 0.2 - 0.1 0.1 - 0.1 

1.0 0.5 1.2 0.4 0.8 0.9 0.3 0.8 0.3 0.3 0.9 0.6 0.8 0.7 0.8 0.9 0.5 0.6 0.3 0.3 0.1 0.8 0.3 0.3 

- - 0.6 0.6 0.3 0.4 . 1.0 3.3 1.8 2.5 3.7 0.9 0.9 . 0.5 0.2 0.1 - 0.4 0.8 0.4 0.4 
8.3 21.0 20.0 76.7 58.5 78.3 56.8 24.0 67.8 73.8 57.0 67.8 44.5 42.9 64.1 104.3 97.3 101.0 70.9 104.6 102.0 60.0 115.9 96.2 

* 0.4 0.5 0.2 2.0 1.0 0.3 0.5 2.3 - 1.3 0.5 0.4 3.0 1.1 0.3 - 1.5 3.0 
- . . 0.3 - - <1 0.4 - - - - - 0.1 

3.0 1.9 2.3 14.4 13.5 9.5 15.0 7.8 16.0 6.2 4.9 4.0 12.0 1.1 2.4 1.5 3.9 3.5 4.3 5.6 33.0 3.0 7.9 5.4 
- - 0.2 <.I 0.3 - - - <.1 <.1 0.1 <.1 0.1 0.1 - - - <.1

S- <.- 
<.1 0.3 0.3 - 0.4 0.2 0.6 0.3 0.7 0.4 0.3 0.6 0.3 0.3 0.4 

- -- - - 0.2 - 0.3 - - - - -
* - - . . 0.2 

0.3 0.4 0.3 <.1 0.3 - 0.2 <.1 0.3 <.1 <.1 0.1 
- - 0.1 - - -I 

0.2 0.1 1.3 0.1 
-- 0.1 

<.1 
. <.1 - < I 

. < . I 
0.3 <.1 

<.1 0.2 - <.1 <.I 
- 0.2 <.1 0.3 <.I 0.3 

0.1 - - 0.2 - <.  
0.2 0.1 

<.1 
<.1 <.1 <.1 <.1 

<I1 
-- <.1 

0.2 0.4 0.2 <.1 0.3 <.1 <.1 0.7 1.5 0.7 0.3 0.8 0.3 0.2 0.9 0.3 0.2 

1.3 0.1 <.1 <.I <.1 0.3 1.5 0.6 1.8 1.6 0.9 0.8 0.6 0.3 <.I 
<.1 - <.1

0.3 

0.8 0.3 0.3 

<.I 

0.4 

1.0

(continued)

C C



.6 ( C.

Subtidal Arc Quadrant - Annual Invertebrate Mean Abundance/7m2 - South Control Station SC I at -3m (continued) . . .  

Year 1976 1977 1972 1979 1980 1981 192 1983 19M4 1985 1986 1987 1922 1929 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

N Station/Surveys I 2 3 4 3 3 3 3 3 5 2 3 3 4 4 3 4 3 4 2 2 I 2 4

Only Counted if Greater than I (continued') 

Halcunpa decententaculata 
Haliotis spp.  
Hemicia leviuscula 
Heptacarpus spp.  
Henmiaaenda maaaicaomis 
Hopkinsia rosacea 
Lsdmochitonidae 
Lebbea lagunae 
Leugtha hIdW 
Loph-pope s pp.  
Lottia inatabilis 
Lottia ochracea 
L-oxohyrA- spp.  
Mimulus foliatus 
Mitra idae 
Mopalia spp.  
Nemertea unid.  
Ocenebra spp.  
Ophiothrix spp.  
Outhaterias koehlei 
Petrolithea spp.  
Phidiana hiltoni 
Mir califomica 
Pisasat brevispinms 
Pismter/Henricia (Ouv.) 
Pista spp.  
Placiphorella velata 
Platyhelminthes unid.  
Pododesmua cepio 
Poy-hata unid.  

cudoImelatoma terosa 
Pugetia app.  
Pyum hauot" 
Sabellidae 
Sapulidac unid.  
Seapulorbis squamigena 
StrnIocenttot pwpuamta 
Tegula pulligo

- 0.9 - 1.4 0.7 3.1 - 0.4 1.7 1.5 1.3 3.1 4.1 5.2 1.6 0.3 
1.0 1.1 0.2 <I1 <.1 <I1 <I1 <.I <.I <1 <1 0.1 0.2 

- 0.1 0.2 0.3 0.4 0.4 0.3 <.1 

0 .3 -
0.2 02.10.2 .<I 0.2 0.30.2 0.5 - 0.2 0.2 - 0.4 

0.1 - <.1 - - <.1 0.2 0.2 <.1 0.3 <.1 

<1< * - - - . <1 - - .1- -

0.1 

<.1 <.1 
0.7 2.2 1.5 - 1.4 6.2 7.8 3.8 9.3 6.4 5.0 3.3 4.4 4.2 1.1 1.9 0.5 0.4 0.4 

- -- <.1 1. - - - 0.4 
- < 1 0.1 

<.  

- 0.2 0.2 - 0.5 0.4 0.4 0.3 0.5 <.1 - 0.2 0.1 0.3 - <.1 
0.3 0.1 <.I 0.4 0.3 <.1 0.3 0.3 0.5 0.3 0.4 0.2 0.7 0.2 <.1 <I1 0.3 <.1 0.3 0.3 0.3 0.3 

<.I 

- - 0.1 <.1 0.1 

.- .. 0.2 0.1 

0.1 <.1 <.I <.1 0.1 0.1 
<.1 

-- <.1 0.4 0.5 <.1 0.3 

4.2 4.4 0.8 
* - -- * - - - - <.I - <.1i 

0.1 0.3 0.2 0.1 - 0.1 <I <. <.1 0.5 0.2 

0.5 - 0.2 0.3 0.1 <.1 -
. - <.1 0.1 

0.1 

0.1 <.1 <.1 - - <.1 0.5 <.1 
0.1 

<.1 - 1.1 <.I 0.6 0.4 0.3 0.2 <.1 0.3 0.2 0.1 

0.8 0.1 0.9 0.2 0.7 0.7 0.3 <1 0.2 0.2 - 0.3 0.4 0.4 <1 0.2 - 0.3 0.3 
- - - 0.6 0.3 - <.1 -

0.3 

- 0.4 1.6 0.5 <.1 0.3 0.8 0.2 0.6 0.6 - - 1.0 1.0 

- 0.5 2.1 3.2 3.7 1.6 3.5 4.3 3.9 16.9 6.5 6.3 20.5 13.0 4.3 5.5 1.3 1.8 1.5 2.1 - 0.9 

0.5 0.1 .1 < - - - - - 0.4 0.1 - 0.3 
0.3 . <.1 0.1 <I.! <.1 <.I 0.2 --



Subtidal Arc Quadrant - Annual Invertebrate Mean Abundance/7M2 - South Control Station SC 2 at -6m 

Yeaw 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Station/Surveys 1 2 3 4 2 3 4 3 3 5 3 3 ns rt 4 3 4 3 4 2 ns ns nt 3 

Counted Re.ardless of Size 

Aamea mitra 18.0 7.9 12.8 26.1 16.9 7.0 3.1 4.3 4.3 7.7 17.8 20.0 2.4 3.0 9.9 6.3 4.3 5.6 3.3 
Andhopleura legantissima 9.3 9.0 5.7 10.7 10.6 11.3 12.5 12.2 7.3 13.8 9.0 10.6 6.6 5.4 7.6 4.2 10.1 5.3 6.3 
Asterinaminiata 24.8 29.1 18.4 18.2 21.3 39.3 33.1 46.4 9.8 10.4 12.5 11.9 14.0 17.3 15.1 10.3 15.1 11.8 8.2 
Calliostema liptin 0.8 1.1 1.0 1.7 0.4 1.8 3.0 1.5 3.3 9.2 9.5 6.3 5.3 5.0 4.7 3.0 2.1 8.6 1.5 
Cancer anteznaus - - <.1 0.2 - - <.1 -<.1 
Diopatrwomatm 1.0 2.6 1.0 5.7 3.6 9.1 9.1 4.9 3.6 2.4 6.7 1.9 2.8 2.7 0.9 2.2 1.9 0.9 3.8 
Eudistylia pohmorpfA 2.5 2.4 0.3 0.2 2.4 1.0 1.4 0.7 4.5 0.9 2.6 4.1 0.8 0.3 0.5 0.2 <.I 0.1 
Leptasterias pp. 1.5 0.6 0.8 0.9 0.5 2.8 2.3 1.2 0.4 0.6 1.1 1.6 0.2 0.4 0.8 0.3 0.4 0.5 
Lithopoma gibbeosun - 1.1 3.8 9.4 5.3 3.9 3.4 1.8 2.5 0.2 1.0 2.6 0.4 0.3 0.9 <. - 0.3 0.2 
Pa4-uns spp. 0.8 3.4 2.6 6.9 9.3 20.8 19.8 15.8 18.9 9.9 7.6 9.2 3.0 9.5 5.8 8.8 4.9 2.4 9.8 
Parastichopus p. - <.1 <1 - 0.2 0.3 - <.1 <.1 - 0.2 
Pioter giganteus 1.4 0.8 0.8 0.5 0.8 1.5 0.8 0.3 1.6 1.0 1.2 1.3 1.0 0.9 0.9 1.8 2.5 1.1 
Pisaster Oam 0.8 0.2 0.7 0.5 0.4 0.3 <.1 0.3 0.7 0.3 0.4 0.2 <.1 - - - 0.2 
Pymopodia helianthoides 0.3 0.3 0.6 0.4 <.1 0.2 0.3 0.3 0.3 0.2 0.3 0.5 0.7 0.3 - 0.3 - <.1 
Styela spp. 5.5 4.5 1.0 5.7 5.0 10.3 10.6 4.6 4.7 22.7 29.9 24.5 20.7 12.4 8.4 1.3 2.6 2.5 0.6 
Tegulaqbmnea 3.0 14.6 18.8 40.9 73.1 35.8 80.3 28.3 89.5 78.6 99.3 66.3 15.9 22.3 35.1 39.5 24.4 34.5 44.5 
Tegula montereyi - 3.0 2.0 1.5 1.1 1.0 5.4 . 0.8 1.7 3.5 2.5 0.8 1.5 3.8 1.0 2.4 0.8 
Tethya aurantia 0.1 <.! 0.5 1.0 - 0.3 <.1 1.0 1.0 0.8 2.4 0.1 0.2 0.6 0.3 0.3 0.5 0.4 
Toaicellalineata 11.3 13.5 12.3 31.3 31.9 7.3 17.1 9.0 24.0 9.5 5.8 10.3 1.7 1.5 3.9 8.3 7.5 5.6 2.8 
Urticina pp. 0.5 0.3 0.8 0.3 0.3 <.1 0.3 0.2 0.8 0.5 0.1 <.1 <.I <.1 0.1 - 0.2 

Only Counted ifGreater than I 

Aldisa anguine - - - <. I 
Anthoplem-aaztemisia <.I 0.2 1.3 1.1 0.6 0.3 0.6 < 1 0.3 <I 0.3 <.I 0.3 0.5 0.2 
Andhozoa uniL. 0.3 1.0 -- - - -
Archidoriaapp. 0.8 0.1 <.1 0.3 0.3 - 0.3 0.3 0.6 0.5 0.6 <.I 0.1 0.3 0.1 <.1 
Balanophyllia elegans 36.8 
Balntm spp. - - - 0.1 0.7 - - 0.4 
Boltenm villoua 0.7 0.4 0.6 0.4 0.5 0.8 4.2 1.9 5.4 1.6 0.4 0.5 1.4 0.3 
Calliostonm manulatwn 0.1 . 0.3 <.I 0.2 
Calliostoma eanaliculatumn <I 0.3 - - <. I 
Caneeaspp. <.1 0.1 
Ceratostoma foliatum 0.6 <.1 0.1 <.1 <.1 0.2 <.I <.1 <.I 0.1 
Chelyosom- p- - 0.2 
Chrmnodoris mafadrlandi - <. I 
Clavelina hummami - 0.4 
Cnemidocupa fmmarkiensis 0.3 <.1 - 1.3 0.9 1.3 0.4 0.1 0.7 0.2 0.1 
Conu•a alifomicus - - <. - -
Corynacm califomica 0.3 
C(rypwciton•stelleri - <.1 - - <.1 0.3 <.1 0.1 0.4 
Cryptolithodes sithemmis <.1 0.2 <.1 <.1 0.3 0.2 <I 0.2 0.2 0.4 
CucuAria spp. 0.7 <.1 0.3 0.9 <1 0.6 - 0.3 
De'dronotus app. - - 0.4 -
Diaulula sandiege-sis <.1 - <. - <.1 <.  
Diodem spp. <.1 0.2 <.1 . <.1 -
Doriopsilla alIbOpuntA 0.4 0.6 0.6 0.8 0.8 0.5 0.5 3.8 0.4 2.6 0.3 1.3 0.2 1.3 0.6 0.7 

(entinued) 

SC (C



C C. C..°

Subtidal Arc Quadrant - Annual Invertebrate Mean Abundance/7m 2 - South Control Station SC 2 at -6m (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# StatioaSurveys I 2 3 4 2 3 4 3 3 5 3 3 ns ns 4 * 3 4 3 4 2 ns ns ns 3 

Only Counted ifGreater than IV (continud)

Epiactis prolifera 
Eupentacta quinquesemita 
Fissurella volcano 
Flabellina iodinea 
Fusinus luteopictus 
Halcampa decerntentaculata 
Haliotis app.  
Henncia leviuscula 
Hennissenda ermicomis 
Holothumidea unid. a 
Isdmoihitonidae 
Lepidozona spp.  
Leucandra heathi 
Leucilla nutingi 
Lottis in..abilis 
Lcoync,- app.  
Majidae 
Mimulus foliastus 
Mitra idae 
Mopalia spp.  
Natantia unid.  
Nemertea unid.  
Ocenebra spp.  

Octo- app.  
Ophioplocus spp.  
Ophiothrix app.  
Ophiurotoea wiid.  
Orthasterias koehleti 
Paraxanthias taylori 
Phidiaa hiltoni 
Pluagnatopoma califomica 
Pisastr brevipinus 
Pisaster/Heuicia wuv.) 
Pista spp.  
Pododeamm cepio 
Pseudomelatoma torma 
Pugettia spp.  
"Pyur haWtor 
Sabellidae 
Seamlidae unid.  
SerpWlobis squamigers 
Stenoplax spp.  
Strogylocentrotus purpuratus 
Stylasterias forred 
Tegula pulligo 
Triopia catalinae 
Triopha maculata 
tunicate, solitary unid.

0.3 0.1 0.8 0.5 
- - - - 0.2 

0.4 
0.3 0.3 <.1 

0.3 0.3 0.6 
<.1 
0.1 

0.8 0.1 <.1 

0.3 
0.3 

- 0.6 1.0 1.1 

0.1 
* 0.1 

0.5 2.0 0.9 2.3 1.6 1.0 
0.3 - - <.1 0.1 0.2 

<1 0.1 <.1 

<.1 

0.3 
0.3 0.4 0.1 <.1 
0.8 0.6 <.1 0.3 0.3 0.6 

<.I 
- 0.3 1.9 6.3 12.1 

0.3 - 0.1 -
. 0.6 0.4 

1.3 0.9 0.3 - 0.8 
* 0.6 - <1 0.3 0.3 

0.3 
<.1 1.1 0.3 <.I 

0.4 
1.5 
0.3 4.4 4.9

0.3 1.3 

0.2 
0.6 0.8 
0.6 0.2 
0.3 0.3 

2.1 1.3 

3.8 3.1 
0.1 0.2 

0.4 0.3.  

1.1 2.1 
0.1 0.6 
0.3 
0.8 0.3 
0.7 0.8 

- <.1 
2.7 -

1.6 0.8 
<.I 

0.3 1.0 
. 0.2 

0.3 <.I 

< <.I 

0.6 0.4 
0.3 

5.3 5.2 

1.8 3.2 
- <.1 

0.2 <.i 

<.1 <.I 

0.2 
. 0.8 

0.2 0.3 
0.4 0.5 
<.1 0.7 
0.2 6.3

3.0 0.7 0.4 0.6
0.5 2.0 2.4 4.9 6.0 17.9 13.6 14.2 21.0 35.1 57.6 79.3 

11.8 21.8 0.7 0.8 0.3 0.9 0.6 0.7 <.I 0.3 
- 0.3 - <. I 

0.5 2.9 1.6 1.2 . 1.0 1.2 0.3 0.3 1.8 0.4 
<,1 <.I 

<,I

1.9 0.2 0.5 <1 -
<1 <I 0.1 0.3 <.1 

<.I 

<1 

0.6 1.0 0l 0.1 
1.7 0.4 1.3 1.1 0.2 
0.3 

<.1 

3.2 1.6 3.9 1.4 0.4 0.5 
- <. <.I <. 0.3 

- - 0.3 
1.3 1.7 2.7 0.4 1.2 0.8 

- <1 0.1 
- 0.2 0.1 

<.I 

<. - 0.1 - 0.2 0.1 
<.I 0.3 0.3 1.8 0.3 

0.2 0.3 0.3 0.3 0.3 
- - <. <.1 

0.3 0.2 <.I <. <.1 0.4 

<.1 
0.1 - 0.1 

. 0.5 <.I 0.3 0.1 
<.1 - 0.3 
0.1 <.1 0.1 <.I <.I 0.3 

- 0.3 1.3 0.4 . 0.1 
0.7 0.5 0.6 1.5 0.3 0.4 

- <.1 <.1 
5.0 2.6 5.2 2.1 1.5 

16.9 20.5 37.9 25.5 7.9 5.9 
<.1 

0.1 0.3 0.2 0.7 0.5 

0.9 0.2 0.3 0.2 0.4 

- - - 0.2 -

<.1 
0.4

<.2 

0.2 

0.2 

0.2 

<.I 

<.1 

<.I 

1.4 

<.1



F4 - Invertebrate Abundance on Subtidal 
Benthic Stations (Fixed Quadrat Method)



(C. C

Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/rm 2 - Field's Cove Station FC I at -3m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1983 1989 1990 1992 1992 1993 1994 1995 1996 1997 1998 1999 

# Stations * Surveys ns ns As ns na IT n s na an ns ns 0n 2 4 4 3 4 2 3 3 1 2 4 4

Counted Remardless of Size 

Acnaea mitrm 
Acmacid unid. a 
Acolidiella oliviac 
Aldis sanguinee 
Alia carinata 
Alia spp.  
Alpheus cla2 tor 
Ampiisa spp.  
Anisodoris nobilis 
Anthopleura utemisia 
Anthopleua elegantissima 
Anthozoa unid.  
AsterinA miniata 
Astenna miniata (juv.) 
Balanophyllia eleguis 
Balmau spp.  
BalanmafTetraclita spp.  
Barnacles (juv.) 
Boltenia villosa 
Brhyura untid b (juv.) 
Cactosomaa arermia 
Cadlint flavonmaculata 
Cadlina luteoaw nata 
Calliostoma ligaturn 
Callistochiton aassico•tatus 
Can- products uv.)

0.5 0.9 0.5 0.7 0.3 0.4 1.2 1.8 1.3 1.3 0.6 1.6 
<.1 

<.1 
0.2 

2.3 1.4 3.8 0.7 1.6 0.3 1.3 - 8.3 0.1 
0.4 0.4 <1 * 1.5 0.3 1.3 0.8 0.2 

. 0.1 0.1 . 0.3 
0.8 1.3 0.8 1.5 0.9 1.1 0.7 1.4 0.5 6.0 1.2 0.6 

0.1 <.1 <I 
<.1 
<.1 - 0.1 <.1 

0.3 0.1 0.7 0.2 0.2 0.1 0.6 0.2 0.3 0.3 0.2 
- - 0.2 <.1 <.1 - 0.3 0.3 0.3 <.1 0.2 

- - <I 0.5 

0.4 <.1 0.3 02 0.1 <.1 
<.I 
0.1 2.8 1.6 0.2 0.1 1.6 2.3 0.3 2.3 0.3 

- -- 1.5 - -

<.1 0.2 
0.1 

- 0.6 0.3 0.3 

<.1 0.2 0.1 
0.1 - . 0.1 03 

1.6 0.8 1.0 0.3 0.4 - <.1 0.3 0.3 0.2 0.1 

- <1 0.1 0.1 -
. - < 

<.1 <.1 <.1 - 0.3 
<.1 

<.1 
<.1 

4.9 1.1 2.1 1.6 3.1 2.8 <.I 0.1 
<.I 

0.1 
0.1 0.1 <.I 0.2 - 0.5 1<.  

<. - <.I <.I <.1 

S <.I <. 0.1 <.1 <.I <.1 

0.3 <.1 0.6 0.4 - 0.3 <.< 
0.3 * * 0.3 0.8 1.8 0.2 1.0 - 0.3 

<. <. - <.I <.1 
0.2 <.1 0.4 <.1 0.1 <.1 <.1 

<.1 
<.1 0.2 <.I 01 <.1 <1 -<I 0.1 

0.6 0.5 0.6 1.0 0.2 0.5 0.6 - 0.3 1.5 0.3 

<.1 
- 0.1 0.1 <.I 

0.3 0.7 0.5 0.9 0.6 0.3 2.6 0.6 0.3 0.5 0.6 0.5 

(continued)

Cancer spp.  
Charns spp.  
C2fomodoris macfarlandi 
CihatulidaeUTcrebellidae unid.  
Clavularia spp.  
Corynactis califamica 
C edoma giganteum 
Crepidula spp.  
Cryptochiton stelleri 
Cztolithodes sitchensis 
Cucumaria spp.  
Dendropoma lituella 
Diaulula sandiegensis 
Diodora opera 
Doridacea unid.  
Doriopsilla albopunctata 
Epiactis prolifera 
Eudistylia polymorpha 
Pupetata qunquesemita 
Fiasurella volcano



Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/rn 2- Field's Cove Station FC I at -3m (continued)

Yer 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
0 Stations 0 Surys ns ns ns Is ns ns ns RS rs ns ns us 2 4 4 3 4 2 3 3 1 1 4 4

Counted Remsrdles of Size (continucd) 

Fusimus luteopictus 
Grapsidac (juv.) 
Halcampa decemteotacata 
Haliotis nifescns 
Haliotis app. juv.) 
Heavicia leviuscula 
Heamssenda crasscomis 
Homalopoma app.  
Hopkins'a rosu 
Idotesw pp.  
Lchnochitonidae 
Lacuna spp.  
Lepidoz-a app.  
Leptastcxnasapp.  
Leucwadra heati 
Leucilla nuingi 
LissothWmia nuttim 
Lithopoma gibbom 
Ldidopom gibb-r a 0-.) 
Loispapopetspp.  
Lottia instabilis 
Lottia ochacea 
Loaxwnadw spp.  
Mimulus foliatus 
MiWa idaw 
Modiolus spp.  
Mopalia Iigns 

Mopalia app.  
Natantia unid.  
Nereadidac unad.  
Ocmecna handa 
Ocauela app.  
Ophithix spicu-a 
Ophiuroidea unid.  
Pagurus app.  

Paaxamis taylari 
Peecypoda unid. bring 
Petrolisthes spp.  
Phidiana hiltoni 
PHna Wpnia a califomnic 
Phyll oc toptena pFrolificA 
Pisaster ntem 
Pkaaster/Harmcia (uv.) 
Pists 3pp.  
Plthe ndme mid.  
Pododesmms cepio

C

0.4 0.9 0.9 0.5 0.6 0.3 <.1 0.3 0.8 
<.1 

- - - 0.3 0.3 
- 0.2 -

0.3 <.1 . <1 0.1 0.2 
- <.1 - 0.3 0.3 0.1 < 1 0.3 

0.1 0.2 <.1 0.2 0.1 0.3 <.1 
3.0 4.0 2.5 3.9 3.4 2.9 2.9 3.6 2.3 

- 0.1 - -
<.I 

0.1 
0.1 0.6 0.1 0.8 - 0.2 0.3 

- * * - - <.1 
1.3 1.2 1.3 2.2 1.2 1.1 1.0 1.5 
0.4 1.0 0.3 1.3 <.1 - - 1.0 
1.0 1.2 3.2 0.3 1.8 1.0 - 0.8 
0.6 0.6 2.4 1.5 2.4 2.1 1.1 <.1 

* - * - - <.3 
0.1 0.1 0.3 <.1 0.1 0.3 
* < I - - -

0.1 0.3 0.6 0.3 0.9 0.4 0.3 2.8 
<.1 -

<.1 <.1 
- I< <.I 0.1 0.3 0.3 

<.I 0.1 
- 0.3 

0.1 

0.1 0.1 0.2 
- 0.1 - 0.3 0.3 

0.8 0.2 0.3 0.1 -

0.9 0.5 0.2 0.3 0.3 0.2 0.3 
<.1 

4.3 4.9 5.1 6.9 3.1 1.3 5.7 2.9 1.3 
- <.1 <.I 

21.1 4.6 14.1 10.9 8.8 14.3 9.5 3.7 5.0 
0.1 <.1 0.4 

i- - 0. <.I 
0.4 1.8 2.1 2.7 1.6 1.3 0.9 3.2 2.5 

- 0.3 0.8 0.1 0.6 0.4 1.0 
S- - - * 0.3 

0.1 0.2 - 0.3 0.8 0.2 <.I 
0.1 0.1 0.5 0.6 0.5 0.2 0.8 

-- - - 0.1 - -
0.1 <.1 <.1

(C

1.3 

0.3 

6.5 

1.0 

1.0 

1.3 

0.3 

0.3 

0.3 

0.3 

1.5 
0.3 
5.8 
0.3 

0.3

0.5 

<.1 
0.2 
2.9 
0.3 

0.6 
0.1 
0.8 
1.0 
<.1 
<.1 
0.1 

0.6 

<.1 

<I 

<.1 
<.1 
<.! 

0.9 

5.3 

0.3 
5.1 
0.5 

0.1 
0.4

0.3 

<.I 
0.1 
0.1 
<.I 
4.1 
0.3 
<.1 

<1 
1.7 
0.8 
0.4 
0.9 

0.1 
0.3 
<.1 
0.6 

<.1 

<.1 

<.I 
<.I 
0.3 

3.4 

3.2 

0.3 
4.2 
0.2 

0.7

C



( (

Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/m2 - Field's Cove Station FC 1 at -3m (continued) 

Yew 1976 1977 1978 1979 1980 1981 192 1983 1984 1985 1986 191 1911 1989 1990 1991 1992 1993 1994 1995 1996 1997 1991 1999 

# Statiom Survey s fi 11 3 ns ts fs no ns ns ns 113 2 4 4 3 4 2 3 3 I I 4 4 

Counted Rexrdless of Size (continued)

Pseudomelatoma toross 
Pueta -dct 
Pugettia richii 
Pyura haustor 
Sabellidse 
Scyna acutifrons 
Se•pua vermicularis 
Sesuidac umnid 
Seulorbis squamigerus 
Sphroiarichus spinosus 
s-w~crau PXpmtxai 
stroylocentmtiu 59.  
Stycla monntemyss 
Tegula bnate 
TeglaII&ntereyi 
Tegula pulligo 
Tedy aurmtia 
Tetraclita rabesees 
Themiste pyroides 
Tonicella lineata 
Tricolia pulloides 
tunicate solitary unid.  

Covera" Based on # of I Sares 

Abiet./Setularellat/eularia spp.  
Barentsia spp.  
Bryozoa, unid. (encrusting) 
Blyozoa, unid. (erect) 
Blyozoa, umid. (foliose) 
Didenurm/Trididenmwn spp.  
Eurystomell bilabiata 
Hydroida 
HyffUT11nist C-10 
Microporella califomica 
Porifeaa unid (encritsting) 
Salmacina tribnnchiata 
Spirorbis spp.  
trnicatem colonial/social unid.

0.1 0.3 0.1 <. <.1 
. 0.2 0.1 - - 0.1 0.2 <.1 

1.3 1.6 1.3 1.3 1.1 0.4 1.1 0.8 0.3 
S 0.1 <.1 <.1 

<.1 0.5 

.- 2 0.5 
0.1 0.1 -

0.6 0.4 0.3 1.0 0.4 0.4 0.3 0.9 
0.1 0.1 0.6 0.8 1.7 1.4 1.4 0.5 0.5 

- - . 0.4 0.4 - 0.2 0.6 
0.6 . 0.5 0.7 0.3 0.4 0.6 0.5 0.8 

- 0.1 - - - -

1.3 6.1 3.9 7.9 4.6 2.9 3.3 4.5 1.0 
<.1 0.2 - <.1 

- <.1 - - <.1 
0.1 0.1 <I1 
0.6 - 37 0.4 

6.6 2.6 5.8 2.8 4.2 3.4 2.6 2.3 2.0 
0.3 0.2 0.3 0.2 0.3 - <.1 0.3 1.0 

" 0.2 - - <.1 - 0.3 
0.1 0.3 0.3 0.9 0.3 - 0.1 

<1I 

0.6 
4.5 2.1 1.1 1.3 1.1 1.9 0.6 1.2 0.3 

- <.1 <.I 
<.1 

2.4 1.4 1.6 0.8 1.0 0.4 0.6 0.3 0.5 
1.6 0.9 13 0.3 1.3 1.3 2.5 0.5 0.8 
0.4 < <.1 0.1- 
<I1 <.! <.1 0.3 

6.5 3.3 5.5 2.3 2.3 1.6 1.3 1.3 2.0 
7.0 2.3 1.3 1.1 1.4 0.3 0.9 0.3 0.3 
1.3 0.3 0.5 0.5 0.2 <.1 0.1 <.1 <.1 
3.6 3.9 4.0 2.3 2.9 2.3 1.9 1.5 2.3

0.1 
-0.1 

2.0 0.1 0.9 

0.1 
0.3 

* 0.1 0.1 
0.3 0.2 0.3 
0.3 1.3 1.1 
1.5 0.3 0.6 

0.3 0.2 

2.5 3.8 6.0 

0.1 
2.0 1.0 

0.3 0.4 0.9 

0.2 <.1 

1.0 1.2 1.4 

1.0 0.4 0.3 
- 0.3 

- <.1 <.1 

0.3 
5.0 1.0 1.8 

. 0.2 0.2 
0.5 <1 <.1 
4.8 1.5 1.4

C.,
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Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/n 2 - North Diablo Cove Station NDC 2 at -3m (continued) 

Y"ai 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

N Statio/Survys 1 3 4 4 3 3 3 3 4 5 4 5 3 4 4 3 4 4 4 2 us ns ns 3

Counted Regardless of Size (continuedW 

Ocencbra lurida 
Occnebraspp, 
Octopus spp.  
Ophiacut ssnplex 
Ophioploew esmarki 
Opbiotbrix spiculata 
Ophinroidea wur.  
Paguru spp.  
Paratichopus parvm•ns 
Paraxaulbis tayloci 
PeIcypodsumid.  
Pelecypoda umid. borin 
Petholisthea spp.  
Phlmcoloam agnasisi 
Phidima hiltoi 
Phrsnataporm califomica 
Phylloducetoptears p•olilica 

Pulwa ntgeus 
Pias~te ochraceus 

Pisast•Hriaucia 6juv.) 
Pista spp.  
Pista/Steblosorm spp.  
Plhelmimte unid.  
Pododesmus cepio 
Polychaa unid.  
PacudrMewrnts~ hmas 
Psolus chitkmoides 
Pgepta -ickui 
Pugcttaancli 

PugeAfia app.  
pyapodia heliardoides 

R-oaga puldbra 
Sabellidac 
Scyca ac•utrou 
Scupula vmriculans 
Scepulida unid.  
Serpulmb squaris-a 
Sipmuca umid.  
Splm stidac unid.  
Spicoiwanchu spinasus 
Spirtocams app.  
Stenoplax heathiana 
Stanaplax spp.  
Strnglocentrotus francicanus 
Strwanglwyenrotpuapuratus

C-

0.1 - - 0.2 <.1 0.5 0.4 <.1 0.5 0.4 -

- 0.1 0.3 <.1 <.1 <I 0.3 0.1 0.5 0.1 0.1 <I1 
-- *0.1 

- - 0.1 <.1 
0.1 0.4 0.6 <.I 0.3 0.2 0.3 0.4 <1 0.2 0.3 0.3 1.9 0.4 1.4 

- 1 < I 0.4 - 0.1 
2.0 3.8 8.7 13.3 10.3 21.2 12.7 11.4 11.4 12.4 7.7 7.1 4.9 3.7 0.8 2.9 1.9 0.3 1.5 0.1 

<.1 
<.1 0.4 0.2 41 

- - <.1 -I 

1.3 1.6 3.6 1.1 1.4 1.8 1.9 2.0 3.8 4.1 5.2 10.3 9.6 9.0 124 10.6 6.9 12.5 3.5 
- <.I <.1 0.2 <1 -- <.  

0.3 - 0.1 

<1 <.I - <.I <.1 0.2 0.2 0.5 0.6 0.5 0.4 0.6 0.8 1.0 
<.1 0.3 0.1 1.4 0.4 0.8 0.2 1.8 2.6 3.1 4.8 22.6 14.9 9.3 5.3 2.9 3.0 2.4 1.5 

0.3 0.3 1.0 0.2 0.3 0.8 0.2 1.3 1.6 1.8 2.4 1.3 1.0 1.1 4.1 1.0 1.1 
- - <.1 - - <.1 <.1 <I 

.- < .1 
0.2 1.0 2.6 1.4 1.9 1.4 2.0 1.4 0.8 0.6 0.2 - <.1 

0.5 0.8 0.4 1.2 0.7 0.3 0.9 0.4 2.1 1.8 1.0 1.5 0.7 0.5 0.9 1.2 22 2.6 2.4 7.0 

3.0 0.9 - - -

<1 
0.2 <.1 0.1 <.I 0.3 

- - <.I 0.1 

<.1 0.3 0.2 0.3 0.2 0.3 0.4 1.6 0.6 0.5 0.5 0.2 0.1 <.1 < .1 
- 0.3 - - -

<.1 0.1 0.4 <1 0.3 0.2 0.3 0.8 0.2 0.3 <.I 0.6 <.1 0.3 
- 0.9 2.2 1.9 1.4 4.3 1.3 1.7 3.3 1.6 1.3 0.5 0.8 0.2 0.8 0.6 0.7 

0.3 0.3 <.1 - -
- - - <.1 <.I <1 0.1 <.1 <. <.I 

- - - 0.1 
S-<.1 < I 

2.3 <.1 0.1 <.1 <.1 <.1 0.4 0.1 
,~<! 

- 0.2 0.2 0.2 <.1 <.1 0.2 0.2 <1 0.5 0.3 0.1 

-- <.1 0.2 0.3 0.1 <1 <.I 0.3 0.6 
0.1 0.2 0.3 0.4 0.4 0.5 0.7 1.4 1.5 0.7 1.0 0.8 0.3 0.2 0.2 0.3 0.1 

0.3 - - -
0.1 - - - - -

<.1 - 0.2 0.5 0.5 0.2 0.3 0.3 1.3 1.9 0.9 

<.1 
- <.1 <.1 

- <.1I 
- 0.1 0.6 - 0.2 0.1 

- <.1 < I <.1 - 0.2 0.2 0.3 0.6 1.8 1.4 3.6 3.4

C-

0.7 

0.2 
0.2 
<.1 

2.8 

45.8 
0.7 

5.3 

<.1 

<.1 

0.3 

1.3 

7.9

(continued)

C



Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/r 2 - North Diablo Cove Station NDC 2 at -3m (continued)

Year 1976 1977 1978 1979 1980 1981 192 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Station/Surveys 1 3 4 4 3 3 3 3 4 S 4 5 3 4 4 3 4 4 4 2 ns ns ms 3

Counted Regardless of Size (continued) 

Stmngylocentrotus pp.  
Styela montereyesis 
Tectuma paleace& 
Tegula bnmnea 
Te% a montereyi 
Tegulapulligo 
Tethys aurantia 
Tetraclita rubescens 
Themiste pyroides 
Tonicella lineata 
Tricolia pulloides 
Triophs catalinae 
Triopha nmaculata 
Tubulms polymorphs 
"Tu1tuamm usaineafts 
Williamia peltoides 
tunicateý solita•mUd.  

Covera' Based on 0 of I" Squares 

Abiet./SertularelltSeauluia app.  
Aglaophenia spp, 
Bryozm, unict (enensting) 
Bzyozoa, unid. (foliose) 
Didesmrnnfrrndidemnum spp.  
Dodecaceria fewkesi 
Euystomella bilabiata 
Hydroida 
Leucosolenia spp.  
Porifera unid. (eamnafting) 
Porifera uid. b (yellow) 
Porifera wid. e (orange) 
Salmacina tribrichiata 
Spivorbis spp.  
tunicate. colonial unid. a (white) 
tunicates, colonial/social wtid.

- 0.3 0.2 <.1 0.1 0.5 0.4 <.I 0.9 0.9 0.1 0.6 0.9 
S - <I. -
-- <.1 <1 

1.0 1.9 3.9 z21 2.9 3.5 2.1 3.2 5.9 7.0 9.8 13.1 23.3 6.4 0.3 1.3 2.3 0.2 0.5 
<.1 <1 < 0.2 0.3 <.1 <.1 

*<.1 -

- <.1 
-- - 0.5 1.0 <.1 - 0.2 - 0.7 0.1 0.4 0.2 

0.6 0.3 1.5 1.1 1.0 0.9 1.8 2,1 1.9 2.2 2.6 1.8 1.1 0.6 0.5 0.2 <1 0.4 0.5 
0.2 0.2 0.1 0.2 <.1 0.2 <1 0.2 0.5 0.3 0.7 0:3 0.4 0.2 <.1 <.1 <.1 
0.4 - <1 1.2 1.9 0.8 1.4 1.1 1.9 1.1 0.2 0.2 

- - 0.1 
- - - 0.1 - < 

< I 

- - - 0.6 0.5 
- <1 0.1 <.1 <.1 0.1 <.1 0.3 

<I 

<.1 

- 0.8 0.3 0.8 1.0 0.8 0.8 1.6 0.9 1.1 1.0 1.0 0.2 1.1 0.6 0.4 0.6 0.3 0.2 0.3 
<1 - <1 < I 

1.3 1.5 1.4 1.9 1.1 1.2 <.1 0.4 0.3 1.5 1.3 0.8 0.4 0.5 0.4 0.9 0.5 0.2 <1 
<1 -

- <1 0.1 0.3 <1 <1 <.1 - <I1 
0.2 <.1 <1 <1 <. 

< I 
- 1.3 <1 0.9 0.8 0.5 0.3 0.3 0.7 1.0 0.4 0.5 <1 0.4 0.3 0.3 0.3 0.1 0.3 <.1 

1.5 

0.8 
- <1 0.3 0.2 0.5 0.4 0.4 1.1 1.0 0.4 0.4 0.3 0.2 0.3 0.1 0.1 0.3 

2.5 0.1 0.2 0.7 0.3 0.8 06 0.9 1.4 0.9 0.9 0.4 0.5 0.6 0.2 0.1 0.3 <.1 <.1 
1.0 
0.8 1.2 1.1 1.2 1.6 0.8 1.4 0.8 0.6 0.7 0.9 1.3 0.8 1.4 1.4 1.0 1.5 0.6 0.6 <.1

(

0.2 

<1 

<.1 

<.1 

0.5 

0.3 

0.2
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-C C C
Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/r 2 - North Diablo Cove Station NDC 3 at -3m (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1983 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N Station/Surveyr I 3 4 4 3 3 3 4 4 S 5 4 3 4 4 4 4 4 4 2 2 2 2 4

Counted Reme•vdlo of Size (comtiue_) 

Clavelina huntsmani 
Clavularia $pp.  
Conus califomicus 
Crassedoma giganteum 
Crepidula spp.  
C'ryptocton stelleni 
Ci'tolithodes sitchensis 
Cucumnari- spp.  
Dendrodors spp.  
Dendropoa lituella 
Diaulula sandiegensis 
Diodora apera 
Diopatra ornata 
Doriopsilla albopunctata 
Epiactis prolifera 
Erato vitellina 
Eudistylis polymorpha 
Eupentta • uquue- ita 
Fissurella volcano 
Flabellina trilineata 
Fusianus luteopictus 
Ckapaidae a-o.) 
Halcanpa dcemntentaculata 
Haliotis nifescens 
Haliotis spp.  
Haliotis app. (iy.) 
Heanicia leviucula 
HepaMu app.  
Heinissendsa casiconis 
Hiatella arctica 
Hipponix spp.  
Homalopoar spp.  
Hopkirsiacea 
In. larmellifer 
Ischnochitonidae 
Kelletia kelletii 
Lacuna spp.  
Lepidozoam spp.  
Leptasterim aspp.  
Leucandra heathi 
Leucilla nuttingi 
Lissothwria nutrier 
Lithopoma gibberosum 
Lophopnopea spp.  
Lottia instabilis 
Lottia ochrwes

1.9 0.8 0.6 0.8 
<.1 I 

- <.1 <.1 <.1 
0.2 <.I 0.4 <I 0.1 0.6 0.5 .  

- . . 0.1 - 0.1 
<.1 0.1 0.6 0.4 0.2 0.1 - - - <.1 

0.3 0.2 - - <1 - 0.1 0.1 . 0.2 0.1 0.1 , 
-- <.1 - - 0.2 <.1 - 0.1 

0.9 <.1 0.3 0.3 0.5 0.2 - 0.5 0.1 
<.I - <.1 - <.I 

<.1 - <.1 0.1 0.1 
0.3 < 1 0.3 <1 -<1 0.1 0.1 <.1 

- - <1 - <.1 0.1 - 1 0 . <.1 0.2 <.1 <.1 0.3 - - 0.2 
1.0 3.8 2.5 2.8 2.6 1.4 0.8 2.3 0.7 1.4 1.1 1.5 1. 0.7 0.8 0.4 - <.1 0.1 0.3 0.3 

<1l 

0.3 
<.1 < <1 0.1 <.1 

<.1 <.I <.I <.1 0.8 1.4 0.4 0.8 1.6 2.4 1.2 0.5 0.5 2.4 1.9 0.9 1.6 1.8 0.5 
0.1 

<.1 <.1 0.1 0.8 0.8 0.2 0.2 <.1 0.1 <.1 
<.1 <.1 

<.1 1.3 0.1 <.1 <.1 <.1 I1 
<.1 <.1 o - 0.1 

<I1 
- 0.1 <.1 0.1 

1.0 - <.1 0.3 0.1 <.1 
- 0.3 o o 

0.2 0.1 <I 0.2 0.1 <.1 0.1 - <.1 0.1 
.- <.I 
.- <.I 

0.3 <I 0.4 0.8 0.6 1.6 2.4 1.8 2.3 3.1 4.2 2.6 0.3 
0.I 

o. . <.I 
0.3 0.1 0.2 0.2 0.3 0.3 0.1 0.4 0.3 0.3 0.2 0.2 0.4 0.1 0.3 <.1 0.1 0.1 

*- . <.1I 
0.3 0.2 0.3 0.7 0.4 2.2 0.9 <.1 0.6 0.6 0.8 0.6 2.1 0.6 0.4 0.6 0.8 1.1 

<.1 <1 0.1 - <.1 - <.1 <.1 0.1 0.3 0.4 
0.5 1.8 0.7 1.6 2.4 1.9 1.4 1.8 0.8 1.4 0.8 0.3 

- - - - 0.3 - - 0.3 0.1 <.1 <.1 0.2 
. 0.3 <.1 0.3 <.1 - 0.2 - 0.4 

S - 0.3 0.1 0.2 <1 <I 0.1 0.3 0.6 0.4 0.7 0.6 2.3 1.9 0.3 0.8 0.4 1.0 0.8 0.1 0.3 0.3 0.1 
- <.1 - <.1 <.I - - 0.1 

<.1 0.8 0.3 <.1 0.3 0.1 0.1 0.2 0.1 0.1 <.1 <1 0.1 
. 0.1 - - . . 0.1 . 0.8 

0.5 0.9 0.9 0.3 1.1 1.0 1.1 2.6 3.5 2.2 1.7 1.9 1.7 1.6 2.6 1.3 1.6 1.6 0.9 1.0 0.3 0.9 0.3

(corimued)



Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/d 2 - North Diablo Cove Station NDC 3 at -3m (continued)

Y"ar 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# StaiowSurwvys I 3 4 4 3 3 3 4 4 5 5 4 3 4 4 4 4 4 4 2 2 2 2 4

CounteW eade of Size (contiud 

Lottia app.  
Lomoymch- aisptu 
Majidac 
Megabalanus califomicus 
Megatebnnu bimacltus 
Mimulus foliatus 
Mitra idac 
Modiolus spp.  
Mopalia lignia 
Mopalma muosa 
Mopalia app.  
Mytilidac 
Mytilus galloprovincialis 
Myxicola infundibulum 
Nanmtea unic.  
Nereididac unid.  
Nitidiscala spp.  
Nitidiscalpafia spp.  
Nensia nomsi Ouv.) 
Ocmenem foveolata 
Oceneba intecdna 
Ocencbra lurida 
Ocenera app.  

Otps app.  
Opliactis simplex 
Opluoplocs esmarki 
Ophiothrx spiclata 
Ophiuroidea unid.  
Paguvs spp.  
Paraxanthia aylmi 
Pelecypoda unid.  
Pelecypoda nid. boring 
Petrolisthes spp.  
Phidiana hiltoai 
Phragmatopoma califomica 
Phyllodcaopt-u prolific 
Pisaste b•-vispinus 

Pisastew odreus 
PisauterdHmicia Guv.) 
Pista spp.  
Placiphorella velata 
Phtyheninthes unld 
Pododesmus cepio 
Polychaetaaaund 
Polyplacophora unid. a

0.5 
- - - . - - - - - - - - . - - - - --- 0.1 

<.1 0.3 0.5 0.2 0.7 0.1 0.1 0.1 
0.1 0.2 

<.1 
<.1 <.1 0.1 

0.1 0.1 0.2 0.2 <,! <I1 
<.I 0.1 0.1 

<.1 0.1 <.1 <.1 
<.1 - 0.3 0.1 I1 

<.1 <1 0.1 1 <.1 - - 0.1 
- 0.1 
- - - - - - - - - - - - - - - - - - --- -0.1I 
- -0.1 
-- <1 <.1 <.1 
- 0.3 <1 <1 

<.1 
0.3 

<.1 
<1 <.1 - 0.2 -

0.2 0.2 - 0.1 
0.3 0.2 0.3 0.4 0.5 0.2 0.2 0.2 0.6 0.1 
<.1 0.3 - <.1 - <.1 0.2 0.2 0.3 0.3 0.2 <1 <. <I1 

1 <.1 
0.1 2.5 

<.1 - 0.1 0.1 0.9 -
0.1 0.3 <.1 0.2 - - 0.2 0.1 0.4 <1 <.I 1.1 0.4 0.8 1.6 1.1 0.5 1.1 0.1 0.4 3.1 

- - - . 0.2 <.1 0.1 < I I - - 0.1 <I - <.1 - - 0.3 1.0 
1.6 6.1 5.4 7.8 17.4 12.0 5.6 7.1 8.2 5.6 6.2 3.4 1.7 1.9 1.4 2.8 1.9 1.0 0.8 1.9 0.4 0.1 

<1 - - -
0.1 <.1 

1.1 4.4 1.8 23 2.0 3.5 5.6 4.7 6.3 7.6 7.8 12.7 13.9 13.4 5.6 12.3 10.1 8.9 3.1 1.3 28.9 6.6 1.8 
0.3 < I . 0.1 0.1 <1 

S <.1 0.2 0.5 0.1 <.I 0.4 0.3 0.4 0.1 0.4 0.4 0.1 0.4 0.1 
- 0.8 7.6 4.3 2.3 2.8 3.3 5.5 12.4 20.6 14.7 3.2 123 2.8 2.4 1.7 1.3 4.3 5.8 5.4 7.4 8.3 38.3 146.1 

0.1 - 0.2 - 0.4 0.2 0.8 0.6 0.5 0.4 1.3 0.5 2.5 1.0 1.1 2.1 0.9 - - 1.9 0.1 0.3 
- - - - - - - - <.I - - - - - - 0.8 

-- <.1 <.1 <1 <.I 0.1 <.1 - 0.1 -
- - *-- -- - <.1 - -

<.1 1.8 2.1 2.6 1.7 2.0 1.1 1.0 1.0 0.6 <.I <1I 
<.1 <. <.1 <.1 - - - 0.2 0.2 <.1 0.1 0.4 0.1 0.1 0.6 0.5 0.3 

- 3 011 - - -
- - <.1 

<.1 0.3 1.4 1.5 1.3 0.6 0.9 0.4 <1 0.1 
<.1 

<.1
(continuod)
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Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/r 2 - North Diablo Cove Station NDC 3 at -3m (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Station/SUveys I 3 4 4 3 3 3 4 4' 5 5 4 3 4 4 4 4 4 4 2 2 2 2 4

Counted ReeArdles of Size (continemd) 

Pseudonelatoma tczma 
Pugettia prnluda 
lupia richii 

Puwetia spp.  
Pycognida unid.  
P o ia helianthoidas 
Roatang pulchr 
Sabellidae 
SeMla vemnicularis 
SaWpulidac unid.  
Saudwbis squamigems 
Sphaeromatidae unid.  
Spirobamnchus spinona 
Stenoplax heathiusa 
Stenoplax app.  
Strongylocentrotu frocscanus 
St•on-entrotu pouixt 
Strongylocetft spp.  
Tecura paleace 
Tegula bnmnea 
Tegula montereyi 
Tegula pulligo 
Tethya aurantia 
Telrclita rubescens 
"Themiste pyroid&s 
Tonicella lineata 
Tricolia pulloides 
Tnopha maculata 
Tritonia festiva 
Willimnia peltoides 
Xanthidae unid.  
tunicate. solitary unid.  

Coverage Based on 0 of V Sausres 

AbietiSaularella/Setulafia 3pp.  
Archidistam psrmýnon 
Beyozon unid (enumsting) 
B13ozoa, unid. (erect) 
DidenmumiTrididenaum spp.  
Eustomella bilabiata 
Haliloam spp.  
lydroida 
Leucta Iosagelensis 
Leucosolenia spp.  
Membraipr app.  
Metandroarp laytow

- 0.2 0.2 0.5 0.4 0.5 0.9 0.5 0.2 

0.1 0.2 0.2 0.2 <.1 <.1 0.3 0.1 0.2 0.2 0.2 <.1 0.2 <.1 <1 <.1 <.1 - 0.4 0.5 1 
0.4 0.8 3.4 2.3 3.6 1.1 0.3 1.2 0.9 0.8 0.3 0.6 0.7 0.1 0.1 0.7 0.4 1.1 0.5 0.1 

<.1 0.2 - - - - - - -
* -- . . - - - - .- . - <.1 - -

0.1 <.1 <.1 0.3 0.2 - <.1 <1 <1 0.1 <.1 <.1 <.1 
- <.1 0.1 <1 <.1 

0.2 0.1 
- - - 0.2 <.1 0.4 0.1 

0.3 0.8 <1 <.1 0.8 0.2 0.3 . 0.8 0.9 0.4 0.4 0.2 

<.1 0.1 0.4 0.3 <1 0.2 0.1 0.4 0.9 1.8 1.8 2.0 1.8 1.0 0.9 0.4 0.2 0.5 0.3 0.6 0.5 0.7 
<.I 

<.1 0.2 0.1 0.3 0.1 <.1 0.4 0.5 1.3 0.9 0.5 0.5 1.3 2.7 1.3 1.8 1.6 2.4 1.6 
- 0.1 - - - 0.1 - - - -

- - - . * - - . -*. <.1 - - " 

. 0.2 - 0.6 0.1 - - -
<.1 <.I 0.5 - 0.4 0.7 1.2 0.4 1.9 2.9 1.1 0.4 0.5 1.6 

<.1 <.1 0.3 <1 0.9 0.6 0.8 0.8 - <.1 0.4 <.1 - 0.5 

- <1 0.5 - -
0.5 2.3 4.2 5.5 3.0 4.4 2.9 5.6 8.6 10.6 13.6 9.8 12.5 1.9 0.6 0.3 3.0 0.6 0.4 0.9 0.5 

- 0.2 <.1 - 0.1 - - .  

<.I <1. 0.1 
0.1 

. 0.5 <.1 - <.1 - 0.8 0.2 0.5 2.1 0.7 0.1 0.8 3.0 3.6 2.0 6.3 2.9 8.0 - 5.6 
- <.1 1.1 0.5 0.5 0.5 0.7 1.6 2.1 2.2 1.9 0.9 1.6 0.7 0.4 0.3 0.3 <.1 - - - 0.1 0.1 0.1 

0.3 0.3 0.3 0.6 0.3 0.4 0.2 0.9 0.9 0.9 1.7 0.7 <.1 0.1 <.1 0.2 0.3 - 0.2 0.1 0.3 - 0.2 
0.1 - 0.2 0.8 0.3 0.6 4.1 1.8 0.3 0.2 <.1 <.1 1.0 0.7 0.4 0.2 0.2 - - 0.4 

- - - 0.1 - 0.1 - -
<.1 

* .- - - - . . - - <.1 - <.1 - - . - -

<,I 

<.1 0.3 0.2 0.1 0.2 0.1 <.1 

- 0.1 
- - - . - . . . . - - . . - * - -.- -. 0.3 

0.2 <.1 0.8 0.9 1.0 0.6 1.0 0.6 1.2 1.1 1.1 0.9 3.8 0.7 0.8 0.8 0.4 <.1 <.1 0.4 0.3 0.4 <.1 

0.2 - - - -
0.3 0.3 <.1 <.1 <1 0.1 0.3 0.2 < 1 <.1 0.4 0.4 0.9 0.3 0.4 0.6 0.1 <.1 

- 0.3 0.3 0.3 1.2 0.2 0.6 <1 <.1 - 0.1 
- - - . 1.0 

<.1 0.2 0.9 <1 <.1 <.1 -

- . 0.1 0.1 

0.1 - .  
S . ... . 0.6 

3.9 0.2 0.2

(continued)



Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/i 2 - North Diablo Cove Station NDC 3 at -3m (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Satoai/SWvCys 1 3 4 4 3 3 3 4 4 5 5 4 3 4 4 4 4 4 4 2 2 2 2 4 

Coverae Based on N of I * Souare. (cofinuedl 

Poriferam id. (mmnfins) 0.2 0.1 0.9 1.3 1.0 1.1 0.9 1.1 1.1 0.6 0.9 0.8 1.4 0.2 0.5 0.6 0.9 0.3 0.4 1.1 1.4 0.8 0.4 
Pogfea mid. c (ocnm ) <. - - - - - . - -
Salmacina bibiincbata - <.1 0.8 0.8 1.3 0.6 1.6 1.1 1.3 0.4 0.3 <.1 0.6 0.3 0.3 <.1 <.1 <.1 0.1 0.3 - 0.3 0.3 
Spimobis spp. <.1 0.6 0.7 1.2 0.6 0.6 0.9 1.0 1.0 1.4 1.1 0.5 0.9 0.1 0.5 0.4 <.I <.1 0.1 0.5 0.1 <.1 
Iuyozaa uni b 0.3 
epiphyfic hry- (sq.) < - - < I 
tmicat colonial/social -il. 1.2 0.3 0.8 0.7 1.0 1.2 1.4 2.3 2.2 1.4 1.0 0.8 1.9 1.1 0.9 0.4 0.3 0.5 0.1 0.5 0.1 0.4 0.2

C, C (2
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Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/rn 2 - North Diablo Cove Station NDC 4 at -4m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
N StationtSurveys I I 4 5 3 3 4 4 4 6 4 3 ,i M 4 4 4 4 4 2 I 2 2 4

Counted Ree ~m'es of Sie 

Acmwta mitra 

Aeores albopunctatus 
Acolidia papilloa 
Ali& carinna 
Alia spp.  
Amphia spp.  
Ampia versicolor 
Anisodoris nobilis 
Anthpeumrta isia 
Anthopleura elegantissima 
Anthozoa nid.  
Aoumdita spp.  
Aplyusia alifrmics 
Aplysla califomica eW mass 
Arhidodris montereeynis 
Astarina minimata 
Balanophyllia eleans 
Balmus aquila 
Balanus spp.  
Balua'iTetuuclita spp.  
Bittium esfhichtii 
Bittimn spp.  
Boltenia villosa 
Cactosoma arenua 
Cadlina flavomaculata 
Calliostom ligatum 
Calliostoma app.  
Canoer antennanw 
Cancer antennarius Guv.) 
Cancerspp.  
Cinratulidae/Terebellidae unid.  
Clavelina huntsmani 
Clavularia spp.  
Cnemidocaupa fnmuarkiensis 
Camr califomicus 
Crmedo•ngia•teum 
Crepidula spp.  
Cryptolithodes sitchenis 
Cucumria spp.  
Dendiadoris $pp.  
Dendropora lituella 
Diadumene app.  
Disulula sandiegensis 
Diodora asper 
Diopat ornoata 
Doriopsilla albopunctata

0.5 

0.3 
0.8 

0.3 
0.3 

0.8

0.5 0.9 0.5 0.9 0.7 1.7 0.4 1.6 2.0 0.7 0.9 

- <.1 <1 <.1 <.1 
1.3 1.1 0.7 1.9 0.7 1.1 1.5 1.7 2.5 0.4 3.5 

- * 1.2 0.8 0.3 0.1 0.5 0.2 <1 0.6 0.3 
0.3 1.2 0.7 1.0 1.0 0.8 0.9 2.1 1.1 2.0 4.1 

- 0.1 *

<.I , <. I 

0.3 0.2 0.3 0.3 0.2 0.3 0.1 0.3 0.3 0.3 0.5 
1.0 - 0.4 0.2 - <.1 0.4 0.4 0.2 

<.1 

<.1 
0.3 0.2 <.1 0.2 0.3 <.I

- 0.1 0.1 

<.1 

0.3 0.2 

2.4 3.1 

0.1 0.3 

<.1 

<.1 

<.1 
0.4 

<.1 0.3 

0.2 
<.1 

0.3 <.1 

0.3 0.1

0.3 0.3 0.2 0.3 0.4 0.7 0.8 0.6 
<.1 
<1 <.1 

<1 0.2 <.1 0.2 1.1 <.I 
0.2 - 0.1 

- - 0.1 0.4 . 0.3 
- <1 0.3 <1I <1 

1.9 2.9 21 1.8 0.4 0.5 0.2 <.1 
- <1 <.1 <.1 

0.4 0.3 0.3 0.3 <1 0.5 0.5 0.5 
<.1 <.1 

<1 
<I <1 

<.1 <.1 - <.1 

2.3 0.7 4.0 1.4 4.4 
- 0.1 0.2 

<.I 
- - <.1 0.2 0.3 

1.4 0.6 0.6 0.5 0.7 1.2 0.2 
0.2 0.3 0.1 0.2 0.2 0.2 <.1 <1 
<.1 0.3 0.4 0.3 0.4 1.1 0.4 0.4 

<.I 0.2 
1.8 3.8 1.7 2.2 0.9 0.6 0.9 

*- - 0.3 
<.1 

0.1 
S0.1 - <.1 0.1 0.3 

<I 0.1 0.1 0.1 0.3 0.4 -

1.7 2.2 1.3 1.3 3.4 
- <.1 

0.4 0.8 1.5 0.3 0.5 
0.8 - 0.4 0.2 0.3 
0.5 0.3 <.1 0.4 0.4 

- <.1 
<.1 <1 <1 

0.5 0.3 0.4 0.3 0.3 
0.1 <.1 0.3 0.4 

<.1 0.1 <.1 
0.6 <.1 

0.1 0.1 0.2 <.1 
0.2 0.2 0.1 0.3 

1.5 0.3 
0.5 0.6 0.9 0.4 0.6 
0.2 1.1 <1 0.1 0.3 

. 0.9 0.1 
- 0.2 <.1 

<.1 <1 
<1 

0.2 0.3 
0.2 - <. 
0.4 1.6 <.1 

0.3 <.1 0.1 0.1 <.1 
<.1 

<.1 <.1 
. 0.1 

<.1 - 0.1 <.1 
0.3 - 1.0 1.1 1.9 

0.2 
<.I <.1 0.3 0.1 0.1 
0.1 0.1 - 0.2 

* 0.4 <I 0.2 <.1

4.9 1.5 0.5 1.3 1.2 

0.1 3.3 0.1 
0.8 0.3 
0.5 0.5 0.4 <.1 

- - <.1 

0.3 0.3 0.4 0.9 04 
0.3 0.3 

0.1 

0.9 8.5 0.3 2.4 
0.3 

0.3 
0.1 0.3 0.1 

0.1 
<.1 

1.3 

0.1 

0.3 0.1 
2.5 1.3 0.4 

<.1 

0.4 0.3 0.1 0.1 0.4 

(continued)



Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/n 2 - North Diablo Cove Station NDC 4 at -4m (continued)

Year 1976 1977 1975 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
0 Station/Surveys 1 1 4 5 3 3 4 4 4 6 4 3 us ns 4 4 4 4 4 2 1 2 2 4

Counted Resardless of Size (continued) 

Epiactis prolifea 
r stylia polm 
Eupentacta quinquesemita 
FmswcIla volcano 
Flabellina trilineata 
Fusinus lutcopictu 
GrapOidac (juv.) 
Halcainp decemcsntcl a 
Hal-otis rufescem 
Haliotis spp.  
Halamm spp. (juv.) 
Henicia leviuscula 
Heamimezda crassicomis 
Hippo1tidc unidl.  
Homalolp app.  
Idotea spp.  
Isdmoclutoidae 
Lacuna mmnorata 
Lacuna spp.  
Laila cockarlli 
Labbous hgmma 
Lepidoz, Vp.  

- heatli 

Leuciaha nttingi 
Lissothuis nutnries 
Lithaom gibbo- (u v.  
Litbapama gibbew n 0-uv) 
Lophopao)pe spp.  
Lottis instabilis 
Louia Ocbna 
Loxmohyn-h spaua 
Lo-m- nchus spp.  
Majidaw 
Mqabatanw californicus 
Mgadura crenulata 
Micnw vemilli 
Minulus foliatus 
litra Wdae 
Modiolus spp.  
Mopahia niuscms 
Mopalia spp.  
Myxicola infundibulum 
Nasarius mendicus 
Ncmertea nid.

3.5 1.8 1.4 1.5 0.6 0.3 0.7 1.5 <.1 1.0 0.9 0.8 
S - - <.I 
- - 0.2 . <.1 <.1 <.1 0.2 < 1 

0.3 <.1 0.3 <1 0.1 0.3 0.5 0.3 
- <I. <.1 

- <.1 0.2 0.2 1.2 

-- 0.2 <.1 01 

- <.1 <.1 <I <.1 I1 
-<.1 <I1 <.I <1 

S0.4 <. 0.3 0.8 0.2 0.3 <.1 <1 
- - <.3 0.1 0.3 <1 

* - <.1 - -. 

2.0 3.3 4.8 2.6 3.7 2.3 4.6 3.3 3.9 3.4 5.9 4.9 
- - <.1 
- <1 0.2 0.2 0.3 0.2 0.2 0.2 0.1 3.0 
- 0.1 
- 3 0.2 0.2 0.4 0.9 1.0 0.1 0.8 

* - - - . . - <. -

0- - .2 
- <.I 0.1 0.2 0.1 

0.8 0.3 
- - 0.6 0.3 1.1 1.5 1.3 1.4 0.1 0.5 0.3 <.1 

0.5 0.2 . 0.2 0.2 0.2 1.0 0.8 0.8 
- <. 0.2 0.2 . 0.3 0.6 0.4 

<- 1 0.3 0.3 <.I <1 0.4 <.1 0.3 1.3 0.9 
0.3 0.5 0.3 0.3 <.1 0.1 0.2 <.1 0.2 

- 0.3 0.2 0.2 0.3 0.1 <.1 0.1 0.2 
- 0.2 - - - 0.2 0.3 

0.5 1.0 - 0.3 0.3 0.7 0.2 1.3 2.2 1.4 0.9 
- <.1 <.1 

<,1 <1I 

<.I 0.3 0.2 0.3 
- <.1 

<.1 
<1 <.1 <I <.I 

0.2 <.1 0.3 <.I <.I <.I 0.2 0.2 <.I 
<.I 

<.I <I I 
0.4 0.1 
<.1 

<.1

0.2 0.4 0.1 - 0.4 
S<.1 0.1 0.1 0.3 

0.1 . <.1 0.1 
1.3 1.4 <A 1.1 1.8 0.9 1.4 0.3 

0.6 0.3 0.3 
<.I 

<.I <.I 
el < .1 0.3 

<I 0.1 0.3 

0.3 0.2 - <. 0.2 

0.2 <.I - <.1 

0.2 0.2 <1 0.7 0.3 0.5 1.3 7 

1.2 0.6 0.4 0.4 1.2 0.4 0.3 

<1 0.1 <.  

0.3 -- 
2.2 1.9 0.4 0.3 0.7 0.3 0.6 0.1 

<1 - .5 
- 0.2 <.1 0.1 

<.1 0.3 0.1 0.1 0.1 0.1 

1.1 1.3 0.6 0.5 1.1 1.6 0.8 0.1 0.3 0.1 

<.I 

0.3 - . - - .  

0.1 

0.1 
0.1 <.I 0.1 

<.! 
<.1 <.I <.1 
<1 0.1 <.1 

<.1

(cointinued)
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Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/m 2 - North Diablo Cove Station NDC 4 at -4m (continued)

Year 1976 1977 1978 1979 190 1911 1982 1983 1914 198Y- 1986 1917 1911 1919 1990 1991 1992 1993 1994 1995 1996 1997 1991 1999 
0 Station/Suwveys I 1 4 5 3 3 4 4 4 6 4 3 ns n 4 4 4 4 4 2 I 2 2 4

Counted Reamdiesa of Size (continued) 

Nereididac unid.  
Nitidiscala spp.  
Nitidiscala/Opalia spp.  
Nonisia norrisi 
Norjisia nomhisi (uv.) 
Ocenebra foveolata 
Ocenebra interfossa 
Ocenebra lurida 
Ocenebra spp.  

Oto- spp.  
Ophiactis simplex 
Ophioplocus emarki 
Ophiothrix spiculata 
Ophiuroidea unid.  
Pahychcles spp.  
Pagurs spp, 
Paracerceis cordata 
Paraitichopus parvimensis 
Paraxmthias taylori 
Pelecypoda unid.  
Pelecypoda unid. boring 
Petrolisthes spp.  
Phidima hiltoni 
Phlfumptopam califomica 
Plhyllochaetopterm prolifica 
Piaster gigantem 
Pis0e spp. (juv.) 
Piaaster/Henricia Quv.) 
Pista spp.  
PistawStreblaoma spp.  
Placiphorella velata 
Platyheninthe unmid.  
Pododemma cepio 
Ponoiac 
Polyplacophoua unid. a 
Pseudomelatma tocosa 
Psolus chitonoidm 
Pugtia -rdut 
Pugettia richii 
Pugettia spp.  
Pycnopodia helianthoides 
Pytra hawtor 
Rostanga pulchra 
Sabellidac 
Seyta actiftcrh 
Seadesia dins

<I <I1 
<.1 <.1 

<<.1 <1 < 
* - <.1 - <.1 <.1 -

- 0.3 0.4 0.7 <1 0.4 0.2 0.5 0.3 0.4 0.2 
0.5 <.1 0.1 - <.1 0.1 <. 0.3 0.3 0.3 

- <.I 0.3 0.3 <1I 
- 0.4 0.3 0.2 <I 0.3 0.1 <.1 0.6 0.9 

- - - - 0.3 
<.I 

1.3 1.9 5.4 9.1 13.7 9.9 7.1 7.5 7.9 8.1 4.8 

0.1 <.1 
- - <.1 - -..  

0.5 5.8 5.9 8.3 8.9 3.2 4.1 5.8 5.6 7.1 4.9 5.8 
- <.1 <.1 

- <1 0.1 0.1 0.2 
0.8 16.2 35.1 19.5 13.2 19.9 66.8 55.7 131.5 57.3 8.9 
1.5 0.3 0.8 1.1 1.1 2,2 2.4 2.8 2.3 1.8 1.7 

. 0.2 1.2 1.6 1.4 1,6 1.3 0.6 <.I 
- 0.2 0.1 0.3 <1 <.I 0.1 0.1 0.1 

0.3 1.0 

- <.1 0.3 1.2 

* - 0.1 - -

0.3 0.3 <.1 0.2 0.3 0.7 0.9 1.3 0.5 1.3 1.5 1.0 
- -0.2 

0.3 - 0.2 <.1 0.1 0.1 0.1 <.1 0.2 
0.2 1.5 1.9 3.0 1.4 1.4 0.8 1.0 0.8 0.5 

- 0.1 
<.I <I <.I <,1 <.I <.I 

<.1 0.2 0.1 0.1 0.2 0.1 0.2 <.1 
- <1 < 0.2 

0.3 <.1 <.1 0.2 <1 

0.5

* * * - ~0.1 * * 

<.I 
- * <. 

- - <,I 
0.1 <.I 

0.2 <.1 <.1 
<.1 

4.4 3.3 
- 0.1 0.2 0.2 <.1 0.3 0.1 0.4 0.2 

1.1 2.3 2.0 2.8 5.0 2.8 1.0 1.0 3.9 0.6 
0.1 0.1 -- - - - 0.1 <.1 

1.3 6.6 3.3 0.9 2.9 1.1 0.5 0.1 0.1 0.1 
- 0.4 

0.1 

0.2 <.1 <.1 <.1 0.1 -
9.4 7.5 3.1 S. 3.9 10.9 13.3 1.8 3.4 1.0 

0.1 0.2 0.4 0.4 0.3 0.4 1.0 0.1 
1.7 3.0 2.1 6.3 6.8 13.5 40.0 35.8 71.6 268.3 
1.8 0.4 0.6 1.8 0,9 1.5 1.0 0.6 0.6 1.1 

. 0.1 0.1 0.2 0.3 0.1 
<.1 
<.1 

<.1 0.3 0.2 0.3 1.8 2.8 0.8 0.8 

<.1 
0.3 

1.3 1.1 1.3 0.1 0.3 
<.1 

0.3 0.2 0.1 

0.4 <.I 0.4 <.1 -I
1.0 0.9 1.5 0.9 1.0 0.5 0.3 1.6 0.5 0.2 

<.1 <.1 .- - _I 
<.I 1
0.4 <.1 0.4 
0.2 <.1 - <.1 ... .

(continued)
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Subtidal Fixed Quadrat - Annual Invertebrate Mcan Abundance/ni 2 - North Diablo Cove Station NDC 4 at -4m (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

N Station/Surveys I i 4 5 3 3 4 4 4 6 4 3 ns ns 4 4 4 4 4 2 1 2 2 4

Counted Reaardlesm of Size (continued) 

Serpulavemiculans 
Sepulidau urid.  
Sepulorbis squamigenl 
Sipunula unid.  
Sphacromatida unkid 
Spirolncha spinsus 
Stroa locawotus franeiscanus 
StrMMVioen1ot*m purp tu 

Stronyroccntrotw app.  
Styamnnlootercyemis 
Tegula bormae 
Tegupl"mntcry 
Tegula pulligo 
Tethya awmatia 
Tetachuta ubeeaaa 
ThMmie p"roides 
Tonicella laneata 
Tficoalpufloides 
Triolia spp.  
Thiopha catalmac 
TriolA macula.  
Tubulnm polynmwphua 
maice, olitay unmi 

Cover•e Based on # of P Snuares 

Abiet/Sertularella/Setularia spp.  
Acmus eitbacsm 
Bryozoa. wud. (eanuting) 
Bzyozom, Wmd. (e'et) 
BIYozoa unid. (foliose) 
Didemnnwnuididenmum spp.  
Dodecaceria fewkesi 
Euatosmella bilabiata 
Hydroida 
Hymernanphiastr cyaaocryta 
Leucosolenia •pp.  
Plunularia app.  
Porifera unid. (neuating) 
Pocifera unid. b (yellow) 
Porife unaid. c (ornmge) 
Salmcina trikancluata 
Spiorbis app 
Thcellana app.  
tamicates, olonial/aocial unid.

C

. <I 0.1 <1 <I.  
0.3 0.3 <1 <.1 0.1 <.1 0.3 

0.3 - 0.4 0.5 0.3 0.3 0.3 0.3 0.9 1.7 2.0 
- 0.3 -

<.I <.1 0.2 - 0.3 

- -- *- 
. 0.3 

0.2 0.2 <.1 
0.3 <1 0.1 0.3 0.8 

0.1 - <.1 
1.0 5.5 4.5 3.6 3.5 3.6 3.9 6.9 7.6 6.0 5.1 8.3 
0.3 - <.1 <1 <I - <1 - - 0.5 

- <.1 - 0.2 . 0.2 
0.3 <.1 <1 0.1 0.2 0.2 0.3 

- 0.6 - 1.7 0.2 
1.3 0.8 1.4 0.4 0.9 0.5 1.4 1.6 1.9 0.9 1.2 

0.5 0.3 0.6 0.6 0.7 0.4 0.6 0.3 1.3 0.9 1.1 0.3 
<.1 <1 0.3 0.6 0.3 0.6 1.6 1.8 - 1.0 

- <1I 
- <.1 <.1 <.1 <.I 

<.1 
S <.1 0.1 <.1 <.1 0.5 

- <1 <.1 
-- <1 

1.3 0.8 0.2 1.1 0.7 0.9 1.2 1.3 1.5 1.3 1.5 2.2 
<.I <I 

<.1 - 0.2 <.1 <.1 
3.8 3.0 0.9 3.5 2.2 3.1 2.6 0.7 1.1 0.8 0.6 0.8 

- 0.5 - - -
<.I <.1 

S0.2 0.1 0.1 <.1 0.1 <.1 
- <1 0.2 <.1 

<I 

- 0.3 
- 0.5 0.5 1.0 1.5 1.7 1.6 0.5 1.1 0.8 1.3 0.8 

0.8 - -
0.3 - - -

S0.1 1.2 0.5 0.7 0.6 0.8 1.0 1.2 0.6 0.8 
0.3 0.5 0.7 0.7 1.6 1.1 1.4 1.3 1.2 1.1 
0.3 - - - -

1.3 7.8 2.3 2.3 1.8 0.9 1.1 0.8 1.1 1.5 1.1 0.5

- 0.1 <1 0.3 0.1 0.1 - 0.1 <.1 
<.1 0.1 <1 0.3 0.6 0.5 0.5 2.3 0.1 
1.4 1.3 1.3 1.1 0.7 0.4 0.3 0.4 0.6 0.9 

<.1 <.1 0.4 -

1.8 2.0 2.1 2.6 2.4 2.4 1.8 0.3 2.3 1.6 

1.3 2.1 1.5 1.9 2.1 3.3 2.3 0.5 2.0 7.6 
1.1 1.1 0.8 0.8 1.4 0.4 

<I 
0.9 1.8 3.1 0.4 0.6 0.1 0.8 0.1 0.1 

- <.1 0.1 <.1 
0.2 0.1 0.2 0.1 
Z3 0.6 1.1 0.1 .1.1 2.4 1.5 
0.3 0.1 <.1 0.3 . 0.3 - 0.1 <.I 
0.4 0.4 0.1 0.3 0.2 0.4 0.3 
1.2 0.6 0.4 <. 0.2 
0.1 

- - - - - 0.1 - -

0.3 0.1 <.1 <.1 0.1 0.1 

2,0 1.6 1.5 1.0 0.6 1.1 4.3 1.3 2.0 0.2 

<. I 
0.5 0.3 0.6 0.9 0.3 <.1 0.3 0.5 1<.  

- 0.7 <.1 <.I - <.1 
<.I <.1 0.1 

1.1 1.3 0.9 1.1 0.4 1.0 2.0 1.1 

1.9 1.6 1.2 0.9 0.9 0.4 0.5 1.1 0.9 0.1 

0.1 0.2 <.1 0.1 0.1 0.1 0.3 0.1 - <.1 
0.6 0.3 0.3 <.1 < I <1 <I <.1 0.5 <I 

0.9 1.0 0.6 0.1 0.8 0.3 0.3 0.4 1.3 0.2

C (1
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Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/r 2 - South Diablo Cove Station SDC 2 at -3m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Suves 1 3 5 6 6 4 4 5 6 6 5 5 4 4 4 4 4 4 4 2 2 2 2 4

Counted Reeardless of Size 

Acmathodor lutes 
Acmae mitra 
Acmaeid unid. a 
Aeolidia papillosa 
Aldis sanguiwn 
Ali& carinata 
Alia app.  
Alpheus clarntor 
Ap-m spp.  
Amphis• a vaicolor 
Anisodoris nobilis 
Anthplmea artemisia 
Anthopleura elepntissina 
Anthozom unid.  
Aplysia califomica 
Aplysia californica egg m 
Aplysia vaccaria 
Asterin miniata 
Balanophyllia elegans 
Balanm aquila 
Balmas spp.  
Balanu/Tetnrclit, spp.  
Baracles(iuv.) 
Beathella californica 
Bittium eschrichtii 
Bittmiu spp.  
Bokteniasvillosa 
Brachyura unid. b (juv.) 
Cactosoma arenaria 
Cadlina flavornjculata 
Cadlina modesta 
Calliostoma annulatum 
Calliostoma ligature 
Cmacer antenmarius 
Cancer aennvius (juv.) 
Cancer product,, (Ouv.) 
Cancer app.  
Ceratostoma foliatum 
Cirratulidae/Terebellidse unid.  
Clavelina huwilsani 
Clavularia spp.  
Cnenidocarpa finmarkiensis 
Conus californcus 
Crangon sp.  
Crangon stylirostris 
Crauedoma gitntcn

0.3 0.5 0.2 0.1 < .I<.1 0 0 0.  
0.3 0.5 0.2 0.1 <.1 0.7 0.1 2.4 1.9 0.3 2.7 2.9 2.8 1.9 1.1 1.0 1.1 1.2 1.5 0.5 0.9 0.1 

<1 
<I.  

<.1 
- 4.9 5.0 1.9 1.7 1.6 1.0 2.6 0.5 1.4 4.0 1.5 1.3 1.8 1.1 2.4 10.4 0.9 0.3 - 4.3 0.6 

1.8 1.9 <.1 0.6 0.8 1.3 3.7 0.6 1.6 0.3 0.4 0.3 0.5 0.3 0.6 0.3 0.1 
- <.1 <I1 

2.0 - 0.2 1.0 0.5 0.3 0.6 0.4 0.7 0.4 0.3 0.5 1.4 2.1 1.6 1.4 0.6 0.4 0.1 
2.1 0.2 - - - - -

- . - . - - - - - <.1 - . <.1 - - - - 0.1 -

<I <.I 0.2 0.1 <I 0.2 0.3 0.1 0.1 <.I 0.1 0.3 0.1 
<. 1I 0.2 - <.1 0.1 <. I < I1 0.2 0.1 . <.I 0.1 0.2 0.2 

1.0 0.5 0.4 - 0.2 0.3 - 0.1 <.1 <.i - 0.1 <.1 
0.1 - 0.2 <.1 0.1 

<.1 0.3 0.6 0.1 

0.3 0.2 0.1 0.2 0.2 0.4 0.2 0.1 <.I <.I - 0.2 <I 0.2 0.3 0.3 <.1 0.1 
1.0 0.4 0.2 0.4 0.6 0.1 0.3 0.5 0.5 1.3 0.3 <.1 0.1 0.1 <.1 . 0.3 0.4 

<.1 
0.3 < 1 0.8 - 2.7 - - - - 0.1 

<.1 0.3 0.5 4.2 4.7 10.6 2.4 3.1 0.3 <.1 0.4 0.1 2.0 0.3 
* - - . 1.7 3.1 - -

°- . o <.I 
* 0.2 <.1 0.7 0.6 <.I 0.5 0.2 . 0.2 0.7 1.4 0.2 1.1 1.3 

1.3 - - 0.1 - 0.5 0.3 0.4 0.2 0.7 0.3 0.8 3.5 0.3 - - - -
- <1 - 0.3 0.2 0.1 - 0.4 0.3 0.3 0.1 

<.1 
< - <.1 < 
<,I <.1 - - < <.1 - - - - - - - - -

* . - - - - . <.1 

0.3 -
0.3 < < 0. 1 <.<. <.2 <. < .I < 0 0 0 .0.1 <I1 

<.I <I.  
- <.! <I <.1 <.I < <.! <.! 0.1 

<Il 
0.4 <Il <.l <.l <1I <.1 0.3 0.3 <1l <.I 

<.  
<.I 0.2 0.3 0.5 0.1 0.1 0.4 0.4 

- 0.1 - 0.4 0.5 1.1 5.0 - 0.1 0.1 0.2 1.1 
<1 0.7 0.4 0.9 - - - - - 0.7 

- <.I 0.2 - - - - - - <.1 0.3 <.1 - -" - - -
- < 0.2 0.2 <1 <.1 <1 0.2 0.3 0.1 <1 <. -< 

<.I <Il 
- 0.4 

<.I <.I <I

(continued)



Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/• 2 - South Diablo Cove Station SDC 2 at -3m (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Stations * Surveys I 3 5 6 6 4 4 5 6 6 5 5 4 4 4 4 4 4 4 2 2 2 2 4

Counted Regardless of Size (continued) 

Crepidula spp.  
Cryptochiton stellen 
Cayptolithodes sitchensis 
Cuwumaria spp.  
Dendrodons spp.  
Dendroporna lituella 
Diadumene spp.  
Diaulula sundixcgmis 
Diodors apers 
Diopatm orata 
Doridacca unid 
DoriopsiUa albopumctata 
Epiactis polifera 
Erato vitellina 
Eudistylia pol-ph 
Eupntacta qmquei ta 
Fissurella volcano 
Flabellina trilineata 
Fusinus luteopictus 
Gastropoda, neopic unid a 
Glans subquadrata 
Halcampa decenatentaculata 
Hal iotis nifesenm 
Haliotis app.  
Haliotis app. (juv.) 
Hemicia leviuscula 
Hernissmda cassicornis 
Hiatella arctica 
Hiatella app.  
Happonax app.  
Holothuroidea unid. a 
Hormalopoma app.  
Hopkinaia bnsac 
Idotea spp.  
Iadmochitoidae 
Isopoda nid.  
Lacuna pp.  
Laila cockerelli 
Lamellaria diegoensis 
Lebbeu lagunae 
Lepidozona app.  
Leptaias hexactis 
Leptasterias app.  
Leuc heathi 
Leuilla nuttingi 
Lisothuria nutrien

C

0.3 1.8 1.5 1.8 0.6 0.9 1.0 0.5 0.8 0.7 0.8 0.6 0.1 0.2 
- - <.1 <I - - - - - - <I 0.1 

. 0.2 0.1 0.2 0.3 0.1 <.I <.1 0.2 <I - 0.3 0.1 

S1 <.1 - - <1 - 0.1 -- 
- 0- -

- 0.2 0.9 0.4 <.1 0.3 1.4 <.1 0.1 1.3 21 4.1 0.2 1.5 

0.3 -

<.1 <.I - <.1 <.1 
0.9 <.1 <.I 0.1 <1 <.1 <.1 0.1 0.4 0.1 0.3 0.2 0.4 <.1 0.3 0.8 

<.1 <.1 <1 - -< 
0.2 <.I <.1 - 0.2 0.3 <.1 <<11 <.1 < I<.1 0.3 

0.3 0.2 0.5 0.5 0.2 0.3 0.1 0.1 0.1 <.1 0.2 <.1 0.2 <.1 
. . - <.1 

<1 - - <.1 <.I 0.6 
- <.1 <.1 <.1 - <.1 <.1 0.1 -

<.1 0.1 <.1 0.2 <1 - 0.2 0.1 0.3 <.1 <.1 0.2 0.3 

<.1 -0.1 - 0.1 . <. <.1 
<.1 

0.5 
- - - - - - - - - --- <.1 - - -

<.I - <.i <.1 <.1 <.1 0.1 

<1 <.1 0.1 -<.1 
0.2 

0.2 
<.I 

<1 <.I <.1 <1 - 0.1 
<.1 0.2 

0.2 
< 1 0.4 0.3 0.3 

- 0.1 

0.3 0.8 0.9 0.5 1.0 0.5 0.3 0.7 1.0 2.0 1.9 3.6 3.3 2.7 0.4 <.1 0.4 <.1 0.3 
- - <.1 <.1 - - - 0.2 0.5 <.1 0.1 1 <.1 - < 

* - - - ~~~~<.1 - - - - - . . . -

0.2 <.1 0.2 0.2 0.2 0.3 0.4 0.8 0.9 0.1 0.4 0.4 0.3 0.2 0.8 0.4 0.9 0.8 
- - - - <1 0.1 - -

0.5 0.2 0.1 0.5 0.5 0.3 0.4 0.2 0.1 0.8 0.4 1.0 0.6 0.2 0.3 0.1 
- 0.2 - - -

0.2 
<.1 

<.1 <.1 
1.3 0.2 -

1.3 0.6 0.4 0.5 0.4 0.4 <.I <.1 0.2 0.3 0.2 
1.0 0.1 0.1 0.2 - 0.1 

<.1 - 0.1 0.1 

0.3 <.1 < I <.1 - <.1 0.2 <.1 0.3 0.4 0.3 0.3 <.1

C.

0.1 
- 0.3 

0.5 0.3 0.1 0.1 

0.1 <.1 

0.1 
0.1 0.5 <.1 

0.1 <.1 
<.1 

<.1 

0.1 

0.3 0.1 <.1 

(continued)
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Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/r 2 - South Diablo Cove Station SDC 2 at -3m (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1917 1981 1919 1990 1991 1992 1993 1994 1995 1996 1997 1991 1999 
# Stations Surys 1 3 5 6 6 4 4 5 6 6 5 5 4 4 4 4 4 4 4 2 2 2 2 4

Counted Regardless of Size (cotinnued) 

Lilloporna gibberosum 
Lithopoma gibberosum (juv.) 
Lophopanopu app.  
Lottia asmi 
Lottia instabilis 
Lottia ochrea 
Lottia spp.  
Loxodrilhycu esptus 
Majidee 
Megabalanus califomicus 
Melanella theruites 
Melibe lanina 
Micma venilli 
MimulS fohatin 
Miii. idee 
Modiolus app.  
Mopalia lignoa 
Mopalia muscos 
Mopalia spp.  
Mytilidae 
Myxicola infundibulum 
Nassmiu mendicus 
Naetie unid.  
Nemertea unid.  
Nereidide uid.  
Nitidhcda .pp 
NitidiscalafOpalia spp.  
Nonisia nonisi 
Ocala", cimrtexta 

Oceneim foveolata 
Oceunebra inedssa 
Oomener hirids 

Ocenebra spp.  

O,-pu app.  
Olivella biplic.a 
ophatis simplex 
Ophioplocus esmari 
Ophiodrix apculata 
Ophiuridea unid.  
Paguni app.  
Pelecypoda unid.  
Pelecypoda unid. boring 
phJscolosonm agessizii 
Phidiana iltoni 
Phragmetopn califomics 
Phyllochaetopterus prolifica

0.2 0.2 <.I <.0 0.1 <I| <.1 0.4 <.1 0.2 0.4 <.1 0.1 <.I 0.3 0.1 
S <.1 . <.1 <.1 0.3 <.1 -<.1 

0.2 <.1 0.3 0.3 0.2 0.6 0.4 <.1 0.3 <.1 0.1 0.1 0.2 <.! 0.1 0.1 
- <,I 

S0.7 1.1 0.8 1.6 0.8 1.2 0.6 0.5 <.1 
0.3 0.3 1.0 1.7 0.8 0.8 0.9 0.3 2.3 2.9 0.2 2.7 2.3 2.7 1.0 1.4 0.3 0,9 0.8 0.3 0.1 0.3 <.1 

0.3 
0.1 0.1 

3.3 0.8 0.5 0.2 <.1 0.4 0.2 <. 
* * - - - - . - - <.1 . - - <.1 - - - - -

3- 0.3 
- 0.3 

* .. - - . - - <.1 - - . - <.1 -- -

- - <.I <.I 0.2 <.1 <.1 - <.I <.I <.I 
0.3 . 0.3 0.2 0.2 <I 0.1 0.1 0.2 <.I 0.1 0.3 0.3 <.I <.1 0.3 <.1 <.I 0. 0.1 0.3 <.1 

- 0.1 -
. - 0.3 <.I <.I 0.1 

-. 0.1 - <I <.1 0.2 0.1 0.1 
<A1 <.1 <.1 - <.1 <.1 0.3 0.1 

<.- <.I <.1 0.3 <I 

<.1 <.1 
< 1 0.1 

<.1 
0.1 <.I 0.1 

0.1 <A1 <I <.I 
0.1 

<.I <. -0.2 . <.I <.; 
0.1 0.1 0.1 0.1 0.2 - 0.5 <I1 

<.1 - - <.1 - <.1 <.1 
0.3 0.2 0.4 <.1 0.1 <.1 0.3 0.1 0.2 0.2 . 0.1 0.2 0.3 

- <.1 <.I 
-0.1 <I <.1 0.2 0.1 0.1 -

- - 1 1.4 
- - - - <.1 -. - - - <. - - - - . *

0.1 0.1 0.2 - 0.3 0.2 1.0 0.2 0.7 <.1 0.5 3.1 1.2 2.9 4.8 2.6 0.3 1.6 4.0 0.6 
0.3 <.1 <.1 . <I 0.2 0.1 - - -0.5 0.6 - 0.5 0.4 

4.3 13.3 3.6 5.8 11.5 16.8 15.3 12.1 8.4 14.0 4.1 7.6 7.8 6.6 8.9 6.0 9.0 5.8 4.3 1.4 4.4 0.8 
- - - - . - - 0.2 - - - <I <.I < ,I - - -

28 2.1 5.7 5.6 6.7 4.6 4.9 7.9 12.5 15.5 5.1 12.4 16.4 15.1 18.4 15.4 7.5 13.3 12.4 5.6 2.5 7.4 2.0 1.3 
<.1 

- <.I - - <I - - - <.I 0.4 0.3 0.2 0.3 0.1 0.1 o 
<.1 0.6 0.5 <1 0.1 0.3 1.3 0.9 <1 0.4 2.5 4.5 2.8 1.4 .1.1 1.6 1.0 2.0 0.6 3.8 3.1 6.6 53.4 
0.5 2.2 2.2 3.2 0.7 1.4 2.4 2.8 3.0 0.8 4.4 6.1 9.2 6.4 9.0 3.7 2.8 2.8 1.3 0.9 1.8 2.3 0.7

(continued)
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C ( .°,

Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/rn 2 - South Diablo Cove Station SDC 2 at -3m (continued)

Yew 1976 1977 1978 1979 1980 1981 192 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 1 3 5 6 6 4 4 5 6 6 5 5 4 4 4 4 4 4 4 2 2 2 2 4

Coimted Rearmdless of Size (comtinued) 

Urticina conacea 
Urticinsa cosicomis 
Utlicina spp.  
Williamia peltoides 
Xanthidae muid.  
tunicate, solitary unid.  

Coversee Based on 0 of V Soae 

Abiet./Sertularella/Sertularia spp.  
Bfyozos. uimid (encrusting) 
Bnyozoa. unid. (erect) 
Btyozoa, unid. (foliose) 
Chthasmahm fim 
Didenmum/Trididemnum spp.  
Euherdmania clavifonmis 
EuIystomela bilabiata 
Hydroida 
Hymenamnphistm cywanoypta 
Leucosolenia spp.  
Porifera sind. (ennmating) 
Porifera unid. c (orange) 
Salmacina tribranchiata 
Spirorbis spp.  
Tricellaria spp.  
tunicate. colonial unid. a (white) 
bmicate colonial umid. b (yellow) 
ttmicat colonial unid. e (oran) 
thmicates, coloniallsocial i&d.

<.I 
<.1 
<.I 

- - <. 0.8 
0.3 - 0.2 

- <.1 <.1 <.1 0.4 0.1 0.5 0.5 0.3 0.4 0.3 

8.5 
5.0 1.4 0.7 1.3 1.8 1.6 2.9 2.2 2.3 1.1 0.3 1.0 2.0 1.4 0.8 0.4 0.7 0.3 0.1 <.1 0.9 1.0 0.1 0.1 

. <.2 I - - - - - - - -

0. <I <.1 0.2 <I 0.2 <I <I 0I < I < I <.I <1 < 

1.8 0.3 0.3 0.3 <.I . <.1 0.4 <.I .1 0.1 1.1 0.5 0.1 0.6 <.I 0.1 <.1 <.I 
<.1 

0.2 0.2 0.3 <.I 0.1 0.4 - <.1 . 0.3 
<.I <.1 <.1 <.1 <.I 

* <.1 <.1i 

- <.1 <.1 
0.4 0.7 0.1 0.9 0.7 0.5 0.7 0.7 0.5 0.2 0.3 0.1 0.3 0.3 <.I 0.3 <.1 <.1 <.1 <. 0.3 <.2 <.1 

1.8 
S<.1 . . - - -- <.I - <.I 0.1 

2.1 0.4 0.5 0.4 0.4 1.1 1.4 0.6 0.3 <.I 0.4 0.7 0.9 1.3 0.3 0.4 0.3 0.1 <.I 0.4 0.4 <.1 <.A 
1.0 - - - - - - - -* - - - - -

4.8 -
0.3 
0.5 - -

- 1.9 1.7 2.6 2.9 1.9 2.0 1.4 1.3 1.5 0.4 0.5 0.6 0.9 0.6 0.3 0.4 0.3 0.3 <.I 0.1 0.1 0.3 <.1



Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/r 2 - South Diablo Cove Station SDC 3 at -4m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# StaLiona * Swvcya I 3 5 6 6 3 6 3 6 6 4 5 ns ns 4 4 4 4 4 2 I 2 2 4

Counted Rq egar ess ie 

Acanthodoris lutea 
AmWacanutra 
Acolidia papillosa 
Aldisa sanguinea 
Alia carimata 
Alia spp.  
Aph- dasp 

A•irlac app.  

An-huna versicolor 
Anisodlris nobilis 
Anmbopleur aremisia 
Anthopleua clegantiama 
Anthozoa unid.  
Aplysia californica 
Aplysta californica egg mass 
A.-cdia spp.  
Asterim miniata 
Asterin miniaa (juv.) 
Balanoplyllia elegans 
Banaus aquila 
Balanus app.  
BalanusaTetraclita app.  
Barlecma app.  
Barmacles Ouv.) 
Bittium eqchichtii 
Bittiun spp.  
Boltana villosa 
Bracyura uid. b juv.) 
Cactosma enaria 
Cadlina flavomaculata 
Cadlina Iulcomarginata 
Cadlina modesta 
Calljostoma annulatum 
Caliosatna ligature 
Calliostorna spp.  
Callistochiton cr.usicostatui 
Cancer anteamwius 
Cancer antenariw (jOw.) 
Cancer spp.  
Chenyo p-,uh r 
Cirnatulidae/rerebellidae unid 
Clavelina huntunani 
Clavularia •pp.  
Cnemidocarpa fmmarkicnais 
Canus califoumiic

<1 
1.0 1.2 0.7 0.6 1.3 1.0 2.4 1.2 3.9 3.5 1.5 2.6 

<.1 <.1 
0.6 <.1 0.4 0.3 0.6 1.1 0.2 3.0 0.7 2.4 

0.5 0.1 <.1 - 0.3 0.3 0.5 0.3 1.8 0.2 
S- - 0.2 

<.1 
0.3 0.2 0.1 0.3 0.9 0.7 1.2 0.6 1.4 1.9 2.0 

0.5 <.1 - -
<.1 <.1 0.2 

0.3 0.4 0.6 0.4 0.6 0.5 0.4 0.4 0.4 0.5 0.5 0.7 
- 0.2 1.0 4.5 - < 1 0.3 0.2 0.3 0.6 0.3 

<.1 
0.3 0.5 0.5 0.5 0.5 0.8 0.7 0.3 <.1 

1.0 2.1 2.7 3.8 4.7 5.3 5.8 4.9 5.5 45 3.6 2.6 

0.2 <.I <I < I <.I - 0.1 
- <.I <.I 0.2 <.1 
- I1 

0.4 * 0.2 0.2 - <.I 0.3 
<.1 0.2 0.4 0.1 

<.1 0.3 0.1 

0.5 1.2 0.9 0.8 0.8 0.8 0.9 0.1 0.3 0.2 0.2" 
0.1 <1 <.I 0.1 0.1 <.1 

<.1 

0.3 0.5 < 1 0.3 07 0.2 0.3 0.3 1.0 0.8 0.7 
- - - 0.1 

I <.1 <.1 
<I<. 0 <.< 
<.1 -<.1 <.1 

0.2 - <I 

1.0 
4.2 0.9 1.7 2.5 5.7 

0.3 0.2 - .- <.1 
<.1 0.1 <.1 0.2 0.3 0.3

0.1 -
1.1 1.9 1.5 3.2 1.9 2.1 1.0 0.9 0.4 0.1 
<.1I <1 

0.7 0.7 <.1 1.2 0.8 0.3 0.1 
- 0.4 0.2 - 0.2 0.3 

1.6 1.6 0.9 0.5 0.8 0.5 0.1 

<.1 <I! <.! 0.1 - <1 

- - <.1 0.3 0.1 0.3 . 0.3 0.2 
0.9 0.6 0.4 0.8 0.8 0.9 1.3 0.5 0.5 1.3 
0.3 0.5 0.2 0.6 0.9 0.9 - 0.1 0.5 0.2 

- <.1 0.1 0.4 <I1 
- <.I 1.9 

- <.1 0.1 <1 
- - <.1 <.1 

2.0 1.9 1.7 4.3 4.3 4.6 9.0 11.0 5.1 9.4 
<1 

- 0.6 -
0.2 0.3 7.5 0.3 

- 0.4 
<.1 0.1 <1 <.1 0.2 
0.4 
<1 <.1 0.3 0.1 0.3 0.4 0.6 0.2 

0.1 

<.1 0.1 <.1 <.1 
* - - <.1 - I 

• <.I 

0.1 <I.  

<1 

- 0.1 
<.I 

0.1 <1 0.1 <.1 
<.1 

<.1 0.1 -I 0.2 0.2 

0.6 1.7 0.4 
- - <.1 0.2 0.4 0.3 0.1 0.3 0.4 

<.1 - - 0.1 <.1 0.1 - 0.1

(continued)
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C. (°

Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundancern?2 -South Diablo Cove Station SDC 3 at -4m (continued) 

Year 1976 1977 1978 1979 1980 1931 1982 1983 1984 1985 1986 1987 1911 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Stations 0 Surveys 1 3 5 6 6 3 6 3 6 6 4 5 na na 4 4 4 4 4 2 1 2 2 4

Colmted Reesdless of Size (continued) 

Corynactia califomica 
Cr.ssed-o giganteWu 
Crepidula spp.  
Cry;-toclton stelleri 
Cryptolilhodes sitchensis 
Cucumaria spp.  
Dendrodoris spp.  
Dendropoma lituella 
Dendropoma spp.  
Diadumene spp.  
Diaulula sandiegesis 
Diodora aspem 
Diopatra omata 
Discurria imsasa 
DoIiopsilla albopuncltat 
Epiacti prolifera 
Erato vitellina 
Eudistylia polymorpha 
Eupemtacta quinquesemita 
Fissurella volcano 
Flabelliderma e•senberga 
Flalbelfin trilineata 
Fuainua luteopictua 
Glanwsubquadrta 
Halcara decemtentwulata 
Haliotis rufescens 
Haliotis spp.  
Haliotis spp. Otiv.) 
Henicia leviuscula 
Heptacarpus spp.  
Hennissenda crassicmis 
Homalopoma spp.  
Hopkinsia rosaea 
Idotem spp.  
Iscmochitonidae 
Iaopoda unid.  
Lacuna spp.  
Lail& cockerelli 
Lebbeus lagunae 
Lepidoann coopen 
Lepidozona spp.  
Leptastenia spp.  
Leucandr heathi 

eucilla nuttingi 
Lissotlhuia nutriena 
Lithopod a gibberoum

0.-0.3 
- - - -- 0.2 0.3 

0.3 0.4 1.0 1.3 1.2 1.2 1.1 0.4 1.1 0.3 
<1 

<.1 - - <. <I <.1 
0.6 1.3 1.7 1.1 1.3 0.7 0.6 0.6 1.0 0.9 0.4 

7.9 26.3 13.9 10.1 14.3 17.5 13.5 17.6 13.3 7.7 
1.8 - - .  

<1 

<.I <I 
S <.1 - <.I 0.3 - 0.2 

0.3 0.8 1.2 2.0 0.6 0.3 0.2 0.2 0.2 0.2 0.4 0.4 

0.4 0.4 <.1 <1 0.2 <1 0.3 0.5 0.4 0.2 
1.3 2.7 3.1 2.4 1.7 0.9 0.5 0.3 0.2 0.2 0.6 0.1 

0.3 <.1 0.3 <.1 0.1 <1 <.1 0.2 
<.1 <1 0.3 0.2 0.2 0.1 0.2 

* <.1 
<.1 

<.1 
<.1 <.1 <.1 0.1 0.3 <I 0.1 0.2 

< 0.1 
<.I 

<1 0.2 <I1 

<.1 0.1 - <.1 <.1 
0.5 2.6 5.2 4.2 5.7 5.2 5.0 4.7 3.0 4.3 4.1 3.7 

- - 0.1 -
. -<,1 

0.2 <1 0.2 <.1 <.1 0.4 0.3 0.1 0.1 
<I1 
0.6 -- <.I <.1 <.1 0.3 0.1 

.- 0.1 <.1 0.2 
- <.1 <.1 

1.0 
-. . . . . . . ... - .1 

0.1 0.1 0.2 0.1 <.1 
<.1 0.5 3.0 2.0 1.8 1.4 0.2 0.4 1.0 1.3 1.2 

0.5 <.1 0.4 1.4 1.8 1.3 1.7 1.1 2.1 0.8 4.0 1.4 
. 0.1 <1 - <.I 0.4 0.4 <.1 0.2 

<.1 - 0.2 0.5 0.3 0.6 0.5 0.5 0.2 0.2 0.4

* <l I -

<.1 <.1 
0.1 0.1 . 0.1 

- - 0.2 0.1 0.1 <.I 
S <. <.1 

0. 0.4 <.1 0.3 0.3 <.1 
- <.1 <.1 o0.1 

17.4 19.3 12.4 3.8 3.5 3.6 0.8 

S- <.1 - 0.1 
0.1 0.2 0.2 0.7 0.4 0.5 1.0 0.6 1.6 0.4 

0.4 0.4 0.3 0.5 0.4 0.4 0.1 0.6 

<.1 <. <1 <I .1 0.3 0.1 
<.1 

0.6 <.1 - 0.3 
0.1 0.1 - - <.1 0.1 
<.1 <.1 <.1 <.1 0.1 <.1 
0.1 

0.2 <.1 

<.1 0.1 
<.I 

<.1 ,I 
0.3 

<.1 <.1 
0.1 <.1 <.1 <.1 0.1 0.6 0.4 
2.3 0.6 0.1 -

0.2 <.1 <.1 0.2 <.1 0.1 

0.5 0.4 1.0 0.4 <.I 
<I. <.1 

* <.1 0.2 .. .. ..  
<1 <.1 
0.1 

<.1 1.1 1.0 0.4 - 0.3 
0.2 0.3 0.1 
<1 <.1 <.1 <.1 0.3 0.3

(continued)



Subtidal Fixed Quadrat - Annual Invertebrate Mean Abuudance/rn 2 - South Diablo Cove Station SDC 3 at -4m (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys I 3 5 6 6 3 6 3 6 6 4 5 ns ns 4 4 4 4 4 2 I 2 2 4

Counted Reoardless of Size (continued) 

Litopo gibbe-um (juv.) 
Lophopanopcus app.  

Lottia umi 
Lottia instabilis 
Lottia cs 

Majklae 

Megabalamus califonuie 
Minmus foliatm 
M6ka idac 
Mapalin app.  
Mydcola infundibulum 
Nassaris nuendicus 
Natania unid.  
Nemertea unid.  
Nereididae %udi.  
Nitidiscals spp.  
Nommsa norrum 
Nomnsia nanisi (juv.) 
Ocenebra foveolata 
Ocaneba interfnsa 
Oenbra reida 
Ocenehra spp.  
Opluactis sMplcac 
Ophioplocs eamarki 
Ophiothb spi-tma 
Ophiuroidea unidi 
Pawuru spp.  
Paracyathus stearnjii 

Pm-atihpu parvuneuis 
PMxanthias taylori 
Peleqypoda unid.  
Pelwcpoda unid bring 
Phidiana hiltoni 
Ph matopom c alifoneca 

• app.  

Phyllochactoptenis prolifica 
Pistu brvispinus 
pwwacugiguý 
Pisaita/Henraia (juv.) 
Pista spp.  
Pista/Streblosoma spp.  
Placiprhella velata 
Platyhqhninthe unid.  
Pododesmus cepio 
Polychta mid.

- 0.3 
0.3 0.5 <.1 <.1 0.2 0.1 0.1 

<.I 
0.2 1.5 0.8 0.5 0.6 0.8 0.1 

0.3 0.3 0.2 <-1 0.7 0.3 0.4 0.3 1.7 1.3 0.4 0.6 

0.4 <. - 0.3 0.3 
<1 

0.3 0.2 0.3 0.4 0.3 0.3 0.3 0.5 0.3 0.3 0.3 
<.I <1 
<.I 0.1 1.0 0.1 <I 0.3 0.2 

<1 <.1 0.1 
- 0.3 

<.1 

*- - - - * - <.1 

<.1 0.2 <.1 <.1 
- 0.3 <.1 0.1 - <.1 
S<.1 <.1 0.2 

< 1 <.I 0.1 0.2 <.1 
<.! <.1 <.1 .. 0.3 0.2 

3.8 2.0 3.5 4.5 10.7 11.0 10.3 6.0 8.6 8.0 5.0 

- -- - - - - <.1 

<.I 
1.5 20.5 21.7 24.2 21.3 19.3 15.0 27.0 33.0 26.5 29.6 34.0 

<.1 <.1 0.3 <.I 
- 1.7 40.3 32.5 22.1 15.6 4.4 0.9 9.4 2.8 4.3 11.2 

1.5 20.5 - - - - - - - -
1.6 5.5 6.5 2.6 9.0 9.0 12.1 4.8 7.7 12.9 12.6 

0.1 <.1 0.2 0.2 - - <.! 
- 1.4 0.4 <.1 0.3 1.0 0.7 0.8 0.9 1.8 0.5 0.7 

<.5 
-- - -- <.I <.I 

0.3 <.1 <.1 0.3 0.2 0.3 0.2 
0.2

<.1 0.1 <.1 0.1 0.3 
0.2 <.1 

<.1 0.1 <+1 
1.1 0.6 0.1 0.3 0.2 0.1 <I1 

0.1 
0.1 

<.1 - 0.1 - - 0.1 0.3 
0.1 0.2 0.2 0.1 0.4 0.6 0.5 0.3 0.8 0.7 

0.3 <.I 0.2 0.1 

<.1 
<.1 

<.I 0.1 0.3 
<.! 

- <-1 
0.1 <.1 <I1 

0.1 0.3 
23.4 

0.2 0.1 0.3 - 0.1 0.1 
1.6 1.9 1.3 0.4 0.1 0.6 0.3 1.0 0.4 

-- - -. ~<I - -

5.2 2.8 4.9 4.9 4.2 5.5 0.8 1.1 0.1 0.3 
0.3 <.I 

0.1 

<.1 <.  
28.5 22.8 17.1 17.6 7.4 16.3 5.8 6.6 3.6 14.4 
0.2 - - - - 0.1 0.1 
7.2 3.0 1.3 1.1 2.4 0.6 0.5 8.5 12.8 25.3 

4.0 2.3 1.5 2.3 2.5 2.3 0.3 2.9 0.8 0.8 
- <.I 0.1 -

0.1 0.1 <.I 0.2 0.3 - <.I 
<.1 - <.1 

0.6 1.1 0.9 1.7 2.3 3.0 4.3 3.0 0.5 2.3 

<.1 <.  
0,2 0.3 0.2 <.A

(cotinued)

C_ (ConudC



C. C. C..
Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/r 2 - South Diablo Cove Station SDC 3 at -4m (continued)

Year 1976 1977 1978 1979 1980 1981 192 1983 1914 1985 1926 1927 1928 1929 1990 1991 1992 1993 1994 1995 1996 1997 1992 1999 
# Station * Surveys I 3 5 6 6 3 6 3 6 6 4 5 "s ma 4 4 4 4 4 2 I 2 2 4 

Coumted Remedlesa of Siza (contiumed)

Polymidae 
Promtheceracw bellostriatus 
Pscudoceros montereyensis 
P,.udomelatorna torosa 
Pugetia producaa 
Pugettia richii 
pgea spp.  
Pycnogonida unid.  
Pycnopodia helianthoides 
Pycopodia helianthoides (juv.) 
Pym haustor 
Roatanga pulchn 
Sabellidae 
Sewpula vemicularis 
Serpulidae unidt 
Setpilorbis squamigemu 
Sipimcula unid 
Spirobranchus spinoaus 
Strionyloc•l•trtus fmnciscanus 
Strnalocentotus Mpuratu 
Strongloeetrotus spp.  
Stycla montereynjeis 
Stylochus app.  
Tegul bnmnea 
Tegula m tereyi 
Tegula pulligo 
Terebellidae unid.  
Tethys aurantia 
Tetraclita mbescens 
Themiste pyroides 
Tonicella lineata 
Tricolia pulloides 
Triopha catalinae 
Triopha maculata 
Tritonia festiva 
Trivia califoimana 
Urticins spp.  
Williamia peltoides 
tumicate, solitay unid.  
yellow-gilled poroatome 

Coverme Based on # of 1" Squares 

Abiet/Sertularella/Seftula'ia spp.  
Barentsia spp.  

oz^ unW. (e*aMtg) 
Sryozoa, umid. (erect)

0.2 0.9 0.8 0.5 0.6 1.8 0.8 1.2 1.1 1.3 0.9 
- <.1 0.4 - <.1 0.3 0.3 0.1 

0.3 <. 0.7 0.8 1.7 1.5 1.3 1.8 0.4 0.2 
<lI 

<.I <.I <,I 

0.3 0.5 0.7 0.6 0.5 0.5 0.4 0.4 0.1 0.4 0.5 
. 0.2 - <.I 

- 0.3 <.I <.1 - - - 0.4 0.8 1.1 3.2 
0.7 0.7 1.5 1.5 1.1 1.1 0.9 0.8 0.6 0.9 1.3 

1.0 0.7 5.6 0.5 - 0.3 0.2 - 0.3 0.5 0.4 0.2 
. 0.3 0.4 0.4 0.6 0.6 0.6 0.6 1.0 1.2 1.5 

2.3 0.4 
0.8 0.2 0.4 <.I 0.3 0.2 0.5 0.4 0.4 

0.2 0.3 <1 <1 
0.3 <.I 0.1 < 1 0.2 0.4 

0.5 <.I 0.2 <.1 - <.I <.I 

1.3 3.5 5.8 4.7 3.5 4.0 3.2 2.3 1.1 1.4 2.1 3.6 
0.4 0.3 0.5 0.2 0.2 0.3 <.< 0.4 0.6 

- <.1 0.2 <.I <.I <. 0.2 <. <I 0.2 0.3 
S - 0.2 

<. <.I 
1.3 2.2 1.2 1.0 1.2 1.0 1.1 1.3 1.5 1.4 1.2 

0.3 <.1 0.6 0.3 0.4 0.4 0.3 0.7 0.9 0.5 0.5 0.8 
- - <.1 0.3 0.8 0.4 

<.1 I 
<.1 0.1 < 1 

<.I 0.1 <. < I <.1 <1 <.I 

0.4 <.I <.I I <.1 0.4 0.5 

0.2 <1 <1 

0.8 0.6 0.3 0.7 0.5 1.2 0.9 1.0 1.0 0.8 1.3 1.2 
<.1 - <.1

<.1 
<.1 

<.I 
0.6 0.3 0.6 0.3 0.3 0.3 
<.1 0.2 - <.1 
0.8 0,8 0.4 0.1 0.8 0.5 

0.1 
- 0.3 <1 <.I 

<.1 
0.6 0.7 0.4 0.3 0.3 
<.1 
0.3 0.3 0.7 0.3 0.9 1.6 
0.5 0.7 0.4 <.1 0.1 0.4 
0.6 0.4 0.3 0.3 0.4 0.6 
0.8 0.8 0.4 0.3 <.I 0.6 

0.4 0.4 <.I 0.2 0.3 0.1 
- - <.1 
- 0.3 0.2 <.l 0.9 1.0 

0.4 0.3 0.6 0.3 0.2 1.0 
0.2 0.3 <1 0.1 
<.I 
0.8 1.4 2.6 0.2 1.1 0.3 
<.1 <I1 
<.I <.I 0.3 <.1 0.1 

0.1 <.I 

0.9 1.5 1.0 0.4 0.6 0.6 
0.6 0.2 0.1 0.1 <.I 0.3 
<.1 - 0.9 - 0.3 

0.1 <.1 
<1 

<.1 
<. 

<1 
<.1 0.2 0.1 0.1 
<.1

0.1 <.1 

1.0 0.9 0.8 0.3 

0.2 

1.3 0.4 0.1 1.7 
- 0.3 0.6 0.3 

S - - 0.2 
0.3 0.3 0,5 

0.5 0.1 

1.8 0.4 1.6 8.4 

<I 

S 0.9 
. 0.3 

.0.3 <.I 

0.3 0.1 0.3 <.1 

0.1 <I

- -- - - 0.2 1 

1.3 0.9 0.4 06 "L0.8 0.3 0.5 0.6 0.4 0.3 
. <I.l <.1 <.1

(continued)



Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/r 2 - South Diablo Cove Station SDC 3 at .4m (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Station * Surveys I 3 5 6 6 3 6 3 6 6 4 5 ns mu 4 4 4 4 4 2 I 2 2 4

Coverame Based on 0 of I* Sqyares (continued) 

Bryozoa. unid. (foliose) 
Chdamalus flasus 
Client spp.  
Didemnmn/Trididennmnn spp.  
Dodecaceria fewkesi 
Eurystomella bilabiata 
Hydroida 
Hymamphiast'a cyanoezypta 
Leucosolenia app.  
Porifera unid. (enezusting) 
SalmacIna triutiata, 
Spirorbis spp.  
Tricellaria spp.  
epiphytic yzoan (sq.) 
tunice colonial mid, a (white) 
tunicates. colonial/social unid.

0.1 <I <.I <.I 0.3 <.1 

<.1 
2.3 0.5 1.3 1.4 0.7 0.3 0.4 0.6 0.4 0.9 0.8 

0.5 0.4 0.1 0.9 0.9 0.9 0.5 0.4 0.7 0.6 0.5 
- 0.2 

1.3 0.5 <I <.1 <I.1 I . < I <1I 

<.1 
0.2 0.2 0.7 0.8 0.8 1.9 1.5 1.7 1.4 23 0.8 

<.1 0.2 <.I 1.0 0.8 0.6 0.6 0.6 0.4 
0.3 - - * - -

2.8 
2.8 3.4 2.5 2.1 Z3 2.4 2.3 2.5 2.3 2.6 3.1 2.2

C

<.I <.I <.I <.I <.I 
* 1.5 -

0.3 0.3 0.2 0.1 0.3 <1 0.5 <.1 
<.1 

O- 0.3 
<.1 <1 .I 

0.1 0.3 0.3 0.1 <.I 0.2 

1.5 2.0 0.8 0.3 0.3 0.1 - 1.1 0.3 
- <I1 0.1 <.1 - 0.5 <.I 

0.8 0.6 0.3 <1 0.1 <.1 <.1 <.I <.I <.1 

0.2 

2.0 1.6 1.4 0.4 0.6 0.8 1.0 1.1 0.1 <.1

C C.



C.. ( C.,
Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/m 2 - South Control Station SC I at -3m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys I 2 3 4 3 3 3 3 3 5 2 3 3 4 4 3 4 3 4 2 2 1 2 4

Counted Reprdless of Sie 

Acrnsea mitr 
Acinacid unid. a 
Acolidia papillosa 
Aldisa sanguinem 
Alia carinata 
Alia spp.  
Alph--us spp.  
Amphissa spp.  
AMnphissa versicolor 
Anisodoris nobilis 
Anthoplei'a uternisia 
Anthopleua elegatissirma 
Anthozoa umid.  
Archidoris montereyensis 
Asterina miniata 
Asterina miniata (juv.) 
Balanophyllia elegam 
Balau app.  
BalwanTetraclita spp.  
Barnacles (uv.) 
Bittium esclridcliii 
Bittium spp.  
Boltenia villosa 
Brachya unit. b (juv.) 
Cadlina flavomiaculata 
Calliostoma cualiculatum 
Calliostoma ligature 
Calliostoma spp.  
Cancer uitenmrius 
Cancer antennarus Ouy.) 
Cancer productus auy) 
Cancer spp.  
Che ora prodctwn 
Cinatulidaerrerebellidae unid.  
Clavelima huntamui 
Clavulaia spp.  
Cnernidocarp fmmarkiensis 
C-gon atylirostuis 
Crepidula adunca 
Crepidula spp.  
Cryptochitnn stelleri 
Cryptolithodes sitchemis 
Cummrina spp.  
Dendrodois spp.  
Dendroporna lituella 
Den-&opma spp.

1.0 0.6 0.8 0.5 0.4 0.8 0.6 2.8 2.2 0.3 0.7 0.2 0.4 0.1 0.2 0.2 0.8 0.9 1.0 2.0 1.1 0.8 "* - <.1 * 

0.1 
- 0.2 <.I 

- 3.9 8.6 2.7 2.3 3.8 1.4 0.7 2.3 2.7 0.8 1.4 0.8 0.9 1.4 0.2 1.6 1.4 1.1 0.3 - 1.3 0.6 
5.0 - 2.0 0.6 0.6 0.2 0.3 1.0 0.8 0.3 0.2 0.3 1.1 0.2 0.6 0.5 0.1 - 0.2 

<.1 
0.1 0.6 0.8 <1 <,A 0.7 0.5 0.5 0.8 0.4 0.8 0.2 0.6 0.4 0.4 1.4 0.5 0.8 0.5 0.9 0.5 0.1 0.8 

. 0.3 - - - - .  
0.1 <.  
0.1 - <.1 0.2 <.1 0.1 0.2 <.1 0.2 0.3 <1 - 0.1 0.1 0.2 

0.3 0.4 0.4 0.7 0.8 0.3 0.3 0.6 0.5 0.8 0.6 0.5 0.4 0.3 0.4 0.3 0.4 0.3 0.3 0.4 0.4 0.6 0.8 
0.3 - < 1 <I <.1 <. <1 0.2 

<.! 

0.5 0.6 0.5 1.1 1.3 0.8 1.3 1.3 0.2 <.1 0.4 0.3 0.3 0.1 <.1 0.3 0.3 0.4 0.4 0.6 0.5 0.1 0.2 
0.2 - - - 0.5 

0.8 1.6 0.5 0.6 1.5 0.8 0.9 0.8 0.7 1.1 0.2 <.1 0.9 0.6 0.6 1.0 0.8 0.4 1.4 0.5 0.3 0.8 1.0 
6.3 - 1.4 < - . 0.3 - o 

0,9 0.9 0.3 8.3 1.8 4.3 2.5 4.1 0.2 0.4 1.9 0.3 11.7 6.8 5.3 4.9 5.5 0.8 8.1 
- - - - - 7.9 3.1 . 7.5 

<.1 - 0.2 0.1 0.4 - - <I <.1 - - 0.2 -
05 <I < .1 0.3 0.2 <.1 

<.1 0.3 <.1 
-- . - - . . . - - . - -.- - <.1 - - -

<.1 <.1 <.1 
* * - . ~~- 0.2 - - - - -

<.1 0.3 1.! <.1 0.1 0.3 0.2 0.3 0.5 0.2 <.1 <.1 04 0.1 0.3 0.1 0.3 
0.1 

- <Il 
<.1 <.1 0.1 0.1 <.I <.1 0.1 0.1 0.3 
<I <.! <.1 < 

. 0.3 <1 <.1 <I 0.3 
- <.1 - <.1 0.1 0.1 

<I! 
0.6 2.6 2.2 0.6 0.4 1.3 

<.1 2.2 - 0.6 
- <.1 0.2 -

<I.  

0.2 0.3 1.0 0.7 0.8 1.6 0.4 0.4 0.4 0.3 0A4 06 0.8 0.5 1.4 
. <1 - <.1 

<.1 0.5 <.1 0.3 0.2 0.3 0.3 0.4 0.4 0.2 . 0.2 <.1 <I. 0.4 0.5 0.6 0.1 
0.3 <1 <.1 0.5 <1 0.1 <1 - 0.3 0.4 0.4 

<1 - -
49.2 81.1 101.7 66.2 92.7 52.6 89.0 66.5 30.1 61.6 56.3 77.3 49.3 92.8 41.6 14.8 19.5 16.6 2.0 2.5 4.6 1.0 

50.8 3.1 - - .- - - -

(continued)



Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/lt 2 - South Control Station SC I at -3m (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

#Stations * Surveys 2 3 4 3 3 3 3 3 5 2 3 3 4 4 3 4 3 4 2 2 1 2 4

Counted RggadMvs of Size (continued)l 

Diodorx aspera 
Diopaira ornata 
Discuria insasa 
Dordacca unid, 
Douiopsilla albopunctata 
Epiactis prolifc'a 
Eudistylia polymopha 
Eupentacta quinquesemita 
Fissurella volcano 
Fusminu luteopictus 
Ganmwidea unitd.  
Gastropods. neopic unic, a 
Halcamnpa decanatentaculata 
Haliotis rufescans 
Haliotis spp. (juv.) 
Heaicia leviuscula 
Hammssenda cressicons 
Homalopmna spp.  
Hopkinsia romacea 
Isdinochtmidae 
Lacuna spp.  
Laila codkerelli 
Lebbeu, -,urm 
Lepidossna spp.  
Leptastajas hexactis 
Leptastuiaspp.  
Leuc heathi 
Leuciila nuttnO 
Lissothuma nutria.  
Lithopomma gibbaustsu 
Linporna gibbee sn (juv.) 
LoOPmw- spp.  
Lottia instabilis 
Lottia oclracca 
Lottia strigtella 
Lwaxmaych- crispatus 
Majidao 
Manania spp.  
miamn vcnlli 

Mimulus foliatus 
vtlra idaw 
Modiolhs app.  
Mopalialgno 
Mopalia nuiscoss 
Mopalia spp.  

tlidae

C

- <.I 
<.1 <. 0.2 - - 0.2 <I <. 

. . .. -0.3 
- - - . . - - - . - - 0. -1- .  

<.1 0.2 - - 0.2 0.3 0.5 0.4 0.3 0.1 0.2 0.1 0.3 0.3 

1.0 1.3 1.4 0.3 0.3 0.4 0.3 <.I 0.2 0.7 1.1 0.8 0.8 0.6 0.4 0.8 0.7 0.2 <.1 0.4 0.3 0.4 0.5 
<.1 <I1 

<.1 < - 0.1 0.2 

0.4 - <.1 <.1 - 0.1 <.1 0.2 
. <.1I 

0.3 
0.3 
0.8 0.4 0.3 0.3 <.I 0.2 0.2 0.5 2.0 0.8 0.6 0.8 1.0 0.6 0.2 <I 0.1 0.1 0.4 

S<.1 -< 
. 1 - - <1I 

0.5 0.5 <.I - <.I 0.2 0.1 . 0.4 0.1 0.3 0.1 0.3 

- <.I <1 <.1 <.1 0.4 . 0.1 <.1 0.1 - 0.3 

0.5 0.2 1.1 0.5 2.8 27 5.4 5.9 4.2 4.1 3.9 5.2 5.9 5.8 6.0 4.1 8.3 

<.1 - - - - - 0.1 0.1 

0.2 <I <1 0.2 0.2 0.2 0.5 0.3 <.I 0.1 - <.1 -0.4 
- <1 0.2 <.1 0.4 <.I 0.3 0.3 0.2 <.I <.1 0.2 0.3 - 0.3 -

* . -- - - - 0.1 - - - - -

0.2 
- <. 0.1 0.1 

6.0 
3.1 4.0 Z. 3.8 4.4 27 1.5 1.1 0.5 0.5 1.6 0.8 0.5 0.1 0.5 1.2 0.5 0.9 0.8 1.3 2.3 0.5 1.9 

0.5 0.4 0.3 <.I <.I - 1 0.3 
- 0.1 0.6 

- - . <.I <.1 < <. 1 0.3 0.2 0.3 0.1 

0.3 0.1 <.1 0.3 0.3 . 0.2 < 1 0.2 0.4 0.4 <.1 <. - 0.3 0.5 <.I 
- - 0.2 0.2 0.2 - 0.2 - - 0.1 . 0.5 0.1 

0.6 0.7 1.9 0.4 0.8 0.8 <. 0.4 0.3 0.3 . 0.3 <.1 0.2 0.2 0.1 0.2 0.4 0.4 0.3 0.4 0.4 

- - - 0.3 0.1 0.7 - 0.5 0.8 0.3 0.5 0.4 0.2 - - 0.6 

0.5 0.3 0.3 0.4 0.3 0.4 <.1 0.4 1.4 0.6 0.8 0.3 0.6 0.5 0.3 < 1 0.2 1.1 0.6 0.6 1.8 1.4 1.3 

0.3 -- -

4.8 1.3 1.4 0.9 0.8 0.2 
<.I <. -I 

<.I 

0.1 1.0 . 0.2 <.I 0.3 0.2 0.3 - - <.1 0.3 -

- - <.1 0.2 <.I <. < I - - 0.2 <I 0.1 -1 0.1 0.3 

0.2 < 1 <. 0.2 <I1 <.1 - 0.3 <.I 
<.1 0.2 <.I <1 <.I <. 0.1 - 0.1 

0.3 <.I <.1 - - 0.2 . 0.2 1 0.1 
- - <.3i 

(continued)

C C



C C C

Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/mr2 - South Control Station SC I at -3m (continued)

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 1 2 .3 4 3 3 3 3 3 S 2 3 3 4 4 3 4 3 4 2 2 I 2 4 

Counted R e~rdlen of Size (coninued) 

MyxicoDainA1dibutum - - - - - - <.1 <.1 0.1 - - -

Nereididac unid. - <.I 0.1 
Nitidiscala &pp. <. I <.I 
Nitidiscala/Opalia spp. . I 
Ocenebia foveolata 0.2 
Ocenebra interfossm 0.3 <.I 0.3 - <.1 0.2 - - 0.1 

Ocenebral uida . 0.1 <.1 <.1 0.3 <.1 - <.1 0.1 0.3 0.1 0.3 - 0.1 <.1 <.I 0.3 0.3 0.3 0.6 
Ocenebra spp. 0.3 0.4 0.3 0.1 0.3 - <.1 0.3 0.1 0.1 0.4 0.1 0.3 0.3 0.1 0.4 <.1 
Opalia spp. - - - <.I 
Ophioplocus esmarki -<. I- <I 
Ophiothrix spiculata 0.3 0.2 0.1 0.2 <1 0.4 <.I <.1 <. - <.I - <. 1 0.1 
Pagursapp. 1.5 1.5 7.8 12.6 14.6 23.8 17.6 6.6 11.8 8.9 7.9 7.8 4.8 3.7 5.5 7.1 7.6 6.8 7.6 2.8 4.8 8.5 4.4 5.9 

Pelecypoda unid. - - I - - - -

Pelecypoda unid. boring 0.3 0.3 0.3 0.3 0.3 2.1 1.7 1.1 2.3 0.3 0.3 0.9 0.8 1.1 2.4 1.4 0.3 0.6 0.5 1.3 0.1 <.1 
Phascolsom agassizii - - <.I <. - - - - - -

Phidiana hiltoni - - 0.2 - 0.2 0.2 <.1 - - - 0.1 0.8 <.1 
Phragnmtopomacalifomica 2.5 34.3 6.8 8.9 10.7 7.5 2.1 8.8 56.7 40.0 21.8 76.8 117.1 88.0 33.2 44.9 8.3 6.0 6.9 7.4 13.8 10.8 44.1 
Phyllochatopten prolifica . 0.3 0.6 1.3 1.8 3.3 1.3 0.9 1.9 1.0 1.1 1.3 1.0 0.7 1.3 1.0 1.4 0.5 - 0.8 0.4 
Pisaster gigntem <I - - - - - <1 - - - - - <.I 
Pisaster/Henricia (juv.) 0.5 2.3 4.3 2.8 4.1 3.2 0.7 <.I <1 0.9 0.3 0.3 0.5 0.7 0.9 0.4 1.0 0.4 0.5 0.5 0.3 

Pista app. 0.1 <.1 0.3 <.1 0.8 1.2 <.1 0.9 1.3 0.5 0.3 - 0.3 <.I 0.3 0.3 0.5 0.4 
Placiphorella velata - <. - <. - -

Pododesmm cepio <.1 <.1 0.1 0.1 <.1 <.1 0.1 0.1 0.1 
Polynoidae <.1 <.I <.I 
Porcellanida unid. 0.3 - 0.2 
Pseudomelatora to'osa 0.5 0.2 0.1 <.I 0.3 0.8 0.4 0.4 0.7 0.4 1.0 0.7 0.9 0.8 0.8 0.8 0.3 0.8 06 0.1 0.5 0.1 

Pugettia producta <1 . 0.3 0.5 . 0.5 0.2 0.1 <.I <.1 0.1 0.4 <.1 0.1 <.1 0.1 0.1 01 0.3 0.1 
Pugettia richii <.1 3.8 1.9 3.4 3.0 0.4 0.7 1.8 0.5 0.8 0.9 0.8 1.3 1.4 0.9 0.6 1.1 0.1 0.4 0.8 0.1 0.8 
Pugettim spp. 1.0 0.8 - - - - - - - - -

Pycrngonida unid. - - < <.  
Pycnopodia helianthoides 0.1 0.2 <.I 0.2 <.1 0.4 <.1 0.2 0.1 <.1 <.1 <1 <.I 0.1 <.1 
Pyur hau - <.1 <.1 0.3 0.3 <.1 <.I 0.4 <.1 0.4 0.3 0.1 

Rostnga pulchra 0.3 . - <.I <.I , 
Sabell,4ae 0.5 <.1 0.3 0.1 0.1 <.1 <.1 
Sepula venmicularis 0.1 - 0.2 <.1 <.1 0.5 <.1 <.1 0.3 <.I <.1 0.3 0.4 

Serpulida unid. 5.0 1.4 0.6 0.4 0.3 <.1 0.2 0.5 0.3 0.1 0.2 <.1 <.1 0.1 - 0.8 1.2 2.1 0.4 - 0.1 
Serpulorbis squamigefus 1.0 0.9 1.3 1.9 2.8 0.6 0.3 0.4 1.3 3.1 2.9 1.3 1.5 1.8 1.6 1.4 0.7 0.6 0.8 0.6 

Spirobranchu spinoaw 0.3 <.1 0.3 0.4 0.4 0.2 - - <.1 0.3 0.4 0.6 0.5 0.3 
Strongylocentotnus frt iscanus <I - - - - - -

Strongylocentrotu pupmatm - - <.1 <.1 - - <1 
Strongylocentimtu spp. <1 <.1 0.1 <.1 0.1 <.1 0.1 <.1 
Stycla montereyensis 0.2 0.3 0.1 <.I O. - 0.1 0.1 

Tectan fenestrata - 0.6 

Tectura paleacea <.I 
Tectus persona 0.3 
Tegulabrunasea 2.5 4.1 5.1 4.1 5.2 2.5 2.8 2.8 5.1 7.4 8.5 4.4 3.3 4.1 4.3 1.8 6.0 6.7 6.0 4.8 6.5 4.8 6.1 9.0 

(continued)



Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance•/ 2 - South Control Station SC I at -3m (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 3 2 3 4 3 3 3 3 3 5 2 3 3 4 4 3 4 3 4 2 2 1 2 4

Counted Rteardls of Size (continued) 

Tepula montereyi 
Tegula pulligo 
Tefrcellidae unid.  
Tetrclita rubesces 
Thmiste pyroides 
Tonicella lineata 
Tncolia pulloides 
Triopha maculat 
Tubulanu saxlincatus 
Utieina ecrianca 
Xanthida unid.  
tunicatC6 solitary wei.  

Coverae Based on # of P Squames 

AbieLSutularenatSegularia spp.  
Aglaophenia spp.  
Archidxitom spp.  
B•yozo urid. (mrustbg) 
Byozoa, unid. (erct) 
Bryozoa, unid. (foliose) 
Cauhoamphus spiniferum 
Clina app.  
Didmnmm7VTrididcmnum spp.  
Dodecueei fewkezi 
Euystonella bilabiata 
Hydroida 
Hynemnphiastra cyaoaypta 
Laucosolenia eleanor 
ec leni.a spp.  

Obelia spp.  
Perqphoam ametens 
Porifera unid. (ecrusting) 
Porifem unid. c (orange) 
Rittmrlla puchi 
Sahmacina ibranchiata 
Sprorbis spp.  
tunicate, colonial unid. a (white) 
turcate, colonial urud. c (ornpe) 
tuncale, colonial/social unid

<.1 0.2 <1 0.1 <.1 0.1 
<.1 <.I <.I <.1 0.1 

<.1 <.1 
5.4 2.7 2.0 9.6 2.3 7.3 1.9 1.7 3.3 - - 1.7 2.3 7.2 6.1 8.4 - 0.8 

- 0.2 0.1 <I1 0.3 0.3 0.3 . 0.1 - <.1 0.2 0.1 <.1 0.4 0.3 . 0.2 0.1 0.1 
0.5 <.I 1.0 0.8 0.2 0.8 1.0 1.1 0.9 1.4 0.5 0.3 0.4 0.3 0.4 0.5 <.1 0.9 0.6 1.3 0.3 0.5 1.4 

- 0.8 0.4 0.3 - 0.5 2.6 0.4 0.1 0.5 0.3 0.3 0.6 0.4 0.1 0.2 - 0.3 
0.2 - 0.2 <.1 0.1 .3 <1 <1 

- <1 
- <1 0.2 0.3 0.3 0.3 0.1 

1.3 -
S0.2 0.4 03. <.1 0.4 0.3 0.8 0.8 0.4 0.8 0.9 - 0.4 0.3 0.8 

0.3 - - <! - -
0.3 - . .  
1.3 
4.3 0.5 1.0 1.4 1.9 1.1 1.5 0.9 1.7 1.4 1.4 1.9 4.3 2.6 2.3 1.8 1.3 1.8 2.1 1.8 0.8 0.5 0.6 1.4 

- 0.1 - <.1 -- - - -
<.1 <.I <.1 - -- <.1 

- <.3 - -.  <1 1 
-~ ~~~~ I . - - . - 0.4 - - - -

1.5 <.1 0.7 <.I <.I <.1 0.4 0.4 0.6 0.8 1.0 1.1 0.8 0.7 0.1 0.1 0.6 
.1 0.2 0.1 - -

- 0.1 0.1 -. < <1 <.1 -0.1 <.I 
0.2 - - <.1 0.1 

<.I <.I <i 0.3 

-~~~~< <1 -< - - - - - - - - <.1 - - -- <.1 - - -

<.1 
0.2 

1.1 1.4 1.4 24 1.9 4.6 0.5 0.9 2.5 0.8 0.9 1.3 1.4 1.3 1.8 0.9 1.4 2.0 1.3 0.8 1.0 0.6 1.4 
3.0 - - - - -

<.I .  
<! 0.3 0.3 0.4 3.0 0.6 0.9 1.0 0.6 1.1 - 0.3 <. 0.1 0.5 

2.0 0.1 <.1 0.6 <. 0.9 0.5 0.5 1.2 1.0 0.4 0.3 <.1 0.3 0.1 0.3 <.I <1 <.1 <.1 0.1 <.1 <.1 <.I 1.8 - - - - - - - - - - - -

0.5 -- - - - -
1.0 1.3 0.8 1.3 1.3 1.3 2.7 0.2 0.3 2.0 1.6 1.1 1.2 2.1 1.0 1.1 1.3 0.9 0.8 0.4 0.5 0.3 0.4 2.3

C. C_ C
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Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/r 2 - South Control Station SC 2 at -6m

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 1 2 3 4 2 3 4 3 3 5 3 3 ns M 4 3 4 3 4 2 nd ns m 3

Counted ReArdless of Size 

Acmwea mitra 
Aegres aloncau 
Aeolidia papillose 
Aldisa sanguinea 
Alia canata 
Alia spp.  
Alpheus clanator 
Amphissa Wp.  
Amphissa versicolor 
Anisodoris nobilis 
Anthopleurtaremisia 
Antiopleura elegantissima 
Anthople xanthogrannica 
Anthozoa unid 
Arhidoris montereyensis 
Ascidia centodea 
Asterina minista 
Asterina minims -,w) 
Asteroidea midL 
Balauyia elegans 
Balanm aquila 
Balanus nubilus 
Balanm spp.  
BalmaWu etraclita app.  
Barnacles Owy.) 
Bittium e-clrichtii 
Bolteniavillosa 
Brachyura unid. b (juv.) 
Cactosoma aenaria 
Cadlina lavornaculata 
Cadlina modesta 
Calliostoma anmulatum 
Calliostoma canaliculatum 
Calliostonma ligaturn 
Calliostoma spp.  
Cancer antennanus 
Cancer uitennuius (uv.) 
Cancer pductu (juv.) 
Cancer spp.  
Ceratostoma foliaturn 

Chelyo spp.  
CinatulidaerTerebellidae unid.  
Clavelina humtmnani 
Clavulria app.  
Cnmnidocmps fwnarkiensis

1.5 0.5 1.4 1.4 0.6 1.3 0.3 0.4 0.8 0.9 0.3 0.8 
. <I . < 

<.1 
<i 

* 0.4 2.8 0.5 1.1 3.3 0.9 0.3 0.4 
2.5 0.6 - - 0.2 0.7 

<.I 
0.5 0.1 0.8 1.9 2.3 2.2 1.7 0.7 1.0 0.5 <.1 0.5 

* 1.3 1.2 
- <. 0.3 0.2 
* 0.2 0.1 0.1 

0.3 0.3 0.3 0.5 0.8 0.8 0.6 0.7 0.4 0.8 0.5 0.5 

0.4 0.3 0.2 <.1 0.3 0.4 
- - 0.3 

0.2 
1.0 1.5 1.3 1.3 1.8 2.2 1.4 1.5 0.3 0.5 0.2 0.5 

0.3 -- 
14.3 16.0 35.4 41.7 53.8 52.3 61.9 67.7 73.5 63.5 65.3 56.7 

- - - 0.1 
* - -- - - -- <.1 

1 ..0 0.5 <I 0.1 0.2 0.2 0.3 
- 0.6 6.3 0.1 0.5 0.7 2.9 0.6 0.1 0.7 1.2 

-- - - - - - - 1.I 
0.1 0.4 - -

0.3 0.1 0.3 0.1 0.3 1.7 1.3 1.3 

0.3 
<.1 <.1 

0.1 0.2 
-- * <I <.1 

<.1 <.1 
0.3 0.4 0.6 0.7 0.5 0.3 <.1 0.7 1.1 1.3 

- --- - - - <.1i -

<.1 

0.1 <.1 <.1 <.1 
0.1 -
<.1 0.3 0.2 0.2 0.3 
0.1 

0.5 0.5 0.2 0.3 <.1 0.2 - 0.2 
<.1 0.6 - 1.7 1.4 0.2 2.1 3.3 

0.8 0.2 -
<.1 0.4 0.3 0.2 0.3 0.3 0.6 0.9 0.4

<.1 0.3 0.4 0.5 0.3 0.6 

* <.1 - -

- 0.1 0.1 
0.2 - 0.1 

0.3 1.5 0.9 0.4 1.3 2.6 

0.2 

0.7 0.3 0.3 0.4 0.4 0.4 
- - 0.1 

<1 - <1 

0.6 0.5 0.6 0.6 1.1 0.6 
< I 

50.5 45.0 66.1 42.5 42.6 47.6 
0.2 0.3 0.2 0.3 0.3 

<.1 0.4 0.1 
13.6 1.3 0.4 1.3 2.4 

- - - 3.8 3.8 

0.5 0.3 0.6 <.1 0.1 
- - 0.1 

<I.  

<.I 
<I -

0.8 1.0 0.6 1.3 1.3 1.5 

0.1 
<.1 

0.2 0.5 0.3 * <I 

<1 0.1 
0.1 0.8 - 0.3 
3.1 -

0.4 - 0.5 <.1

0.3 

0.2 

0.9 

0.6 

<.1 

0.5 

18.7 
<I 

1.0 

0.3 

0.2 

1.5 

<.1

(continued)



Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/n 2 - South Control Station SC 2 at -6m (continued)

#
Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

Stations 0 Surveys I 2 3 4 2 3 4 3 3 5 3 3 ns na 4 3 4 3 4 2 ns na ns 3

C•gynW Rwm~adless of Size (continued) 

Co•ynactis californica 
caaoma- gant-tan 
Crepidula spp.  

cayptochitn stellai 
CrAyptolidtodes sitchensis 
Cucuniaia spp.  
Dendrodoci spp.  
Daadropoma lituella 
Dendropama spp.  
Diaulula sandiegenais 
Diodora aspera 
DIopatra ornata 
Dornm albolineata 
Doridacca unid.  
Doriopilla albop-utata 
Epiactis prolifera 
Erato vitellina 
Eudistylia poly-orpba 
EUaa quinquesemta 
Fissurella volcano 
Flabellina iodinca 
Flabellina Wrilineata 
Fusinus luteopictus 
M~carpa dcr•nauas 
Haliotis rufescens 
Haliolis spp.  
Haliotis spp. (juv.) 
Henmicia leviuscula 
Heptacarpus spp.  
Henniasenda crassiconis 
Hosnalopoma spp.  
Idotea spp.  
lschnochiton spp.  
Ischnocutoaidae 
Lacuna spp.  
Laila cockerelli 
Lanellaria diegoemis 
Lepidonas spp.  
LcpAasteria hexactis 
Leplastes spp.  
Leucandra heathi 
Leucilla nuttingi 
Lindaria spp.  
Lissothuia nutneam 
Lithopoma sibberoawn 
Lithopora sibberam (juv-)

12.5 13.9 18.9 18.1 17.5 12.8 18.0 9.5 12.2 16.5 19.1 23.6 
- - - 0.1 -

<1 0.5 0.2 0.2 <1 0.2 0.1 0.2 0.7 

0.3 0.3 0.1 0.2 - <1 0.3 0.2 - 0.2 

, 5 0.6 0.3 0.3 1.0 1.2 1.9 1.8 9.1 2.1 
- 0.2 <.1 

1.0 195.3 206.1 249.1 243.3 225.5 173.3 108.6 89.9 66.0 87.6 

102.8 65.3 
<.1 < I 

0.3 
S0.1 - <I 

- 0.2 <1 

0.3 0.2 1.4 0.5 <1 0.1 <.1 0.5 0.5 0.8 0.8 

1.3 0.8 0.9 0.6 1.8 1.0 1.7 1.2 0.9 1.3 1.7 2.4 

0.3 0.3 <.1 0.3 0.4 <1 <.1 0.2 <.1 0.4 

- - 0.2 0.5 0.3 0.5 0.1 0.3 0.3 

S0.1 - <.I 
* -- - * - - <.1 

0.4 - - <1 
- - - <.1 -<.1 -

0.3 0.2 <1 <1 
o < .1I 

1.0 0.3 <.1 0.5 0.2 0.2 <.1 0.3 0.5 

S<.1 0.2 - <.1 0.1 0.4 0.2 0.2 <.1 

0.5 2.5 2.3 2.8 3.1 1.5 1.3 1.3 1.0 0.8 2.6 2.8 
- <. < 

0.5 -
- 0.3 0.3 <.1 0.3 0.1 <.1 

- 0.6 0.2 
- <.1 0.2 

0.2 
0.5 

- 0.5 0.8 I.1 1.1 0.9 0.8 0.3 0.3 0.5 2.3 2.5 

0.3 <.1 0.3 - 0.6 0.6 - 1.3 0.6 1.5 0.9 

<1 1.0 0.9 1.0 0.7 5.2 3.4 2.6 1.8 

< 1 0.2 

0.3 1.6 1.1 0.1 0.3 0.2 <.1 <.1 <.1 0.2 <.1 
-*<1

31.1 24,4 36.1 15.5 10.4 10.1 
- <.1 <I.1 0.1 0.1 

0.6 0.9 0.4 0.5 0.5 0.4 

- . <I
0.1 <.1 <.1 < 1 0.5 
2.3 0.5 0.3 0.3 0.1 

25.3 19.0 12.5 6.8 4.4 2.6 

0.2 <.1 - 0.1 
- 0.3 <.1 0.1 

<.I o 

- - 0.2 
0.6 0.5 0.3 0.3 0.2 0.1 
1.5 0.8 0.8 0.7 0.6 0.8 

- 0.2 - - <.I 
0.5 <.1 <.I <.1 
0.2 <.I 0.3 <.1 0.3 0.1 

0.2 <.1 0.3 

0.4 0.2 03 0.2 0.5 

0.3 

- <.1 0.2 <I 0.1 
0.6 0.7 0.2 0.7 0.2 

. <I 
<.1 0.2 <.1 <1 . 0.3 
3.1 6.1 4.6 5.4 5.6 6.6 

<.1 

0.1 0.3 
<.1 <.1 0.2 <.1 

0.1.  

<.1 0.2 <.1 

0.9 2.1 0.4 0.8 0.6 0.6 

0.3 0,3 0.6 
2.8 1.9 0.7 0.4 0.8 

* <.A 

0.1 0.3 0.1 <.I o0.1 
- <.1

C,

9.8 

<.1 

0.2 
0.7 

3.3 

<.1 

0.8 
1.2 

<.1 

<.1 
<.1 

0.3 
0.2 

0.3 
4.3 

0.3 

0.2 

0.9 

0.2 

0.3

C,

(continued)

C



C ( (...

Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/rn 2 - South Control Station SC 2 at -6m (continued)

Year 1976 1977 1972 1979 1980 1981 I 1983 1924 1925 1986 1987 1922 1999 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Stations * Surveys 1 2 3 4 2 3 4 3 3 5 3 3 m m 4 3 4 3 4 2 ns m m 3

Counted Reezdless of Size (continued 

Lophopanopeu app.  
Lottia instabilis 
Lottin ocbrcea 
Loxorhynchus erispatus 
Loxoindh spp.  
Majidae 
Megabalnu califomicus 
Megathum crenulata 
Mimlus foliatun 
Mitt idae 
Mopalia liploaa 
Mopalia muacosa 
Mopalia spp.  
Myxicola infindibulum 
Nassarus mendicus 
Natantia unid.  
Nemertea mid.  
Nereididae unid.  
Nitidiscala spp.  
NitidiscalalOpalia app.  
Oceneba foveolata 
Ocenebra interfo•sa 
Ocenebra luida 
Ocenebra pp.  
Ophioplocus esmnaki 

Ophbodw apiculaft 
Ophiothmix spp.  
Ophiuroidea unid.  
Orthastenia koehlen 
Paguns app.  
Pmacyatha ateamaii 
Pelecypoda wid.  
Pelecypoda wid. boring 
Petrolisthes spp.  
Phascolosoma agassizii 
Phidisa hiltoni 

-W, californica 
Phoochaetopter prolifica 
Pisaster gigateus 
Psater OThraccus 
Pisster/Henncia (auv.) 
Pista sap.  
Pista/Streblosoma spp.  
Placiphorella velata 
Pododenmua cepio 
Polyplacoplor unil s

- 0.3 0.9 - 0.1 <.I 
- <1 0.4 0.4 0.5 0.5 1.0 0.5 0.7 

0.3 0.8 0.8 0.5 0.7 0.2 0.2 0.2 0.4 
- <.1 <.1 

- - - <.1 0.2 

1.5 0.5 1.6 0.7 0.3 
- -0.1 

0.1 <.I 0.1 * 0.2 0.3 - 0.2 
0.5 0.4 <.I 0.4 0.6 0.3 0.3 0.4 0.4 0.5 0.2 0.4 

<. <.1 0.2 
0.8 0.3 0.4 0.6 0.3 0.8 1.0 0.7 

0.2 

<.I 
0.2 -.  

<.I 
- -*- 0.2 0.2 -

1.0 - 0.8 0.7 0.8 1.0 0.7 0.5 0.2 0.5 <1 
. 0.8 1.3 0.9 <.I 0.1 0.2 0.2 0.1 0.3 <.I 

<.1 0.2 - . 0.1 0.2 
. 0.3 0.9 0.9 <.I 0.1 0.5 <.I <.I 0.3 

0.3 
<.I 0.3 

7.0 0.5 7.3 5.3 10.9 7.8 17.3 4.6 2.0 7.3 3.7 5.5 
- 0.4 <.I 0.2 <1 I- <.1 

<.I -
0.5 2.5 2.8 4.3 3.8 4.0 3.3 4.4 0.9 1.4 1.8 0.8 

- - - 0.1 
0.8 - <.I - - 0.2 

. 0.1 0.1 <.1 - 0.4 
- 4.3 17.3 19.8 15.1 16.1 35.4 24.8 43.8 93.8 109.8 67.8 

2.6 1.6 3.4 4.3 5.1 5.8 4.5 6.1 5.8 4.1 
<.1 - - 0.2 0.1 0.2 

-. 0.3 
0,4 0.4 0.8 1.2 0.8 0.3 0.2 0.7 0.7 0.8 
0.7 0.1 0.3 0.5 0.7 0.5 0.9 0.8 0.8 

0.3 0.3 -
<.1 <.1 

0.3 - 0.5 0.3 
<.1 - -

. 0.3 0.1 <.1 0.2 0.1 
1.3 0.8 0.1 0.5 
<.1 0.3 0.2 <1 0.4 
<.1 

<.1 <A1 0.1 

* <.1 

<.I 0.2 0.1 0.2 
0.6 0.7 05 0.6 0.8 0.5 

0.1 
0.2 <1 

0.4 0.2 0.3 <1 <.1 0.1 
- <.1I 
- <.1 

<.1 0.1 
0.1 

<.1 < 

- * <.1 -

0.3 <1 . <1 0.5 
0.5 0.4 0.3 <.1 0.3 

- - - - 0.2 
0.3 0.8 0.9 05 1.3 0.8 

- 0.1 
3.8 6.5 6.0 4.9 6.8 4.9 

<.1 0.2 0.3 0.1 0.3 

1.2 0.3 0.9 2.5 1.1 0.4 
<.1 0.1 

0.1 0.3 - 0.1 
37.1 16.8 11.1 8.2 6.2 8.6 

1.7 <1 0.4 0.9 1.6 1.2 
<.I <.I 0.1 

0.7 0.6 0.8 0.2 0.5 0.1 
0.8 0.8 0.3 0.4 0.6 0.9 

<.I 0.2 0.4

0.3 
0.3 

<.I 
0.3 

<.1 

6.7 

0.2 

48 
2.3 

<.I 

08 
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Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/ 2 - South Control Station SC 2 at -6m (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

# Statioms * Surveys 1 2 3 4 2 3 4 3 3 5 3 3 us as 4 3 4 3 4 2 us as us 3

Counted Rewardless of Size (continued) 

Porcellanida unid.  
Pseudognelatorna teres 

Pugeta produ
Pugett ridi 
Puia spp.  
Pycnoga unid t 
Pyopodia heliamthoides 
Pyure hausor 
Rostang pulchra 
Sabellidae 
Scyra acutrm 
Searlesia dina 
sapua vanaidaris 
Serpulidae umid 
Serpulombis squamigerus 
Sipuncula umid.  
Spha maidac unid 
Spirobranchus spinosus 
Stragy1ocealotus fansiscanus 
strongiocntroud ppraum" 
Strniaocentrotus spp.  
Stycla auxtereyeasis 
Stycla app.  
Tectura persoa 
Tegula bnmnea 
Tegula m=-n..'t'eyi 

Tegula pulligo 
Terebellidae unid.  
Tethya aurantia 
Tetradlita rubescens 
Therniste pyroides 
Tonicella lineuta 
Tricolia pulloides 
Tricolia spp.  
Thopha catalinae 
Triopha maculaa 
Tritonia festiva 
Trivia califomians 
Tubulanus polymoqthus 
Tubulanus sexineatiu 
Urticina Iofotenmsis 
Urticina spp.  
tumicat solitary unmi 

Coverae Based on # of P Square 

Abiet./JeSaarelatSertularia spp.

- - <.1 
110.1 <.I <I I <1 0.3 0.2 

0.1 <A1 0.1 - 0.2 0.3 
. 0.5 2.6 3.3 1.8 2.7 1.1 0.7 1.6 0.9 1.9

0.2 

0.2 
0.4 1.6 3.0 3.3 

S<.1 

0.3 0.2 0.6 0.3 

0.1 
- 1.8 3.3 3.4 

10.5 0.5 1.8 2.2 1.1 1.5 
1.5 1.0 2.8 7.6 9.0 8.0 
0.3 * * - -

- . <.1 1.3 0.5 0.3 
0.8 0.1 - <.1 
0.3 0.4 0.2 0.3 < 1 

- - <.1 0.3 0.3 
1.3 0.4 0.2 0.9 1.3 0.8 

0.5 
1.0 3.3 Z4 3.0 6.3 3.6 

- <. -
0.8 - <1 0.4 0.6 0.3 
0.5 0.1 0.3 0.3 

0.9 0.2 0.8 <I 
0.1 0.5 0.6 0.4 1.8 

4.8 1.5 2.4 3.8 4.3 3.1 
. 0.7 0.3 

0.3 -

- <1 <.1 

<.1 

0.9 0.3 <I1 

5.5 <.1

C

0.2 

2.6 1.6 1.5 3.1 3.7 2.9 
<.1 0.2 

0.4 - 0.8 1.3 1.4 
<.1 0.1 <.1 

3.6 7.2 6.8 6.7 7.5 6.3 
0.6 1.3 3.2 2.3 1.1 0.8 
7.3 8.4 10.1 15.7 20.0 19.3 

1.8 0.9 2.8 1.5 1.7 25 
- 0.1 < I 

0.1 0.2 0.3 0.2 
0.5 0.2 0.3 0.5 0.8 
1.4 0.9 1.0 21 2.5 2.5 

* - 0.2 -

3.1 2.8 3.3 3.4 4.8 5.1 
0.2 - 0.4 
0.4 <.1 <.1 <.I 0.3 
0.4 0.3 0.2 0.2 <.1 
0.1 -

0.6 1.2 3.4 0.2 0.3 
0.2 0.9 0.3 0.6 0.3 0.6 
21 1.7 1.5 1.1 0.7 0.8 
0.1 0.2 0.3 0.1 0.2 

0.2 0.2 <.1 
<.1 
0.1 

<I.  

0.2 0.3 0.3 0.7 1.3 1.4 

<.1 - - 0.1 <.1 0.2

0.2 0.8 0.5 0.6 0.3 0.3 

2.3 2.6 2.7 1.5 2.8 1.9

<.I 
2.1 1.1 0.9 0.7 0.3 
<.1 . <1 
0.4 1.5 0.4 0.2 
<.1 0.4 -

23 1.8 1.9 1.4 1.1 
0.5 - 0.2 0.3 0.4 

12.7 9.7 10.2 6.5 6.8 

<I1 
1.1 0.8 1.9 2.9 2.5 

0.1 0.3 
0.5 1.2 0.3 0.3 0.4 
1.8 1.2 0.5 0.3 0.1 

2.4 2.6 1.0 6.6 1.9 
0.1 <.1 0.2 0.2 0.1 
0.1 <.1 <1 0.6 0.2 

- - 0.4 0.9 
0.4 0.8 0.4 0.2 <.1 
1.2 0.7 0.8 0.6 1.2 

- - 0.8 

<.1 <.1 <1 <.1 0.3 

<.1 <1 
<.1 

1.8 2.1 0.8 1.6 0.4

<.1 <.A <.1 - . <.1

C

0.3 
<.1 
0.9 

0.4 

0.2 

1.0 

2.7 

3.4 

0.2 
0.6 

7.7 
.0.2 

0.2 

<.1 
0.9 
0.5 

0.6

�,COfiUflUOti)

C

tcontnuea)



C ( (7
Subtidal Fixed Quadrat - Annual Invertebrate Mean Abundance/n 2 - South Control Station SC 2 at -6m (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 19M3 1914 1985 1916 1917 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1991 1999 

# Stations* Suveys 1 2 3 4 2 3 4 3 3 5 3 3 mn n 4 3 4 3 4 2 ns ons ns 3 

Covecae Based on N of V Squamres (continued)

Aglaophenia spp.  
Bfyozoa, unid. (encnrting) 
Bryozso. unid. (erect) 
Bryozos. unid. (foliose) 
Cliona spp.  
DidenumiTrididemuon spp.  
Dodecaceria fewkesi 
Eurystomella bilabiata 
Hydroid, thecate unid. a 
Hydroida 
1-nmupbiapi cyanoay 
Leucosolenia eleanor 
Leucosolenia spp.  
MetmAndWAlla tayloni 
Obelia app.  
Phidolopora pacifica 
Phidolopora spp.  
Porifera unid. (encWmting) 
Porifem unid. c (orange) 
Salmacina tnbranduata 
Spirorbis spp.  
Tricellaria spp.  
"Tubularia spp.  
epiphytic bwyozoa (sq.) 
tunicate, colonial uniid b (yellow) 
tunicates, colonial/social unid.

- - . 0.3 <.1 <I - 0.2 0.3 <.1 
18.5 6.3 1.3 4.1 2.9 4.3 5.1 5.3 3.4 6.7 5.1 6.6 

0.1 0.5 0.4 0.6 0.3 0.3 <.1 0.3 0.9 0.9 
- <.1 0.3 1.0 0.5 0.5 0.8 0.8 0.9 1.2 0.9 

. - 0.3 

1.3 0.5 0.8 1.3 2.0 2.0 2.2 0.2 0.3 0.7 2.0 1.7 
- - 0.5 <.1 

0.1 0.8 0.6 
0.3 

0.8 0.3 1.3 0.8 2.5 2.0 0.2 <.I 
<.1 0.4 0.8 0.3 0.2 0.2 0.3 0.9 1.3 

<1 0.2 0.2 
<.I 

<.I 
<.1 <.I 0.4 0.3 0.2 0.3 

1.0 
" 0.1 -1.1 1.7 1.9 3.9 3.3 3.3 2.8 5.4 4.2 4.1 

0.8 - - -
- <1 0.2 0.3 0.2 0.2 0.3 <.1 0.1 0.7 0.3 

0.4 0.9 1.8 1.4 1.0 1.2 0.8 0.3 0.3 
0.8 - - - -

. 0.5 

0.3 
S 0.3 0.8 1.6 1.5 1.7 2.7 0.8 1.1 3.1 2.1 3.8

3.9 3.6 6.0 4.0 3.6 4.1 
1.4 1.3 2.6 2.0 0.9 0.6 
0.6 0.2 <.I <.1 0.1 

1.3 1.4 1.1 0.8 0.8 1.0 

- <.1I 

0.3 <.1 0.1 <. 0.3 0.5 
1.7 2.0 3.8 1.4 2.6 2.3 
<.I 

0.2 

0.4 <.1 <.1 <.1 <.1 

3.8 2.3 3.3 1.2 1.3 1.3 
0.7 

0.6 0.5 0.4 0.2 <I 0.1 
0.3 <.1 <.1 <.1 <.1 <.1 

0.6 1.4 

1.0 1.8 1.6 1.3 1.3 1.0

3.8 
0.3 
<.1 

1.9 

2.4 

0.5 

1.8 

0.6 
<.1 

1.I
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Subtidal Fish Observations - Annual Fish Mean Abundance/5Oni transet - Field's Cove Station FC - Benthic

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Replicates ns ns s ns ha ha a s us no us na s as us us ns us ns us rAl hi hi ns 18 

Artedius 'pp. 0.2 
Auladiynclws flavidus Owu.) <.I 
Cebidichhys violaceus 0.1 
Cottidae taud, a <.I 
Damalichtbys vamc 2.9 
Dw-1idWh z -awc jv) 1.4 
Embiokmcjacksoni 1.6 
Emboiotcajacksoni (juv.) 1.4 
Eaiotoca lateralis 1.6 
Embiotoca latcrhls (Ow.) 0.9 
Embiaotcidae und. Ojw) < 
Oibbansia spp. 0.2 
Hypaun ca*iY 0.5 
Hypsun cauri 6--) 0.5 
OxyjUli cSlifmwIA 14.5 
OX)JUhs caliafmica jUV.) 9.2 
Oxylebius pictu 1.2 
Oxylebiuspictus (ay.) <.1 
Rhacochilus toxotes <.1 
Scompaenichthys ma-au 0.2 
Sebastes aleoviens 0.2 
Sebastes chrysomnelas 0.6 
Sebastes cduysouaelas (juv.) <I1 
Sebastes dwysouueaa(S. cmatUm (yoy) 0.1 
Sebastes suelanops 0.5 
Sebastes nwusenpa (yo) 3.5 
Sebastes mystinus 0.1 
sebastes MYStwuS (jUV.) <I1 
Sebastes ocystanus (M) 0.3 
Sebastes paucispinis (juv.) 5.9 
Sebastes rastrelliger 0.1 
Sebastes serranoides/S. flavidus (yoy) 9.7 
Sem~icosypiws pulcher 0.1 
Triakis seznifasciata <.1



Subtidal Fish Observations - Annual Fish Mean Abundance/50m transect - North Diablo Cove Station NDC - Midwater.  

Yew 1976 1977 1973 1979 1930 1981 1982 1983 1984 1935 1986 1937 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Replicates I1 13 16 18 16 6 14 11 11 18 15 18 10 16 23 18 24 12 21 Is 9 9 12 Is 

Atheinidae unid. 0.2 - 0.6 - 6.3 3.1 5.2 8.3 7.8 7.8 17.5 74.2 2.1 5.7 
Adthnopsis califomiensis - - - 41.3 39.9 4.0 1.4 Atractoscion nobilis (Sciaenidae) 

- - 0.3 
Aulodiynchu flavidw 0.3 0.6 4.8 0.1 0.3 <.I 0.2 <. <. 
Brachyistit frcnatus 0.1 0.3 0.4 0.3 - <I <.1 - 0.4 <.1 <.I <.I <.1 0.3 0.1 1.2 <.1 0.2 <.1 
Brachyistim frenatw (juv.) - <.1 <.1 <.1 <I - - <.1 0.4 0.2 0.3 
Chromis punctipirmis - 1.0 <.I 
Clwomis punctipinnis Ouv.) - <.1 - - <.1 
Cymatogaster aregata - 0.1 - <.1 1.3 Cymatopaster agteata (0uv) - - 21.9 <.1 6.4 .
Damalichthysvacca <.1 0.1 0.2 0,2 <I 0.2 0.2 <.I 0.2 0.3 <.1 0.2 0.2 1.1 0.4 0.4 0.9 0.2 5.0 0.3 0.6 0.1 0.3 1I Damalichthys vaca (juv.) - <.1 - <.1 <1 <.1 0.3 <.1 <I <.1 <I 1.6 - <.1 0.5 
Embiotocajacksoni - <.1 <.1 - <1 .1 <. <.1 0.2 0.1 0.2 <.1 0.1 <.1 0.2 
Embiotocajacksoni (juv.) - <. <. < - -
Emnbiotma latealis 0.1 0.5 0.6 0.3 0.2 - 0.2 0.4 0.4 <1. <.1 <.1 0.2 0.1 <.1 0.3 
Embiotoca latentlis Ouv.) - <. - 0.3 0.1 <.1 <.1 <.1 - - <.1 <.1 - <.1 Embiotocidae unid. (juv.) - 0.3 
Gibbomiaspp. <1 - 0.2 <.1 <.1 
Girella nigricam - <.I 0.5 0.3 0.4 0.3 0.8 <I. 0.8 
Hennomilla afea 

1.0 
Heteostidm rostratus <.I Hexapamos decapamus < I - . .  
IYPSmucary - - - 0.2 - - -- - - - - -Medialuna califormiensis - <I 0.3 <I 0.2 0.7 0.1 
Myliobatis califwnica - <.1 0.1 . 0.3 <.1 0.1 <.I <.1 <.1 0.3 <.1 
Oxyjwis califomica 1.6 3.4 3.6 8.1 22.0 0.2 2.2 3.1 6.2 6.9 6.3 8.3 14.8 20.3 10.7 6.3 5.0 7.1 11.6 4.3 9.8 1.0 2.3 3.3 
Oxyjulis califonica auv.) <1 0.7 7.0 0.6 0.1 2.5 0.5 7.1 2.4 1.4 2.2 18.4 3.6 0.4 <.1 3.2 3.8 2.4 
Paralabrax clatlat - - <.1 <.1 0.1 0.3 <.1 0.3 0.3 
Paralabmax clathratw (juv.) 4.2 <.1 
Phanemdon atripes <.1 
Phanerodon frcatus <.1 
Phtemldon furcatus (juv.) - <.1 Pharodon spp. <1 
Rhoaddilus toxotes " - . . . . <I . <I <.1 ..... <.I Scomberjaponic - - <.1 Sebstes atrovirens <.1 <.1 <.1 <.1 <.1 <.I 
Sebastes atrovirens Ouv.) 0.1 0.2 
Sebastes atovirens (6y) - 4.3 0.2 3.8 <.1 
Sebastes caurinus (yoy) - <.1 0.7 
Sebastes chrysomelas/S. can&tus Ouv.) 0.7 18.0 - 5.3 4.3 1.0 4.3 0.2 <.1 0.2 <.1 0.6 
Sebastes cluysornelasiS. camatus (yoy) - 2.0 31.7 51.0 0.6 
Sebastes melanops (juv.) . 0.4 0.2 
Sebastes melanops (yoy) - <.1 I 
Sebastes mystinus 1.0 1.1 1.3 0.9 0.9 1.3 2.1 0.3 0.3 0.2 0.1 <1 <.I <.1 -
Sebastes mystinus (juv.) 2.5 6.8 3.7 4.2 7.4 0.8 0.1 0.2 0.1 0.7 . 0.2 0.3 0.1 2.9 0.1 
Sebastes paucispinis (juv.) 1.0 - 12.2 - - 0.2 <.I 0.3 0.4 - 0.3 0.3 
Sebastes rastrelliger <.< - - -
Sebastesserranoides <.1 0.3 3.8 - 0.1 <.1 - <.1 0.2 0.1 0.5 0.1 <.1 <.1 - <.1 <.1 

(continued)



Subtidal Fish Observations - Annual Fish Mean Abwidance/50m transect - North Diablo Cove Station NDC - Midwater (continued) 

Year 1976 1977 1978 1979 1950 1981 1922 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
#Replicates I 18 16 18 16 6 14 II 11 Is Is 18 10 16 23 18 24 12 21 15 9 9 12 18

Sebastes sciraoides/S. flavidus (juv.) 
Sebastes seuanoidcs/S. flavidus (yoy) 
Sbastes spp. (juv.) 
Semicossyphus pulcher 
Sciicossyphus pulchr (juv.) 
Trachunm symmetuicus 
Triakis semifasciata 
Ivaliposl.lval fish, uni'd

0.5 7.0 12.2 0.5 1.0 2.7 1.9 4.0 25.6 3.9 0.9 1.9 5.2 <.! 0.1 <.1 
- - - - - - 2.8 <1 0.1 0.2 4.3 

0.1 <.1 0.6 <I <.1 <.1 <.1 <1 <1 <.1 - - - -
- 0.3 0.2 0.8 0.1 <1 - - <.1 <.1 

<.1 0.1 -
*- - -26.1 

<.1 <.1 <.1 <.1 <.1 0.2 <.I 0.3 
- 35.4 1.0 - - - 0.2

C C C



Subtidal Fish Observations - Annual Fish Mean Abundance/50m transect - North Diablo Cove Station NDC - Benthic .  

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 t987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
#ReplicAtes 11 17 16 18 15 6 14 II 11 18 15 18 10 15 23 i8 24 12 21 15 9 9 12 18 

Anoplar=hus purp cem - <.I 
Aitedw lateralis <.I 
Aftedius spp. 0.1 <.1 <1 0.3 0.2 0.2 0.3 0.1 <.1 <.1 0.1 <.1 <.1 0.3 <.1 0.1 0.2 0.1 <.1 <.1 
Atherinidae unid. - - - - 4.2 
Atheinopsis califomiemis 3.8 0.2 
Atactoscion nobilis (Sciaenidae) - - 0.4 
Aulorhynchus flavidus 1.3 0.4 2.8 0.1 <.! - <.1 <.1 <.1 <.1 
Aulo nus flavidus (juv.) -- - - - - - - <.  
Brahyistius fienahs 0.4 <.1 1.4 1.5 0.1 0.5 0.4 0.2 0.8 <.1 0.2 0.5 0.2 0.3 0.2 0.4 0.4 - 0.3 
Brwchyistius frentus (juv.) - - - 0.3 - <.1 -

Cebididhthv violaceus <. <.1 0.5 0.2 0.3 0.2 0.5 0.3 0.1 <.1 0.1 <.1 <.1 0.4 0.6 0.4 0.2 <.1 0.3 0.3 0.3 0.1 0.1 
Cephsocyllium•ventriosum <I - - - <1 <.1 <1 0.1 -- 

Chrmis punctipinnis - 0.2 <.I - - <.I <.1 
Chmnis punctipinmis (juv.) - <I -I 

Clinidaneuni - 0.3 - <. I-....  
Ce•yopteru nicholsi <.1 0.4 0.5 <.I <.1 0.1 2.1 3.8 9.2 4.0 4.4 4.9 3.8 2.6 1.9 1.8 2.0 0.9 0.9 
Coryphoptenu nicholsi (juv.) - - - - - - - - - - - <.1 0.1 
Cottidae unid. a 0.1 0.3 0.6 0.6 0.6 0.3 0.5 0.4 0.6 0.5 0.4 0.4 <.I <.1 <.I 0.1 <.1 <.1 0.3 <.1 0.2 <.I 
c"Wmatopater ag-egata 0.1 0.3 - 0.4 - - - 0.5 37.3 -- -

Cymatogaster asegata (juv.) - <I - 4.4 - - 7.3 - - - -

Damalichthysvacca 0.2 <.I 0.2 0.7 0.8 0.8 0.8 0.4 1.4 2.9 2.2 1.9 2.6 2.4 4.1 2.9 2.8 2.6 10.7 3.8 1.9 1.5 2.5 7.6 
Dmalichthys vacca (juv.) <.1 <.1 0.2 <.1 1.6 0.3 2.2 0.5 0.8 1.9 1.2 0.9 1.3 3.0 4.2 0.3 '38 0.3 3.2 
Embictccajacksoni 0.5 0.2 0.6 0.6 1.1 0.3 0.9 1.6 1.2 3.4 2.8 2.6 2.2 3.7 2.9 2.8 3.0 1.1 3.8 2.8 3.6 2.5 3.3 5.9 
Embiotocajacksoni (juv.) <.I <.1 0.1 <.1 - <.1 0.1 . 0.5 0.3 0.3 0.2 0.6 0.9 0.7 0.6 0.3 0.9 1.0 0.3 0.7 0.5 1.5 
Embiotoca lateralis 3.7 3.4 2.3 3.0 3.3 3.1 2.5 1.7 2.6 4.4 3.8 3.1 1.0 1.4 1.6 1.5 1.4 0.5 1.1 1.5 1.6 0.2 1.6 2.1 
Embiotocalatemlis (juv.) 0.7 1.4 0.1 0.6 0.7 0.4 0.6 0.6 0.3 1.2 1.3 0.5 0.5 1.9 0.7 0.4 0.8 <.1 0.3 <.1 0.2 0.5 <.1 0.5 
Embiotocidae <. - - - - -
Embiotocidae unidj auv.) <.1 0.2 - - -- 0.2 <.A <I1 
EnVauis mordax - 3.1 -
Gibbonia spp. 0.7 0.4 0.7 0.7 1.0 0.6 0.5 0.7 0.4 0.9 1.0 0.9 0.5 0.3 0.6 1.1 2.1 0.9 1.5 1.1 0.4 1.1 0.2 0.3 
Girelia nigicans <.I 0.5 <.1 4.3 2.1 2.8 1.5 0.3 2.0 1.7 0.8 1.7 0.7 5.1 
Gobiesocidae id. a <. I <.I -

Gobiesox mneandricus <.I <.1 <.I < .1 <I <.  
Halichoeres semicbt <.1 
Halcidmmrs eanicinctm (yoy) . - <,1 
Hemosilla azuea . - - <.I 
Heterostichus rtraus- <.I 
Heterostichus rsratus (juv.) 0.1 - <.I 
HIexn" unmos decavan 0.5 0.8 0.6 0.4 0.7 <.1 0.3 0.9 0.3 0.2 0.1 <.I <.I <.1 <.1 
Hem • de- 6(juv.) <.1 
Hyperprooponsale - 0.1 
Hlypim cawyi I<. <.1 < 1 3.6 0.1 <.1 0.3 0.3 <.1 0.7 <.1 <.1 0.3 

yp- s rmyi (uv.) 0.2 <.1 <1 - <.I 
Jorduaizmope - <.I <.I <.1 <.I 0.1 <.1 -

Mediahm calif•mienmis - 0.1 0.2 O.8 0.1 0.5 0.1 0.4 <.1 0.2 
Myliobatis califomica 0.4 0.1 0.9 1.4 0.4 <.1 - 0.2 0.1 0.3 0.5 <.I 
Ophiodonelongatus <.1 - 0.2 0.2 <I 0.3 0.3 0.2 - <. - 0.1 <.I <. <.1 - <. - <. <.  

(cotinued)



Subtidal Fish Observations - Annual Fish Mean Abundance/50m transect - North Diablo Cove Station NDC - Benthic (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Replicate 11 17 16 18 15 6 14 11 I 18 15 18 10 15 23 18 24 12 21 15 9 9 12 I8

Opuodwi elongats (juv.) 
Outhonopaa tbinds 
Ox3julis calfomia 
OX2ulis cWdifOnica (Ouv.) 
Oxylebius picts 
Oxylebius pict- (juv.) 
Parabalx cladgma 
Paraax cladxatus (uv.) 

Phancrodon furcatus 
Phuwomdm farcatmu (uv.) 
Phanerod•n spp.  
Pholididae/lSidiaeidae unid.  
p a thys con 
Rhcodtulus oxotes 
Rhacodilh toxotes (uv.) 
Scmpackh"muinWmbZ 
Soapaemiditys niannwatw (uv.) 
Sebastes abovire(m 
Sebaste aovirai (Ouv.) 

Sbastes aurcilaun (yoy) 

sebasb. ca ub .) 
Sebutes Mmtus (juv.) 
Sebastes carin, Ouv.) 
Sebastes dw . o (yoy) 
Sebastes durysomrelas 
Sebaw chom elas (juv.) 
Sebastes chrysamelaa(S. carazus (Oyrv) 
Sabaute chuyomeldas/S. carnatus (yoy) 
Sebastes nielaops 
Sebsates nielanopa (uv.) 
Sebastes melanopa (,oy) 
Sebastes myua.  
Sebasa niraawOuv.) 
Saste paucspinis (jvy.) 
Sebastes rastrelligff 
Sel tes maelfiger (juv.) 
Sebastes senanoides 
Sebastes saranoides/S. flavidus (juv.) 
Sebastes ranoides/S. flamvidus (yoy) 
Sebastes app.  
Sebas spp. (0uv.) 
Semicosyphus puich0
sTorpedo piorc (iuv.) 
Toileo californica

(continuod)

C C. (C.t•

- <.1 
0.4 0.3 <.I <1 0.2 - 0.2 <.I 0.2 <.1 0.1 <.1 - - - -

11.3 3.0 5.8 17.9 13.9 13.1 17.7 6.3 34.1 18.7 23.5 47.0 46.9 524 38.7 24.9 24.3 26.3 25.2 23.9 26.6 15.0 7.2 16.0 
. 1.9 19.0 1.0 . 5.1 2.0 0.8 3.5 10.8 23.5 13.3 11.5 15.9 5.9 3.6 54.6 18.0 2.4 0.5 6.0 6.3 5.6 

0.8 1.4 1.2 2.4 5.1 1.8 2.8 2.7 2.3 2.2 2.4 2.7 2.1 3.0 2.4 2.5 2.5 1.0 0.9 0.9 1.7 1.2 0.8 1.0 
<.1 <.I 

" 0.1 0.2 0.9 1.5 0.5 0.6 1.3 0.8 
- 7.1 <1 - - 0.3 - - 0.2 

0.1 <.I < 
<1 <.1 0.1 

S- .0.3 - <1 
- <.I 0.1 - .  

o0. <.1 0.1 <.I 
<.1 <.I 

<.1 <.I <.1 <.I 0.1 0.1 0.2 0.2 0.6 0.2 0.1 0.4 0.2 0.1 0.3 0.8 
- , 0.4 -

0.3 0.3 0.9 0.7 1.5 0.3 3.1 0.9 0.8 0.5 1.0 1.0 0.5 0.5 0.4 0.6 0.2 0.1 0.2 <.1 0.3 <.I 0.2 0.1 
S 1 - - - o0.1 <.I - < <.1 - < 1 <.I 

< . <.I <.1 <.1 <1 0.2 0.3 <.I 0.1 0.1 0.2 0.2 <.1 <.1 0.2 0.1 0.3 0.3 0.2 0.4 
-- <.I 0.6 <.I 0.4 <1 <. 0.2 - <1 

" - - <.1 16.5 0.9 0.8 0.1 0.3 <.1 
- - - - .- ... . <.1 

<.I 1 < <. <.1 <.1 <.I 0.1 <.1 <.1 0.2 
- - - - <.1- - . - . - <3 . - -<. 1 <.1 <I

< -I <.< 
0.9 2.5 2.2 3.1 4.3 1.4 2.7 4.7 2.6 2.5 2.4 12 2.0 1.2 1.2 1.5 1.5 0.5 0.7 1.6 0.8 0.8 1.0 1.4 

0.2 <I 0.2 <.I - - - <I - 0.1 <.1 <.I 0.2 0.4 0.5 <.1 0.5 
3.0 9-3 0.7 0.7 4.5 1.5 1.5 25 0.5 <.1 0.9 0.1 <.I <.I 1.1 <1 <.1 0.1 0.3 "- - - 0.2 1.9 22.4 5.8 2.8 4.9 

< - <.1 - - -
- 0.7 - 6

- 0.3 0.2 - <.1 
1.6 1.1 3.1 1.6 1.7 16 5.2 1.6 1.1 1.1 0.5 0.4 0.2 0.6 0.1 1.1 <.1 
6.2 9.6 4.4 19.0 9.0 2.4 0.2 2. 2.9 1.0 0.4 2.2 0.6 20 9.1 0.2 

- 0.7 . 7.2 - 0.5 <.1 0.1 - 0.8 - - 0.4 . 0.1 0.1 - - <I. -<I 
<.I 0.2 <.I 0.1 0.6 0.3 0.6 0.6 0.8 0.5 0.8 1.0 0.7 1.1 1.3 1.0 0.3 0.4 0.4 0.4 0.2 0.2 <.1 0.1 

- <.1 - 0.3 - - - - - - - <.  
0.1 - - 0.1 <.I - <.I <.I 0.4 0.4 <.1 1.3 0.6 <.I 0.2 <.I 0.1 <.I 0.2 <.I <.1 

2.9 10.0 0.4 26.0 <.I 0.9 <.1 4.6 5.8 1.2 8.2 5.3 3.9 3.1 5.7 0.2 - 0.1 - . <.  
- - - - 8.2 0.6 0.7 0.3 <.1 2.6 

-< - - - -
<.1 0.2 2.1 0.1 0.5 0.1 1.1 0.1 0.5 1.0 1.6 <.1 

- 0.4 5.9 3.8 1.9 0.4 0.5 0.7 3.0 0.7 0.7 0.5 
- 0.3 2.8 3.0 2.9 - <.1 - - - <.1 

* -- .- - - - - - . - <.31



C.iC (
Subtidal Fish Observations - Annual Fish Mean Abundance/50m transect - North Diablo Cove Station NDC - Benthic (continued) 

Year 1976 1977 1978 1979 1990 1911 192 1923 1984 1985 1986 1987 1983 1939 1990 1991 1992 1993 1994 1995 1996 1997 1993 1999 
# Replicates II 17 16 18 15 6 14 11 II is Is 1 10 15 23 13 24 12 21 Is 9 9 12 13 

Trchumu symmetricus - - 13.3 
Trakis semifamiata <.I 0.2 <.1 <.1 0.1 0.3 <.1 <.1 0.2 . 0.3 
Urolophus halern - <.1 <.1 <I 1 <.1 0.2 0.1 
Xapmes ficm mm- <.1I 
Xiphister spp. <.I



Subtidal Fish Observations - Annual Fish Meani Abundance/50rn transect - South Diablo Cove Station SDC - Mfidwater

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Replactes 12 18 .16 18 14 6 16 12 Is 1s is 15 10 16 24 18 24 15 21 Is 9 9 12 18

Athennopsis calafminenais 
Auuatoscion nobilis (Sciwead~ac) 
Aulorhynchu flavidus 
Aulodaynchus flavidus Guy.) 
Brachyistius frenatus 
Brachyistus frenatus Guv.) 
Chromis pumetapinmis Owu.) 

Cyninogaste amegata Gluv) 
Da ~inahthysvacc 
Damalichthys vacc Owu.) 
Embiotocjacksoni 
Embaotoca leamlis 
Eanbiotoca ý Iacawa ( .) 
Embiotocidae unid. Owu.) 
Engauis mordax 
Gabbonsia app.  
Gircla nigaiman 
Heteratichus rostratus 
Haetroatidaus roatratu Owu.) 
Hexapano dccapmmu 
Hy- -ay 
Medialuna califomniensis 
Myliobdti califomlica 
Oxyjulma calafomaica 
Oxyjulia calfamarrca (juv.) 
Paralabrax clatlarutu 
P~arabrax clathatus (uv.) 
Phumeodon kcatua 
Phanerodon tiarcatus Owu.) 
Phanerdon app.  
Rhwaochilustxos 
Sebastesabw~rnu 
Sebaaaste trovirena (uv.) 
Sebastes atrovien (yoy) 
Sobastes catmius Oiw.) 
Sebastes cannon oyW) 
Sebastes daaysamelas/S. carnatus ow.v) 
Sebastes dmysomwlasS. camaum (yoy) 
Sebuates anyatmnu 
Sebastes mysti- G-u.) 
Sebstes paucspinia (juv.) 
Sebastes rasrolIger 
Sebaates asenoides 
Sebastes sacmnides/S. flavadu Ojw.)

* -- - - - - 0.7 6.3 11.5 3 1.0 - 1.5 2.6 43.1 13.4 8.6 2.8 
* - - - - - -- - 13.3 26.8 - 0.7 

* - - -- * - - - -- - 0.3 
0.1 <.I 2.4 0.8 I2. 0.5 <1 - 0.2 0.1 0.2 <.I 0.9 <1 <.I <.I <I 1.0 0.1 3.4 <.1 

* - -* * -- - 1.4 - - - 0.2 0.1 1.4 -
0.4 0.1 0.2 0.4 -- -- - - * <1 <.I < 1 0.3 0.5 0.3 3.1 1.4 <.1 0.2 

- - -- * - *-- - - - - <I1 0.1 

- * - - - - 0.2 1.9 -19.8 - - - - -- - -

- - - - -- 68.3 - 5.3 - - - -

<I <.1 0.3 0.3 0.3 <I1 0.3 . 0.1 <I 0.2 - <.I 1.2 <I1 0.2 0.2 0.3 0.3 0.2 0.4 0.3 0.5 
* - - - - - * <I1 -- - - <I1 - - 1.7 -

<. I - < I <1 . <1 <1 - - < I <I1 0.1 - - - 0.3 
0.2 - 0.3 0.7 <I1 0.2 - 0.1 - - - - - - <I1 

* <1 - - - - 4.2 - - <1 -143.1 - - -

- - - - - - - - - - - - - - 0.1 -

- -- - - - - - - - - - 0.1 -- -

* - - - --- - - - - - 0.1 - -

- - - - -- - - <I1 - - <.I <.I 0.3 0.2 0.3 <.1 - <I.1 <.1 < 1 
3.5 5.5 27.1 21.9 4.0 6.6 6.7 4:3 5.0 3.8 8.4 0.9 25.5 14.6 10.8 15.4 9.7 10.4 5.2 2.5 13.3 9.2 5.9 7.6 
1.5 0.1 0.6 23.2 12.6 - <.1 2.0 3.3 <I 3.4 Z.8 2.6 5.3 0.3 0.2 5.8 10.7 22.6 3.9 4.2 2.5 24.6 3.3 

-- - - - <.1 - -- - - 0.2 0.2 0.1 
- - - - 0.2 - - - -- 0.1 

* - - -- - - - - - - - 0.4 0.1 - * - - - -

* - 0.2 - - - 0.1 * - * - - *- - -

<I1 <.1 - 0.2 - - - - - - - -

* - <1 < I . <I1 0.4 - <I 
- - - <I1 - - - - 0.3 - - - -

* - - - - - - - - 0.2 10.1 0.6 0.8 2.2 0.1 

- - <. <I 0.1 - -- -

- 0.1 5.9 0.1 - 27.8 6.5 1.3 0.4 0.7 <I1 <.1I <.I - -

- - - -- -- - - <.1 2.7 8.1 8.3 0.8 
* 1.4 - <.1 0.1 - - - - - - - - -

- 2.0 <.1 2.4 <.1I - 0.1 
- 1.9 -- 17.4 -0.1 <.1 0.1 0.2 -- - 0.1 - - <I1 -

. <I1 - - <I 
I . <I1 0.2 - <.1 <.1 <.1 - <1 < I <. - - -- 

0.3 8.0 - 44.7 <.1 0.2 <.1 - 3.0 2.5 0.3 <.1 5.9 - 0.9 0.1 - - - - - - -

(continud)
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C ( C.
Subtidal Fish Observations - Annual Fish Mean Abundance/50m transect - South Diablo Cove Station SDC - Midwater (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 199 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Replicates 12 18 16 I 14 6 16 12 1 1I 13 15 10 16 24 18 24 15 21 is 9 9 12 19 

Sebastes srmoides/S. flavidus (yoy) - - 4.3 <. !- 0.2 1.7 
Sebasta sp. (juv.) <.1 0.4 4.7 0.8 0.9 <.I - 0.2 
Semicosqyphus pulcher - - <I 
Trachurs symieticua 0.4 
Triakis semifasciata <.1 - 0.2 
larval/post-larval fish, unid. 19.4 4.8 1.3



Subtidal Fish Observations - Annual Fish Mean Abundance/50m transect - South Diablo Cove Station SDC - Benthic

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
# Replicates 12 18 16 18 14 6 16 31 18 18 15 15 10 16 24 18 24 is 21 35 9 9 12 18

Anop-tchtt pu•l -m 

Artedits latevalis 
Azedim 3pp.  
Aduainidae unid 
Atdminopsis califomiensis 
Atractoacio nobilis (Sciactidae) 
Auorhynid flavidus 
Alaftuchus flavidus (juv.) 
Brahyistius frcnatus 
Brsadaitius freaathm Ouv.) 
Cebididhdis violacei 
Cephaloscyllimn venlriosun 
Chilars taylr'i 
Chirolophisnug 
Ciduichthys spp.  
Cidwchithys spp. (juv) 
Cathanchihys stavac 
Cmyw ptaru nicholsi 
Cayphopteu nichola• (juv.) 
Cottida unid, a 
Crensatcatw aggegata 
Cymatogaster agwpta (ja.) 
DamalidW" vacca 
Damaliclthys vacca (juv.) 
Emhuntocajacksori 
Embiotocxa (ow.) 
Embiotoca latralis 
Fimbiotoca laterals (juv.) 
Embiotocidae unid. (juv.) 
Engwaus nrdax 
Gibbonsisp.  
Girella nigricans 
Gobiesocida muid. a 
Gobieox maeanAicus 
H doere senmiucmctus 
Heterostichus rostratus 
Haeteroticum rostrato (juv.) 
H-exagranmo decagrammus 
H-exawamn decagamus ouv.) 

Hypauma caryn(jv.  

Ledwops conoeteo 
Medialuna califoanensis 
Myliobatis califomica 
Neocimus stephea 
Ophiodon elongatus

<.I

<.1 

0.3 

0.1

0.6 0.1 0.2 0.3 <.1 
0.3 

9.0 1.6 0.1 1.1 2.4 

0.2 0.7 <.I <.1 0.1 
- 0.1 

<. 0.1 0.4 <.I 
0.1 <.1 0.7 0.3 

< I . <.1 
1.2 0.4 1.3 0.2

0.1 

0.7 0.6 0.3 0.7 0.6 

0.2 <I 0.4 0.8 0.7 
- <.1 

0.3 0.1 1.0 1.0 1.1 
<1 - <.1 0.1 0.3 
0.4 0.4 3.1 2.3 0.7 
<.I 0.3 <I 0.3 <.I 
<.I - 0.2 

0.7 1.2 0.7 0.6 1.3 

<.1 

<.I <.I <1 
<1 

0.3 0.4 0.9 0.5 0.7 
<.1 e I <.I 
<.I 

<.I 

0.1 0.2 < I <.I

<.1 0.3 0.1 <1 0.1 <.1 < <.1 <.1 0.1 0.2 

4.1 <.I 0.2 4.0 1.2 0.4 7.2 <.I 4.3 0.1 <.1 
0.6 6.3 3.2 0.6 2.1 0.2 

- <.1 0.5 < 1 0.1 
-- - - - <.3 
0.2 <.I <.1 <.I 0.3 0.3 0.1 0.2 0.1 <.I 

<1 

-- --- <.1 
0.1 1.1 1.7 0.6 5.1 7.0 27 0.3 3.9 1.3 0.4 

- - 0.4 <.1

<.1 <.1 <.I 0.1 0.4 0.8 <.1 0.9 0.6 0.2 
S- <.I 

0.3 0.4 0.4 0.3 0.3 0.3 0.4 0.2 0.1 <.I 0.1 <.1 
- - - - 0.1 4.2 <.I <.1 <.  

- 0.7 - 18.1 
0.6 0.2 0.6 0.3 0.6 1.4 0.5 <.1 0.1 2.9 0.6 0.5 0.8 

- 0.1 <.1 0.1 0.8 <.1 0.4 0.4 <.I 3.2 0.6 <.1 0.3 
0.2 0.8 0.6 0.7 0.7 1.4 1.1 0.4 <.1 1.0 0.5 0.4 0.5 
0.3 0.4 - 0.4 1.0 0.4 0.2 1.9 0.3 0.3 0.3 0.3 <.  
0.4 1.0 1.1 0.5 0.6 1.0 0.1 <.I <I3 0.4 <.I <.I 0.3 

- 0.3 <.1 <.I 0.5 0.2 0.3 0.4 0.2 0.4 <.1 <.I <.I 
<.I 

- 25.3 
0.8 1.2 1.5 0.8 0.8 0.4 0.3 0.4 0.5 0.5 0.7 3.1 0.6 

<.1 

o0.3 <.I " < 
- - 3.3 0.2 - 0.5 <.1 

0.2 0.2 0.1 0.3 0.2 <.1 
<.I - <.I 

-<. <.I <.I 0.1 
- 0.2 <.I 

<.I 1.5 <.1 0.3 0.5 0.9 
- - <.I <.1 0.2 - - - <.1 <.I 

0.5 0.2 0.3 <.I 0.1 <.1 - <.1 - - <.

0.3 0.1 0.3 0.3 0.2 0.1 

0.9 
<.I 

9.6 0.2 0.3 0.3 1.8 
1.0 5.0 0.3 - <.  
0.4 <.1 0.3 1.1 <.I 

<<1 <.1 <.I <.I 

9.4 0.3 3.2 1.5 0.5 0.9 
- <.1 0.5 
- <.I 

0.1 <.I 0.8 0.1 <.I 
- - - * 0.2 

0.1 0.1 <.3 0.2 0.1 0.1 

1.6 0.3 1.8 4.1 1.3 2.6 
. 0.7 10.6 - <.  

0.6 0.2 1.4 2.5 1.0 3.7 
<.1 <.I <.1 0.8 <.1 0.3 
0.1 0.1 1.1 0.8 0.4 0.4 

- - 0.3 0.1 
<.1 

0.9 0.4 0.2 0.3 <.1 <.I 
0.3 - - - <.  

<.11 

-- - - i.  

- <.1I 
- 0.2 <.I 

0.2 <.1 
<.I 

0.2 
0.5 <. - 0.2 <.1 <.I 
<.1 - <.1 0.2 - <.  

- <.1 0.1 <.I 0.2

(continued)
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C. K'

Subtidal Fish Observations - Annual Fish Mean Abundance/50m transect - South Diablo Cove Station SDC - Benthic (continued) 

Yer 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
#Replicates 12 18 16 18 14 6 16 I is 18 is is 10 16 24 18 " 24 15 21 15 9 9 12 18

Orthonopims triacis 
Oxyjulis califomica 
Oxyjulis califomica (juv.) 
Oxylebius pictus 
Paralabrax dlathratto 
Paralabrax clathratus (juv.) 
Palichthyidae unid. (juv.) 
Paralichthys califomicus 
Phanmodon aripes 
Phomdon fucamus 
Phmeodon mcatus Owu.) 
Phanvodon spp.  
Pholididme unid.  
Pholididae/Stichacidae unid.  
Platichtiys stellatus 
Platyrhinoidis triseriata 
Plearonectidne unimL 
Pleuronichthys coenosus 
Pleuronichhys coenosus (yoy) 
Raja inomata 
Raja spp.  
Rhacochilus toxotes 
Sciaenidac urdd.  
SO- Puma 
Scorpaenichthys mamoratus 
Scpanichthys maroat Ouv.) 
Sebastes atlvirenm 
Sebasft atrovins (iuv.) 
Sebastes atrovirem (yoy) 
Sebastes auiculatus 
Sebates awiculatus (juv.) 
Sebastes auriculatm (Moy) 
Sebastes canmmtus 
Sebastes camatus (ju.) 
Sebastes caurinus (auv.) 
Sebastes caurinus (yoy) 
Sebastes chryo las 
Sebastes chzsomclas Our.) 
Sebastes &aysomncas/S. camatus (juv.) 
Sebastes dvywelas/S. carnatus (yy) 
Sebastes melanops Ou(.) 
Sebastes melanop (yoy) 
Sebastes miniatus aur) 
Sebastes miniatus (yoy) 
Sebastes mystinus 
Sebastes mystinus O3w.)

0.2 0.3 0.2 <.1 <1 0.1 <.1 0.1 0.2 0.1 - - <.1 - - - <.1 
1.5 0.3 6.7 22.3 1.6 6.9 9.9 9.7 25.6 8.1 8.6 15.9 21.3 27.1 27.8 17.4 24.5 12.2 8.2 8.9 16.0 15.4 4.9 12.3 
5.2 0.8 0.1 23.6 2.8 10.1 0.9 1.8 9.9 9.3 18.0 13.5 8.2 10.1 2.1 7.6 11.2 6.3 6.5 1.9 2.5 0.6 0.6 
0.3 0.6 0.8 0.7 1.7 1.6 0.9 1.6 1.0 0.4 0.5 0.4 0.1 0.3 0.4 0.4 0.3 <.1 0.1 0.2 0.3 1.8 0.9 09 

< .- - - - - <I - - 0.3 0.1 <.1 3 .8 - * - - - - <.1 -

0.2 0.1 
<,I <.I <.I <.1 <I <.I - <.I 

<.I <.1 
1.1 <.1 

2.0 <I* 

<.<I 
- - - - - - - - <.1 -- - - - -- 

<.I <.I <.1 <.I < I 
<.1 0.1 <.I < <. - <.1 

<.1 - <.1 <1 <.1 <I <I <.1 0.1 <.1 <.1 <1 0.2 0.2 <.1 0.1 <.I 0.2 0.3 0.2 <.1 
<.1 

- <.1 <,<1 

<.1 0.1 <.1 <.1 0.2 <1 0.2 <.1 <I1 0.1 <.1 <.1 <1 0.3 0.7 0.1 0.2 
<.1 

0.2 0.6 0.7 0.2 0.4 0.1 0.3 0.4 0.4 0.2 0.8 0.4 0.3 0.6 0.5 0.3 0.3 <.I 0.1 <.1 <I 0.3 0.1 - <I.1 I .1 I <I! 0.1 <I.1 <.I <.1 <.I - <.I 
<.I <.1 <.1 <.I <.1 0.4 <.1 0.1 <.1 0.1 0.2 0.3 0.3 0.5 0.5 0.2 0.1 

<.1 <.1 0.3 0.4 0.5 <.1 - - 0.3 - <1 
- - <.I 13.7 2.1 5.0 3.0 2.0 

<.I <.I 
S- - - 0.5 

-- - - - - - - - - - 0.1 <.1 -0 <.1 

0.1 <.I 
0.1 0.5 -

-- 0.6 0.1 -
0.2 0.5 1.4 1.0 1.0 0.3 0.9 1.0 1.3 0.3 0.7 0.4 0.3 0.4 0.4 0.2 0.3 <.1 0.1 <.1 <.1 0.3 0.2 0.5 

- - <.I <.I <.I <.1 <.  
4.9 12.7 2.1 0.2 33.1 11.4 3.3 5.4 3.6 0.2 0.1 1.0 0.3 1.1 <! <I 0.1 

- - 0.3 0.7 18.8 4.0 5.1 0.3 
<- 1 1.8 

* . . . .. . . .. .. ...- - - - - <,1 <.1 . - <.1 
<.I 0.1 <.1 - <.I 

<.I <.1 
- -• 0.1 0.3 0.3 <1 <.1 <.1 <.1 -I<I 

0.1 1.2 5.1 <.1 <.1 <.1 <.1 0.4 - 0.1 0.3

(continued)



Subtidal Fish Observations - Annual Fish Mean Abundance/50m transect - South Diablo Cove Station SDC -Bentlic (continued) 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
#Replicates 12 18 16 18 14 6 16 II 18 18 15 is 10 16 24 18 24 15 21 i5 9 9 12 28

Sebatc pa ispits (juv.) 
Sebaste rastrelliger 
Sebastes nratelliger (juv.) 
Sebastes seramoides 
Sebastes s•ranoides/S. flavidus (juv.) 
Sebastes saranoides/S. flavidus (yoy) 
Seb-te spp. (juv.) 
Semicoayphus pudche 
Samcos puce (Ouv.) 
Seriphus politus 
Stidcacidae unid.  

Syngnawhus spp.  
Triaki aemifasciata 
Urolophas haller' 
Xerepw fixcon 
xi)(.0t spp.  
laaval/post-Iarval fish. mnid

C

- 0.2 0.4 18.5 ! 0.1 - 0.1 < 1 0.4 0.5 0.3 - - 0.4 - -
<.1 0.3 0.5 0.4 0.6 0.1 0.7 0.4 0.7 0.5 1.0 0.3 0,2 0.5 0.5 0.3 0.5 0.3 0.1 <.1 0.5 0.4 0.2 0.2 

<.1 - < <.1 <.1 <.1 - - 0.1 <.I - <.1 0.2 -
< 1 0.2 - 0.2 <.1 <.1 <.1 <. - -

0.9 3.9 0.1 55.4 0.3 0.2 1.7 2.6 0.5 1.2 2.4 0.1 1.9 0.7 0.3 
- - 0.3 0.9 0.5 - 10.7 

<.1 0.1 2.4 20 2.6 0.2 3.8 <.1 0.1 2.0 0.1 <.1 0.1 
-- <.1 <.1 <.1 <.I <.1 <.I <.I <.1 

-- -, <.I o 
o- <.I 

<.1 
< <.1 

- <.I <.I <.I <.I 
- - <1 0.3 <.I 

<.I <.1 I 
<i 

5.2 0.4 0.3 - 3.1

C C



C. C C

Subtidal Fish Observations - Annual Fish Mean Abundance/50m transect - South Control Station SC - Midwater 

Yea 1976 1977 1978 1979 1980 1981 19R2 1983 194 1985 1936 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

NReplicates 12 18 16 13 16 6 14 11 9 14 10 10 10 16 23 18 Is 11 20 Is 9 9 12 1s

Atherinidae umid.  
Aulowhychus flavidus 
Aulomhynchus flavidus (juv.) 
Brachyistius frenatmu 
Brachyistius frmltm (juv.) 
Damaicghtys vacc 
Dsmalichdrys vea u.) 
Embiotocajaclksoni 
Embiotoca jacksoni (juv.) 
Embiotoca lateralis 
Embiotoca lateralis (juv.) 
En_•gais mordax 
Gibbonsia sp.  
Heterostichus rostatus 
Heterostichus rosbiu (Ouv.) 
Hex.Aumo dec-arf 
IHyp-uz cUri G--y) 

Letlipsoiets 
Ophiodon elonpats 
Oxyjulis californica 
Oxyjulis califomije (jo.) 
Oxylebhu pict, 
Parabrax clathtus (juv.) 
Pherodon furcatus (juv.) 
Rhacochilus toxotes 
Sa"rdlnm sapx 
Sebutes awvires 
Sebase atmvirc Owu.) 
Sebas atrim- (yoy) 
Sebastes caurinmus (yoy) 
Sebutes dcysameladS. camatus Ouv.) 
Sebastes dysomelas/S. camts (yoy) 
Sebastes mlanops 
Sebaste melanops (juv.) 

Sebaste melanops (yoy) 
Sebates mystinus 
Sebastes nstinus (uv.) 
Sebastes ytnus (Moy) 
Sebastes paucispinis (jOw.) 
Sebastes mstrelliger 
Sebastes semnoides 
Sebsas senmoidestS. flavidus Ouv.) 
Sebastes semmoideS. flavidus Cmoy) 
Sebads •spp. (6 .) 
Trachurn synmetidcus 
Ival/post-l fish. unid.

- 5.6 23.9 11.1 - -

0.1 3.5 4.7 1.8 13.8 48.7 - 9.3 0.3 <.I 9.3 <. - <.I 6.5 4.2 3.5 
- -- <.1 9.0 <.1 

<.1 <.1 <.1 0.2 <.1 <.1 <1 < 0.1 0.4 0.1 <.1 <1 <.1 
- -- - - -- - - - <.1 - <.1 - - -

0.1 0.1 0.2 0.3 <.1 <1 <.1 <.1 <.1 0.1 1.8 0.1 0.1 0.5 0.5 0.1 0.8 <.1 0.3 <.1 0.2 <.1 
. <.! - <.1 <.1 <.1 <.1 

<.1 <. <.I <1. <.1 <.1 <.1 <.1 0.1 • 

0.3 0.7 0.4 0.8 0.3 0.1 0.2 0.1 0.2 0.2 <.1 <.1 - <1 0.1 <.1 <.I <<I <.1 <I <.1 
- 0.2 - - <1 <.1 -I <.1 

- 3.1 3.3 
* - - <.1 <.1 <.1 <.1<I 

-- <.I 

- - <.1 <.1- - - - - - - -
I<.1 

<- <.1 <1 - . " <<I 

3.3 1.2 3.8 2.3 4.0 0.4 6.8 2.4 19.9 16.1 10.3 31.0 12.5 6.5 24.8 4.9 6.3 15.2 14.2 4.3 2.4 3.4 2.9 9.0 

43.3 - 0.3 7.8 0.3 3.6 - 1.9 2.6 5.5 1.7 2.5 0.4 2.2 1.3 22.6 3.4 - 1.7 1.3 1.3 6.6 
* - <.1 - -; 

* - - - <.I -- -

<.  

<.1 0.2 
S- 4.2 

<1 0.1 <.1 <.1 <.1 - <.1 <.1 <.1 0.1 

- 0.1 0.4 0.3 0.3 
- - 2.0 0.3 <.1 

- 0.2 <.1 -

- 0.3 14.2 13.2 8.5 3.3 0.2 0.1 2.3 0.3 
- - 6.7 21.5 10.5 3.6 

<.1 <.1 <1 0.1 - - <.1 
- -0.2 

- 0.1 0.1 <.1 0.4 

0.9 2.8 2.2 4.7 1.1 2.8 3.2 2.7 0.7 1.3 1.0 2.5 1.2 2.8 0.6 0.7 1.8 0.5 0.1 <.1 0.3 0.5 0.6 02 

5.8 11.8 7.4 10.0 2.4 0.9 <.1 1.8 0.6 1.1 0.8 2.8 4.1 4.0 
. . . <.1 0.1 

1.4 0.2 19.0 - 31.4 0.1 <.1 <.1 <.1 0.2 - <.1 <.1 <.1 
- <.1 

0.3 <.I 5.7 0.1 0.1 <.I <.I 0.3 0.1 0.3 0.3 <.I <.I <.I 0.1 <.I <.I <.I 0.1 <1I <.I 

0.8 12.6 <.I 20.9 0.7 - <I 1.3 6.7 3.4 2.4 0.3 <.1 2.0 1.6 <.1 
, - -0.6 - <.1 3.5 

0.1 0.3 0.2 0.8 3.6 0.2 0.8 0.5 <.1 - - -

- -- -0.2 -
.--- 8.3 8.3 -



Subtidal Fish Observations - Ammal Fish Mean Abundance/50m tranisect - South Control Station SC - Benthic 

Year 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 # Replicates 12 18 16 18 16 6 14 11 9 14 10 10 10 16 23 18 18 13 20 15 9 9 12 3I

Arwrlichthys ocellatus 
Artedius spp.  
Aulorhynchus flavidus 
Bracdystus freomus 
Cebididithys violaccus 
Cephalocyllium vetnosum 
Chiroop•his nugator 

Cinida unid.  

COwjphcptuu nid.li 
Cottidal unid.  

Darnalichtays vacca 
Embictoajacs 
Embiotoca latastlis 
Embio•ocida 

Myliauis •om.dx 
Gibboui app.  
Gobieaocidac uaid 
G~obis umAntcusa 
Heterostichus nubazu 
Hcxas -nmo decalrunmus 

icedania zanope 
Myliobaui califmp.  
Neoclinus app.  
Oplajodan ellongatus 
Orhdbnopias triacis 
OOxyutis califomica 
Oxlebius pictus 
Panalalarax clathratau 
ParaWc~dhs califonacus 
Phananodon atipms 
Phaneodon app.  
PhollliMid umid.  
PholdidaeOStidaeidac umid.  
Pleuronectidac umid.  
Pleawwiclatfys app.  
Poridncys notatus 
Riacochlus toxotes 
Scohpaemclthys mannoratus 
Sebastes atrovrem 
Sebasica atrowens (yoy) 
Sebastes auniculatus 
Sebastes camnatu 
Sebastes caurinus

<.1 
<.I 
0.7 

0.6 
0.2 

0.8 
0.6 
6.3 

0.1 

0.9 
0.1 

<.I 
0.2 

25.3 
1.2 

<.I 
<.I 

<.I

C

- - <.I <1 - <.1 
<.1 <.1 <.1 0.2 <.1 0.2 <.1 <.1 0.1 0.2 0.1 < 1 0.1 
<.I 3.1 4 4.4 0.8 11.3 - - 1.2 - <.1 <. 2.9 

. 0.4 0.9 0.8 0.1 0.4 0.2 <.I 0.1 0.2 <.I 0.4 0.1 
0.2 0.1 <.1 <. <.1 <.1 <.1 <.1 - <1 0.2 <.1 0.2 

- - 0.1 0.4 0.3 <.1 1.1 0.3 0.3 0.3 
<.1 < <.1 

<1 <. - --- * .  

0.9 0.2 0.3 0.4 0.6 1.7 <.1 0.2 0.3 0.3 1.4 1.7 1.5 1.2 
0.2 0.6 0.6 0.5 0.4 0.5 0.4 0.4 0.5 0.5 0.1 0.3 0.5 0.1 

S- - - - - - - 1.6 
0.2 0.6 1.3 0.5 0.9 0.9 0.3 0.9 2 0.4 3.6 1.1 0.9 0.7 
0.4 0.9 1.4 1.7 1 1.9 1.3 1.4 27 2.7 2.3 1.9 1.6 1.8 

6 4.9 5.7 3.6 4.1 3.3 25 3 4 3.1 28 1.6 2.3 2.7 
0.2 0.1 0.3 
<.I 

0.5 0.5 0.6 0.5 0.6 0.3 0.3 0.3 0.5 0.2 0.2 0.5 0.3 0.2 "*- <.I 
0.1 - <1 0.1 <1 <1 
<1 <.1 <.I <.I 

3.1 I 0.8 1.5 0.5 0.7 0.6 0.3 0.7 0.5 0.6 0.3 0.5 0.4 
0.1 - 0.4 - 0.1 0.3 0.2 0.3 0.2 0.2 0.4 0.3 

<.1 <.1 <.1 0.1 <.1 - - - - <.1 

" - <.1I 
0.1 0.5 0.3 0.6 . 0.1 0.2 0.1 0.3 0.2 0.2 <.I 0.1 
0.3 0.2 0.1 0.3 0.3 0.5 0.3 0.8 0.5 0.4 0.3 0.3 0.4 
1.4 7.1 23.8 4.6 3.8 24 29.4 44.7 29.1 21.3 49.9 13.5 25.9 23.4 
1.8 2.1 2.2 3.8 4.4 4 3.9 3.6 3.7 3.8 3.9 4 4.6 3.5 

0.9 - -

<.1 
<.1 

<.I 
<.1 

- <. <.I <.I 0.3 <.I 0.2 <.1 <.1 <.1 0.1 <.I 
0.5 0.7 0.9 1.1 0.6 0.8 0.5 0.3 0.6 1.3 0.9 0.8 0.8 0.8 
<.I <.1 0.2 <.1 <1 0.2 0.2 0.3 0.2 0.2 0.6 0.2 0.6 0.3 

- 0.2 
<.I 

<1 0.2 <.1 <1 - . 0.3 <.1 <.1 <1 <.1 
- - 0.2 <.1

(continued)

C.

. <1 
0.2 0.2 0.4 <.1 0.3 
0.4 0.7 3.3 1.1 
0.3 0.1 <.1 1.3 0.3 
0.3 0.3 0.1 0.2 0.2 

<.1 
<.1 <.I 

<.I <.1 

0.5 2.1 0.3 0.2 <.1 
0.4 <1 <.1 <.1 0.2 

1.2 1.3 0.3 1.9 0.5 
3.4 2.6 0.8 1.7 1.4 

3 4.2 2.7 4 2.9 

0.4 0.3 0.3 0.5 0.3 
<.I <.1 
<.1 < <1 

- <.I 

0.9 0.6 0.4 0.3 0.4 
<1 <.I <.1 
<.I <.1 <.I <.1 

<.! 

0.2 <.1 0.1 <.1 0.2 
0.3 0.4 0.3 0.2 0.1 
2.5 15.8 34.8 30.2 15.4 
4.6 5 22 1.6 12 

<1 

<.I <.I 

<1 0.2 0.2 0.2 0.3 
0.9 0.7 0.3 0.3 0.4 
0.3 0.4 0.3 0.6 0.8 

- 0.3 * 3.3 <.1 

0.1 <.I 
<.! <I.1

0.2 
0.8 
0.3 
0.3 
0.3 

0.3 
<.1 

0.9 
1.2 
3.4 
<.1 

0.2 

0.1 

13.9 
2.3 

<.1 
0.4 
0.3 
0.4

C

(continued)

0.1 <.I 0.1 
<.1 0.9 0.5 
0.2 -
0.1 <.I <.I 

0.3 

0.2 0.4 0.6 
<.I <.I 

2.3 0.7 0.8 
2.3 0.8 0.8 
4.1 1.3 1.7 

0.1 <.I <.1 

0.1 0.2 0.1 

0.31 0.1 
0.3 <.I 
8.8 12.4 49.9 

3 2.4 2.1 

0.3 0.5 0.3 
0.4 0.1 <.I 
0.5 0.2 0.7 
0.2 0.9 <.1 

- <.1



(N C)
Subtidal Fish Observations - Annual Fish Mean Abundance/50m transect - South Control Station SC - Benthic (continued) 

Year 1976 1977 1978 1979 1910 1981 1912 1983 1984 1985 1986 1917 1918 I919 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 
NReplicates 12 I8 16 18 16 " 6 14 II 9 14 10 10 10 16 23 i1 18 11 20 15 9 9 12 18

Sebastes cbiysomelas 
Sebastes clysornelas/S. carnatu 
Sebastes melnops 
Sebastes melamopTs (juv.) 
Sebastes miniatus 
Sebastes mystinws 
Sebastes mystinms (juv.) 
Sebastes nebulosum 
Sebastes pavispinis (juy.) 
Sebastes pinniger 
Sebastes rast•elliger 
Sebastes seun'oides 
Sebaste senmaoides/S flavidus (juv.) 
Sebastes spp.  
Semicossyphus pulcher 
Urolophm halleri 
larvaLtpost.2siall fish, unid.

0.8 2.7 1.4 2 2.2 2.3 2.6 3.9 22 2.9 2.6 3.2 2.8 2.5 1.9 2.9 2.6 1.7 2.1 2.2 2.2 1.8 0.8 1.3 
. 2.1 5.5 0.8 0.5 8.8 1.1 0.4 1.4 1 0.2 <.1 0.9 0.2 0.6 1.6 0.8 0.9 1.9 12.9 0.4 4.5 0.3 <.1 

<.I 0.2 <.1 <.1 <.1 <.1 <1 0.1 <1 - <. <.1 <.1 0.2 <.1 . <.1 <.1 0.2 . 0.1 
1 . - <.1 <.1 - 2.1 2.9 0.3 0.4 <.1 . 3.9 

* - . - - - . - - *- <.1 - . * - . - .  

1.3 1.6 3.3 7.4 1.6 2 1.5 2.8 0.8 1.9 2.7 1.8 2.5 1.6 1.3 0.7 1.6 0.9 0.1 0.6 0.5 0.7 0.5 0.5 
12.7 15.9 6.9 33.6 10.1 6.3 0.7 2.3 2.1 2.2 2.6 6,5 1 6.6 11.8 6.7 0.3 <.1 <.1 5 

0.2 01 10.7 5.1 0.6 <.1 <<.1 - 1 0.5 

0.1 <.I 0.1 0.2 0.3 0.3 0.4 0.3 0.5 0.2 0.5 1.1 04 1.2 0.8 0.7 0.3 0.2 <.1 0.2 0.4 - 0.3 0.1 
0.4 <.I 0.3 0.2 0.3 0.6 0.4 0.1 0.2 0.4 0.2 0.2 0.3 0.3 <.I 0.2 0.2 0.1 0.1 0.4 <.1 <.1 <.1 
1.8 13.8 0.1 46.3 0.7 0.5 <.1 <.1 4.6 7 1.9 7.3 4.2 0.1 0.6 1.6 . 0,6 <.1 0.3 <.1 6.2 
<.11 <.1 <.I 1.2 0.8 - 0.8 0.3 0.4 0.4 <.1 <1 <.11 <1 <.1 <1 0.1 

0.2 <.I <.1 0.2 <.1 <.1 0.1 0.2 
-<1 - < I <.I <.1 <.I 

<.I



Appendix G 

RWMP Temperature Data Summaries



(7.

Station NC 1+.6m North ( 

Mean 
Variance 
N

,on tro l 

- - 10.70 10.97 11.00 12.17 14.50 13.75 14.13 13.68 13.38 11.49 
- - 0.67 1.39 1.11 1.69 1.04 0.64 0.55 0.51 0.86 0.23 
0 0 212 786 835 867 946 979 989 1031 977 611

Station NC 2+.6m 

Mean - - 10.72 10.94 11.02 12.17 14.47 13.70 14.11 13.66 13.39 11.50 
Variance - - 0.38 1.32 1.09 1.67 1.03 0.67 0.56 0.50 0.85 0.23 
N 0 0 799 889 960 984 1060 1083 1091 1152 1070 686 

Station NC 3+.6m 

Mean - - 10.75 10.82 11.00 12.09 14.49 - - - -

Variance - - 0.37 1.19 1.08 1.69 1.12 - -

N 0 0 1033 1115 1204 1239 1256 0 0 0 0 0 

Station SC 1+.6m South Control 

Mean 12.37 11.48 10.59 10.45 10.55 11.56 13.63 13.03 13.92 13.44 13.28 11.78 
Variance 0.33 0.50 0.38 0.75 1.06 1.74 1.11 0.44 0.42 0.35 0.63 0.25 
N 1092 938 1023 990 1075 1096 1181 1200 1183 1251 1165 1160 

Station SC 1-V+.6m (new station deployed Jul 15, 1999) 

Mean - - - - 15.96 15.73 15.06 14.51 13.63 11.63 
Variance - - - - - - 1.75 0.93 0.76 1.09 0.90 0.37 
N 0 0 0 0 0 0 515 979 989 1031 977 642 

Note: - indicates that no temperature data were recorded for the period due to equipment failure or unit not deployed (e.g. SC I-V Jan-Jun).

Table GI. Monthly mean temperatures (°C) for RWMP Intertidal Control Stations January through December 1999

C,



Table G2. Monthly mean temperatures for RWMP Intertidal Diablo Cove Stations January through December 1999

Station NDC 1+.6w North I 

Mean
Variance 
N

Diabio Cove

- 11.45 11.61 14.12 15.20 17.28 19.85 19.21 19.75 18.05 17.17 
- 2.76 2.61 11.03 11.40 7.11 2.88 1.64 1.59 4.70 3.90 
0 126 1158 1115 1204 1239 1332 1324 1311 1335 1276

Station NDC 2+.6w 

Mean 15.41 12.84 11.64 - 14.84 15.82 18.02 20.25 19.34 20.09 18.43 17.49 15.12 
Variance 3.14 4.09 3.11 10.66 11.07 6.22 2.73 1.41 1.20 4.79 4.03 3.59 
N 941 804 874 855 930 946 1026 1050 1053 1128 1038 949 

Station NDC 3+.6w 

Mean 15.68 13.44 11.83 15.11 .. 16.44 18.59 20.15 19.15 20.18 18.59 17.48 15.19 
Variance 3.31 4.88 3.82 9.29 9.81 4.72 2.29 1.16 1.28 5.29 4.13 3.90 
N 1251 1100 1173 1131 1218 1253 1356 1350 1329 1362 1293 1208 

Station SDC 1+.6m South Diablo Cove 

Mean 17.39 16.59 16.22 16.30 17.60 18.49 19.67 18.74 19.47 17.85 17.34 17.15 
Variance 5.55 5.85 5.53 4.66 .3.76 2.93 2.43 1.60 1.90 7.26 5.02 4.61 
N 1264 1065 1186 1140 1226 1267 1370 1362 1336 1369 1300 355 

Station SDC 2+.6m 

Mean - - - - 17.90 19.62 18.82 19.40 17.65 16.67 15.41 
Variance . . . .. 2.64 2.83 1.87 1.71 6.81 2.36 2.11 
N 0 0 0 0 0 734 1069 1095 1101 1160 1087 289 

Station SDC 3+.6m 

Mean 15.70 13.81 13.59 14.78 16.17 17.26 18.62 17.90 18.46 16.86 16.05 14.82 
Variance 0.87 1.82 1.37 2.17 2.58 1.86 1.69 1.26 1.33 4.77 1.46 0.57 
N 1114 966 1052 1010 1099 1111 1205 1221 1209 1268 1192 319

Note: - indicates that no temperature data were recorded for the period due to equipment failure.  

C C C .'

15.10 
3.80 
1283



Table G3. Monthly mean temperatures for RWMP Intertidal Field's Cove and South Diablo Point Stations from January through December 1999

Station FC 1+.6m Field's Cove

Mean 
Variance 
N-..

13.13 11.69 10.82 11.09 11.33 12.68 15.81 15.41 15.78 14.46 14.46 12.74 
0.50 0.77 0.56 1.70 1.89 2.24 1.55 1.19 0.70 1.13 1.15 1.10 
1223 1065 1158 1115 1204 1239 1332 1324 1311 1335 1276 1283

Station FC 2+.6m 

Mean 13.11 11.66 10.79 11.15 11.30 12.63 15.69 15.27 15.75 14.42 14.49 12.76 
Variance 0.49 0.81 0.55 1.69 1.88 2.19 1.47 0.99 0.61 1.06 1.16 1.07 
N 987 829 911 889 960 984 1060 1083 1091 1152 1070 1059 

Station FC 3+.6m 

Mean 13.10 11.65 10.79 11.11 11.24 12.58 15.61 15.29 15.74 14.40 14.55 12.86 
Variance 0.49 0.80 0.55 1.57 1.78 2.21 1.48 1.07 0.60 1.01 1.10 1.03 
N 971 823 898 878 948 973 1047 1067 1083 1143 1055 1046 

Station SDP 1+.6m South Diablo Point 

Mean - - - - 17.18 18.42 17.64 18.33 16.83 16.00 15.08 
Variance - - - - - 1.74 1.52 1.12 1.33 4.64 1.46 0.78 
N 0 0 0 0 0 676 1452 1434 1388 1414 1356 1367 

Station SDP 2+.6m 

Mean 14.78 12.77 12.26 12.94 13.53 14.84 15.67 16.76 15.88 14.57 15.22 14.09 
Variance 0.80 1.16 0.87 1.10 1.48 2.19 2.37 1.33 1.75 1.52 0.84 0.74 
N 1223 1065 1158 1114 1204 1239 1332 1324 1311 1335 1276 1283

Note: - indicates that no temperature data were recorded for the period due to equipment failure.



Table G4. Monthly mean temperatures for RWMP Subtidal Control and Field's Cove Stations from January through December 1999

Station NC 1-3m North Control

12.38 11.46 
0.35 0.52 
2232 2016

10.65 
0.40 
2232

10.74 
1.15 

2160

10.75 
1.02 

2232

11.75 . 13.91 12.80 14.04 13.54 
1.63 1.08 0.37 0.59 0.37 

2160 2231 1875 2160 2232

13.35 11.86 
0.77 0.35 
2158 2232

Station FC W-3m Field's Cove 

Mean 13.17 11.70 10.39 11.17 11.14 12.25 14.85 14.19 15.36 14.22 14.40 12.23 
Variance 0.48 0.82 0.49 1.48 1.62 1.91 1.13 0.50 0.43 0.71 1.07 0.34 
N 2232 2016 551 1618 2232 2160 2232 2228 2160 2232 2160 1189 

Station SC 1-3m South Control 
Mean 12.48 11.58 10.66 10.46 10.55 11.46 13.45 12.66 14.04 13.51 13.29 11.84 
Variance 0.30 0.49 0.41 0.69 1.05 1.68 1.09 0.38 0.41 0.33 0.62 0.25 
N 2232 2016 2232 2160 2232 2160 2232 2228 2160 2231 2160 2232 

Station SC 2-6m 
Mean .- 12.10 11.95 13.65 13.19 13.22 11.68 

Variance - - - - - - 0.81 0.33 0.45 0.30 0.62 0.17 

N 0 0 0 0 0 0 821 2232 2160 2232 2160 1191

C

Mean 
Variance 
N

C C



C C...

Station NDC 2-3m North Diablo Cove

Mean 
Variance 
N

-- 17.84 19.52 18.26 19.59 18.03 17.59 15.74 
- - - - - 4.92 2.33 1.07 1.50 4.84 4.46 4.08 
0 0 0 0 0 1476 2226 2232 2160 2232 2160 2232

Station NDC 3-3m 

Mean 16.50 14.69 11.33 - - - 19.47 18.10 19.68 18.05 17.91 15.64 

Variance 3.88 6.04 1.85 - - - 2.82 1.16 2.21 6.08 4.91 3.94 

N 2232 2016 189 0 0 0 1763 2232 2160 2230 2160 1623 

Station NDC 4-4m • 

Mean 15.71 13.10 11.70 13.78 15.05 16.97 18.58 17.26 18.75 16.78 17.34 15.16 

Variance 3.43 3.98 3.11 6.86 7.93 5.06 2.74 1.86 1.89 4.18 4.11 3.31 

N 2232 2016 2232 2160 2232 2160 2232 2232 2160 2231 2160 1624 

Station NDC 5-8m 

Mean 17.83 13.46 12.73 12.80 13.36 16.18 18.05 - - -

Variance 4.18 6.51 3.61 6.80 8.97 7.18 5.21 - - - -

N 2232 2016 2232 2160 2232 2160 473 0 0 0 0 0 

Station NDC 6-3m 

Mean 11.26 11.05 11.17 12.36 13.92 - - - - - -

Variance 1.03 1.03 1.02 2.00 1.08 - - - - - -

N 2042 2160 2232 2160 1339 0 0 0 0 0 0 0

Table G5. Monthly mean temperatures for RWMP Subtidal North Diablo Cove Stations from January-through December 1999



Table G6. Monthly mean temperatures for RWMP Subtidal South Diablo Cove Stations from January through December 1999

Station SDC 1-3m South Diablo Cove 

Mean 16.66 14.63 
Variance 4.35 2.96

14.48 
3.80

2232 2016 2232

13.80 
6.31 
2160

13.48 
7.59 

2232

14.23 
7.95 
2160

15.68 
6.68 
2232

15.17 
5.64 
2231

17.11 
5.23 

2160

15.99 16.64 16.00 
5.75 4.42 3.64 

2231 2160 2232

Station SDC 4-4m 

Mean 15.67 14.12 13.89 13.36 13.48 14.23 13.58 12.88 14.85 14.47 15.49 14.99 
Variance 5.06 2.24 3.50 5.91 7.59 7.95 4.42 3.97 5.21 3.49 4.94 4.19 
N 2232 2016 2232 2160 2232 2160 1622 2231 2160 2232 2160 2232 

Station SDC 5-10m 
Mean 13.04 12.36 10.92 - - - - - -
Variance 1.75 1.21 0.46 - - - - - -
N 2232 2016 191 0 0 0 0 0 0 0 0 0

C

N

C C



C

Intake Cove

12.41 11.48 10.58 9.96 9.85 10.59 12.08 11.12 
0.15 0.36 0.24 0.17 0.73 1.05 0.70 0.14 

1840 2016 2232 2160 2232 2160 2232 1697 0 0 0 0

Table G7. Monthly mean temperatures for RWMP Subtidal Intake Cove Stations from January through December 1999

(

32/32 

Mean 
Variance 
N
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Supplemental Temperature Data Summaries



Appendix H

SUPPLEMENTAL TEMPERATURE DATA SUMMARIES 

Additional temperature monitoring in Field's Cove was done starting in the Summer and Fall of 

1997 to document the extent and magnitude of delta-T0 north of Diablo Cove. There were 13 

additional intertidal and six additional subtidal temperature recorders installed and deployed in at 

the stations shown in Figures H-1 (intertidal) and H-2 (subtidal). Two stations monitored under 

the RWMP are also shown in Figure H-1.

TENERA E2000-072.3 H-1 Supplemental Temperature Data 
9/28/0O



Appendix H

Figure H-I. Locations of supplemental intertidal temperature recorders.

TENERA E2000-072.3 H-2 Supplemental Temperature Data 
9128/O0



Appendix H

Figure H-2. Locations of supplemental subtidal temperature recorders.

TENERA E2000-072.3 H-3 Supplemental Temperature Data 
9W28100



Appendix H

Table H-3a. Daily mean temperatures (°C) for Field's Cove subtidal stations during 1997 sample period.  
Temperature recorders were suspended from buoys at a depth of 0.3 meters (2 ft). I )

Date SC 1 2 FC 3 LR 4 5 NC
71111997 
7/2/1997 
7/3/1997 
7/4/1997 
71511997 
7/6/1997 
7/7/1997 
7/8/1997 
7/9/1997 

711011997 
7/1111997 
7/12/1997 
7/13/1997 
7114/1997 

7/15/1997 
7/1/1997 
7/17/1 997 
7/18/1997 
7/19/1997 
712011997 
7121/1997 
7/22/1997 
7/23/1997 
7124/1997 
7/25/1997 
7/26/1997 
7127/1997 
7/281997 
7/29/1997 
7/3011997 
7/31/1997 
8/1/1997 
8/2a1997 
8/3/1997 
8/4/1997 
8/5/1997 
8/6/1997 
8/7/1997 
8/8/1997 
8/9/1997 

8/10a1997 
8/1111997 
8/1211997 
8/13/1997 
8/14/1997 
8/15/1997 
8/1/11997 
8/17/1997 
8/18/1997 
8/19/1997 
812011997 
8/21/1997 
8/22/1997 
8/23/1997 
8/24/1997 
8/25/1997 
8/28/1997 
8/2711997 
8/28/1997 
8/29/1997 
8/30/1997 
8131/1997 
9/1/1997 
9/201997 
9/3/1997

12.67 
12.59 

12.11 

12.50 

13.02 

12.29 

11.37 

14.58 

14.78 

14.21 

13.84 

14.97 

15.28 

15.17

12.40 13.56 
12.00 13.03 
11.90 12.98 
12.31 12.78 
12.74 13.25 
12.59 13.05 
11.61 11.08 
14.00 14.10 
14.19 14.73 
13.64 14.56 
1302 13.85 
14.25 15.18 
14.76 15.86 
14.33 1593 
14.00 
13.16 
12.56 
12.20 
12.86 
13.27 
13.69 
14.14 
14.61 
14.52 
15.07 
15.27 17.01 
15.39 17.12 
15.55 16.99 
15.72 17.06 
16.17 17.95 
18.07 17.54 
15.70 17.25 
15.17 16.90 
14.70 16.41 
14.91 16.64 
15.00 16.56 
13.69 15.42 

16.92 

17.61 

17.73 
17.47 
17.61 
17.50 
17.92 
18.17 
18.21 
18.18 
18.63 
20.01 
19.16 
16.37 
17.82 
17.09 
16.72 
16.77 
16.92 
16.76 

14.67 16.37 
15.40 16.59 
16.13 17.61 
15.98 17.70 
16.09 17.82 
16.31 18.22

12.62 
12.09 
11.92 
12.21 
12.69 
12.10 
11.55 
14.99 
14.93 
13.93 
13.96 
14.90 
15.11 
14.89 

12.70 
12.08 
13.79 
14.09 
14.78 
14.58 
15.10 

16.56 
16.73 
16.41 
17.04 
16.78 
16.31 
15.91 
15.38 
15.10 
15.41 
14.85 
14.05 

16.49 
17.37 
16.59 
16.45 
16.42 
16.16 
17.36 
18.07 
17.51 
17.59 
18.26 
18.86 
18.22 
14.69 
15.97 
15.65 
15.13 
15.09 
15.46 
15.58 
15.10 
16.39 
17.38 
17.09 
17.21 
17.44

13,71 
1ils 
13.04 
12.88 
13.32 
13.18 
11.12 
13.20 
14.12 
13.85 
1311 
14.44 
15.17 
14.99

12.77 
13.51 12.26 
12.88 11.77 
13.86 12.48 
13.82 13.18 
14.05 13.53 
13.98 13.77 
14.94 14.16 
14.78 13.18 
15.11 14.73 
15.32 15.07 
15.70 15.39 
15.75 15.43 
15&62 15.60 
16.46 16.13 
16.35 15.77 
18.02 15.29 
15.44 14.73 
14.99 14.53 
15.03 14.47 
15.25 14.15 
14.51 13.27 

16.98 

15.38 
18.42 
1M.38 
1587 
18.01 
15.91 
16.54 
1.986 
18.78 
16.84 
16.95 
18.53 
14.90 
15.19 
16.91 15.66 
18.27 15.22 
15.95 14.82 
15.71 14.73 
15.98 14.99 
1588 14.96 
15.68 14.66 
1561 15.59 
18.47 16.20 
1&07 15.92 
16.24 1599 
16.99 16.46
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12.93 
12.35 
11.65 
13.49 
13.68 
14.58 
14.19 
14.48 

18.62 18.31 
18.67 18.63 
18.51 18.34 
18.90 17.20 
16.91 18.84 
1M27 18.39 
15.80 15.76 
15.36 15.22 
15.17 1509 
15.57 15.43 
15.05 14.60 
14.20 13.72 

18.12 18.08 
17.04 18.91 
18.46 18.41 
18.28 18.22 
18.42 18.27 
18.21 18.25 
17.43 17.87 
17.87 17.85 
17.50 17.54 
17.55 17.80 
18.14 1&11 
18.82 18.42 
18.62 18.08 
14.82 14.56 
18.08 15.98 
15.44 15.70 
15.03 15.18 
1514 15.28 
15.31 15.46 
15.52 15.67 
15.10 15.17 
18.26 16.66 
17.33 17.11 
17.18 17.03 
17.29 17.09 
17.62 17.61

13.01 
12.42 
11.93 
12.69 
13.24 
13.86 
14.20 
14.61 
14.01 
15.19 
15.46 
15.58 
15.62 
15.77 
16.37 
16.26 
15.90 
15.35 
14.79 
15.02 
15.19 
13.79 

15.73 
16.30 
16.36 
16.00 
16.26 
15.97 
16.18 
16.33 
16.32 
18.45 
16.89 
17.90 
14.47 
17.96 
16.64 
15.62 
14.78 
14.80 
14.93 
14.79 
14.93 
15.53 
16.31 
18.17 
18.31 
16.60



Appendix H 

Table H-3a (continued). Daily mean temperatures (*C) for Field's Cove subtidal stations during 1997 
sample period. Temperature recorders were suspended from buoys at a depth of 0.3 meters (2 ft).

ate SC 1 2 FC 3 LR 4 5 NC
914/1997 16.61 16.28 18.15 17.36 17.18 17.23 16.87 16.19 
915/1997 17.20 16.88 18.38 18.14 17.79 17.88 16.71 16.52 
9W6/1997 17.40 17.03 18.52 18.05 17.97 18.01 17.05 16.75 
917/1997 17.60 17.28 18.56 18.07 17.84 17.97 17.21 16.91 
918/1997 16.99 16.55 18.42 17.49 17.46 17.40 17.34 16.73 
9/9/1997 16.40 15.99 17.98 16.92 18.93 16.78 17.21 16.32 

9/1011997 15.32 14.90 16.82 15.39 1552 15.64 16.30 15.29 
9/1111997 14.20 14.11 15.83 14.63 14.78 14.81 15.14 14.38 
9112/1997 14.49 14.51 15.80 14.99 14.91 14.90 14.68 14.12 
9/13/1997 15.28 15.22 16.55 16.16 16.45 16.18 15.33 15.11 
9/14/1997 16.39 .16.31 17.55 16.88 17.01 16.99 16.35 16.13 
9/15/1997 15.92 1530 17.37 16.00 15.78 16.08 16.15 15.50 
9/16/1997 15.07 14.94 16.50 15.56 15.40 15.53 15.32 14.82 
9117/1997 15.12 1W16 16.88 16.38 16.56 16.45 15.21 15.03 
9/18/1997 15.45 15.43 17.21 16.21 16.18 16.29 15.45 15.29 
911911997 15.71 15.87 17.20 16.30 16.27 16.36 15.70 15.54 
912011997 16.25 16.23 17.76 17.36 17.45 17.38 16.16 15.99 
9/21/1997 16.78 18.61 18.45 17.50 17.35 17.50 16.69 16.33 
9/22/1997 16.73 16.42 18.15 17.52 17.57 17.50 16.76 16.31 
9123/1997 16.82 16.78 18.38 18.52 18.35 18.48 16.86 16.85 
9124/1997 16.92 16.73 18.03 17.56 17.25 17.35 16.70 16.66 
9125/1997 16.52 16.30 16.68 16.80 16.48 16.53 16.17 16.00 
9126/1997 16.16 15.93 16.77 16.80 16.39 16.42 16.03 15.92 
9127/1997 15.93 15.57 15.94 16.12 15.71 15.75 15.61 15.49 
9128/1997 t5.78 15.54 15.71 15.79 15.97 15.74 15.25 15.23 
912911997 16.89 16.85 17.68 17.56 17.83 17.71 16.69 16.76 
913911997 17.35 17.03 18.70 18.48 18.43 18.42 17.53 17.32 
1011/1997 17.59 17.43 19.28 18.75 18.82 18.71 17.40 17.18 
102/1997 18.34 18.12 19.43 18.82 16.79 18.80 17.93 17.90 
1913/1997 17.48 17.18 17.55 17.43 17.40 17.40 16.76 16.68 
1014/1997 17.51 17.11 17.58 17.29 17.49 17.27 16.78 16.69 
1915/1997 17.18 16.67 17.04 17.06 17.11 17.03 1656 16.52 
191/1997 16.49 16.16 16.82 16.73 16.94 16.72 1638 16.40 
191711997 14.83 14.21 15.11 15.10 14.98 14.96 14.96 14.82 
1108/1997 14.85 14.64 15.01 14.73 14.83 14.81 14.15 14.06 
10/919997 15.74 15.44 16.40 16.44 16.34 16.28 15.23 15.24 

1011011997 15.71 16.25 16.05 16.15 16.00 15.83 15.63 
10911/1997 15.46 16.48 15.81 1580 15.71 15.42 15.35 
19112/1997 15.01 16.03 15.37 1556 15.46 14.89 14.80 
10/1311997 15.13 1877 16.45 16.62 16.58 15.11 15.11 
19114/1997 15.60 17.54 18.06 17.61 18.05 15.70 15.59 
10915/1997 15.87 17.92 18.27 18.05 18-33 16.16 16.09 
10/16/1997 16.37 18.46 18.80 18.66 18860 16.77 16.65 
1911711997 16.01 18.06 17.64 17.49 17.55 16.54 16.19 
10118/1997 15.58 17.29 17.12 17.34 17.24 15.61 15.70 
19119/1997 15.83 17.36 17.18 17.15 17.21 15.99 16.00 
19129/1997 16.12 17.76 17.83 17.81 17.83 16.37 16.58 
10121/1997 16.25 17.83 17.44 17.23 17.34 16.42 16.22 
10/22/1997 15.87 
10/23/1997 
10124/1997 
10/25/1997 
10/26/1997 
10/2711997 
10926/1997 16.36 16.68 
10/29/1997 16.77 16.58 
1913911997 16.71 17.50 17.22 17.12 16.93 16.03 
10/31/1997 16.91 16.84 16.76 16.63 16-52 16.25 
11/11/1997 17.17 16.94 16.78 16.90 16.65 16.68 
11/2/1997 17.48 17.73 17.38 17.63 17.21 17.15 
11/3/1997 17.87 18.57 18.18 18.38 18.18 17.78 
11/4/1997 18.01 19.20 19.33 19.72 19.44 17.81 
11/5/1997 17.80 19.37 18.93 19.34 19.03 17.51 
11/511997 17.68 18.63 18.25 18.57 18.30 17.29 
11/7/1997 17.18 18.18 17.82 18.00 17.75 16.75 
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Table H-3a (continued). Daily mean temperatures (*C) for Field's Cove subtidal stations during 1997 
sample period. Temperature recorders were suspended from buoys at a depth of 0.3 meters (2 ft). \ ]

Date SC 1 2 FC 3 LR 4 5 NC
1108/1997 
11/911997 

11/1011997 
11/1111997 
11/1211997 
11113/1997 
11/14/1997 
11115/1997 
11/16/1997 
11117/1997 
11/11&1997 
1111911997 
11/20/1997 
11/21/1997 
11/22/1997 
11/23/1997 
11/24/1997 
11/2811997 
11/2/11997 
11/27/1997 
11/28W1997 
11/29I1997 
11/3011997 
12/1/1997 
12/2/1997 
12/3/1997 
12/4/1997 
12/&/1997 
1216/1997 
12/7/1997 
12/8/1997 
12/911997 
12/10/1997 
12/1111997 
12/12/1997 
12/13/1997 
12/14/1997 
12/15/1997 
12/16/1997 
12/17/1997 
12/1811997 
12/19/1997 
12/2011997 
12/21/1997 
12/22/1997 
12/23/1997 
12/24/1997 
12/25/1997 
12/2&11997 
12/27/1997 
12/2811997 
12/2W/1997 
12/3011997 
12/31/1997 

111/1998 
1/2/1998 
1/3/1998 
1/4/1998 
1/5/1998 
1/6/1998 
1/7/1998

17.27 
18.20 
18.04 
18.02 
17.61 
17.63 
17.61 
17.51 
17.38 
17.25 
17.41 
17.10 
17.04 
17.04 
17.25 
17.32 
17.31 
17.13 
16.97 
16.89 
16.75 
16.61 
1W.62 
16.56 
1.44 
16.16 
16.05 
18.11 
16.24 
16.79 
16.68 
16.50 
16.82 
16.93 
16.17 
16.15 
16.45 
16.35 
16.13 
15.93 
15.91 
15.78 
15.66 
15.78 
15.69 
15.62 
15.40 
15.56 
15.70 
15.71 
15.88 
15.92 
15.84 
15.77 
15.57 
15.57 
15.55 
15.45 
15.37

17.86 
18.20 
19.63 
18.29 
18.77 
1856 
17.76 
17.78 
18.00 
18.15 
18.54 
18.81 
17.82 
18.06 
18.20 
18.29 
18.22 
1823 
18.16 
17.23 
17.60 
17.49 
17.06 
16.96 
17.42 
18.09 
18.16 
17.32 
17.39 
17.48 
16.82 
16.44 
17.26

17.30 
18.50 
19.24 
1807 
18.32 
18.14 
17.49 
17.49 
17.69 
17.59 
18.26 
18.26 
17.41 
17.60 
18.79 
1847 
17.67 
17.71 
16.02 
17.36 
17.42 
17.24 
17.10 
17.19 
18.24 
18.94 
18.30 
17.51 
17.27 
17.25 
17.06 
16.78 
17.26 
17.87 
17.92 
18.08 
17.55 
17.13 
17.48 
1&.93 
16.54 
16.39 
16.40 
16.11 
16.10 
16.20 
15.90 
16.12 
16.29 
16.74 
17.24 
17.21 
16.81 
16.94 
17.36 
17.39 
18.34 
16.58 
15.96 
16.43 
16.85

Mean [ 16.16 15.16 17.16 16.73 16.86 16.54 15.59 1589
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17.63 

19.01 

19.55 

18.34 

18.54 

1833 

17.97 

18.00 

17.87 

17.86 

18.91 

18.88 

17.96 

18.28 

19.12 

18.41 

18.30 

18.20 

1&.27 

17.58 

17.58 

17.42 

17.32 
17.21 

17.78 

18.55 

17.30 

17.08 

16.83 

17.07 

17.16 

16.78 

17.32 

18.12 

17.78 

17.93 

17.08 

16.92 

17.18 

16.60 

16.47 

16.38 

16.27 

16.36 

1609 

16.24 

16.03 

16.09 

16.30 

16.68 

16.97 

16.80 

16.56 

1654 

17.23 

17.74 

16.62 

16.99 

16.54 

16.91 

17.27

17.38 
18.60 
19.29 
18.14 
18.26 
18.04 
17.67 
17.65 
17.58 
17.47 
16.48 
18.65 
17.58 
17.76 
18.95 
18.62 
17.79 
17.77 
17.86 
17.13 
17.43 
17.14 
17.00 
16.64 
17.33 
18.02 
17.69 
16.95 
16.99 
16.98 
16.80 
16.48 
16.92 
17.67 
17.63 
17.89 
17.32 
16.94 
17.23 
168.3 
16.33 
1606 
16.20 
15.90 
15.69 
15.84 
15.62 
15.79 
16.04 
16.68 
17.04 
1688 
16.69 
16.82 
17.32 
17.35 
16.06 
16.34 
15.68 
16.18 
16.78

17.02 
17.92 
17.75 
17.57 
17.42 
17.30 
17.31 
17.25 
17.12 
17.06 
17.78 
17.17 
16.71 
16.89 
17.04 
17.03 
17.09 
17.04 
16.81 
16.72 
16.65 
16.76 
16.55 
16.51 
16.71 
16.51 
16.25 
16.19 
16.37 
16.38 
16.10 
16.22 
16.42 
16.99 
16.53 
16.46 
16.37 
15.93 
15.72 
15.74 
15.67 
15.62 
15.58 
15.37 
15.42 
15.27 
15.27 
1539 
15.46 
15.64 
15.71 
15.74 
15.71 
15.57 
15.71 
15.54 
15.53 
15.31 
15.31
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Table H-3b. Daily mean temperatures (IC) for Field's Cove subtidal stations during 1998 sample period.  
Temperature recorders were suspended from buoys at a depth of 0.3 meters (2 fi).

Date I Sc 1 2 FC 3 LR 4 5 NC

5r23/1998 
&/24/1998 
5&25/1998 
5/26/1998 
5/2711998 
5/28/1998 
5/29/1998 

5/30/1998 
5/31/1998 
611/1998 
6/2/1998 
613/1998 
6/4/1998 
615/1998 
SW1998 
61711998 
61011998 
6/1W1998 

6/10/1998 
6/11/1998 
6W12/1998 
6113/1998 
6114/1998 
6115/1998 
611611998 
6/1711998 
6/16/1998 

6/19/1998 
6/20/1998 
6121/1998 
6122/1998 
e6231998 
6124/1998 
6/25/1998 
6/2811998 
6/2711998 
6/2611998 
6129/1998 
6r3"/1998 
7/1/1998 
7/2/1 998 

7U11998 

7/6/1998 

7/9/1998 
7/0/1998 
7/1/1998 

7/12/1998 
7/11/1998 
7/14/1998 
7/15/1998 
7/13/11998 

7/17/1998 7/16/1998 
7/19/1998 

7/18/1998 
7119/1998 

7/21/1998 
U/2111998 

7/22/1998 
7/23/1998 
7/24/1998 
7/25/1998
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10.65 
10.69 
11.11 
11.81 
11.62 
12.13 
12.23 
11.97 
11.24 
11.62 
11.59 
11.76 
13.08 
12.64 
11.51 
12.01 
13.02 
12.28 
12.05 
12.13 
12.17 
12.72 
12.68 
12.18 
13.19 
13.34 
13.55 
13.35 
13.04 
12.70 
13.00 
13.09 
12.34 
12.34 
12.44 
12.13 
12.04 
11.84 
11.21 
11.11 
10.68 
10.40 
11.00 
11.37 
11.82 
12.64 
12.83 
12.59 
11.90 
11.70 
11.73 
13.37 
14.18 
14.26 
14.00 
13.92 
14.27 
14.68 
15.56 
16.17 
16.12 
16.22 
16.29 
16.52 
16.86

12.42 
12.30 
12.69 
13.34 
1323 
13.63 
14.10 
13.72 
12.94 
13.36 
13,28 
1370 
14.05 
14.24 
13.51 
13.38 
14.04 
14.31 
14.10 
13.95 
13.88 
14.11 
14.46 
14.29 
14.45 
14.27 
14.32 
14.68 
14.55 
14.00 
14.55 
14.79 
14.43 
14.31 
14.48 
14.36 
13.54 
13.88 
13.28 
12.93 
12.30 
11.92 
12.62 
12.83 
13.61 
15.10 
14.58 
14.42 
14.12 
13.98 
13.53 
13.93 
15.04 
15.46 
15.38 
15.54 
15.45 
15.48 
16.90 
17.60 
17.49 
17.81 

17.78 
18.11 
16.46

11.57 11.13 
11.59 11.50 11.10 
11.59 11.94 11.54 

12.11 13.18 12.70 
13.32 13.04 12.62 
13.23 1392 13.33 
14.24 13.75 13.66 
14.52 13.49 12.78 
13.62 12.29 11.88 
12.57 12.83 12.16 
12.97 12.78 12.40 
12.67 13.38 12.78 
13.78 14.27 13.89 
14.59 13.69 13.15 
13.86 12.87 12.30 
13.95 13.61 13.36 
14.29 14.65 14.20 
14.79 13.70 13.09 
14.15 13.95 13.27 
14.33 13.92 13.21 
14.18 13.92 13.15 
13.99 14.33 13.60 
14.568 14.31 13.76 
14.47 13.75 13.40 
1386 14.36 13.61 
14.61 14.52 13.71 
14.67 14.36 13.58 
14.42 14.55 1386 
14.97 14.49 14.01 
15.04 13.99 13.32 
14.02 14.68 14.10 
15.13 14.68 13.80 
15.38 13.85 13.10 
14.40 14.01 13.30 
14.14 14.13 14.03 
14.28 13.55 13.15 
13.62 13.06 12.40 

13.25 12.60 12.08 
12.56 12.06 11.97 
11.86 11.80 11.77 
11.68 11.25 11.29 
10.96 10.92 10.95 

10.86 12.32 11.54 
12.63 12.75 11.86 
13.33 13.94 13.10 
14.47 14.88 13.48 
14.93 14.53 13.54 
15.12 13.64 13.12 
14.14 13.22 12.38 
13.49 12.94 12.35 
13.07 12.01 11.76 
11.68 13.35 12.75 
13.92 14.77 14.43 
15.61 14.60 13.80 
14.85 14.39 13.52 
14.47 14.41 13.38 
14.44 14.45 13.55 
14.74 15.40 14.97 
16.10 16.68 16.24 
17.27 16.92 16.31 
17.43 16.56 15.72 
17.21 16.86 16.03 
17.75 16.83 16.15 
17.60 17.54 16.86 
18.25 17.97 17.18

11.37 12.09 
11.33 11.96 
11.64 12.19 
12.74 12.79 
12.86 13.19 
13.84 12.88 

13.95 1291 
13.03 13.09 
12.25 12.33 
12.61 12.19 
12.52 12.73 
12.62 1110 
14.07 13.32 
13.36 13.67 
12.20 12.85 
13.30 12.86 
14.43 13.30 
13.22 1359 
13.40 13.27 
13.35 13.10 
13.32 13.44 
14.08 13.45 
13.81 13.72 
13.63 14.00 
14.10 13.31 
14.12 13.68 
14.02 14.09 
14.13 13.99 
14.11 13.67 
13.56 13.58 
14.41 13.78 
14.16 13.83 
13.15 13.27 
13.51 13.34 
13.70 13.49 
13.12 13.38 
12.65 13.00 
12.17 13.08 
11.90 12.79 
11.70 12.45 
11.37 11.92 
11.06 11.59 
11.82 11.61 
12.55 11.81 
13.41 12.72 
14.16 13.73 
13.90 13.45 
13.13 13.08 
12.53 12.97 
12.31 13.05 
11.69 13.18 
12.73 12.78 
14.48 13.95 
14.28 14.56 
13.93 14.57 
13.93 14.52 
13.99 14.31 
15.25 14.55 
16.53 15.71 
16.53 16.33 
16.31 16.23 
16.56 16.53 
16.32 16.47 
16.99 16.89 
17.49 16.94

12.84 
12.65 
12.08 
12.15 
11.85 
11.49 
11.16 
10.83 
11.21 
11.60 
12.01 
12.86 
12.92 
12.83 
12.34 
12.15 
12.15 
13.09 
13.87 
14.47 
14.16 
14.12 
14.25 
14.47 
15.57 
16.47 
16.23 
16.40 
16.46 
16.75 
17.00



Appendix H

Table H-3b (continued). Daily mean temperatures (°C) for Field's Cove subtidal stations during 1998 
sample period. Temperature recorders were suspended from buoys at a depth of 0.3 meters (2 ft).

Date I SC 1 2 FC 3 LR 4 5 NC
11.41 18.88 

1694 18.15 
1533 1525 
14.79 1599 
15.32 18.86 
15.30 17.10 
14.88 16.37 
15.44 16.47 
16.21 17.25

7/26/1998 

7/27/1996 
7/28/1998 
7/2911998 

7/30/1996 

7131/19cJ8 

8/111998 

8/2/1998 

8/3/1996 
8/4/1998 
8/5/998 
8/6/1998 
8/7/1998 
8/8/1998 
8/911998 

8/10M1998 
M/11/1998 

8/12/1998 
8/13/1996 

5/14/1996 

8/15/1986 

8/18/1998 

8/17/1998 

8/1 8/1 998 
8/1911998 

8/29/11998 
8/21/1998 

8/22/1996 
8123/1998 
8124/1998 
8/26/1998 

8/26/1996 
8127/1998 
8/28/1998 
8/2911996 
82301998 
8/319198 
9&111998 

912/1998 
913/1998 
9/4/1998 
9/8/1998 
9/6/1998 
917/1996 

918/1996 
91911998 
9M1101998 

9/111/1 998 
912/1 99W 
9W13/1998 

9/14/1998 
914/1998 
9/11/1996 
9W17/1998 
9/18/1998 
9/911998 
9/20M1998 

911111998 
91121/1998 

9/22/1998 
9/23/199e 
9124/1996 
9/25/1998 
9/1271998 
9/27/1998 
9/22/1998

I 18.00 17.42 17.65 17.88 
16.68 1625 16.16 17.79 
15.16 14.51 14.74 15.45 

14.98 14.94 14.76 15.17 
1619 15.57 15.63 16.12 
1588 15.72 15.65 16.73 
15.31 15.05 15.10 16.13 
18.48 16.24 1&.27 15.39 
16.77 16.10 16.54 15.93

17.07 
1669 
15.41 

14.57 
15.09 
14.96 
14.48 
15.32 
16.15 
16.14 
1551 
1531 
1522 
14.96 
15.02 
16.11 
18.59 
16.57 
10.26 
17.46 
17.27 
1752 
17.05 
1655 
18.49 
15.89 
14.99 
14.95 
14.86 
1503 
1565 
15W7 
16.11 
16.16 
15.75 
15.52 
15.69 
1587 
1572 
15.59 
15.86 
16.05 
16.40 
16.73 
17.29 
1580 
1550 
1629 
16.40 
18.38 
18.84 
16.97 
16.64 
16.32 
14.92 
14.37 
1504 
15.45 
15.58 
15.79 
15.81 
15.35 
15.71 
1624 
16M0

18.63 

17.96 

16.28 

14.87 

15.19 

16.26 

1609 

1522 

18.94 

17.69 

17.52 

16.83 

16.72 

16.64 

16.19 

1658 

17.40 

18.17 

17.90 

16.44 

18.77 

19.07 

18.04 

16.95 

17.29 

16.73 

15w1 
15.42 

14.31 

15.94 

16.55 

16.71 

17.44 

17.22 

1585 

1M.73 

16.89 

17.05 

17.03 

16.98 

17.14 

17.19 

18.34 

1699 

1654 

16.29 

15.68.  

17.70 

17.70 

17.49 

18.16 

18.80 

1638 

17.11 

1510 

14.31 

15.97 

17.15 

16.43 

16.57 

17.27 

1684 

17.75 

17.68 

17.50

17.83 
16.05 
17.33 
16.35 
18.81 
1629 
14.98 
14.87 
14.27 
14.71 
15.46 
15.81 
1632 
1M.59 
15.52 
15.92 
16.00 
16.28 
16.24 
16.12 
18.21 
1&41 
17.20 
17.88 
17.68 
16.25' 
15.27 
16.66 
17.15 
168 
17.37 
17.80 
17.49 
16.76 
15.43 
14.38 
15.57 
16.13 
1598 
1599 
1646 
1573 
17.00 
17.09 
17.01

17.50 
17.47 
17.41 
1M.88 
18.99 
17.11 
15.87 
15.18 
14.92 
14.33 
15.24 
15.&2 
1596 
16.44 
15.98 
16.01 
16.24 
16.52 
16.28 
16.04 
15.50 
18.13 
16.63 
16.62 
16.67 
16.30 
15.27 
15.53 
1646 
16M8 
1639 
17.05 
17.08 
16.81 
16.01 
14.90 
14.35 
15,39 
1560 
15.80 
1M.04 
15.87 
15.74 
16.27 
16.73
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17.15 
17.47 
17.15 
16.62 
16.65 
15.85 
14.98 
14.90 
14.67 
14.20 
15.43 
15.92 
16.10 
16.25 
15.51 
15.46 
15.65 
15.66 
1562 
15.30 
15.36 
16.13 
16.51 
16.79 
17.34 
1618 
1543 
16.06 
16.49 
16.06 
16.82 
17.16 
16.68 
16.36 
1523 
14.54 
14.58 
15.52 
15.63 
15.92 
15.91 
15.74 
1552 
1609 
1614

18.81 

1877 
18.55 
17.71 
17.95 
17.80 
16.46 
16.12 
15.63 
1558 
1869 
17.05 
17.27 
17.72 
16.95 
17.09 
17.26 
17.41 
17.06 
1679 
16.76 
17.17 
17.72 
17.75 
17.85 
16.96 
15.86 
16.92 
17.68 
17.00 
17.39 
16.12 
17.78 
17.62 
16.10 
14.96 
1508 
1658 
1606 
16.38 
16.99 
16.86 
16.92 
17.13 
17.67

18.28 
18.35 
17.61 
16.57 

17.03 
16.42 
15.27 
15.29 
14.48 
15.18 
16.00 
1626 
18.81 
17.08 
15.95 
15.47 
16.64 
16.87 
16.63 
16.40 
1651 
1672 
17.60 
18.29 
17.97 
16.29 
15.47 
16.98 
17.48 
17.07 
17.48 
18.14 
17.81 
16.92 
15.13 
14.27 
15.38 
16.49 
1607 
1622 
16.68 
1610 
17.27 
17.19 
17.13

Appendix 
H

17.57 
17.62 
17.07 
16.36 
16.95 
16.27 
14.91 
14.82 
14.25 
14.56 
1538 
15.43 
16.08 
16.33 
15.39 
15.86 
15.90 
1M35 
16.03 
15.72 
16.04 
16.33 
17.26 
17.68 
17.62 
15.86 
1516 
16.45 
17.03 
16.94 
17.48 
17.74 
17.11 
16.50 
15.20 
14.23 
1550 
15.87 
1614 
15.96 
16.48 
15.66 
16.85 
16.92 
17.07



Appendix H 

Table H-3b (continued). Daily mean temperatures (IC) for Field's Cove subtidal stations during 1998 
sample period. Temperature recorders were suspended from buoys at a depth of 0.3 meters (2 ft).

Date [ SC 1 2 FC 3 LR 4 5 NC

9/29/1998 

9/301M998 
1011/1998 
10211998 
10031998 
101411998 
10151998 
106/1998 
101711998 
108/1998 
1019/1998 
1011011998 
10/11/1998 
10/12/1998 
10113/1998 
10/1411998 

1015/1998 
10116/1998 
10/17/1998 

10/18/1998 
10119/1998 
10201998 
1012111998 
10=221998 
1023/1998 
10/24/1998 
10/251998 
10M2M1998 
1027/1998 
1028/1998 
1029/1998 
10/31998 
10/3111998 
11/111998 
11)2/1998 
11/3/1998 
1114/1998 
11)5/1998 
116M/1998 
11i7r1998 
11/8/1998 
11/9/1998 
11110/1998 
11/11/1998 
11/12/1998 
11/13/1998 
11/14/1998 
11/15/1998 
11/1611998 
11/17/1998 
11118/1998 
11/19/1998 
11)201998 
11121/1998 
11)22/1998 
11)23/1998 
11/24/1998 
11/25/1998 
11)26/1998 
11/27/1998 
11)2M/1998 
11)29/1998 
11/301998 
121/1998 
12/2/1998

15.49 16.55 

15.15 15.58 

14.78 15.19 

14.53 15.00 

14.02 14.30 

13.67 13.94 

14.11 14.18 

14.69 14.70 

14.79 15.10 

14.56 14.75 

13.38 13.91 

12.97 12.99 

1321 13.42 

13.71 13.47 

13.85 14.21 

13.17 13.43 

12.63 12.91 

12.73 12.67 

13.87 13.80 

14.08 14.20 

13.67 1371 

13.79 1388 

14.46 14.35 

13.00 

14.48 

14.35 

14.41 

14.15 

14.38 

14.39 

14.38 

13.87 

13.72 

13.65 

12.98 

12.94 

12.64 

11.94 

11.54 

11.99 

12.68 

12.34 

12.39 

12.59 

12.42 

12.54 

12.65 

12.64 

12.59 

12.88 

12.79 

12.42 

12.59 

12.66 

12.74 

13.01 

13.16 

12.97 

13.04 

13.05 

13.03 

12.75

16.84 
16.92 
16.14 
16.04 
15.23 
14.75 
15.33 
15.78 
16.05 
16.49 
14.53 
13.47 
14.32 
15.03 
14.88 
14.32 
13.45 
13.27 
14.77 
15.41 
14.80 
14.91 
15.72 
14.14 
15.69 
15.47 
14.73 
14.29 
15.28 
15.39 
15.02 
14.02 
14.28 
14.43 
13.32 
13.50 
13.23 
12.38 
11.84 
12.65 
13.28 
13.15 
13.08 
13.41 
12.91 
13.07 
13.81 
13.64 
13.36 
13.72 
13.06 
12.73 
13.44 
13.37 
12.85 
13.18 
13.17 
13.07 
13.11 
12.99 
13.04 
13.67

15.75 
15.63 

14.80 

15.08 

14.50 

13.68 

14.37 

15.46 

16.61 

14.94 

13.56 

12.57 

13.44 

14.61 

14.03 

13.11 

12.41 

12.65 

14.85 

14.45 

14.11 

14.89 

15.62

16.92 16.13 
17.36 16.45 

16.20 15.38 

15.65 15.40 

14.86 14.40 

14.30 13.89 

16.45 14.80 

16.71 15.90 

16.79 16.00 

15.96 15.86 

13.86 13.90 

13.09 12.78 

14.32 14.06 

15.75 15.55 

14.80 14.62 

13.52 13.50 

13.16 12.91 

13.24 12.81 

15.05 14.62 

15.41 15.19 

15.43 14.66 

15.57 14.89 

16.35 15.87 

14.00 14.13 

15.16 15.41 

17.01 16.12 

14.96 15.03 

14.76 14.54 

15.66 15.30 

15.59 15.27 

15.01 14.96 

14.24 14.67 

14.26 14.13 

14.36 14.39 

13.48 13.63 

13.28 13.32 

13.19 13.07 

12.35 12.46 

11.81 12.03 

12.96 12.74 

13.37 13.12 

13.15 12.89 

14.56 13.90 

13.72 13.30 

12.94 12.95 

13.13 13.07 

13.73 13.60 

13.88 13.81 

13.38 13.16 

13.91 13.48 

13.10 13.05 

12.75 12.68 

13.80 13.52 

13.48 13.43 

13.01 13.26 

13.32 13.59 

13.37 14.02 

13.14 13.32 

13.19 13.36 

13.05 13.18 

13.06 13.27 

13.91 13.56 

14.38 14.11 

13.41 13.48 

13.09 13.14

15.54 
15.79 
15.07 
15.13 
14.50 
13.96 
14.54 
15.70 
15.58 
15.26 
13.92 
12.77 
13.54 
15.16 
14.31 
13.43 
12.72 
12.70 
14.49 
14.81 
14.30 
14.48 
15.56 
14.76 
14.95 
15.74 
14.71 
14.29 
15.23 
15.08 
14.63 
14.20 
1398 
1392 
13.50 
13.03 
12.65 
12.14 
11.68 
12.62 
13.09 
12.68 
13.80 
13.40 
12.71 
12.76 
12.92 
13.02 
12.95 
13.38 
12.95 
12.57 
12.99 
13.09 
13.11 
13.22 
13.37 
13.15 
13.35 
13.47 
13.42 
13.73 
14.11 
13.71 
13.22
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15.03 
15.61 
15.20 
15.27 
14.71 
14.03 
13.97 
14.53 
15.15 
15.25 
14.11 
12.97 
13.07 
14.03 
14.30 
13.62 
12.93 
12.63 
13.65 
14.67 
13.82 
13.87 
14.68 
14.85 
14.79 
14.36 
14.41 
14.16 
14.49 
14.64 
14.54 
13.91 
13.60 
13.64 
13.12 
13.10 
12.90 
12.12 
11.63 
12.08 
12.82 
12.56 
12.65 
12.61 
12.67 
12.69 
12.87 
12.83 
12.75 
13.04 
12.87 
12.54 
12.36 
12.73 
12.91 
13.06 
13.35 
12.90 
12.94 
1304 
13.03 
12.87 
13.46 
13.38 
13.05



Appendix H 

Table H-3b (continued). Daily mean temperatures (0C) for Field's Cove subtidal stations during 1998 
sample period. Temperature recorders were suspended from buoys at a depth of 0.3 meters (2 ft).  

Date sc 1 2 FC 3 uR 4 5 NC 
12)119 13.01 13.06 13.10 13.01 
12/411998 12.74 12.81 12.72 12.865 
12/&199N 12.42 12.51 12.39 12.35 
1201998 11.99 12.16 12.18 12.00 
121711998 12.21 12.07 12.01 11.79 
120/1998 1227 12.34 12.15 11.69 
121WI 998 11.94 12.02 11.92 11.87 
12)1011998 12.39 12.29 12.03 11.79 
12/11/1998 12.37 1232 12.08 11.99 
1211211998 12.51 12.33 12.13 11.89 
1211311998 12.94 12.74 12.30 12.05 
12R14/1998 11.97 12.38 11.88 
12/15/1998 12.01 12.29 11.89 
12116/1998 12.17 12.60 12.05 
1211711998 12.12 12.24 12.29 
12118/1998 12.38 12.33 12.36 
12/19/1998 12.18 12.48 12.23 
12=2011998 11.71 12.23 11.55 
12121/1998 11.29 11.05 11.10 
12=22/199M 11.68 11.15 11.38 
12r23/1998 12.54 12.02 11.84 
12124/1998 12.41 12.08 11.92 
1212511998 12.70 1221 11.97 
12)26/1998 12.45 12.06 11.81 
12027/1998 12.54 11.95 11.63 
12/28/1998 12.12 12.03 

Mean 14.23 14.38 15.10 14.80 14.43 14.57 14.16 14.19
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Appendix H 

Table H-3c. Daily mean temperatures (*C) for Field's Cove subtidal stations during 1999 sample period.  
Temperature recorders were suspended from buoys at a depth of 0.3 meters (2 ft).

Oate I Sc 1 2 FC 3 LR 4 5 NC
711411999 
7115/1999 
7/16/1999 
7117/1999 
7/18/1999 
711911999 
7/2011999 
7/21/1999 
7/22=1999 
7/23/1999 
7/24/1999 
7/25/1999 
7/26/1999 
7/27/1999 
7/28/1999 
7/29/1999 
7/301"999 
7/3111999 
8/11999 
8/2/g999 
8/3/1999 
8/4/1999 
W/5/1999 

5W5/1999 
8/7/1999 
8/8/1999 
W1999 
8/1011999 
8/11/1999 
8/12/1999 
8/13/1999 
8/14/1999 
8/15/1999 
8/16/1999 
8/17/1999 
8/18/1999 
8/19/1999 
8/2011999 
8/21/1999 
8/22&1999 
8/23/1999 
8624/1999 
8/25/1999 
8/26/1999 
8a27/1999 
8/28/1999 
8/29M1999 
8/30/1999 
8/3111999 
911/1999 
91211999 
9M3/1999 
9/411999 
915/1999 
9/6/1999 
9/711999 
9/8/1999 
9/911999 

911011999 
9/1111999 
9/12/1999 
9113/1999 
9114/1999 
9/15/1999 
9/16/1999

14.92 

15.47 

15.82 

14.52 

13.80 

13.59 

13.67 

13.65 

13.90 

14.06 

13.17 

12.46 

1257 

12.51 

12.49 

12.38 

12.36 

11.90 

12.05 

12.42 

12.29 

11.94 

11.97 

12.58 

13.22 

13.33 

12.84 

1307 

1130 

13.25 

12.99 

12.67 

12.90 

13.31 

13.67 

13.31 

12.92 

12.98 

13.15 

13.67 

14.15 

14.06 

1374 

13.36 

13.16 

13.23 

13.04 

13.12 

12.98 

12.89 

13.62 

13.72 

13.56 

13.79 

14.14 

14.40 

14.84 

14.86 

14.84 

14.81 

14.76 

14.61 

14.12 

13.72 

13.78

14.53 
15.12 
15.13 
14.28 
13.76 
13.48 
13.58 
13.60 
13.79 
14.03 
12.96 
11.99 
12.22 
12.41 
12.31 
11.99 
11.87 
11.56 
11.94 
12.37 
12.13 
11.62 
11.69 
12.30 
12.96 
12.70 
12.40 
12.51 
12.73 
13.01 
12.57 
12.47 
12.73 
13.01 
1324 
12.82 
12.58 
12.68 
12.77 
13.34 
13.91 
13.50 
13.07 
12.69 
12.69 
12.73 
12.69 
12.83 
12.26 
12.22 
1350 
13.42 
13.23 
13.65 
13.95 
14.24 
14.51 
14.54 
14.42 
14.37 
14.39 
14.17 
13.69 
13.41 
1338

15.89 
16.36 
16.63 
16.18 
15.67 
15.54 
15.46 
15.56 
15.59 
15.76 
14.88 
13.33 
13.83 
14.44 
14.49 
14.12 
14.08 
13.85 
167 
14.04 
14.06 
13.76 
13.70 
14.48 
15.09 
15.14 
14.62 
14.89 
15.37 
15.23 
14.68 
14.02 
14.30 
14.78 
15.06 
15.11 
14.66 
14.43 
14.36 
15.03 
15.90 
15.43 
15.01 
14.70 
14.55 
14.69 
14.19 
14.12 
13.34 
13.37 
15.28 
14.93 
14.50 
14.99 
15.39 
15.59 
15.71 
15.77 
15.73 
15.77 
15.72 
15.53 
15.12 
14.46 
14.71

16.05 
16.70 
16.24 
15.10 
14.84 
14.96 
14.58 
14.29 
15.06 
14.51 
13.25 
12.33 
13.67 
14.02 
13.55 
12.63 
12.03 
11.85 
12.40 
1310 
12.19 
11.98 
1394 
14.85 
15.00 
14.58 
13.37 
15.53 
14.22 
12.88 
12.80 
13.22 
13.76 
13.54 
14.36 
13.24 
1364 
1376 
13M8 
16.31 
16.15 
14.80 
14.61 
14.95 
14.09 
13.96 
13.32 
13.30 
12.58 
13.97 
15.40 
14.13 
14.32 
15.26 
15.88 
15.90 
15.42 
15.23 
15.27 
15.71 
15.36 
14.67 
13.76 
14.20 
14.23

15.41 

16.21 

15.77 

14.77 

14.23 

14.18 

13.94 

14.01 

14.23 

14.39 

13.36 

12.33 

12.97 

13.01 

12.96 

12.47 

12.14 

11.63 

11.99 

12.61 

12.03 

11.67 

12.57 

13.50 

14.13 

13.25 

12.54 

14.11 

13.45 

1302 

12.I8 

12.74 

13.13 

13.21 

13.38 

12.92 

13.17 

13.08 

13.10 

14.43 

14.96 

13.70 

13.65 

13.74 

13.29 

1320 

1&06 

12.89 

12.79 

12.93 

14.10 

13.89 

13.78 

14.32 

14.71 

15.08 

14.97 

14.67 

14.58 

15.06 

14.69 

14.35 

13.67 

1344 

13.74

14.97 

15.72 
15.02 
14.13 
13.63 
13.57 
13.71 
13.73 
13.84 
14.29 
13.32 
11.82 
12.25 
12.21 
12.49 
12.55 
12.27 
11.75 
11.90 
12.06 
11.73 
11.13 
11.83 
13.05 
13.32 
12.53 
12.22 
13.59 
13.03 
12.60 
12.06 
12.32 
12.67 

-12.72 
12.70 
12.61 
12.44 
12.56 
12.16 
14.80 
14.07 
13.06 
12.77 
12.73 
12.48 
12.42 
12.19 
12.35 
11.66 
12.50 
1369 
12.86 
13.25 
1394 
14.45 
14.87 
14.44 
13.89 
13.93 
14.78 
14.25 
13.69 
13.29 
13.04 
13.26

TENERA E2000-072.3 H-1I Supplemental Temperature Data 
9/28&00

15.32 

16.05 
15.62 
14.66 
14.06 
13.91 
13.96 
13.96 
14.02 
14.44 
13.71 
12.48 
12.58 
12.75 
12.81 
12.63 
12.62 
12.15 
12.18 
12.58 
12.19 
11.73 
12.06 
13.09 
13.66 
13.00 
12.56 
13.76 
13.39 
13.10 
12.66 
12.59 
12.84 
13.06 
13.05 
12.91 
12.88 
12.71 
12.70 
14.53 
14.63 
13.52 
13.21 
13.38 
12.92 
12.80 
12.69 
12.73 
12.38 
12.79 
13.91 
13.61 
13.49 
14.07 
14.52 
14.97 
14.71 
14.39 
14.33 
14.82 
14.60 
14.09 
13.52 
13.19 
13.46

14.63 
15.39 
15.66 
15.32 
14.84 
14.68 
14.87 
14.96 
14.85 
15.24 
14.85 
13.39 
12.44 
12.86 
1393 
13.74 
14.06 
13.44 
13.00 
13.29 
13.61 
12.84 
12.12 
12.98 
13.60 
13.95 
13.53 
13.26 
14.00 
14.32 
13.59 
12.84 
1321 
1379 
13.98 
14.22 
13.49 
12.98 
13.10 
12.90 
14.10 
14.07 
13.67 
1308 
13.18 
13.54 
12.98 
12.83 
12.54 
12.14 
1332 
13.81 
13.44 
13.57 
13.93 
14.31 
14.74 
14.52 
14.39 
14.62 
14.54 
14.63 
14.65 
13.56 
13.28

14.40 

15.41 

15.15 

14.13 

13.69 

13.57 

1382 

1382 

13.90 

14.36 

13.48 

11.91 

11.80 

12.17 

12.75 

12.61 

12.30 

11.94 

11.67 

11.64 

11.37 

11.27 

11.58 

12.52 

12.81 

12.68 

12.30 

12.78 

12.82 

12.47 

12.00 

11.97 

12.35 

12.75 

12.63 

12.63 

12.32 

12.18 

11.66 
12.95 

13.62 

1302 

1259 

12.43 

12.34 

12.06 

12.01 

12.12 

11.72 

12.03 

13.21 

12.96 

12.97 

13.68 

14.16 

14.70 

14.24 

13.94 

14.03 

14.37 

14.04 

1389 

1•30 

12.93 

13.14



Appendix H 

Table H-3c (continued). Daily mean temperatures (*C) for Field's Cove subtidal stations during 1999 
sample period. Temperature recorders were suspended from buoys at a depth of 0.3 meters (2 ft).

SC 1 2 FC 3 LR 4 5 NC

13.79 13.94 13.53 
13.75 13.84 13.54 

14.15 14.40 13.83 
14.81 14.75 14.62 

14.00 14.48 14.68 

13.51 14.02 14.14 

13.92 13.95 14.00 

14.25 14.26 14.40 

14.63 14.88 14.42 

14.27 14.65 14.32 

14.77 14.89 14.48 

15.12

13.37 
13.61 
13.96 
14.53 
14.50 
14.12 
14.05 
14.35 
14.40 
14.36 
14.49
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Date

14.97 
1509 
15.57 
15.97 
15.66 
14.78 
14.68 
15.05 
15.42 
14.80 
14.64

14.14 

14.19 

14.63 

15.07 

14.75 

13.93 

14.22 

14.51 

15.10 

14.75 

14.94

9/17/1999 

9/18/1999 

911911999 
912911999 
9121/1999 
9=22/1999 
9r23/1999 
9/24/1999 
9/2511999 
9W26/1999 
9W2711999 
9128/1999 
9=29/1999 
9/3011999 
1011/1999 
10/2/1999 
1013/1999 
10/4/1999 
10/5/1999 
1006/1999 
1017/1999 
10/8/1999 
10/911999 

1091011999 
10111/1999 
10/12/1999 
10/13/1999 
10/14/1999 
1W/15/1999 
10/18/1999 
10117/1999 
10118/1999 
10(1911999 
1912911999 
1012111999 
10=2221999 
10123/1999 
10124/1999 
10/25/1999 
11028/1999 
10)2711999 
10128/1999 
10/2911999 

9103911999 
10Y3111999 
11/1/1999 
11/2M1999 
11/3/1999 
11/4/1999 
11/5/1999 
11/6/1999 
11/7/1999 
11/8/1999 
11/9/1999 

1111011999 
1111111999 
1111211999 
11113/1999 
11114/1999 
11115/1999 
11118/1999 
11117/1999 
1111811999 
1111911999 
11/2011999

13.70 

13.75 
14.05 
14.66 
14.79 
14.58 
14.42 
14.67 
14.71 
14.56 
14.66 

15.42 
15.11 
14.44 
14.16 
14.12 
13.86 
13.83 
13.15 
12.80 
13.26 
14.06 
14.49 
14.49 
14.34 
13.87 
13.63 
13.97 
14.12 
14.24 
14.35 
14.35 
14.28 
14.27 
14.12 
13.89 
13.79 
13.73 
13.65 
13.45 
12.65 
12.84 
13.62 
13.97 
13.82 
13.46 
13.22 
13.37 
13.67 
13.80 
13.97 
13.87 
13.82 
13.96 
14.20 
14.22 
14.33 
14.57 
14.60 
14.21 
13.81 
13.93 
13.95

14.M5 

15.24 
15.51 
15.91 
15.16 
14.25 
14.55 
14.99 
15.39 
14.66 
15.02 

15.35 
14.57 
14.26 
14.42 
13.83 
13.38 
14.05 
12.75 
12.70 
13.35 
14.08 
14.96 
14.55 
14.16 
13.48 
13.86 
14.21 
14.45 
14.95 
14.78 
14.96 
14.46 
14.48 
13.96 
14.29 
13.78 
13.80 
14.14

15.04 

14.52 
14.09 
13.99 
13.96 
13.54 
13.32 
12.70 
12.51 
13.05 
13.91 
14.31 
14.20 
13.96 
13.47 
13.36 
13.66 
13.94 
14.07 
14.10 
14.19 
13.93 
13.87 
13.63 
13.45' 
1340 
1343 
13.46 
13.35 
12.36 
12.54 
13.43 
13.71 
13.51 
13.27 
12.95 
13.33 
13.64 
13.64 
14.00 
13.86 
13.79 
13.89 
14.01 
14.13 
14.26 
14.47 
14.50 
13.99 
13.46 
13.82 
13.84

13.29 
13.31 
13.90 
14.42 
14.01 
13.46 
13.66 
14.15 
14.30 
14.33 
14.68 

14.48 
13.93 
13.61 
13.57 
13.44 
13.04 
13.01 
12.34 
12.36 
12.65 
13.52 
14.15 
14.09 
13.50 
12.97 
13.17 
13.80 
13.83 
13.86 
13.63 
13.62 
13.65 
13.51 
13.03 
13.11 
13.20 
13.52 
13.46 
13.37 
12.34 
12.86 
13.53 
13.70 
13.76 
12.73 
12.93 
13.45 
13.56 
13.77 
14.07 
13.91 
13.97 
13.80 
1406 
14.03 
14.39 
14.86 
14.66 
13.&6 
1340 
13.90 
13.55

15.15 
14.47 
14.09 
14.14 
13.87 
13.33 
13.46 
12.74 
12.69 
13.39 
14.07 
14.58 
14.51 
14.13 
13.28 
13.62 
14.22 
14.27 
14.54 
14.41 
14.27 
14.18 
14.14 
13.65 
13.64 
13.76 
13.75 
13.84 
14.05 
12.75 
12.72 
13.57 
14.00 
14.26 
13.47 
14.53 
14.90 
15.15 
14.92 
14.83 
14.20 
14.43 
14.30 
14.60 
14.73 
15.01 
15.55 
15.40 
14.44 
13.90 
14.43 
13.93

15.23 
14.64 
14.21 
14.00 
14.15 
14.08 
14.01 
12.82 
12.70 
12.96 
13.50 
14.02 
14.29 
14.12 
13.33 
13.05 
13.64 
13.91 
14.10 
14.18 
13.91 
13.88 
13.88 
13.83 
13.43 
13.37 
13.41 
13.42 
13.31 
12.48 
12.61 
13.44 
13.58 
13.81 
13.62 
12.83 
13.22 
13.53 
13.59 
14.11 
14.06 
13.89 
13.89 
14.07 
14.10 
14.27 
14.69 
14.64 
14.20 
13.34 
13.70 
13.68



Appendix H 

Table H-3c (continued). Daily mean temperatures (°C) for Field's Cove subtidal stations during 1999 
sample period. Temperature recorders were suspended from buoys at a depth of 0.3 meters (2 ft).  

Date SC 1 2 FC 3 LR 4 5 NC 

11/2111999 13.17 12.85 13.09 13.06 12.83 

11122/1999 12.43 12.04 12.11 11.83 11.85 

11123/1999 12.83 12.67 13.01 12.25 12.53 

11/24/1999 12.38 12.13 12.56 12.03 12.05 

11/25/1999 12.08 11.94 12.37 11.85 11.78 

11/26/1999 12.21 11.96 12.51 11.88 11.85 

11/27/1999 12A6 12.26 13.72 12.12 12.37 

11/28M1999 1&01 12.76 1395 12.94 13.34 

11/29/1999 13.30 13.24 14.05 13.22 13.43 

11130/1999 13.20 13.07 1394 13.27 13.23 

12/1/1999 12.55 12.35 12.60 12.46 12.19 

12/2/1999 11.92 11.71 11.82 11.74 11.58 

12/3/1999 11.42 11.26 11.50 11.21 11.13 

12/4/1999 11.41 11.27 11.60 11.18 11.37 

12/5/1999 11.78 11.75 12.07 11.68 11.66 

12/6/1999 11.91 11.93 12.06 11.80 11.75 

12/7H1999 11.83 11.72 11.84 11.69 11.65 

12/0/1999 11.39 11.30 11.60 11.24 11.20 

121//1999 11.41 11.29 11.62 11.16 11.46 

12/1011999 11.62 11.86 11.97 11.86 11.92 

12/11/1999 1206 12.00 12.21 11.78 11.94 

12/M12999 1238 12.25 13.07 12.16 12.47 

12/13/1999 12.38 12.36 12.86 12.43 12.38 

12/14/1999 11.58 11.49 11.71 11.48 11.43 

12115/1999 11.40 11.21 11.51 11.10 11.11 

12/16/1999 11.43 11.26 12.22 11.21 11.17 

12M17/1999 11.53 11.42 12.79 11.36 11.33 

12/18/1999 11.64 11.57 11.99 11.54 11.36 

12/19/1999 11.44 11.39 11.78 11.38 11.22 

12/20=1999 11.49 11.44 12.85 11.67 11.97 

12/21/1999 11.67 11.66 12.56 12.05 11.85 

12/22/1999 11.75 11.65 .12.55 11.69 11.70 

12/23/1999 11.95 11.92 13.39 12.09 12.44 

12/24/1999 12.01 11.93 13.36 12.22 12.22 

12/25/1999 11.98 11.89 13.27 12.06 12.10 

12/26/1999 11.93 11.95 12.82 12.04 12.02 

12/27/1999 12.46 12.40 12.81 12.50 12.53 

12/28/1999 12.80 12.75 13.25 12.80 12.85 

12/29/1999 12.82 12.76 14.08 12.88 12.96 

12/3011999 12.58 12.52 14.45 12.82 12.99 

12/31/1999 12.64 12.59 14.54 12.91 12.98 

Mean 13.34 13.09 14.91 14.29 13.60 13.27 13.58 13.37 12.97

TENERA E2000-072.3 H-13 Supplemental Temperature Data 
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Appendix H 

Table H-4a. Daily mean temperatures (°C) for Field's Cove subtidal stations during 1997 sample period.  
Temperature recorders were suspended from buoys at a depth of 3 meters (9 ft), except for FC-Sm which 
was suspended at a depth of 5 meters (16 ft). \)

Sc 1 2 FC FC-5m 3 LR 4 5 NC
7111997 
702/1997 
713/1997 
7M41997 
7/5M1997 
7061997 
71711997 
7/7/1997 
7/9/1997 
7/10/1997 
7/1011997 
7M1I1l1997 
7112/1997 
7/13/1997 
7114/1997 
7/1511997 
7/1111997 
7117/1997 
7/1811997 
7/19/1997 
7/20I1997 
7/21/1997 
7/22/1997 
7U23/1997 
7124/1997 
7R2511997 
712811997 
7M27/1997 
712811997 
7/29/1997 

7/3011997 
713111997 
8/11997 
8/2/1997 
8/3/1997 
8/4/1997 
8/511997 
8&6/1997 
W/11997 
817/1997 8/8/1997 

819/1997 
8/1011997 
8/1111997 
8/12/1997 

8/13/1997 
8/1411997 
8/1511997 
8/1/1&997 
8/17/1997 
8/18/1997 
8/19/1997 
8/2011997 
&/21/1997 
8122/1997 
8&23/1997 
8W24/1997 
8/2511997 
6/26/1997 
8/27/1997 
8/28/1997 
8/29/1997 
8/301997 
8131/1997 
9/1/1997 
9/2/1997

a 11 .97 
11.47 
11.13 
11.70 
12.24 
11.41

12.23 
11.78 
11.73 
12.19 
12.50 
12.48 
11.43 
13.90 
14.08 14.46 
13.64 14.47 
13.23 13.75 
14.25 14.91 
14.40 15.39 
14.13 15.57 
13.79 
13.10 
12.57 
12.16 
12.85 
13.23 
13.85 
14.29 
14.53 
14.41 
14.78 
15.04 16.47 
15.19 16.73 
15.34 16.52 
15.47 16.72 
16.02 17.71 
15.89 17.34 
15.41 17.01 
14.91 16.66 
14.59 16.27 
14.81 1640 
14.71 16.32 
13.46 15.03

12.33 
12.14 
11.76 
12.18 
12.54 
12.01 
10.94 
13.66 
13.90 
13.48 
13.41 
14.06 
14.43 
14.24 

13.72 
13.83 
13.09 
13.82 
14.28 
14.55 

15.76 
15.88 
15.77 
16.10 
16.50 
18.08 
15.59 
15.12 
1517 
15.37 
14.87 
1390 

15.99 
18.80 
16.19 
15.99 
16.24 
16.14 
16.83 
17.09 
17.01 
17.16 
17.49 
18.54 
18.30 
1456 
1585 
15.30 
14.84 
15.02 
15.23 
15.43 
14.79 
15.89 
16.67 
16.51 
16.59

13.72 
13.80 
13.03 
14.07 
14.46 
14.42 

13.44 
12.68 
12.65 
13.41 
13.67 
13.81 
14.57 
14.38 
14.73 
14.92 
15.33 
15.27 
15.32 
16.17 
16.04 

1521 
14.76 
14.61 
15.08 
14.20 

15.03 
15.97 
15.68 
15.44 
15.70 
15.56 
16.15 
16.46 
16.37 
16.50 
16.57 
17.87 
14.61 
14.44 
16.59 
15.89 
15.59 
15.42 
15.80 
15.38 
15.33 
15.33 
16.15 
15.86 
15.99

12.71 
12.29 
11.67 
12.42 
13.08 
1351 
1374 
14.02 
13.03 
14.53 
14.85 
15.19 
15.17 
15.44 15.90 K )q 
15.57 
15.09 
14.58 
14.42 
14.34 
14.06 
13.20 
1M.65
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Date

12.62 
12.15 
11.43 
12.73 
13.16 
13.67 
13.61 
13.96 

15.22 
15.51 
15.59 
15.96 
16.11 
1584 
15.22 
14.80 
14.75 
14.86 
14.28 
13.46 

15.77 
16.34 
15.76 
15.47 
15.69 
15.73 
16.69 
16.92 
16.80 
16.82 
17.25 
17.83 
17.28 
14.19 
15.53 
15.18 
14.71 
14.92 
14.95 
15.24 
14.64 
15.73 
16.11 
15.94 
16.32

15.19 

15.42 
15.53 
15.56 
15.82 
16.22 
16.14 
15.78 
15.30 
14.67 
14.93 
15.14 
13.82 

15.78 
16.28 
16.32 
15.98 
16.36 
16.10 
16.18 
16.38 
16.40 
16.48 
16.93 
17.95 
14.40 
17.98 
1M.73 
15.71 
14.85 
14.88 
15.04 
14.83 
14.97 
15.57 
16.34 
16.24 
16.38

STENERA E2000-072.3

12.27 
11.58 
13.30 
13.68 
14.33 
14.26 
14.52 

15.58 
15.87 
15.75 
16.08 
16.22 
15.91 
15.38 
14.93 
14.88 
15.08 
14.31 
13.37 

16.34 
16.99 
16.14 
15.96 
16.12 
15.86 
16.89 
17.16 
16.92 
16.90 
17.61 
18.42 
17.63 
14.07 
15.36 
14.80 
14.39 
14.67 
14.85 
1509 
14.53 
15.78 
1M.46 
16.31 
16.52

1&.68 

17.33 
17.36 
17.23 
17.44 
17.36 
17.63 
17.96 
17.98 
17.87 
18.20 
19.64 
18.83 
16.10 
17.50 
16.74 
16.44 
16.49 
16.66 
16.42 

14.46 15.98 
15.18 16.18 
15.89 17.16 
15.73 17.22 
15.91 17.27



Appendix H 

Table H4a (continued). Daily mean temperatures (°C) for Field's Cove subtidal stations during 1997 
sample period. Temperature recorders were suspended from buoys at a depth of 3 meters (9 fi), except for 
FC-5m which was suspended at a depth of 5 meters (16 ft).

Date I SC 1 2 FC FC-Sm 3 LR 4 5 NC

91311997 
914/1997 
915/1997 
916/1997 

91711997 
9/811997 
9/911997 

9110/1997 
9/11/11997 
911211997 
911311997 
9/1411997 
9/15/1997 
9/1611997 
9/1711997 
9/1811997 
9119/1997 
9=20/1997 
9121/1997 
9/22/1997 
9123M1997 
9/24M1997 
9/25/1997 
912611997 
912711997 
9128/1997 
912911997 
9/30/1997 
1011/1997 
100211997 
10/301997 
10/4/1997 
10/5/1997 
101611997 
1017/1997 
100811997 
1091997 

1011011997 
1011111997 
1011211997 
1011311997 
1011411997 
1011511997 
10/1611997 
1011711997 
10/1811997 
10/19/1997 
1012011997 
1012111997 
1012211997 
10/2311997 
10=2411997 
1012511997 
10r2611997 
1012711997 
10128/1997 
10129/1997 
10r30"1997 
1013111997 
111111997 
11r211997 
110311997 
111411997 
111511997

16.73 
16.75 
17.31 
17.55 
17.68 
17.06 
16.55 
15.49 
14.40 
14.63 
15.44 
16.54 
16.06 
15.24 
15.26 
15.58 
15.84 
16.40 
16.90 
16.87 
16.97 
17.02 
16.61 
16.27 
16.01 
15.87 
16.96 
17.47 
17.33 
18.14 
17.21 
1729 
16.95 
16.20 
14.55 
14.56 
1548 

16.78 
16.69 
16.86 
17.12 
17.47 
17.75 
17.91 
17.75

16.93 16.80 16.86 

16.52 16.32 16.44 
16.65 16.60 16.58 
17.21 17.25 17.08 
18.18 17.87 17.97 
19.44 18.79 19.07 
19.03 18.57 18.81
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16.13 
16.06 
16.71 
16.99 
17.06 
16.27 
15.69 
14.69 
14.02 
14.37 
15.11 
15.99 
15.10 
14.85 
15.08 
15.43 
15.65 
16.15 
16.56 
16.27 
16.53 
16.57 
16.30 
15.93 
15.56 
15.49 
16.70 
16.93 
17.35 
18.09 
17.10 
17.10 
16.67 
16.17 
14.21 
14.55 
15.38 
15.67 
15.47 
15.00 
15.02 
15.47 
15.76 
16.20 
15.89 
15.49 
15.80 
16.11 
16.24

17.84 

17.87 

18.13 

18.30 

18.23 

18.00 

17.73 

16.58 

15.62 

15.60 

16.38 

17.34 

17.11 

16.22 

16.68 

17.08 

17.01 

17.49 

18.05 

17.68 

17.99 

17.91 

16.59 

16.67 

15.84 

15.62 

17.57 

18.53 

19.08 

19.28 

17.45 

17.46 

16.95 

16.73 

15.00 

14.86 

16.24 

16.16 

16.35 

15.92 
16.34 

16.74 

17.13 

18.00 

17.83 

17.16 

17.20 

17.61 

17.72

17.04 

16.94 

17.60 

17.78 

17.62 

17.15 

16.62 

15.25 

14.50 

14.83 

16.01 

16.60 

15.89 

15.41 

16.13 

16.12 

16.21 

16.91 

17.14 

16.94 

17.88 

17.47 

16.86 

16.63 

16.12 

15.77 

17.38 

18.21 

18.67 

18.85 

17.42 

17.35 

17.13 

16.83 

15.09 

14.71 

16.22 

16.10 

15.83 

15.40 
15.94 

16.42 

16.95 

17.91 

17.23 

16.85 

16.93 

17.66 

17.17

16.66 
16.33 
16.68 
17.29 
17.14 
16.86 
16.26 
15.06 
14A1 
14.48 
15.76 
16.19 
15.38 
15.05 
15.64 
15.66 
15.83 
16.51 
16.78 
16.70 
17.30 
16.77 
16.16 
16.09 
15.42 
15.63 
17.30 
17.77 
18.22 
18.45 
17.06 
17.15 
16.79 
16.61 
14.68 
14.55 
15.88 
15.81 
15.49 
15.26 
16.01 
16.37 
17.07 
17.96 
16.87 
16.72 
16.59 
17.21 
16.69

16.70 
16.56 
17.34 
17.50 
17.39 
1689 
16.22 
14.96 
14.35 
14.61 
15.89 
16.46 
15.74 
15.27 
15.99 
15.96 
16.09 
16.54 
16.83 
16.75 
17.83 
17.14 
16.38 
16.26 
15.65 
15.51 
17.35 
18.00 
18.34 
18.68 
17.23 
17.15 
16.93 
16.64 
14.84 
14.63 
15.98 
15.85 
15.61 
15.31 
15.91 
16.40 
16.89 
17.85 
16.97 
16.83 
16.90 
17.54 
16.93

16.75 
16.66 
1649 
16.79 
16.96 
17.05 
16.88 
16.12 
14.96 
14,49 
15.13 
16.06 
15.82 
15.06 
15.02 
15.25 
15.50 
15.88 
16.43 
16.52 
16.58 
16.49 
15.87 
15.82 
15.35 
14.96 
16.42 
17.11 
17.18 
17.60 
16.58 
16.61 
16.40 
16.22 
14.93 
14.15 
15.16 
15.54 
15.34 
14.79 
14.97 
15.62 
16.02 
16.55 
16.37 
15.63 
15.73 
16.16 
16.28

17.68 
16.55 
16.57 
16.39 
16.29 
14.81 
14.12 
15.21 
15.58 
15.31 
14.80 
15.06 
15.52 
16.00 
16.53 
16.10 
15.63 
15.91 
16.44 
16.10

16.72 
16.42 
16.15 
16.50 
16.82 
17.17 
17.58 
17.59 
17.40

16.54 

16.46 

15.97 

16.22 

16.62 

17.07 

17.65 

17.67 

17.39



Appendix H 

Table H-4a (continued). Daily mean temperatures (°C) for Field's Cove subtidal stations during 1997 
sample period. Temperature recorders were suspended from buoys at a depth of 3 meters (9 ft), except for 
FC-5m which was suspended at a depth of 5 meters (16 ft).

Date SC 1 2 FC FC-Sn 3 LR 4 5 NC
11/6/1997 
11/711997 
11/8/1997 
11/9/1997 

11110/1997 
11/111/1997 
11W1211997 
11113/1997 
11/14/1997 
11W15/1997 
1116/1997 
11117/1997 
11/18/1997 
11/19/1997 
11120/1997 
1112111997 
11/22W1997 
11/23/1997 
11/24/1997 
11/25/1997 
11/2W/1997 
11127/1997 
11/28/1997 
11/29/1997 
11/30I1997 
121/1997 
12/2/1997 
12/3/1997 
124/11997 
12/511997 
120/1997 
12/711997 
12/8/1997 
12/9/1997 

12)1011997 
121 1/1997 
12/12/1997 
1213/1997 
12/14/1997 
12/15/1997 
12/16/1997 
12117/1997 
12/15/1997 
12)19/1997 
12/20)1997 
12021/1997 
12122/1997 
12=23/1997 
12=24/1997 
12/25/1997 
12126/1997 
12/27/1997 
12/28/1997 
12129/1997 
12/30)1997 
12/31/1997 

11111996 
1/2W1998 
1/311998 
1/4/1998 
1/5/1996 
1/6/1998

17.63 
17.12 
17.21 
18.18 
18.06 
18.00 
17.62 
17.59 
17.56 
17.51 
17.41 
17.31 
17.38 
17.12 
17.05 
17.05 
17.26 
17.31 
17.31 
17.14 
16.99 
16.92 
16.78 
16.64 
16.63 
16.54 
16.41 
16.11 
16.02 
18.09 
16.25 
16.82 
16.69 
16.52 
16.82 
16.93 
16.19 
16.19 
16.53 
16.39 
16.16 
15.95 
15.93 
15.82 
15.68 
15.78 
15.69 
15.61 
15.37 
15.55 
15.68 
15.68 
15.85 
15.91 

15.82 
15.74 
1558 
15.60 
1564 
15.58 
15.45

17.31 
16.76 
17.02 
17.91 
17.67 
17.61 
17.25 
17.37 
17.28 
17.18 
17.13 
17.15 
17.18 
16.95 
18.69 
16.81 
17.01 
17.01 
17.01 
16.86 
16.75 
16.68 
16.50 
18.50 
16.39 
16.36 
16.36 
15.96 
16.57 
16.55 
16.36

1u.3U 

17.75 
17.38 
18.60 
19.29 
18.14 
18.26 
18.04 
17.67 
17.65 
17.58 
17.47 
18.4a 
18.65 
17.58 
17.76 
18.95 
18.82 
17.79 
17.77 
17.86 
17.13 
17.43 
17.14 
17.00 
16.64 
17.33 
18.02 
17.69 
16.95 
16.99 
16.98 
16.80 
16.48 
18.92 
17,67 
17.63 
17.89 
17.32 
1894 
17.23 
1663 
1633 
16.6 
16.20 
15.90 
15.69 
15.84 
15.62 
15.79 
16.04 
16.68 
17.04 
1668 
16.69 
16.82 
17.32 
17.36 
16.06 
16.34 
15.68 
18.18

15.09 

17.69 
17.25 
18.23 
19.21 
1807 
18.19 
18.02 
17.68 
17.63 
17.52 
17.54 
18.48 
18.46 
17.54 
17.68 
18.41 
18.02 
17.72 
17.62 
17.54 
17.15 
17.18 
17.03 
17.02 
16.86 
17.31 
17.95 
17.04 
16.63 
16.65 
16.94 
16.93 
16.63 
17.14 
17.77 
17.56 
17.67 
16.98 
16.87 
16.96 
16.38 
16.22 
18.21 
16.16 
15.97 
15.84 
16.06 
15.75 
15.93 
16.24 
16.59 
16.82 
16.61 
16.40 
16.45 
16.62 
17.13 
16.05 
16.22 
15.77 
16.05

I .--- 10.34 10.01 10�4
15.I8 15.35 15.30 15.51 1555
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18.14 

17.68 
17.24 
1837 
19.20 
18.09 

18.13 
17.96 
17.62 
17.61 
17.53 
17.40 
18.29 
18.55 
17.53 
17.58 
18.74 
18.38 
17.61 
17.68 
17.83 
17.11 
17.30 
17.01 
16.95 
16.78 
17.15 
17.93 
17.62 
1690 
16.88 
16.91 
16.75 
16.42 
16.75 
17.44 
17.44 
17.80 
17.21 
16.80 
17.05 
16.44 
16.13 
15.98 
16.09 
15.83 
15.64 
15.75 
15.58 
15.68 
15.90 
16.40 
16.76 
16.63 
16.43 
16.54 
16.98 
17.27 
15.89 
16.25 
15.60 
15.98

17.19 
16.67 
16.94 
17.79 
17.62 
17.46 
17.32 
17.20 
17.20 
17.14 
17.03 
17.00 
17.63 
17.07 
15.64 
16.80 
16.93 
16.94 
16.98 
16.94 
18.73 
16.64 
16.58 
16.68 
16.49 
16.47 
16.66 
16.47 
16.22 
16.18 
16.34 
16.35 
16.09 
16.20 
16.39 
16.92 
16.52 
16.46 
16.38 
15.96 
15.74 
15.77 
15.70 
1564 
15.61 
15.21 
15.46 
15.32 
15.32 
15.43 
15.50 
15.67 
15.72 
15.76 
15.73 
15.61 
15.72 
15.56 
15.55 
15.34 
15.33

K)

183 1.....&3.... ..15 .

PMeans 16.34 15.61 W94



Appendix H 

Table 1-4b. Daily mean temperatures (°C) for Field's Cove subtidal stations during 1998 sample period.  
Temperature recorders were suspended from buoys at a depth of 3 meters (9 fi), except for FC-5m which 
was suspended at a depth of 5 meters (16 ft).

Date SC 1 2 FC FC-5In 3 LR 4 5 NC
5/22/1998 12.31 11.29 11.39 11.13 12.03 
6/23/1998 12.06 11.01 10.88 11.29 11.10 11.90 
5124/1998 12.50 11.11 10.91 11.76 11.46 12.16 
5W25/1998 13.21 11.50 11.29 12.95 12.53 12.68 
5626/1998 13.13 12.55 12.13 12.90 12.55 12.93 
5S27/1998 13.35 1275 12.16 13.84 13.01 12.53 
5/2811998 14.05 13.04 12.39 1373 13.53 12.74 
6/29/1998 13.63 13.85 13.36 13.33 12.55 12.89 
5/30/1998 12.85 12.89 12.37 12.14 11.57 12.07 
5/31/1998 13.34 11.85 11.38 12.80 11.94 11.95 
6/1/1998 13.26 12.49 12.13 12.71 12.09 12.40 
6/2/1998 13.55 12.35 11.98 13.21 12.45 12.60 
6/3/1998 13.78 12.79 12.23 13.97 13.36 12.83 
6/4/1998 13.92 13.28 12.72 13.30 12.78 13.33 
6/5/1998 13.09 12.89 12.34 12.50 11.98 12.35 
6/0/1998 12.96 12.18 11.56 13.17 12.74 12.36 
6/7/1998 13.72 12.44 11.92 14.16 13.51 12.82 
6/8/1998 13.99 13.20 12.56 13.41 12.80 13.37 
6/9/1998 14.02 13.15 12.49 13.71 12.92 13.06 

6/10/1998 13.85 13.21 12.61 13.68 12.87 12.84 
6/11/1998 13.72 13.23 12.62 13.68 12.84 13.17 
6/12/1998 13.97 13.19 12.70 13.98 13.32 13.13 
6/13/1998 14.37 13.50 13.09 14.10 13.37 13.52 
6/14/1998 14.19 13.71 13.03 13.70 13.06 13.83 
6/15/1998 14.46 13.31 12.89 14.23 1338 13.06 
6/16/1998 14.25 13.87 13.42 14.39 13.45 13.52 
6/17/1998 14.23 14.11 13.69 14.18 13.38 13.83 
6/16/1998 14.45 13.85 13.35 14.30 13.48 13.56 
6/19/1998 14.44 13.80 13.11 14.30 13.52 13.22 
6/20/1998 13.88 13.89 13.12 13.82 13.00 13.22 
6/21/1998 14.20 13.30 12.82 14.26 13.53 13.30 
6/22/1998 14.54 13.53 12.79 14.29 13.28 13.37 
6/23/1998 14.28 13.58 12.89 13.59 12.75 13.18 
6/24/1998 14.09 13.37 12.65 13.84 12.83 13.03 
6/25/1998 12.71 14.25 13.18 12.45 13.65 13.29 13.23 
6/26/1998 12.50 13.97 13.19 12.65 13.26 12.72 13.15 
6/27/1998 12.01 13.30 12.51 12.20 12.69 12.07 12.77 
6/28/1998 12.04 13.56 12.13 11.76 12.34 11.85 12.79 
6/29/1998 11.71 12.95 11.95 11.66 11.84 11.65 12.69 
6/30/1998 11.46 12.73 11.54 11.35 11.74 11.52 12.38 
7/1/1998 11.11 12.20 11.38 11.24 11.16 11.19 11.85 
7/2/1998 10.66 11.74 10.84 10.77 10.77 10.89 11.53 
7/3/1998 11.18 12.42 10.67 10.56 11.92 11.37 11,54 
7/4/1998 11.54 12.59 11.53 11.19 12.45 11.74 11.65 
7/5/1998 11.88 13.34 11.93 11.49 13.56 12.67 12.50 
7/6/1998 12.58 14.55 12.78 12.32 14.22 12.99 13.29 
7/7/1998 12.56 13.92 13.27 12.61 13.76 12.83 12.69 
7/8/1998 12.43 13.75 12.83 12.09 13.15 12.46 12.73 
7/9/1998 12.07 13.41 12.40 11.94 12.62 12.00 12.55 

7/10/1998 11.87 13.53 12.02 11.64 12.40 12.02 12.67 
7/11/1998 11.85 13.18 11.96 11.71 11.90 11.68 12.96 
7112/1998 12.82 13.65 11.44 11.36 13.01 12.52 12.60 
7/13/1998 13.87 14.80 12.74 12.29 14.53 14.04 13.77 
7/14/1998 14.27 15.35 13.91 13.46 14.46 13.66 14.38 
7/16/1998 13.94 15.15 13.87 13.59 14.15 13.40 14.27 
7/16/1998 13.91 15.16 13.50 13.23 14.16 13.28 14.25 
7/17/1998 14.19 15.18 13.74 13.32 14.27 13.52 14.16 
7118/1998 14.45 15.25 13.92 13.64 15.11 14.65 14.23 
7/19/1998 15.55 16.64 14.60 14.26 16.36 15.92 15.45 
7120/1998 16.36 17.25 15.72 15.29 16.55 1586 16.01 
7M21/1998 16.14 17.12 16.02 15.47 16.35 1561 15.91 
7/22/1998 16.32 17.48 15.87 15.55 16.60 15.92 16.26 
7U23/1998 16.38 17.39 16.17 1585 16.50 15.93 16.19 
7/24/1998 16.71 17.83 16.11 15.82 17.16 16.57 16.60 
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Appendix H 

Table H-4b (continued). Daily mean temperatures (*C) for Field's Cove subtidal stations during 1998 
sample period. Temperature recorders were suspended from buoys at a depth of 3 meters (9 fR), except for 
FC-5m which was suspended at a depth of 5 meters (16 ft).

Date [ SC 1 2 FC FC-5rn 3 LR 4 S NC
16.99 18.23 
17.24 18.66 
16.51 17.88 
15.05 18.03 
14.80 15.79 
15.00 16.37 
14.98 16.61 
14.47 15.97 
15.10 16.16 
16.17 17.05

7/25/1998 

7U26/1998 

7/27/1998 

7/28/1998 
7129/1998 
713011998 

7131/1998 

6/11998 

6/2/1998 

W/3/1998 

8/4/1998 

8/51199 

816/1998 
8/711998 
8t8/1998 
W998 

8/1011998 

6/11/1998 

6/12/1998 

6/13/1998 

8/1411998 

6/1511998 

8/16/1998 

6/1711998 

6/16/1998 

a/1911998 

8/20/ 998 
8121/1998 

8/22/1998 
6/22/1998 

&/24/1998 

8/25/1998 
6/26/1998 
W6711998 

a/27/1998 
8/28/1998 

8/29/1 998 

8/30/ 998 

8/3111998 

9/1/1998 

9/2/1998 

9/3/1998 
9/4/1998 

9/5/1998 

965/1998 
917/1998 

916/1998 

9/9/1998 

9/10/1998 
9/11/1998 

9/12/1998 

9110/1998 

9/14/1998 
9/16/199e 

9/16/1998 

9/1711998 

9/16/1998 

9/19/1998 

9/20/1998 

9/21/1998 

9/22/1998 
9t23/1 998 

9/24/1998 

9125/1990 

9126/1998

17.70 16.92 
17.78 17.16 
16.49 15.95 
14.92 14.42 
14.87 14.74 
15.70 1538 
15.58 15.45 
14.93 14.78 
16.05 15.76 
16.59 15.75

16.58 16.28 
17.11 16.83 
17.26 17.06 
15.82 15.56 
14.44 14.21 
14.71 14.29 
15.36 14.78 
15.34 14.69 
14.44 13.88 
15.48 14.96 
15.88 15.38 
15.80 15.23 
15.56 15.06 
15.43 14.98 
15.50 15.01 
15.16 14.82 
15.11 14.65 
15.89 15.48 
16.19 15.65 
16.04 15.70 
15.57 16.88 
17.29 16.95 
17.53 16.95 
16.88 16.55 
16.29 15.90 
16.65 16.21 
15.88 15.39 
14.53 14.18 
14.47 14.16 
13.98 13.72 
14.31 13.91 
15.27 14.92 
15.59 15.07 
18.11 15.60 
15.96 15.56 
15.11 14.87 
1562 15.22 
1588 15.53 
18.08 15.45 
15.78 15.29 
15.64 15.10 
15.53 15.10 
18.00 15.64 
18.50 16.04 
18.61 16.14 
18.93 16.46 
15.95 15.63 
15.15 14.70 
18.13 15.56 
18.64 18.17 
18.30 15.85 
16.85 16.49 
17.16 16.58 
16.64 16.17 
1&.12 15.67 
14.95 14.65 
13.98 1375 
14.88 14.48 
15.45 1507 
15.51 15.11 
15.89 1556 
16.22 1585 
15.75 15.26 
16.27 15.75

16.75 
17.68 
17.55 
15.24 
14.99 
1579 
15.49 
1571 
14.87 
15.59

17.28 

17.15 

17.30 

16.73 

16.85 

16.95 

15.63 

14.94 

14.79 

14.17 

15.15 

15.64 

15.71 

16.18 

15.77 

15.90 

16.15 

16.33 

15.94 

15.69 

15.23 

15.90 

16.34 

16.37 

16.51 

16.20 

15.17 

15.38 

16.34 

15.81 

16.27 

16.87 

16.80 

16.73 

15.95 

14.83 

14.18 

15.25 

15.39 

15.63 

15.86 

15.76 

15.56
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17.94 17.27 17.64 

18.00 17.19 17.79 

17.39 16.71 17.14 

16.46 16.12 16.09 

16.87 16.60 16.65 

16.22 15.90 15.87 

14.97 14.52 14.53 

14.86 14.39 14.62 

14.32 13.98 13.88 

14.78 14.24 14.51 

15.71 15.09 15.28 

16.10 15.29 1569 

16.64 15.84 1619 

16.70 15.81 18.31 

15.62 15.06 1514 

16.14 15.49 15.85 

16.42 15.64 15.86 

16.55 15.99 18.10 

16.38 15.68 18.04 

16.18 15.38 15.93 

16.25 1540 16.09 

16.55 1588 16.25 

17.27 1660 17.00 

17.67 16.84 17.60 

17.68 17.04 17.53 

16.18 15.62 16.06 

15.39 14.88 15.18 

16.70 15.99 16.43 

17.19 16.51 16.91 

16.81 16.41 16.73 

17.25 16.92 17.22 

17.71 17.21 17.52 

17.18 16.62 17.10 

16.57 16.13 1M28 

14.98 14.98 15.01 

14.13 1398 13.97 

15.19 15.04 15.35 

16.11 1540 15.80 

15.92 1566 15.73 

16.18 15M8 15.84 

16.59 16.05 16.34 

16.01 15.43 15.65 

16.89 16.38 16.74

17.14 
17.34 
16.95 
16.39 
18.38 
15.67 
14.73 
14.85 
14.81 
14.84 
1551 
1565 
16.01 
15.98 
1554 
1539 
1554 
15.66 
1547 
1540 
15.67 
15.90 
16.18 
16.53 
17.15 
1573 
15.35 
16.19 
16.29 
16.26 
16.79 
16.87 
16.43 
16.22 
14.78 
14.26 
14.97 
15.39 
15.49 
15.72 
15.73 
15.30 
15.61

16.99 

17.25 
16.97 
16.48 

16.42 

15.73 

14.85 

14.78 

14.67 

14.40 

1 5.43 J 
15.60 

15.89 

16.05 

15.46 

15.47 

15.60 

15.65 

1556 

15&4 

1552 

16.07 

1633 

16.56 

17.03 

16.09 

15.21 

1580 

16.28 

1599 

1854 

16.93 

18.45 

16.30 

1510 

14.32 

14.50 

15.28 

15.38 

1557 

15.74 

15.50 

15.45

18.58 
18.59 
18.42 
17.48 
17.83 
17.48 
16.16 
15.94 
15.52 
15.40 
16.47 
16.93 
17.13 
17.44 
16.77 
16.99 
17.13 
17.25 
16.88 
16.62 
16.60 
17.05 
17.60 
17.59 
17.74 
16.79 
1580 
16.88 
17.55 
16.89 
17.41 
17.73 
17.26 
17.23 
1582 
14.80 
1503 
16.34 
16.04 
16.41 
17.03 
16.73 
16.76 K)



Appendix H 

Table H-4b (continued). Daily mean temperatures (°C) for Field's Cove subtidal stations during 1998 
sample period. Temperature recorders were suspended from buoys at a depth of 3 meters (9 ft), except for 
FC-5m which was suspended at a depth of 5 meters (16 ft).

Date [ Sc 1 2 FC FC-Sm 3 LR 4 5 NC

9/27/1998 
9/28/1998 
9/29/1998 
9/30/1998 
10/111998 
10/2/1998 
10/3=1998 
10/411998 
10/5/1998 
10/5/1998 
10/711998 
I0//1998 
10/911998 

10/10/1998 
10/1111998 
10/1211998 
10/13/1998 
10(14/1998 
10/15/1998 
10/16/1998 
10/17/1998 
10/18/1998 
10/19/1998 
10/20/1998 
10/21/1996 
10/2211998 
1012311998 
10/2411998 
10/25/1998 
10/26/c998 
10/27/1998 
10/26/1998 
lor29/1998 

10/301998 
10/3111998 
11/111998 
11/211998 
11/3/1998 
11/4/1998 
11/5/1998 
11/5/1998 
1117/1998 
1108/1998 
11/91998 
11/10/1998 
1111111998 
11/12/1998 
11/13/1998 
11114/1998 
1111511998 
11116/1998 
11117/1998 
11118/1998 
11/1911998 
11=20/1998 
11021/1998 
11/22/1998 
11123/1998 
11124/1998 
11M25/1998 
11126/1998 
11127/1998 
11128/1998 
11U29/1998

16.09 
16.01 
15.40 

15.05 

14.73 

14.44 

13.97 

13.64 

14.02 

14.54 

14.74 

14.52 

13.36 

12.91 

1317 

13.59 

13.83 

13.13 

12.62 

12.71 

13.79 

14.00 

13.63 

13.76 

14.31

16.00 
16.10 
15.47 
15.17 
14.93 
14.74 
14.21 
13.79 
13.97 
14.62 
14.80 
14.64 
13.67 
12.90 
12.99 
13.35 
1390 
1335 
12.65 
12.56 
1353 
14.09 
13.56 
13.71 
14.24

17.06 
17.40 

16.53 
16.48 
16.00 
15.91 
15.21 
14.77 
15.31 
15.73 
15.90 
15.91 
14.46 
13.38 
14.13 
14.73 
14.84 
14.23 
13,32 
13.21 
14.62 
15.16 
14.67 
14.82 
15.59

16.55 
16.51 
15.29 
15.19 
14.54 
14.67 
14.22 
13.46 
14.04 
14.85 
14.99 
14.61 
13.41 
12.46 
13.09 
13.99 
13.92 
13.03 
12.33 
12.47 
14.41 
14.09 
13.67 
14.13 
15.16
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16.52 
16.58 
15.49 
15.40 
14.90 
14.76 
14.23 
13.81 
14.36 
14.85 
14.95 
14.74 
13.58 
12.70 
13.16 
14.15 
14.13 
13.36 
12.62 
12.61 
14.29 
14.26 
13.84 
14.10 
15.17 
13.30 
13.77 
14.90 
14.62 
14.38 
15.09 
14.99 
14.55 
14.02 
13.88 
13.75 
13.28 
13.09 
12.59 
12.14 
11.65 
12.55 
12.94 
12.47 
13.00 
12.99 
12.73 
12.86 
12.99 
12.91 
12.94 
13.40 
12.92 
12.44 
13.13 
13.15 
12.88 
13.14 
13.25 
12.98 
13.06 
12.95 
12.98 
13.55

16.14 
16.06 

15.06 

14.83 

14.46 

14.34 

14.01 

13.50 

1392 

14.43 

14.55 

14.32 

13.28 

12.46 

12.82 

13.64 

13.83 

13.06 

12.25 

12.40 

13.99 

13.66 

13.41 

13.75 

14.72 

14.98 

14.39 

14.42 

14.48 

14.12 

14.80 
14.69 

14.41 

1390 

1362 

13.48 

1310 

12.79 

12.31 

11.93 

11.53 

12.23 

12.70 

12.25 

12.64 

12.55 

12.59 

12.70 

12.64 

12.56 

12.63 

13.04 

12.82 

12.30 

12.84 

12.88 

12.82 

13.05 

13.22 

12.92 

1301 

12.94 

12.98 

1330

16.92 
16.88 
15.86 
16.08 
15.21 
15.18 
14.34 
13.87 
14.70 
15.57 
15.61 
15.36 
13.77 
12.68 
13.71 
14.71 
14.49 
13.46 
12.78 
12.77 
14.50 
14.86 
14.43 
14.61 
15.66 
14.04 
15.19 
1579 
14.85 
14.45 
15.15 
15.07 
14.71 
14.24 
14.03 
14.03 
13.37 
13.17 
12.94 
12.13 
11.71 
12.44 
12.93 
12.61 
13.65 
13.08 
12.72 
12.94 
13.26 
13.23 
12.90 
13.42 
13.01 
12.42 
13.26 
13.22 
13.03 
13.19 
13.41 
1303 
13.25 
13.06 
13.06 
13.22

16.95 
16.69 
15.57 
15.62 
14.98 
14.91 
14.39 
13.91 
14.47 
15.53 
15.23 
14.92 
13.64 
12.65 
13.32 
14.67 
14.19 
13.26 
12.56 
12.55 
14.29 
14.48 
14.05 
14.34 
15.36 
14.66 
14.79 
15.57 
14.54 
14.06 
15.06 
14.85 
14.49 
13.82 
13.56 
13.69 
13.12 
12.87 
12.70 
12.03 
11.58 
12.36 
12.75 
12.45 
13.67 
13.25 
12.54 
12.60 
12.82 
12.88 
12.80 
13.12 
12.83 
12.42 
12.91 
12.88 
12.88 
13.03 
13.24 
12.91 
12.96 

.13.01 
13.03 
13.34

16.10 
16.66 
15.80 

15.38 
15.02 
16.15 
14.65 
13.90 
13.78 
14.38 
15.03 
15.11 
14.03 
12.92 
12.96 
13.87 
14.15 
13.56 
12.88 
12.56 
13.47 
14.51 
13.63 
13.77 
14.48 
14.63 
14.61 
14.24 
14.35 
14.07 
14.40 
14.57 
14.49 
1384 
13.51 
13.57 
13.0 
1302 
12.80 
12.05 
11.58 
12.01 
12.66 
12.46 
12.34 
12.71 
12.59 
12.61 
12.78 
12.75 
12.67 
12.97 
12.81 
12.45 
12.28 
12.66 
12.83 
13.02 
13.31 
12.82 
12.88 
12.98 
13.00 
12.80

I



Appendix H 

Table H-4b (continued). Daily mean temperatures (°C) for Field's Cove subtidal stations during 1998 
sample period. Temperature recorders were suspended from buoys at a depth of 3 meters (9 ft), except for 
FC-5m which was suspended at a depth of 5 meters (16 ft).  

Date SC 1 2 FC FC-5m 3 LR 4 5 NC 
11/30/1998 14.01 1372 13.99 13.91 13.41 
12M111996 13.31 13.31 13.45 13.37 13.33 
12/2/1998 12.98 12.95 13.09 13.00 13.00 
12/3/1998 12.92 12.91 12.96 12.96 12.96 
12W4/1998 12.64 12.62 12.50 12.63 12.57 
12/5/1998 12.32 12.30 12.26 12.34 12.28 
12/6/1998 11.90 11.86 11.93 11.94 11.94 
121711998 12.05 1194 11.80 11.91 11.74 
12/6/1998 12.12 12.03 11.99 11.87 11.64 
12M9l1998 11.80 11.75 11.88 11.66 11.64 

12M1011998 12.20 12.07 12.10 11.88 11.73 
12/1111998 12.18 12.11 12.29 12.01 11.93 
12/1211998 12.17 12.03 12.32 11.93 11.84 
12113/1996 12.62 12.32 12.65 12.20 11.97 
12/14/1998 11.84 11.79 12.06 11.85 11.83 
12/15/1998 11.86 11.78 11.78 11.83 11.77 
12/16/1998 12.01 11.93 12.17 11.89 11.82 
12/17/1998 11.99 11.93 12.14 11.98 11.92 
12118/1998 12.17 12.05 12.25 12.03 11.97 
12/19/1996 12.00 11.90 12.09 11.98 11.89 
12/20/1996 11.63 11.64 11.48 11.46 11.33 
12/21/1998 11.16 11.10 10.96 10.92 10.62 
12r22/1998 11.29 11.17 11.13 10.93 10.17 
12/23/1998 11.80 11.49 11.96 11.73 10.60 
12r24/1998 11.79 11.56 12.03 11.78 10.89 
12/25/1998 11.83 11.56 12.10 11.84 11.25 
12)28/1998 11.45 11.18 11.71 11.48 11.11 
12=27/1998 11.45 11.14 11.76 11.46 11.09 
12)28/1998 11.09 11.88 11.72 11.24 
12/29/1998 

Means 15.18 14.67 15.31 13.93 1357 14.18 14.23 14.12 13.62
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Appendix H 

Table H-4c. Daily mean temperatures (°C) for Field's Cove subtidal stations during 1999 sample period.  
Temperature recorders were suspended from buoys at a depth of 3 meters (9 ft), except for FC-5m which 
was suspended at a depth of 5 meters (16 ft).

Date ISC 1 2 FC FC-Sm 3 LR 4 5 NC

7114/1999 
7115/1999 

7116M1999 
711711999 
7/1811999 
7/1911999 
7/2M/1999 
7U2111999 
7=221999 
7r23"1999 
7r2411999 
7=2511999 
7/26/1999 
7/27/1999 
7/28/1999 
7/29/1999 
7/3M/1999 
7/31/1999 
8W/1I999 
8W2/1999 
81311999 
8/4/1999 
81511999 
8//1999 
81711999 
81/31999 
80/1999 

9/11/1999 
5/1/11999 
811211999 
8/1311999 
8114/1999 
8/1511999 
8/11/1999 
8/1711999 
811811999 
8/19/1999 
81291999 
8/21/1999 
8/22/1999 
812311999 
8/24/1999 
8/25/1999 
812611999 
8127/1999 
8/28/1999 
8/29/1999 
8/30/1999 
8/31/1999 
9/111999 
92/1999 
9/3/1999 
9/4/1999 
9/,11999 
9/6/1999 
9/711999 
9/8M1999 
9/9/1999 

9/10/1999 
9/111/1999 
9/1211999 
9/13/1999

14.70 
15.24 

15.36 

14.30 

13.58 

13.41 

13.48 

13.45 

13.76 

13.90 

12.93 

12.33 

12.42 

12.40 

12.27 

12.12 

12.11 

11.76 

11.92 

1220 

12.14 

11.71 

11.77 

12.23 

12.99 

12.74 

12.47 

12.52 

12.73 

12.92 

12.74 

12.46 

12.70 

13.11 

13.44 

13.00 

12.71 

12.88 

1301 

1351 

14.00 

13.70 

13.19 

12.98 

12.70 

12.83 

12.89 

13.04 

12.90 

12.77 

13.51 

13.64 

13.50 

13.73 

14.02 

14.32 

14.68 

14.69 

14.67 

14.66 

14.63 

14.39

14.36 
14.91 

14.94 

14.06 

13.43 

13.23 

13.35 

13.32 

13.65 

13.79 

12.68 

11.93 

12.08 

12.21 

12.05 

11.74 

11.56 

11.35 

11.75 

12.06 

11.77 

11.28 

11.47 

11.89 

12.67 

12.27 

12.01 

12.12 

12.49 

12.61 

12.27 

12.23 

12.49 

12.71 

12.95 

12.48 

12.28 

12.50 

12.58 

13.19 
13.72 

13.06 

12.64 

12.34 

12.35 

12.44 

12.50 

12.70 

12.20 

12.12 

13.39 

13.34 

13.20 

13.58 

13.83 

14.16 

14.44 

14.37 

14.18 

14.29 

14.28 

1395

15.53 
16.03 

16.26 

15.60 

15.09 

15.02 

14.82 

14.93 

15.11 

15.21 

14.43 

13.14 

13.43 

1387 

13.87 

13.56 

13.60 

13.25 

13.32 

13.55 

13.46 

13.06 

13.17 

13.78 

14.45 

14.27 

13.94 

14.23 

14.61 

14.42 

14.17 

13.70 

13.89 

14.17 

14.56 

14.46 

14.10 

13.90 

13.95 

14.75 

15.52 

14.73 

14.35 

14.10 

14.03 

14.21 

13.82 

13.83 

13.33 

13.20 

14.83 

14.64 

14.33 

14.71 

15.06 

1534 

15.47 

15.42 

15.29 

15.46 

15.38 

15.10

14.55 
15.34 

15.14 

14.35 

13.65 

13.59 

13.63 

13.66 

14.05 

14.06 

13.08 

12.12 

12.52 

12.52 

12.44 

12.10 

11.86 

11.43 

11.78 

11.95 

11.60 

11.20 

11.59 

12.14 

12.78 

12.37 

12.12 

12.70 

12.78 

12.41 

12.09 

12.25 

12.33 

12.53 

12.82 

12.49 

12.55 

12.69 

12.46 

1346 

1385 

12.81 

12.52 

12.38 

12.20 

12.64 
12.42 

12.44 

"12.39 
12.73 

13.48 

13.41 

13.62 

13.90 

14.12 

14.54 

14.73 

14.16 

14.18 

14.75 

14.30 

13.91

14.14 
14.82 

14.61 

13.68 

13.16 

13.18 

13.15 

13.18 

13.62 

1363 

12.63 

11.57 

11.94 

12.01 

11.91 

11.72 

11.51 

11.07 

11.50 

11.59 

"11.18 
10.80 

11.15 

11.73 

12.13 

11.68 

11.67 

12.06 

12.37 

12.06 

11.68 

11.91 

11.96 

12.16 

12.32 

12.06 

11.92 

12.15 

11.92 

12.92 

13.28 

12.32 

12.02 

11.88 

11.76 

11.92 

11.97 

12.10 

11.86 

12.17 

12.97 

12.86 

1316 

1338 

1362 

14.01 

14.14 

13.58 

13.56 

14.19 

13.74 

13.36
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14.96 
15.70 

15.40 

14.47 

13.84 

1380 

13.58 

13.72 

14.04 

14.14 

13.12 

12.13 

12.60 

12.68 

12.57 

12.18 

11.97 

11.49 

11.85 

12.16 

11.81 

11.41 

11.96 

12.49 

1317 

12.61 

12.11 

13.02 

12.97 

12.70 

12.44 

.12.47 

12.75 

12.87 

13.02 

12.64 

12.72 

12.85 

12.74 

14.03 

14.13 

13.23 

12.96 
12.81 

12.65 

12.80 

12.73 

12.67 

12.56 

12.78 

13.83 

13.78 

13.67 

14.13 

14.37 

14.83 

14.79 

14.42 

14.28 

14.85 

14.52 

14.11

14.45 
15.22 

14.74 

13.95 

13.42 

13.38 

13.46 

13.48 

1367 

14.07 

13.24 

11.77 

11.99 

12.06 

12.15 

12.33 

12.21 

11.67 

11.73 

11.81 

11.64 

11.09 

11.42 

12.20 

12.72 

12.24 

12.02 

12.69 

12.63 

12.49 

12.02 

12.12 

12.38 

12.55 

12.55 

12.5f 

12.21 

12.20 

11.88 

13.85 
13.46 

12.79 

12.43 

12.34 

12.18 

12.13 

12.12 

12.19 

11.64 

12.30 

13.06 

12.67 

13.03 

13.61 

13.92 

14.37 

14.19 

13.62 

13.73 

14.33 

14.00 

13.58

15.99 

15.53 
14.39 
13.75 
1363 
13.54 
13.53 
13.82 
14.09 
12.95 
11.81 
12.24 
12.35 
12.17 
11.78 
11.45 
11.08 
11.42 
11.78 
11.26 
10.93 
11.59 
12.31 
12.77 
12.21 
11.58 
12.81 
12.55 
12.18 
11.83 
12.11 
12.36 
12.53 
12.49 
12.18 
12.34 
12.35 
12.29 
14.10 
13.81 
12.94 
12.61 
12.64 
12.39 
12.24 
12.35 
12.35 
11.99 
12.58 
13.59 
13.32 
13.32 
13.90 
1428 
14.70 
14.40 
14.06 
14.06 
14.60 
14.35 
13.66

14.18 
15.00 
15.12 
14.76 
14.09 
13.72 
13.94 
14.09 
14.15 
14.73 
14.62 
13.10 
12.12 
12.36 
12.75 
13.26 
13.55 
12.81 
12.73 
12.72 
12.91 
12.20 
11.71 
12.19 
12.M8 
12.56 
12.84 
12.39 
13.36 
13.71 
13.24 
12.61 
12.78 
13.12 
13.31 
13.39 
13.00 
12.68 
12.75 
12.54 
1381 
13.48 
12.94 
12.53 
12.60 
1306 
12.73 
12.70 
12.51 
12-00 
13.11 
13.53 
13.16 
13.36 
13.75 
14.17 
14.43 
1394 
13,79 
14.32 
14.20 
14.16

14.14 
15.09 
14.76 
13.84 
13.43 
13.30 
13.43 
13.48 
13.68 
14.04 
1334 
11.82 
11.70 
12.01 
12.42 
12.42 
12.16 
11.77 
11.58 
11.50 
11.27 
1111 
11.38 
12.01 
12.40 
12.14 
12.03 
12.35 
12.40 
12.29 
11.92 
11.86 
12.18 
12.54 
12.37 
12.42 
12.18 
12.04 
11.80 
12.74 
13.38 
12.72 
12.35 
12.20 
12.12 
11.93 
11.94 
12.07 
11.67 
11.87 
12.95 
12.83 
12.90 
13.44 
14.01 
14.51 
14.17 
13.76 
1385 
14.28 
1401 
13.80



Appendix H 

Table H-4c (continued). Daily mean temperatures (0C) for Field's Cove subtidal stations during 1999 
sample period. Temperature recorders were suspended from buoys at a depth of 3 meters (9 f1), except for 
FC-5m which was suspended at a depth of 5 meters (16 ft).  

Date Sc 1 2 FC FC-Sn 3 LR 4 5 NC 
9/14/1999 14.02 13.46 14.75 1144 12.98 13.52 13.21 12.84 14.33 13.25 
9/15/1999 13.59 116 14.15 13.28 12.68 13.31 12.80 12.97 13.05 12.83 
9/1/1999 13.71 1127 14.41 13.53 13.10 13.58 13.08 13.31 13117 13.04 
9/1711999 1164 1132 14.67 13.71 13.14 13.93 13.47 13.72 13.33 13.16 
9/18/1999 13.71 13.53 14.83 13.71 13.21 13.98 13.38 13.73 13.28 13.21 
9/19/1999 1197 13192 15.25 14.20 13.71 14.43 13.81 14.24 13.64 1173 
9/20/1999 14.53 14.43 15.67 14.63 14.01 14.88 14.35 14.53 14.38 14.27 
9/21/1999 14.64 14.37 1540 14.34 13.82 14.56 1178 14.23 14.29 13.89 
9/2211999 14.48 14.01 14.66 13.91 1149 13.78 13.40 1171 1183 13.40 
9/23/1999 14.30 13.96 14.55 14.20 1183 14.08 1179 1185 1172 13.58 
9/24/1999 14.56 14.26 14.83 14.51 14.05 14.38 14.09 14.14 14.11 14.05 
9/25/1999 14.62 14.35 15.32 14.80 14.26 14.94 14.44 14.69 14.27 14.18 
9/28/1999 14.47 14.32 14.77 14.66 14.16 14.53 14.23 14.21 
9w271999 14.50 14.43 14.65 14.82 14.59 14.74 14.38 14.55 
9/28/1999 14.97 
9/29/1999 
9/30/1999 15.18 14.73 14.09 14.80 14.80 14.43 
10/1I1999 14.68 14.14 1345 1414 14.01 1184 
10/2/1999 14.10 13178 13.21 13.84 13.74 1156 
10/3/1999 1197 13.81 13.46 13.96 13159 13.52 
10/4/1999 13.94 13.68 13.09 13.67 1166 13.40 
10/5/1999 13.65 13.27 12.58 13.13 13.68 12.99 
10/8/1999 1149 12.98 12.57 13115 13.46 12.8a 
10/7/1999 13.01 12.63 12.25 12.64 12.79 12.32 
10/8/1999 12.65 12.46 12.44 12.66 12.60 12.33 
10/9/1999 13.16 13.02 13.07 13.36 12.89 12.62 

10/10/1999 13.91 13.81 13.58 13.94 13.32 13.44 
10/11/1999 14.34 14.20 14.20 14.47 13.79 14.05 
10/12/1999 14.42 14.14 13.96 14.41 14.04 14.05 
10/13/1999 14.26 1190 13.58 14.05 13.94 13.47 
10/14/1999 1181 13.37 12.89 13.24 13.02 12.94 
10/15/1999 13.54 13.31 13.32 13.56 12.95 13.12 
10/16/1999 1183 13.56 13.75 14.06 13.53 1169 
10/17/1999 14.01 13.86 13.65 14.13 13.69 13174 
10/18/1999 14.11 13.94 13.94 14.38 13.92 1382 
10/19/1999 14.16 13.85 13.45 14.14 13.79 13.56 
10/20/1999 14.21 13.99 13.59 14.04 13.62 13.60 
10/21/1999 14.14 13.78 1162 14.06 13.61 13.61 
10/2211999 14.17 13.80 13.58 14.01 13.67 13.48 
10/23/1999 13.95 13.47 13.07 1151 13.55 13.01 
10/24/1999 13.67 13.26 13.07 13.48 1321 13.08 
10/25/1999 1170 1131 13.23 1165 1125 1119 
10/28/1999 13170 1136 13.43 1366 13.34 1147 
10/27/1999 13.61 1138 13.36 13.75 1134 13.38 
10/28/1999 1143 13.30 13.97 13.23 13.25 
10/29/1999 12.65 12.35 12.72 12.48 12.33 
10/30/1999 12.83 12.53 12.61 12.60 12.87 
10/31/1999 13.61 13.41 13.50 13.44 13.52 
11/1/1999 13.96 13.69 13.82 13.57 13.69 
11/2/1999 13.82 13,50 14.06 13.81 13.74 
11/3/1999 13.46 13.26 13.22 13.62 12.72 
11/4/1999 13.22 12.94 14.00 12.82 12.94 
11/5/1999 13.37 1131 14.31 13.20 13.44 
11/0/1999 13.66 1363 14.51 13.50 13.55 
1117)1999 1181 1163 14.80 13.59 13.77 
11/8/1999 13.97 13199 14.81 14.12 14.06 
11/9/1999 13.87 13.85 14.19 14.06 13.90 

11/10/1999 13.82 13.78 14.41 13.89 13.95 
11/11/1999 13.96 13.88 14.29 1189 13.79 
11112/1999 14.20 14.00 14.56 14.07 14.06 
11113/1999 14.23 14.12 14.72 1410 14.02 
11/14/1999 14.33 14.25 14.95 14.26 14.39 
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Appendix H 

Table H-4c (continued). Daily mean temperatures (IC) for Field's Cove subtidal stations during 1999 
sample period. Temperature recorders were suspended from buoys at a depth of 3 meters (9 ft), except for 
FC-5m which was suspended at a depth of 5 meters (16 ft).

Date I SC 1 2 FC FC-Sm 3 LR 4 5 NC

11/16/1999 
1111711999 
11/16/1g999 
11119/1999 
11119119"9 
11/2011999 
11121/1999 
11=2211999 
11=23/1999 
11124/1999 
11/25/1999 
11126/1999 
11127/1999 
11128/1999 
111291999 
1113011999 
1211/1999 
12/2/1999 
12/3/1999 
121411999 
1216/1999 
t2,8/1999 

12/711999 
12)6/1999 
12/911999 

1211011999 
12111/1999 
1211211999 
12M13/1999 
12/14/1999 
12/11/1999 
12116/1999 
12M17/1999 
12116/1999 
12/19/1999 
1212011999 
12)2111999 
1212211999 
12=23/1999 
12r2411999 
12/20/1999 
12/26/1999 
12127/1999 
12/28/1999 
12/2911999 
12/3011999 
12=3111999

4414EI4•

Means 13.21 12.97 14.48 13.22 12.69 13.37 13.00 13.11 13.13 12.88

TENERA E2000-072.3 H-23 Supplemental Temperature Data 
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14.57 
14.81 

14.22 

13.81 

13.93 

13.95 

13.17 

12.41 

12.81 

12.36 

12.06 

12.19 

12.43 

12.97 

13.28 

13.20 

12.55 

11.91 

11.41 

11.38 

11.78 

11.90 

11.82 

11.37 

11.36 

11.60 

12.02 

1233 

12.37 

11.56 

11.38 

11.38 

11.50 

11.63 

11.41 

11.39 

11.67 

11.73 

11.88 

11.98 

11.97 

11.89 

12.40 

12.71 

12.77 

12.54 

12.60

14.46 
14.48 

13.98 

13.44 

13.81 

1382 

1283 

1203 

1266 

1212 

11.93 

11.95 

1224 

1274 

13.22 

13.06 

12.34 

11.70 

11.25 

11.27 

11.75 

11.92 

11.71 

11.29 

11.28 

11.85 

12.00 

12.24 

12.35 

11.49 

11.21 

11.25 

11.41 

11.56 

11.38 

11.43 

11.86 

11.64 

11.91 

11.93 

11.88 

11.94 

1239 

1274 

1275 
1251 

1258

15•.42 
15.30 

14.43 

13.86 

14.39 

13.92 

13.07 

12.08 

12.95 

12.43 

12.21 

12.28 

13.30 

13.60 

13.90 

13.83 

12.58 

11.81 

11.48 

11.57 

12.06 

12.06 

11.83 

11.58 

11.61 

11.96 

12.16 

12.97 

12.84 

11.70 

11.49 

12.06 

1264 

11.88 

11.67 

1256 

1251 

12.48 

13.12 

12.95 

13.06 

12.79 

12.80 

13.23 

13.93 

13.94 

13.73

14.66 
14.63 
14.21 
1335 
13.69 
1368 
13.07 
11.64 
12.25 
12.03 
11.85 
11.89 
12.11 
12.91 
13.21 
13.27 
12.47 
11.74 
11.22 
11.18 
11.68 
11.80 
11.70 
11.25 
11.16 
11.86 
11.78 
12.16 
12.42 
11.48 
11.10 
11.21 
11.36 
11.54 
11.39 
11.67 
1205 
11.69 
12.09 
12.22 
12.06 
12.04 
12.50 
1260 
12.87 
12.81 
12.90

14.85 

14.65 

13.83 
13.39 
13.89 
13.54 
12.82 
11.84 
12.52 
12.04 
11.78 
11.85 
12.37 
13.33 
13.43 
13.21 
12.18 
11.57 
11.12 
11.37 
11.65 
11.74 
11.64 
11.19 
11.46 
11.92 
11.94 
12.47 
12.36 
11.41 
11.11 
11.16 
11.33 
11.36 
11.23 
11.97 
11.85 
11.72 
12.45 
12.23 
12.11 
12.03 
12.54 
12.85 
12.95 
12.99 
12.97
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Appendix I 

DISSOLVED OXYGEN MONITORING 

This section contains summaries of all dissolved oxygen (DO) data taken in the DCPP receiving 

waters from 1976 - 1998. In late 1998 PG&E and the RWQCB decided to discontinue DO 

monitoring because previous monitoring showed consistently high levels of DO in all areas.  

There have been four sampling regimes over the duration of the study as indicated by the station 

arrays in Figures I-I to 1-4. The detailed procedures for data collection, instrument calibration, 

data storage and analysis are presented at the end of this section. A summary of the methods 

follows.  

DO concentrations have been measured in the vicinity of DCPP from 1976 through 1998. Two 

methods have been used to determine DO concentrations. From 1976 through August 1996, 

water samples were collected in the field and then chemically tested in the laboratory. From 

November 1996 through November 1998, DO concentrations were measured in situ at the station 

with a calibrated, submersible oxygen sensor integrated with a conductivity-temperature-depth 

(CTD) unit. Compared to the chemical testing method, the CTD unit improved the overall 

efficiency of collecting and processing dissolved oxygen data. Dissolved oxygen concentrations 

from both methods are reported in units of mg/i of dissolved oxygen.  

To measure DO using the chemical testing procedure, water samples were collected from a boat 

positioned over each station, using two Frautschy bottles lowered on a hydrographic wire to the 

middle and bottom depths at each station. Surface water samples were collected in a bucket and 

carefully transferred to 300 ml glass sample bottles. Following procedure, each sample was 

chemically preserved with alkaline iodide azide and manganous sulfate. Samples were processed 

in the lab using the modified Winkler titration method.  

The CTD method measured continuos DO concentrations from surface to bottom with a 

submersible oxygen sensor. Technicians deployed the calibrated sensor from a boat and allowed 

it to equilibrate for at least three minutes just below the water surface. The CTD unit was slowly 

lowered to the bottom and retrieved at a rate not exceeding I ft per second. The CTD unit stored 

the data from each station in a digital format. After all stations were sampled, the data were 

downloaded and processed in accordance with the written procedures. Average DO 

concentrations were sorted into 0.5 m depth ranges at surface, mid-depth, and bottom strata to 

compare with data collected using the titration method. For comparison, we summarized data 

TENERA E2000-072.3 I-1 Dissolved Oxygen 
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Appendix I 

quarterly and annually at each station using the mean DO concentration form surface, mid-water 

and bottom depths. A summary of the data from the 1995-1998 period was included in Tenera 

(1999).

TENERA E2000-072.3 1-2 Dissolved Oxygen 
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Appendix I

Figure I-1. Dissolved oxygen stations sampled from June 1976 to February 1977.
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Figure 1-2. Dissolved oxygen stations sampled from February 1977 to February 1990.
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Appendix I

Figure 1-3. Dissolved oxygen stations sampled from March 1990 to June 1995.
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Figure 1-4. Dissolved oxygen stations sampled from September 1995 to November 1998.
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Appendix I 

Collection Station Dissolved Oxygen (mg/I) 

Station Date Time Depth (It) Surface Mid-Water Bottom 

IA 5/2111976 1103 40 9.9 10.1 8.6 

1B 6/21/1976 1131 80 9.9 10.4 7.0 

IC 6121/1976 1150 130 10.1 9.8 7.1 

2A 612111976 1255 100 7.7 8.3 6.5 

2S 6121/1976 1242 170 9.2 8.3 6.3 

2C 6121/1976 1228 200 9.6 8.3 7.6 

3A 6122/I976 0622 130 6.8 5.2 5.2 

3B 6/22/I976 0632 170 7.2 4.9 4.2 

3C 6/22/1976 0645 200 6.6 4.4 5.2 

4A 6/22/1976 0735 130 6.0 5.6 4.5 

4B 6/22/1 976 0725 180 6.0 4.7 4.2 

4C 6/22J1976 0710 200 5.8 5.4 4.1 

SA 6/22/1976 0810 90 5.9 6.2 5.4 

5B 6/22/1976 0820 110 6.1 6.5 5.2 

5C 6/22/ 976 0827 130 7.0 5.0 4.5 

6A 6/22/1976 0900 60 8.4 7.8 5.6 

6B 6/22/1976 0855 75 8.3 6.8 6.3 

6C 6/22/1976 0845 120 8.2 6.0 6.2 

7A 6/22/1976 0915 60 8.4 7.8 6.2 

7B 6/22/1976 0925 100 8.4 6.5 6.0 

7C 6/22/1976 0930 130 8.0 5.9 5.4 

8A 6/2211976 1005 50 8.4 8.1 7.7 

8B 6/22/I 976 1000 70 8.7 8.0 7.6 

8C 6/22/1976 0950 90 7.9 6.0 5.5 

IA 10/7/1976 0755 70 8.4 8.2 8.1 

1B 10/7/1976 0809 105 10.0 8.3 9.0 

IC 10/7/1976 0816 145 9.2 8.4 7.0 

2A 10/7/1976 0900 95 8.6 8.4 7.6 

28 10/7/1976 0851 160 9.0 9.2 8.4 

2C 10/7/1976 0842 200 9.2 8.6 8.0 

3A 10/6/1976. 0845 128 7.8 7.6 7.8 

3B 10/6/1976 0905 170 8.6 7.0 6.6 

3C 10/6/1976 0915 200 8.3 5.8 7.4 

4A 1016/1976 1010 118 7.6 8.2 7.6 

4B 1016/1976 0955 180 7.8 7.6 6.6 

4C 10/6/1976 0940 185 8.2 7.8 6.8 

5A 1016/11976 1030 55 8.0 7.5 6.8 

5B 10/6/1976 1042 101 8.4 8.8 7.1 

5C 10/6/1976 1050 130 7.2 7.6 6.3 

6A 10/7/1976 0930 65 9.8 8.2 7.8 

6B 10/7/1976 0937 75 9.4 9.2 8.0 

6C 10/711976 0945 122 9.4 10.0 7.7 

7A 10/7/1976 1021 68 10.4 8.6 7.2 

7B 10/7/1976 1014 102 8.8 7.6 7.8 

7C 10/7/1976 1005 125 8.6 9.9 8.4 

8A 10/7/1976 1048 40 8.6 7.8 6.6 

8B 10/7/1976 1038 65 8.7 8.5 8.0 

8C 10/7/1976 1033 85 8.4 7.8 7.8
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Collection Station Dissolved Oxygen (mQ/I) 
Station Date Time Depth (It) Surface Mid-Water Bottom 

3A 2/23/1977 0710 79 8.0 8.0 7.8 
3B 2/23/1977 0720 162 8.0 7.8 8.0 
3C 2/23/1977 0733 200 8.0 7.7 6.9 
4A 2(23/1977 1022 104 8.0 8.2 7.0 
4B 2123/1977 1033 170 8.1 7.9 6.0 
4C 2/23/1977 1047 200 8.0 8.2 6.4 
5A 2/24/1977 0655 40 8.0 8.4 8.2 
5B 2/24/1977 0700 95 8.0 7.8 6.6 
5C 2/24/1977 0707 105 8.4 7.4 6.8 
6A 2/24/1977 0753 65 8.2 8.4 7.1 
6B 2/24/1977 0743 80 8.2 8.4 7.6 
6C 2/24/1977 0730 85 8.0 8.0 7.4 
7A 2/24/1977 0826 55 8.2 7.6 7.2 
7B 2/24/1977 0818 85 7.2 8.0 7.8 
7C 2/24/1977 0808 120 8.0 8.0 6.4 
8A 2/24/1977 0859 42 7.8 7.4 8.0 
8B 2/24/1977 0850 60 7.8 7.9 7.0 
8C 2/24/1977 0841 75 8.2 8.2 6.6 
10 2/24/1977 1314 35 8.2 8.2 8.4 
11 2/24/1977 1300 75 8.4 8.0 8.2 
12 2/24/1977 1250 75 8.2 8.0 7.6 
3A 6/1 /1977 0835 125 8.4 7.6 6.1 
3B 6/1 5/1977 0845 141 8.0 - 5.0 
XC 6/1S/1977 0855 197 9.0 6.6 6.1 

4A 6/1 5/1977 0925 125 8.0 7.3 5.4 
4B 6/15/1977 0915 164 '8.4 5.4 
4C 6/15/1977 0905 197 7.9 5.8 5.2 
SA 6/15/1977 0645 85 - 7.2 5.6 
5B 6/15/1977 0655 105 7.6 5.8 4.8 
5C 6/15/1977 0700 105 5.8 6.4 4.2 
10 6/14/1977 1030 33 6.2 5.2 5.2 
11 6/14/1977 1035 66 6.8 6.4 5.6 
12 6/14/1977 1045 75 8.0 7.8 6.0 
3A 9/13/1977 0819 134 9.0 7.6 6.6 
3B 9/13/1977 0829 172 9.0 8.2 7.6 
3C 9/1311977 0837 200 9.0 8.8 8.0 
4A 9/13/1977 0905 103 7.8 7.0 7.0 
4B 9/13/1977 0856 157 8.8 6.6 6.0 
4C 9/13/1977 0847 200 9.2 2.2 7.4 
SA 9/1 3/1977 0950 35 8.6 7.8 7.0 
5B 9/13/1977 0957 97 8.2 7.0 5.6 
5C 9/13/1977 1004 105 8.8 8.8 6.4 
10 9/15/1977 0920 32 6.4 7.0 7.0 
11 9/15/1977 0930 54 7.1 6.8 6.8 
12 9/15/1977 0935 72 7.0 6.7 8.2
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Coflection Station Dissolved Oxygen (mI) 
Station Date Time Depth (It) Surface Mid-Water Bottom 

10 2128&1978 0755 24 7.6 6.0 7.6 

11 2/28&1978 0805 50 8.0 8.0 7.8 

12 2r2811978 0812 50 7.6 7.4 6.6 

3A 3/111978 0921 130 8.0 8.0 6.6 

3B 3/111978 0930 170 8.0 7.8 6.4 
3C 3/1/1978 0939 200 8.2 7.2 6.6 

4A 3/111978 1018 115 7.8 7.6 6.4 

4B 3/1/1978 1009 180 8.2 8.2 6.0 

4C 3/11/1978 0968 200 7.0 7.2 5.8 

5A 3/1/1978 1137 35 8.2 8.4 8.2 
5B 3/11/1978 1144 90 7.8 8.4 7.8 
5C 3/1/1978 1150 120 8.4 7.8 8.0 

3A 6/20/1978 0715 125 4.6 5.2 4.0 
3B 6/20/1978 0725 145 6A 4.7 3.8 

3C 6/20/1978 0735 195 6.0 4.2 3.9 

4A 6/20/1978 0810 120 5.9 5.8 3.3 

4B 6/20/1978 0800 160 6.4 4.4 3.9 

4C 6/20/1978 0745 195 6.3 4.6 3.6 
5A 6/21/1978 0600 76 6.0 4.4 4.2 

5B 6121/1978 0610 92 7.0 6.3 4.2 
5C 6/21/1978 0620 105 6.7 5.81 5.1 
3A 10/10/1978 0830 128 7.9 6.2 4.5 

3B 10/10/1978 0838 167 7.6 7.8 6.2 
3C 10/10/1978 0846 200 8.1 6.8 5.2 
4A 10/10/1978 0920 97 7.0 7.0 6.0 

48 10/10/1978 0910 162 "7.4 7.6 5.2 

4C 10/10/1978 0900 200 7.4 7.8 7A 
5A 10/10/1978 1010 35 8.0 6.4 7.2 
5B 10/10/1978 1017 95 5.8 7.6 5.8 
5C 10/10/1978 1025 105 7.9 7.4 6.9 
10 10/11/1978 0925 24 58.0 7.0 7.2 
11 10/11/1978 0930 54 6.8 6.6 5.2 
12 10/11/1978 0935 70 6.2 5.8 4.4
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Collection Station Dissolved Oxygen (mqAI) 
Station Date Time Depth (Rt) Surface Mid-Water Bottom 

3A 2/21/1979 0825 125 8.3 6.8 6.7 
3B 2121/1979 0850 175 8.2 8.4 7.8 
3C 2/21/1979 0905 200 8.1 7.8 6.0 
4A 2/2111979 0955 125 7.9 7.1 4.5 
4B 2J21/1979 0945 160 8.0 8.2 7.0 
4C 2J21/1979 0935 200 4.2 4.2 6.7 
5A 2/22/1979 0915 35 7.4 8.2 6.8 
59 2/22/1979 0925 90 8.2 6.9 5.9 
5C 2=22/1979 0935 105 8.3 5.6 6.3 
3A 9/27/1979 1611 130 7.5 7.2 7.5 
3B 9/27/1979 1600 170 8.3 7.8 5.2 
3C 9/27/1979 1547 200 8.8 8.6 6.5 
4A 9/27/1979 0951 120 8.5 7.5 6.7 
4B 9/27/1979 1010 150 7.8 5.0 6.7 
4C 9/27/1979 1022 200 8.4 6.8 6.1 
5A 9/27/1979 1302 80 8.3 6.6 5.8 
5B 9/27/1979 1253 100 7.9 6.6 6.0 
5C 9/27/1979 1238 130 7.8 6.9 6.1 
10 9/27/1979 1037 25 7.1 7.0 6.3 
11 9/27/1979 1041 70 7.6 7.2 7.2 
12 9/27/1979 1044 80 7.7 7.2 6.0
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Collection Station Dissolved Oxygen (mg/T) 
Station Date Tmne Depth (It) Surface Mid-Water Bottom 

3A 2/26/1980 1055 125 7.9 8.0 7.2 
3B 2/26/1980 1103 180 7.0 6.4 6.4 
3C 2/26/1980 1112 200 8.2 6.6 6.8 
4A 2/26/1980 1150 110 8.4 7.8 7.4 
4B 2/26/1980 1138 150 5.8 7.4 7.2 
4C 2/26/1980 1130 190 7.0 6.1 7.3 
5A 2/2711980 1105 60 8.4 7.5 7.2 
56B 2/2711980 11115 95 7.4 7.4 7.0 
5C 2/2711980 1121 100 7.8 7.3 7.4 

10 not sampled 

11 not sampled 
12 2/28/1980 0920 80 8.2 8.4 7.4 
3A 6/18/1980 0950 130 7.8 7.0 5.4 
3B 6/18/1980 1000 169 7.6 6.6 5.0 
3C 6/18/1980 1010 200 8.0 8.0 5.6 
4A 6/18/1980 1040 120 8.0 7.0 4.6 
48 6/18/1980 1030 166 8.0 7.3 4.4 
4C 6/18/1980 1020 200 8.2 5.4 4.9 
SA 6/19/1980 0740 44 5.8 5.2 5.8 
51B 6/19/1980 0749 80 6.0 5.4 4.4 
5C 6/19/1980 0757 98 7.0 6.4 4.4 
10 6/ 11W1980 1050 23 7.5 7.2 7.2 
11 6/18/1980 1055 55 7.6 7.5 9.4 
12 6/18/1980 1100 72 7.9 6.4 6.6 
SA 9111/1980 0813 70 5.6 6.6 5.6 
51B 9/11/1980 0821 91 7.4 6.4 5.4 
5C 9/11/1980 0829 115 7.0 6.0 5.6 

3 not sampled 
4 not sampled 

10 not sampled 

11 not sampled 
12 not sampled

Dissolved Oxygen Monitoring, 1976-1998TENERA E2000-072.1



Appendix I

Collection Station Dissolved Oxygen (mQA/) 
Station Date Time Depth (It) Surface Mid-Water Bottom 

3A 1/14/1981 1053 130 7.8 7.6 7.2 
3B 1/14/1981 1105 175 7.4 7.4 7.5 
3C 111411981 1115 200 8.0 5.0 7.2 
4A 1/14/1981 1154 133 7.6 5.6 7.2 
48 1/14/1981 1140 175 4.8 7.4 6.8 
4C 114/1981 1133 200 6.4 7.6 5.4 
SA 1/15/1981 0845 75 8.0 7.7 7.6 

5B 1/15/1981 0856 103 8.4 8.0 8.4 
5C 1/15/1981 0912 127 8.6 8.2 8.6 
10 1/15/1981 1136 24 8.0 8.8 8.2 
11 1/15/1981 1139 54 8.0 8.4 7.2 
12 1/15/1981 1143 78 8.2 8.2 8.2 
3A 6/16/1981 0935 39 7.2 6.4 4.2 
3B 6/16/1981 0947 52.7 8.2 6.6 4.2 
3C 6/16/1981 0955 61 10.0 4.7 4.4 
4A 6/16/1981 1028 36 6.8 3.0 1.8 
4B 6/16/1981 1020 50.3 8.4 4.9 2.7 
4C 6/16/1981 1012 61 8.8 6.2 2.7 
5A 6/17/1981 0700 16.8 3.7 6.0 4.8 
5B 6/1 7/1 981 0710 26.6 4.5 4.3 4.0 
SC 6/17/1981 0720 32 4.1 4.0 3.3 
10 6/1 8/1 981 0750 6.4 7.0 7.0 6.8 
11 6/18/1981 0756 18.8 7.2 5.1 4.1 
12 618/1981 0801 21.6 6.4 6.0 4.0 
3A 9/30/1981 0811 120 5.8 5.2 4.6 
3B 9/30/1981 0818 170 6.0 5.6 5.0 
3C 9/30/1981 0826 200 6.6 6.2 5.2 
4A 9/30/1981 0854 129 5.5 4.9 4.6 
4B 9/30/1981 0857 175 5.9 5.8 5.1 
4C 9/30/1981 0839 200 5.7 5.3 4.3 
5A 9/30/1981 0841 75 8.2 6.0 5.7 
5B 9/30/1981 0851 100 6.9 5.7 7.8 
5C 9/30/1981 1001 130 6.8 5.4 5.0 
10 9/30/1 981 0904 10 6.8 7.0 6.4 
11 9/30/1 981 0910 45 6.3 6.8 5.0 
12 9/30/1981 0915 68 5.9 5.6 4.4

Dissolved Oxygen Monitoring, 1976-1998TENERA E2000-072.1



Appendix I 

Collection Station Dissolved Oxygen (mgo/) 
Station Date rime Depth (It) Surface Mid-Water Bottom 

3A 212311982 0917 126 7.2 7.4 5.9 

3B 2123/1982 0929 175 5.0 6.0 4.8 

3C 2/23/1982 0938 215 6.8 5.8 5.6 

4A 2r23/1982 1018 126 6.6 6.5 5.4 

48 2/23/1982 1008 175 6.7 5.4 5.6 

4C 2/23/1982 0957 200 6.3 6.6 5.6 

SA 2/2411982 0921 68 7.2 7.6 5.8 

5B 2/24/1982 0928 95 7.2 5.4 6.3 

5C 2/24/1982 0937 128 8.4 8.4 4.2 

10 2/2311982 1028 35 6.5 5.7 6.3 

11 2/23&1982 1034 65 6.9 8.0 6.9 

12 2/2311982 1038 73 8.6 8.0 7.0 

3A 6/29/1 982 1027 127 8.0 6.4 4.8 

3B 6/29/1982 1034 174 8.2 6.8 4.2 

3C 6/29/1 982 1042 200 8.1 3.4 5.5 

4A 6/29/1982 1115 118 7.7 4.0 5.4 

4B 6/29/1982 1107 170 8.2 2.4 4.2 

4C 6/29/1982 1058 200 5.2 6.6 4.0 

SA 6/30/1982 0824 73 7.6 7.4 5.2 

5B 6/30/1982 0836 96 8.0 6.8 5.4 

5C 6/30/1982 0844 105 8.8 8.6 7.4 

10 not sampled 

11 not sampled 

12 not sampled 

3A 9/211982 0951 135 7.8 7.5 6.6 

3B 9/2111982 0939 180 7.7 7.2 5.6 
3C 9/21/1982 0908 200 7.9 7.0 

4A 9/21/1982 1619 115 7.8 7.0 6.2 

4B 9/21/1982 1611 7.4 7.3 6.2 

4C 9/21/11982 1602 200 7.8 7.4 5.4 

SA 9/22/1982 0734 75 7.0 8.0 7.0 
5B 9/22/1982 0743 95 7.0 8.2 7.2 

5C 9/22/1982 0750 126 8.4 7.3 6.0 

10 9/21/1982 1020 27 7.5 7.8 7.4 

11 9/21/1982 1034 47 8.5 7.6 7.5 

12 9/21/1982 1039 70 7.8 6.8 7.2
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Appendix I

Collection Station Dissolved Oxygen (mr/I) 
Station Date Time Depth (ft) Surface Mid-Water Bottom 

3A 2/15/1983 0928 140 7.2 7.5 7.2 
3B 2/15/1983 0934 162 7.8 7.3 7.0 

3C 2/15/1983 0943 200 6.6 7.0 6.7 

4A 2/1 5/1983 0848 120 8.7 7.8 6.8 

4B 2115/1983 0856 174 7.7 7.6 7.0 

4C 2/1 5/1983 0906 198 7.6 7.2 7.0 

5A 2/1 5/1983 0825 60 8.2 8.3 6.2 

5B 2/15/1983 0813 90 8.0 8.0 7.6 

5C 2/15/1983 0803 120 7.8 6.8 8.0 

10 not sampled 

11 not sampled 

12 not sampled 

3A 6/28/1983 1031 125 8.1 7.0 7.0 

3B 6/28/1983 1039 175 8.0 8.1 6.1 
3C 6/28/1983 1049 200 8.1 7.2 6.0 

4A 6/28/1983 1127 115 8.0 7.2 6.4 

4Q 6/28/1983 1117 175 8.0 7.8 5.8 
4C 6/28/1983 1105 200 8.2 6.4 6.2 
5A 6/29/1983 0915 73 6.4 4.3 5.8 

5B 6/29/1983 0918. 88 6.2 5.8 5.8 

5C 6/29/1983 0928 98 5.8 8.5 5.8 

10 6/29/1983 0835 25 7.8 7.8 7-2 
11 6/29/1983 0840 40 7.4 7.4 3.6 

12 6/29/1983 0848 75 7.0 6.0 5.8 

3A 9/8/1983 0817 125 8.1 7.4 7.3 
3B 9/0/1983 0824 168 8.0 7.4 7.2 
3C 9/8/1983 0831 225 7.6 7.0 6.2 

4A 9/8/1983 0906 125 7.8 7.6 7.2 

4Q 9/8/1983 0855 178 8.0 7.4 7.0 
4C 9/8/1983 0847 210 8.0 7.4 6.8 
SA 9/8/1983 0934 64 8.0 7.6 7.3 
5B 9/8/1983 0945 90 8.1 7.9 7.6 

5C 9/8/1983 0952 112 8.1 8.0 7.6 

10 9/8/1983 0914 28 7.4 6.7 7.3 

11 9/8/1983 0919 51 7.2 6.0 7.1 

12 9/8/1983 0923 62 8.0 6.2 7.2
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Appendix I 

Collection Station Dissolved Oxygen (mcA) 
Station Date Time Depth (It) Surface Mid-Water Bottom 

3A 2/I4/1984 0949 125 7.4 7.4 7.2 
3B 211411984 1000 170 7.6 6.4 5.6 
3C 2114/1984 1010 200 8.0 7.6 6.8 
4A 2114/1984 1044 115 7.3 7.6 7.4 

48 21 4/1984 1034 175 7.8 7.0 6.3 
4C 2/14/1984 1025 200 6.8 7.1 6.1 
5A 2/15/1984 0814 20 8.2 8.0 7.0 

5B 2/15/1984 0820 90 8.0 7.8 7.4 
SC 2/15/1984 0828 113 8.0 7.6 7.6 
10 2/15/1984 0748 30 7.8 8.0 7.8 
11 2/1 5/1984 0756 50 8.0 8.0 7.6 
12 2/15/1984 0800 70 7.6 7.8 10.2 

3A 6/11/1984 0722 120 5.8 4.6 4.8 

3B 8/11/1984 0736 170 8.4 4.8 4.8 
3C 6/11/11984 0749 220 6.2 5.4 4.3 

4A &/11/1984 0842 118 5.2 5.9 4.0 
4B 6/11/1984 0829 140 4.6 5.0 4.4 
4C 6/1111984 0815 200 4.1 3.8 4.2 
5A 6/1111984 0902 56 6.8 3.5 6.8 
5B 6/11/1984 0909 90 4.7 5.8 6.2 
5C 6/11/1984 0917 110 6.0 4.4 3.2 
10 &/11/1984 0950 30 6.9 7.2 5.6 
11 6/11/1984 0955 45 6.8 7.0 5.9 
12 6/11/1984 0959 65 6.8 6.3 5.3 

3A 10/2/1984 1011 130 7.1 7.2 6.8 
3B 10/2/1984 1059 160 6.9 5.6 6.7 
3C 10/2/1984 1115 200 7.8 7.0 7.2 
4A 10/2/1984 1230 115 8.0 6.8 7.8 

4B 10/211984 1205 170 7.6 7.8 6.4 
4C 10/2/1984 1145 200 7.8 7.0 4.4 
5A 10/2/1984 0740 60 7.7 7.0 8.2 
5B 10/2/1984 0759 100 7.1 7.4 7.0 

SC 10/2/1984 0825 125 8.0 6.8 6.6 
10 10/2/1984 1240 25 7.6 7.8 7.8 
11 10/2/1984 1250 50 8.0 7.8 7.0 
12 10/2/1984 1300 65 8.2 7.4 7.2
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Appendix I

Collection Station Dissolved Oxygen (mq/I) 
Station Date Time Depth (ft) Surface Mid-Water Bottom 

3A 21111985 1237 110 8.0 7.8 7.4 
3B 211/1985 1226 165 7.2 7.8 7.8 
3C 2/111985 1217 215 8.4 8.0 7.6 
4A 22/11985 0949 110 8.0 8.2 8.0 
4B 2/2/1985 0942 160 8.0 8.0 7.2 
4C 202/1985 0933 200 8.1 8.0 7.2 
5A 22/1I985 0903 50 7.8 8.2 8.0 
5B 2/2/1985 0912 100 7.8 7.8 6.7 
5C 212/1985 0920 150 8.1 8.6 7.8 
10 2/2/1985 0959 25 9.2 9.2 9.0 
11 212/1985 1002 40 9.4 8.8 8.4 
12 2/2/1985 1005 60 8.6 8.4 8.0 
3A 6/18/1985 0728 127 8.2 8.2 7.6 
38 6/18/1985 0746 170 7.0 6.9 5.6 
3C 6/18/1985 0802 220 10.3 4.0 4.3 
4A 6/18/1985 0858 120 10.2 7.8 8.1 
4B 6/18 /1985 0843 195 9.4 6.4 4.4 
4C 6/18/1985 0824 200 10.6 5.3 4.6 
5A 6/18/1985 1010 60 9.3 9.2 5.7 
5B 6/18/1985 1023 90 8.8 7.6 7.6 
5C 6/18/1985 1034 105 8.8 7.1 6.8 
10 6/1 /1985 0914 30 7.6 7.0 6.8 
11 6/18/1985 0920 40 8.6 7.6 7.6 
12 6/18/1985 0928 70 8.8 6.4 6.2 
3A 10/17/1985 127 7.5 6.8 6.2 
3B 110/17/1985 - 170 6.8 6.8 6.2 

3C 10/17/1985 - 220 7.8 7.6 7.4 
4A 10/17/1985 - 120 7.7 7.2 5.6 
4B 10/17/1985 - 195 7.6 7.6 6.0 
4C 10/17/1985 - 200 8.0 7.8 7.0 
5A 10/17/1985 - 60 8.0 7.6 6.2 
5B 10117/1985 - 90 8.1 7.8 6.6 
5C 10/17/1985 - 105 7.9 6.6 7.0 
10 10/17/1985 30 7.5 6.4 7.6 
11 10/17/1985 40 8.6 7.4 7.0 
12 10/17/1985 70 7.5 7.2 6.8
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Appendix I 

Collection Station Dissolved Oxymen (ma/i) 

Station Date Time Depth (It) Surface Mid-Water Bottom 

3A Feb-86 - 127 8.4 7.2 6.4 

3B Feb-86 - 170 8.3 7.4 5.8 

3C Feb-86 - 220 8.2 7.8 6.6 

4A Feb-86 - 120 8.0 7.6 7.4 

4B Feb-86 - 195 8.2 6.8 6.6 

4C Feb-86 - 200 8.2 8.0 6.6 

5A Feb-86 - 60 8.2 8.0 7.8 

5B Feb-86 - 90 8.1 8.0 7.3 

5C Feb-86 - 105 8.0 8.0 7.2 

10 Feb-86 - 30 8.0 8.4 8.6 

11 Feb-86 . 40 8.2 8.4 8.6 

12 Feb-86 - 70 8.6 8.2 8.0 
3A 6/16/1986 - 127 8.2 7.5 5.4 

3B 6/16/1986 - 170 7.8 6.0 4.7 

3C 6/16/1986 - 220 8.0 4.6 4.2 

4A 6/16/1986 - 120 8.4 7.6 5.8 

4B 6/1611986 - 195 9.0 5.6 4.6 

4C 6/16/1986 - 200 7.9 5.8 4.2 

SA 6/16/1986 - 60 6.6 5.2 4.6 

58 6/16/1986 - 90 6.3 7.7 6.2 

5C 6/16/1986 105 6.0 4.6 4.1 

10 6/16/1986 30 6.8 5.0 6.5 

11 6/16/1986 40 6.5 6.4 6.5 

12 6/16/1986 70 7.3 7.6 5.9 

3A Oct-86 127 8.4 5.6 4.9 

3B Oct-86 170 8.1 7.0 4.8 

3C Oct-86 220 8.8 7.7 5.4 

4A Oct-86 120 7.7 6.1 5.1 

4B Oct-86 195 8.5 8.3 3.6 

4C Oct-86 200 8.6 7.7 4.8 

5A Oct-86 - 60 7.3 7.2 6.8 
5B Oct-86 - 90 8.3 7.8 6.2 

5C Oct-86 - 105 8.7 6.5 5.8 

10 Oct-86 - 30 7.5 7.6 6.8 

11 Oct-86 40 7.6 7.8 6.1 

12 Oct-86 70 7.7 6.4 6.1
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Appendix I 

Collection Station Dissolved Oxygen (mo/lM 
Station Date Time Depth (It) Surface Mid-Water Bottom 

3A Feb-87 127 8.1 8.1 8.2 
3B Feb-87 170 8.2 8.0 8.0 
3C Feb-87 220 7.9 7.2 7.0 
4A Feb-87 120 8.2 8.2 8.2 
4Q Feb-87 195 8.6 8.0 8.2 
4C Feb-87 200 8.2 7.7 6.3 
SA Feb-87 60 8.7 7.8 6.6 
58 Feb-87 90 8.2 7.8 7.2 
5C Feb-87 105 7.7 7.8 6.8 
10 Feb-87 30 7.7 7.6 7.8 
11 Feb-87 40 7.6 7.8 8.0 
12 Feb-87 70 7.6 8.4 8.2 
3A Jun-87 - 127 7.0 6.8 5.7 
3B Jun-87 - 170 8.6 5.6 5.5 
3C Jun-87 - 220 8.8 6.7 5.1 
4A Jun-87 - 120 6.8 6.4 5.5 
4B Jun-87 - 195 6.6 5.8 6.6 
4C Jun-87 - 200 6.8 6.2 4.5 
5A Jun-87 - 60 6.6 4.4 5.4 
5B Jun-87 . 90 7.2 6.6 5.7 
5C Jun-87 . 105 7.1 6.1 5.3 
10 Jun-87 - 30 7.8 6.8 6.2 
11 Jun-87 40 7.6 6.1 5.2 
12 Jun-87 70 7.4 8.2 5.7 
3A 10/20/1987 - 127 7.9 7.5 6.4 
3B 101201 987 - 170 8.1 7.6 6.4 
3C 1012011987 - 220 8.2 6.8 6.0 
4A 10/20I1987 - 120 7.6 7.4 6.8 
4B 1012011987 195 8.0 7.2 6.8 
4C 10/20/1987 200 7.8 7.1 6.4 
5A 10/20/1987 60 8.2 8.0 6.6 
5B 10/20/1987 - 90 7.7 8.0 6.6 
5C 10/20/1987 - 105 8.1 7.8 7.6 
10 10/20/1987 - 30 7.2 7.4 7.5 
11 10120/1987 - 40 7.3 7.2 7.6 
12 10/20/1987 70 7.2 7.8 7.6
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Appendix I 

Collection Station Dissolved Oxygen (ma/1) 

Station Date Time Depth (It) Surface Mid-Water Bottom 

3A Feb-88 127 9.0 8.6 8.6 

3B Feb-88 170 8.6 7.2 6.7 

3C Feb-88 220 8.4 6.8 6.4 

4A Feb-88 120 8.2 8.8 8.6 

4B Feb-88 195 9.0 8.2 8.0 

4C Feb-88 200 9.0 8.0 7.0 

5A Feb-88 60 9.2 8.8 8.6 

5B Feb-88 90 8.8 8.4 8.3 

5C Feb-88 105 8.9 8.4 7.4 

10 Feb-88 . 30 7.8 8.1 8.3 

11 Feb-88 - 40 7.8 8.2 8.8 

12 Feb-88 - 70 8.0 8.8 8.8 

3A Jun-88 - 127 8.0 6.6 5.0 

3B Jun-88 - 170 9.4 5.4 5.0 

3C Jun-88 - 220 9.6 5.4 4.4 

4A Jun-88 120 7.2 5.8 6.2 

4B Jun-88 - 195 7.2 5.0 4.3 

4C Jun-88 - 200 7.8 6.0 4.2 

SA Jun-88 - 60 9.6 7.8 5.6 

5B Jun-88 - 90 8.6 6.0 5.2 

5C Jun-88 - 105 6.8 5.0 4.4 

10 Jun-88 - 30 8.2 8.0 7.5 

11 Jun-88 - 40 7.6 7.4 6.9 

12 Jun-88 70 8.0 6.5 7.9 

3A Oct-88 127 7.0 6.4 4.6 

3B Oct-88 170 6.2 5.4 4.5 

3C Oct-88 220 7.0 7.0 6.0 

4A Oct-88 120 6.8 4.8 5.3 

4B Oct-88 195 4.8 4.6 4.2 

4C Oct-88 200 5.0 5.2 4.4 

5A Oct-88 60 7.4 4.8 5.6 

5B Oct-88 90 6.6 4.6 4.4 

5C Oct-88 105 4.4 4.0 4.2 

10 Oct-88 30 6.4 5.8 3.8 

11 Oct-88 40 4.3 6.6 4.2 

12 Oct-88 70 6.6 6.4 2.9

Dissolved Oxygen Monitoring, 1976-1998TENERA E2000-072.1



Appendix I 

Collection Station Dissolved Oxygen (mq/I) 
Station Date Time Depth (It) Surface Mid-Water Bottom 

3A Feb-89 - 127 8.0 8.4 8.8 
3B Feb-89 - 170 8.0 8.4 8.0 
3C Feb-89 - 220 7.6 7.4 8.3 
4A Feb-89 . 120 8.8 8.8 8.8 
4B Feb-89 195 8.0 7.4 8.4 
4C Feb-89 200 7.6 7.4 8.0 
5A Feb-89 - 60 8.9 8.4 6.2 
5B Feb-89 - 90 8.4 9.0 8.6 
5C Feb-89 105 7.7 8.5 7.6 
10 Feb-89 30 8.4 7.4 8.6 
11 Feb-89 40 8.2 8.2 8.4 
12 Feb-89 70 9.0 8.4 9.0 
3A Jun-89 127 9.6 7.0 4.3 
3B Jun-89 170 12.0 4.3 3.4 
3C Jun-89 220 10.0 7.6 5.0 
4A Jun-89 120 6.2 5.6 5.0 
4B Jun-89 195 12.8 5.2 8.4 
4C Jun-89 - 200 9.4 6.3 4.5 
5A Jun-89 - 60 13.3 9.2 7.5 
5B Jun-89 - 90 10.4 8.2 7.8 
5C Jun-89 - 105 12.8 7.2 6.2 
10 Jun-89 - 30 5.2 6.6 6.2 
11 Jun-89 - 40 6.2 5.8 8.6 
12 Jun-89 . 70 7.4 8.6 8.8 

3A 10/1011989 - 127 7.8 7.2 6.8 
3B 10/10/1989 170 8.2 7.4 6.5 
3C 1 0/1 0/1989 220 8.4 7.6 6.2 
4A 10/10/1989 120 8.6 7.4 7.0 
4S 10/1 0/1989 195 8.8 7.8 6.6 
4C 10/10/1989 200 8.8 7.0 6.2 
SA 10/10/1989 60 8.0 7.6 7.0 
5B 10/1011989 90 8.1 7.8 7.6 
5C 1 0/1 0/1989 105 9.0 6.8 7.0 
10 10/10/1989 30 7.6 7.4 7.6 
11 10/1 0/1989 40 7.5 8.0 7.8 
12 10/10/1989 70 8.2 8.4 8.0
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Appendix I 

Collection Station Dissolved Oxymen (mrn1) 
Station Date Time Depth (ft) Surface Mid-Water Bottom 

3A 212311990 127 8.8 8.0 8.0 
3B 2/23/1990 170 8.6 7.6 6.7 
3C 2/23/1990 220 8.4 7.2 5.8 
4A 2/2311990 - 120 7.8 8.0 7.4 

4B 2123/1990 - 195 7.8 7.0 6.8 
4C 2123/1990 - 200 8.4 6.6 5.4 
5A 2/23/1990 . 60 8.0 7.6 7.6 
5B 2/23/1990 - 90 6.9 7.8 7.4 
5C 2/23/1990 - 105 8.2 72 6.6 
10 2/23/1990 30 7.8 7.6 ND 
11 2=23/1990 - 40 7.5 5.0 7.8 

12 2/23/1990 - 70 7.5 6.6 8.0 
10 3/3/1990 - 30 5.7 6.0 6.0 
11 3/3/1990 - 40 5.6 6.0 5.6 
12 3/3/1990 70 7.4 5.4 7.3 
13 3/3/1990 25 7.0 7.7 7.4 
14 3/3/1990 30 7.0 7.6 7.2 
15 3/3/1990 40 6.5 7.9 7.2 
10 6/19/1990 30 7.2 6.0 5.8 
11 6/19/1990 40 7.0 5.8 4.4 
12 6/19/1990 70 7.0 5.2 5.6 
13 6119/1990 25 7.8 7.4 5.6 
14 6/19/1990 30 6.8 7.0 7.1 
15 6/19/1990 40 7.4 7.2 6.0 
10 10/3/1990 30 7.2 6.0 5.8 
11 10/3/1990 40 7.0 5.8 4.4 
12 10/3/1990 70 7.0 5.2 5.6 
13 10/3/1990 25 7.8 7.4 5.6 
14 10/3/1990 30 6.8 7.0 7.1 
15 10/3/1990 40 7.4 7.2 6.0
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Appendix I 

Collection Station Dissolved Oxvyen (m/I) 
Station Date Time Depth (It) Surface Mid-Water Bottom 

10 3/3/1991 30 5.7 6.0 6.0 
11 3/3/1991 40 5.6 6.0 5.6 
12 3/3/1991 70 7.4 5.4 7.3 
13 3/3/1991 25 7.0 7.7 7.4 
14 3/3/1991 30 7.0 7.6 7.2 
15 3/3/1991 40 6.5 7.9 7.2 
10 6/11/1991 30 7.4 6.8 6.8 
11 6/11/1991 40 6.9 6.2 6.8 
12 6/11/1991 70 7.2 8.2 7.6 
13 6/11/1991 - 25 6.4 7.2 6.6 

14 6/11/1991 - 30 6.0 7.4 7.4 
15 6/11/1991 - 40 6.0 7.5 6.2 
10 10/3/1991 - 30 7.4 7.0 7.2 
11 10/3/1991 - 40 6.8 7.0 7.0 

12 10/3/1991 - 70 7.2 7.8 6.8 
13 10/3/1991 25 7.2 7.2 7.4 
14 10/3/1991 30 7.4 7.4 7.6 

15 10/3/1991 40 7.2 7.2 7.4
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Appendix I 

Collection Station Dissolved Oxvmen (mg/I) 

Station Date Time Depth (It) Surface Mid-Vater Bottom 

10 2/19/1992 - 30 6.8 8.0 8.2 

11 2/19/1992 - 40 7.4 8.0 7.2 

12 2/19/1992 - 70 7.4 6.6 6.8 

13 2/19/1992 - 25 7.0 7.2 8.0 

14 2/19/1992 - 30 7.4 9.0 6.8 

15 2/19/1992 40 6.6 8.0 8.0 

10 6/29/1992 30 7.7 7.8 7.6 

11 6/29/1992 40 8.0 8.0 7.8 

12 6/29/1992 70 6.7 7.6 7.1 

13 6/29/1992 25 7.8 7.7 7.8 

14 6/29/1992 30 7.7 7.9 8.0 

15 6/29/1992 40 7.8 7.9 7.7 

10 10/12/1992 30 6.7 6.7 7.1 

11 10/12/1992 - 40 7.2 7.1 7.0 

12 10/12/1992 - 70 7.0 7.1 6.6 

13 10112/1992 25 7.0 7.0 6.5 

14 10/1211992 30 6.9 7.3 6.8 

15 10/12/1992 40 7.0 7.5 7.1
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Collection Station Dissolved Oxygen (mq/i 
Station Date Time Depth (it) Surface Mid-Water Bottom 

10 2/1/1993 30 7.8 8.2 8.0 
11 2/1/1993 40 7.8 7.9 7.9 
12 2/1 I1993 70 7.7 7.8 7.9 
13 2/11/1993 25 7.8 8.0 7.7 
14 2/11/1993 - 30 8.2 8.0 8.3 
15 211/1993 - 40 7.9 8.1 8.0 
10 6/24/1993 - 30 7.8 7.2 5.4 
11 6/24/1993 40 7.0 6.4 5.0 
12 6124/1993 - 70 6.8 5.6 4.8 
13 6/24/1993 25 7.8 7.8 6.7 
14 6/24/1993 - 30 7.7 7.4 7.4 
15 6/24/1993 - 40 7.6 6.6 6.4 
10 10/6/1993 - 30 7.0 8.6 6.6 
11 10/6/1993 - 40 6.8 6.6 6.2 
12 10/6/1993 - 70 6.7 7.0 6.0 
13 10/6/1993 25 6.6 6.6 5.8 
14 10/6/1993 30 6.6 6.6 6.2 
15 10/6/1993 40 6.6 6.4 6.0
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Collection Station Dissolved Oxygen (m/ll) 

Station Date Time Depth (ft) Surface Mid-Water Bottom 

10 2116/1994 30 7.2 6.6 8.0 

11 2116/1994 40 7.4 8.2 8.1 

12 21 6/1994 - 70 7.4 8.6 7.8 

13 2/16/1994 25 7.4 7.6 8.2 

14 2/1 6/1994 30 7.5 7.9 8.2 

15 2/16/1994 40 7.4 8.3 8.4 

10 6/9/1994 30 7.1 6.9 4.5 

11 6/9/1994 40 7.2 6.4 4.2 

12 6/9/1994 70 7.0 4.8 4.0 

13 6/9/1994 25 7.1 6.2 4.6 

14 6/9/1994 30 6.9 7.3 6.4 

15 6/9/1994 - 40 6.8 6.2 6.0 

"10 10/16/1994 30 7.1 7.0 6.9 

11 10/16/1994 40 6.8 7.1 6.7 

12 10/16/1994 70 7.2 7.2 7.0 

13 10/16/1994 25 7.0 7.2 7.0 

14 10/18/1994 30 7.0 7.0 7.2 

15 10/18/1994 40 7.0 7.4 7.0
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Collection Station Dissolved Oxygen (mq/I) 
Station Date Time Depth (IR) Surface Mid-Water Bottom 

10 2/9/1995 30 7.4 7.7 8.2 
11 2/9/1995 40 7.4 7.5 8.1 
12 2/911995 70 7.6 7.8 8.1 
13 2/9/1995 25 7.2 7.6 7.6 
14 219/1995 30 7.4 7.6 7.9 
15 2/9/1995 40 8.0 8.0 8.1 
10 6/22/1995 30 6.9 6.7 5.3 
11 6/22/1995 . 40 7.0 6.5 5.4 
12 6/22/1995 . 70 7.0 5.5 5.3 
13 6/22/1995 - 25 6.7 6.6 6.6 
14 6/22/1995 - 30 6.4 6.3 6.1 
15 6/22/1995 - 40 5.6 6.0 5.8 

FC 1-3m 9/28/1995 10 7.7 7.7 7.9 
NC 1-3m 9/28/1995 10 7.1 8.2 8.3 

NDC 3-3m 9/28/1995 10 6.8 7.2 7.4 
NDC 4-4m 9/28/1995 - 15 8.5 7.4 7.4 
NDC 6-3m 9/28/1995 - 10 6.7 6.2 7.1 
SC 1-3m 9/28/1995 - 10 7.1 7.8 7.5 

SDC 1-3m 9/28/1995 - 10 7.4 8.0 8.0 
SDC 4-4m 9/28/1995 - 15 6.9 7.8 7.8 
FC 1-3m 12/7/1995 - 10 6.8 6.7 6.8 
NC 1-3m 12/7/1995 - 10 7.9 7.7 7.8 

NDC 3-3m 12(7/1995 - 10 7.0 7.2 7.3 
NDC 4-4m 12/7/1995 15 7.1 6.9 6.8 
NDC 6-3m 12/7/1995 10 7.0 6.5 7.0 
SC 1-3m 12/7/1995 10 7.3 7.1 7.4 

SDC 1-3m 12/7/1995 10 6.7 6.7 5.8 
SDC 4-4m 12/7/1995 15 6.7 6.5 5.4
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Collection 

Station Date 

FC 1-3m 3/7/1996 

NC 1-3m 3/7/1996 

NDC 3-3m 3/7/1996 

NDC 4-4m 3/711996 

NDC 6-3m 3W711996 

SC 1-3m 317/1996 

SDC 1-3m 3r7/1996 

SDC 4-4m 3W7/1996 

FC 1-3m 6/2111996 

NC 1-3m 6/2111996 

NDC 3-3m 6/21/1996 

NDC 4-4m 6/2111996 

NDC 6-3m 6/2111996 
SC 1-3m 6/2111996 

SDC 1-3m 6/21/1996 

SDC 4-4m 6/21/1996 

FC 1-3m 8/23/1996 

NC 1-3m 8/23/1996 

NDC 3-3m 6/23/1996 

NDC 4-4m 8/23/1996 

NDC 6-3m 8/23/1996 

SC 1-3m 8/23/1996 

SDC 1-3m 8/23/1996 

SDC 4-4m 8/23/1996 

FC 1-3m 12/19/1996 

NC 1-3m 12/19/1996 

NDC 3-3m 12/19/1996 

NDC 4-4m 12/19/1996 

NDC 6-3m 12/19/1996 

SC 1-3m 12/19/1996 

SDC 1-3m 12/19/1996 

SDC 4-4m 12/19/1996

Station 

"lime Depth (11) 

10 
10 

10 

15 

10 

10 

10 

15 
10 

10 
10 
15 

10 

10 
10 
15 
10 
10 

10 

15 

10 

10 

10 
15 

10 
10 

10 

15 

10 
10 
10 

15

Dissolved Oxywen (mg/l) 

Surface Mid-Water 

8.2 8.0 

8.4 8.4 

7.6 7.5 

7.3 7.3 

7.3 7.5 

8.9 8.7 

8.2 8.0 

7.8 7.6 

7.0 7.0 

7.2 7.4 

7.5 6.8 

7.3 6.3 

7.0 6.8 

7.6 6.4 

7.5 7.1 

7.5 7.1 

7.2 6.9 

7.1 7.5 

7.5 7.1 

7.5 6.5 

6.9 7.0 

7.9 7.2 

6.0 6.9 

7.7 6.7 

9.1 9.2 

9.2 9.7 

8.2 8.8 

7.4 8.6 

7.3 7.2 

8.8- 9.9 

7.3 7.6 

7.8 7.7

Bottom 

8.0 

8.6 

7.4 

7.4 

7.4 

8.8 

8.1 

7.4 

6.8 

7.3 

6.9 

6.7 

6.6 

7.3 

6.1 

4.5 

6.8 

7.2 

6.7 

6.2 

6.5 

7.5 

6.3 

5.9 

9.2 
9.7 

9.4 

9.3 

7.1 
9.8 

8.4 
7.1



Dissolved Oxygqen (.mo/I) 
.SUrf2t,J. Mil.•i~tarStation 

FC 1-3m 

NC 1-3m 

NDC 3-3m 

NDC 4-4m 

NDC 6-3m 

SC 1-3m 

SDC 1-3m 

SDC 4-4m 

FC 1-3m 

NC 1-3m 

NDC 3-3m 

NDC 4-4m 

NDC 6-3m 

SC 1-3m 

SDC 1-3m 

SDC 4-4m 

FC 1-3m 

NC 1-3m 
NDC 3-3m 

NDC4-4m 

NDC 6-3m 

SC 1-3m 

SDC 1-3m 

SDC 4-4m 

FC 1-3m 

NC 1-3m 

NDC 3-3m 

NDC4-4m 

NDC 6-3m 

SC 1-3m 

SDC 1-3m 

SDC 4-4m

3/28/1997 

3/28/1997 

3/28/1997 

3/28/1997 

3/28/1997 

3/28/1997 

3/28/1997 

3/28/1997 

6/26/1997 

6/26/1997 

6/26/1997 

6/26/1997 

6/26/1997 

6/26/1997 

6/26/1997 

6/26/1997 

not sampled 

not sampled 
not sampled 

not sampled 

not sampled 

not sampled 

not sampled 
not sampled 

11/3/1997 

11/3/1997 

11/3/1997 

11/3/1997 

11/3/1997 

11/3/1997 
11/3/1997 

11/3/1997

10 

10 

10 

15 

10 

10 

10 

15 

10 

10 

10 

15 

10 

10 

10 

15

7.5 

7.7 

7.3 

7.4 

6.9 

7.9 

7.1 
7n1

�i)
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Collection 

Date Time
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Station 
Denth rn•

9.5 

9.3 

8.8 

7.8 

6.8 

9.7 

8.3 

8.0 

8.3 

8.9 

8.0 

7.9 

7.1 

10.2 

9.1 

7.2

8.6 

9.6 

8.6 

8.5 
8.2 

9.9 

8.3 

7.8 

8.4 

9.7 

7.7 

7.5 

6.8 

10.5 

7.7 

7.0

7.5 

7.8 

7.1 

7.2 

6.7 
7.9 

7.0 
7-n

8.6 

9.7 

8.6 

8.5 

6.5 

9.9 

7.8 

7.7 

8.3 

9.7 

7.5 

7.4 

6.7 

9.9 

7.5 

7.2

7.4 

7.7 

7.4 

7.5 

7.1 

7.9 

7.1 
"7 d%

10 

10 

10 

15 

10 

10 

10 
15

Debth Iftl -Dissolved Oxygen (mqA) 
. wTime surface Miei-%AA2t&r 91 "

15 70 70

•nNnrr.
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Collection Station Dissolved OxMYen (mg/I) 

Station Date Tune Depth (ift) Surface Mid-Water Bottom 

FC 1-3m 3/211998 - 10 8.6 8.6 8.5 

NC 1-3m 3/2/1998 - 10 9.0 9.0 9.0 

NDC 3-3m 3/2/1998 - 10 7.8 8.0 7.9 

NDC4-4m 3/2/1998 - 15 7.5 8.0 8.0 

NDC 6-3m 3/2/1998 10 6.9 8.2 7.8 

SC 1-3m 3/2/1998 10 9.0 9.0 9.0 

SDC 1-3m 3/2/1998 10 7.7 7.7 7.7 

SDC 4-4m 3/2/1998 15 7.6 7.6 7.0 

FC 1-3m 4/27/1998 10 8.2 8.3 8.4 

NC 1-3m 4/27/1998 - 10 9.0 9.1 8.9 

NDC 3-3m 4/27/1998 - 10 7.8 7.2 7.0 

NDC 4-4m 4/27/1998 15 7.4 6.9 6.8 

NDC 6-3m 4/27/1998 10 6.9 6.8 6.8 

SC 1-3m 4/27/1998 10 8.0 8.6 9.0 

SDC 1-3m 4/27/1998 10 6.8 6.8 6.7 

SDC 4-4m 4/27/1998 15 7.2 6.6 6.0 

FC 1-3m 9/11/1998 10 8.1 8.2 8.1 

NC 1-3m 9/1111998 - 10 8.6 8.5 8.5 

NDC 3-3m 9/11/1998 - 10 7.6 7.8 7.4 

NDC 4-4m 9/11/1998 - 15 7.6 7.7 7.4 

NDC 6-3m 9/11/1998 - 10 6.9 6.9 7.0 

SC 1-3m 9/11/1998 - 10 9.1 9.1 9.3 

SDC 1-3m 9/11/1998 - 10 7.3 7.0 7.2 

SDC 4-4m 9/11/1998 - 15 7.2 7.3 7.1 

FC 1-3m 11/911998 - 10 9.8 8.7 8.8 

NC 1-3m 11/911998 - 10 8.0 7.8 7.8 

NDC 3-3m 11/9/1998 - 10 8.8 9.2 8.8 

NDC 4-4m 11/9/1998 - 15 7.7 8.3 8.3 

NDC 6-3m 11/9/1998 - 10 7.5 7.5 7.5 

SC 1-3m 11/9/1998 - 10 10.4 10.4 10.5 

SDC 1-3m 11/9/1998 - 10 7.9 7.9 7.8 

SDC 4-4m 11/9/11998 - 15 7.7 7.8 7.1
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PROCEDURE FOR DISSOLVED OXYGEN DETERMINATION 

DCPP-NPG PROCEDURE BIO-C4 Revised 8/13/98 
(UNCONTROLLED COPY 
DO NOT USE TO PERFORM WORK) 

1I SCOPE 

1.1 The purpose of this procedure is to define the steps involved in determining the 
amount of dissolved oxygen in a sample of liquid. Dissolved oxygen measurements 
may be needed for laboratory test monitoring or oceanographic studies. Refer to 
EV I.DC I for NPDES sampling stations and sampling frequency. Revision bars are not 
included in this procedure because the rewrite requires revision bars on most 
"paragraphs.  

2. DISCUSSION 

The objective is to document the amount of dissolved oxygen in test solutions. There are no 
upper or lower limits. NPDES permit required dissolved oxygen measurements can be done using 
the Winkler titration method or by using a conductivity, temperature, depth recorder (CTD) with a 
dissolved oxygen sensor traceable to the National Institute of Standards and Technology (NIST).  
A list of equipment is included in Attachment 6.1 

3. RESPONSIBILITIES 

3.1 The Senior Environmental Coordinator is responsible for assuring that Dissolved 
Oxygen Measurements are performed in accordance with written procedures.  

3.2 Investigating biologists are responsible for measuring dissolved oxygen in accordance 
with written procedures.  

4. INSTRUCTIONS 

4.1 Data Recording 

4.1.1 Sequence data sheets are obtained from the Data Coordinator in 
accordance with BIO A-i, Data Management for NPDES Receiving Water 
Monitoring. The Dissolved Oxygen Measurements data sheet (Form 
69-20028) is used for recording data when samples are taken for Winkler 
Titrations. The CTD Field Deployment Sheet (Form 69-20098) is used 
when dissolved oxygen is measured with a Seabird CTD unit.  

4.1.2 When Winkler titrations are used, record the chemical manufacturer and 
batch number, initials, and type of use on the Dissolved Oxygen Winkler 
Titration Log (Form 69-20029).  

4.2 . Winkler Titration Method of Dissolved Oxygen Measurement 

NOTE: Use fresh standardized sodium thiosulfate for titrations. Dispose of used and 
unused sodium thiosulfate in the appropriate hazardous waste accumulation container 
at the end of the titrations.  

4.2.1 Field Sample Collection 

a. Upon arriving at each station (see station location map in 
Attachment 6.2), collect surface water in a bucket with a minimum 
of water agitation.  

b. Rinse sample bottles gently and thoroughly twice with water from 
the sample to be collected.  

TENERA E2000-072.1 Dissolved Oxygen Procedure 
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c. Fill the bottle with the sample. Take care not to introduce air 
bubbles into the sample.  

d. When filling a sample bottle from surface water, allow the water to 
flow gently over the neck into the interior of the bottle.  

e. Preserve the sample immediately (Step 4.2.2).  

f. Collect midwater and bottom samples by lowering water sampling 
bottles on a line to the correct depth. Then use a messenger to close 
the submerged bottles, capturing water samples at the required 
depths.  

g. After the water bottles are retrieved, carefully fill the appropriate 
dissolved oxygen sample water bottles with the collected water.  

h. When filling a sample bottle from a submersible sampling bottle, 
allow the hose to extend to the bottom of the sample bottle and 
gently allow the bottle to fill. Allow at least 50 ml of sample to over 
flow from the bottle.  

L. Preserve the samples immediately (Step 4.2.2).  
j. Record station number, and date and time that the samples were 

collected on the Dissolved Oxygen Measurements data sheet 
(Form 69-20028).  

4.2.2 Sample Preservation 

a. Preserve samples immediately after sample collection. This is 
particularly necessary when samples have been taken from below 
33 feet, where pressure affects dissolved gasses.  

b. Add the contents of the manganous sulfate (first) and alkaline iodide 
azide (second) powder pillows. Allow the powders to sink. Cap the 
bottle, ensuring that no air becomes trapped in the bottle and shake 
the bottle vigorously.  

c. Do NOT add sulfuric acid or sulfamic acid powder until just prior to 
beginning titrations.  

d. Shield samples from direct sunlight.  

e. Samples can be stored for 4 to 8 hours without refrigeration.  
f. Samples may be stored for periods up to 48 hours if stored at 

4 degrees Centigrade. This practice should be used only when 
absolutely necessary. Do NOT allow samples to freeze.  

4.2.3 Sample and Apparatus Preparation 

NOTE: Best practice is to allow the sample to warm to room temperature 
prior to adding sulfuric acid or sulfamic acid.  
a. Add approximately 2 milliliters (ml) of concentrated sulfuric acid or 

powdered sulfamic acid to the sample. Cap the bottle, ensuring that 
no air becomes trapped in the bottle. Shake the bottle vigorously.  
The precipitate'should dissolve.  

b. Allow samples to sit at room temperature for approximately 
20 minutes. Dissolution of the precipitate will proceed at a slower 
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rate in chilled samples, and stratification of the sample may occur 
during warming.  

c. Ensure that all precipitate has dissolved before proceeding.  

d. Ensure that the titration burette is clear and free from contamination.  
If it is empty, rinse the burette and reservoir bottle several times with 
sodium thiosulfate before filling the reservoir bottle and burette for 
titration. Make certain that the burette is vertical and that the 
meniscus lies evenly at the zero mark when the burette is filled.  

e. Use fresh standardized sodium thiosulfate solution for titrations.  
Store it in a cool and dark location, such as a dark bottle in a 
refrigerator.  

4.2.4 Sample Titration 

a. Shake the sample vigorously to ensure that no stratification has 
occurred.  

b. Gently pour 100 ml of the sample into a graduated cylinder. Do not 
agitate the sample at this point.  

*c. Gently pour the sample from the graduated cylinder into the titration 

dish, place a stirring magnet in the dish, and place the dish on the 
magnetic stirrer. Turn the magnetic stirrer on and adjust the RPM's 
until the sample is being adequately stirred.  

d. Begin adding sodium thiosulfate slowly to the sample while it is 
being stirred. When the sample changes to a straw yellow color, add 
5 ml of starch indicator solution. This will turn the sample deep 
blue.  

e. Continue to add sodium thiosulfate solution until the sample begins 
to turn colorless. Approach the titration end-point slowly and 
cautiously. When the sample first becomes and remains colorless, 
turn the stopcock to stop the flow of sodium thiosulfate solution.  

f. If the end-point is passed, repeat the titration.  

g. Read the burette to the nearest 0.05 ml. Record this value on 
Form 69-20028.  

h. Repeat Steps 4.2.4.a through 4.2.4.g to ensure that the end-point is 
correct.  

i. If the readings are within .1 ml of each other, record the mean of the 
two. If they are not within .1 ml of each other, repeat the titration 
with the final portion of the sample and record the mean of the two 
closest readings.  

j. The dissolved oxygen content in milligrams per liter (mg/I) equals 
twice the amount of sodium thiosulfate used in the titration for a 
sample of 100 ml. Multiply the mean value (calculated in 
Step 4.2.4.i) by 2. Record this value on Form 69-20028.  

4.2.5 Equipment Cleanup' 

a. Clean all sample handling glassware.  

b. If the titration apparatus will not be used for several weeks, dispose 
of the sodium thiosulfate solution in the appropriate waste 
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accumulation container. Rinse the burette and reservoir bottle with 
distilled or deionized water.  

4.3 Use of a CTD (Conductivity, Temperature, Depth) Instrument for Dissolved Oxygen 
Measurement 

NOTE: Refer to Seacat SBE 19-03 operating manual for additional information and 
specifications.  
4.3.1 Pre-deployment preparation 

a. Record pre-deployment data on Form 69-20098 (CTD Field 
Deployment Sheet).  

b. Ensure that CTD is configured with dissolved oxygen apparatus 
(pump and sensor). Check calibration records to ensure that the 
dissolved oxygen sensor has been calibrated by the manufacturer 
(SeaBird Electronics, Bellvue, WA) within the past 30 days, and that 
the unit has been calibrated for temperature, conductivity, and depth 
within the last year. Note on Form 69-20098 CTD calibration date 
and 02 Sensor Calib. date.  

c. Install six (6) new D-cell batteries in CTD unit. Check batteries with 
a voltmeter before installing.  

d. Check that the anode on the conductivity cell guard has not been 
eroded away. Check that all hardware and external fittings are 
secure.  

e. Turn the external magnetic switch off (slide towards connector end 
cap).  

f. Remove the dummy cover from the CTD profiler's bulkhead 
connector 1/0 port. Install the SEACAT test cable to the CTD 
profiler's bulkhead connector 1/O port. Mate the 4-pin SEACAT test 
cable to the computer's serial port (the serial port must be an IBM 
Asynchronous Communications Adapter, or equal). Run the 
TERM 19 program (CTD Data Acquisition Software, Version 4.032, 
Sea-Bird Electronics, Inc., 1993) by typing CD\SEASOFT(CR) to 
change to the profiler subdirectory, and TERMI 9(CR) to 
automatically establish communications with the CTD. The CTD is 
now in command mode and may be queried for various responses.  

g. Check the date and time (Pacific Standard Time) by entering the 
DS(CR) command. [NOTE: If the board-mounted internal lithium 
battery has been removed, disconnected, or exhausted, reset thý date 
and time with the ST command.] 

h. Initialize the memory by using the F8 (Init Log) command. Retype 
TERM19(CR) at C:QSEASOFT. Note memory initialized on 
Form 69-20098.  

i. Check the instrument's time, date, and pre-deployment condition by 
using the F3 (status) command. Ensure that all settings match the 
output below: (Items with * are variable) 

SEACAT PROFILER V3.Oc SN 1505 (current date)* (current 
time)* strain gauge pressure sensor.  
S/N= 160015, K,• ) 
range = 150 psia, 
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tc = 251 
clk = 32768.* (last 3 digits variable) 
iop = 187* 
vmain = 8.2* Note this value for battery voltage on Form 69-20098.  
vlith = 5.8* 
mode = PROFILE; 
ncasts =0; 
sample rate = I scan every 0.5 seconds; 
minimum raw conductivity frequency for pump turn on = 3506 
hertz; 

Note this value for pump frequency on Form 69-20098.  
pump delay = 40 seconds; 
samples = 0; 
free = 87063*; 
lwait = 0 msec; 
SWI = CO; 
battery cutoff= 5.8 volts; 
number of voltages sampled = 4 
logdata = NO 

NOTE: Refer to Seacat SBE 19-03 operating manual for 
instructions to change the above settings if the settings are incorrect.  
Use F3 to ensure that changes are accepted.  

j. Use QS(CR) to return CTD profiler to sleep conditions.  

CAUTION: If this step is omitted, and the magnetic switch is turned on before auto power-down (about 2 
minutes later) the CTD will not collect data! 

k. Remove the SEACAT test cable and put a light coating of silicon 
grease on the dummy cover and install it on the CTD profiler's 
bulkhead connector I/O port. Note on Form 69-20098 that the 
dummy cover is on.  

I. Remove the distilled-water filled tubing looped end-to-end around 
the conductivity cell and the 'soaker' bottle over the plastic pH 
electrode. Note on Form 69-20098 that the conductivity tubing and 
the soaker bottle is off.  

4.3.2 In Situ Determination of Dissolved Oxygen from Research Vessel with 
CTD 

At each station (see station location map in Attachment 6.2), measure 
dissolved oxygen using the following steps: 

a. Record cast # (start with "0"), date, station number, and person's 
initials collecting the data on the field data sheet (Form 69-20098).  

b. Secure CTD with DO probe to the end of deployment line.  

c. Turn the CTD switch to the ON position and record time.  

d. Submerge the unit underwater at the surface for at least four 
(4) minutes to polarize the oxygen sensor and to insure that the 
tubing and pump fills with water.  
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e. After the initial four minutes, lower the CTD slowly through the 
water column until it is near or at the bottom. Raise the CTD slowly 
and bring it back aboard the boat.  

f. Turn the switch to the OFF position and record time. Note on 
Form 69-20098 that the CTD switch is off.  

g. Return unit to lab for data downloading after all stations have been 
sampled (see Attachment 6.2).  

h. Rinse the Unit with freshwater outside. Swab tygon tubing with 
Triton X-l100 soap and rinse tubing with freshwater.  

4.3.3 Post-deployment calibration check 

a. Place CTD unit in water bath.  

b. Turn switch to ON to record water bath temperature. Leave unit on 
for 30 seconds.  

c. Record test tank temperature on CTD Field Deployment data sheet 
in the "post-deployment" section, based on Fluke calibration 
corrections for the temperature probe.  

d. After data has been processed (see Section 4.3.4), record the test 
tank temperature from the CTD and compare to temperature 
measured with the Fluke electronic probe. Temperatures should be 
within 0.2*C. If not, then have instrument serviced and re-run field 
measurements with calibrated instrument 

e. Replace the distilled water-filled tygon tubing.  

4.3.4 Processing CTD Dissolved Oxygen Data 

a. Reference instructions in the manufacturer's operation manual for 
standard methods of processing oxygen sensor data (CTD Data 
Acquisition Software, Version 4.032, Sea-Bird Electronics, Inc., 
1993) 

b. Remove the dummy cover from the CTD profiler's bulkhead 
connector 1/0 port. Install the SEACAT test cable to the CTD 
profiler's bulkhead connector I/O port. Mate the 4-pin SEACAT test 
cable to the computer's serial port.(the serial port must be an IBM 
Asynchronous Communications Adapter, or equal). Run the 
TERM 19 program (CTD Data Acquisition Software, Version 4.032, 
Sea-Bird Electronics, Inc., 1993) by typing CD\SEASOFT(CR) to 
change to the profiler subdirectory, and TERMI9(CR) to 
automatically establish communications with the CTD. The CTD is 
now in command mode and may be queried for various responses.  

c. Prior to processing data, generate a new calibration file (*.con) by 
running the CTD Calibration Coefficient program (seacon.exe).  

I. Ensure that instrument configuration is set to SBE 19 Seacat 
Profiler.  

2. Select the most recent calibration file from the configuration 
file menu.  

3. Select FIO to change calibration coefficients for temperature, 
conductivity, oxygen (current), oxygen (temperature), pH, and 
pressure.  
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4. Check the calibration parameters for each variable to ensure 
that they are set to the most recent manufacturer's values.  
Reset if necessary.  

5. Save to filename (MMDDYY) [date that data were recorded] 
and exit the program. NOTE: Refer to Seacat SBE 19-03 
operating manual for additional information.  

d. Run program TERM 19 (Seasoft software).  

e. Convert raw data into *.hex format. Save file as MMDDYY 
(program will append filenames with cast #).  

f. Copy files into c.\seasoft\data directory. Also copy new calibration 
files into the same directory.  

g. Configure the DATCNV setup as follows: 

Raw data file = variable (select from menu) 

Configuration file = (most recent) 

Input data file path = c:\seasoft\data 

Output data file path = c:\seasoft\data 

DATCNV Format = ASCII 

DATCNV Variables 
O=scan number; 
l=pressure; 
2--temperature (0C); 
3=conductivity; 
4=oxygen, current; 
5= oxygen, temperature (CC) 

Output cast select = Both down cast and up cast 

# scans to skip over = 0 

Output Water Bottle Data = NO 

Water Bottle Data Set-up = N/A 

h. Convert *.hex file to *.cnv <FIO> and output to the file. Press ESC 
to exit the program.  

i. Run Filter program (filter.exe). Set parameters as follows: 

Input data file path = c:\seasoft\data 

Output data file path = c:\seasofi\data 

Low pass filter A = 0.500 

Low pass filter B = 0.050 

Run the *.cnv file <F10> and overwrite the file <CR>. Exit 
Filter.  

j. Run CTD Data Alignment program (alignctd.exe). Set parameters 

as follows: 
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Input data file path = c:\seasoft\data 

Output data file path = cAseasoff\data 

# seconds to advance conductivity relative to pressure 0.000 

# seconds to advance temperature relative to pressure = 0.500 

# seconds to advance oxygen relative to pressure = 4.000 

Run the *.cnv file <FIO> and overwrite the file <CR>. Exit 
Filter.  

k. Run Compute Oxygen Program (derive.exe). Set parameters as 
follows: 

Input data file path = cAseasoft\data 

Output data file path = c:\seasoftidata 

Input variables = (same as previously set by DATCNV) 

Variables to be derived = 1) depth, salt water [in], and set 
latitude to 35.012; 2) oxygen [mg per liter].  

Variable coefficients = 1) time for doc/dt = 2.00; time for 
descent rate = 2.00 

Exit program.  
Go to C:\SEASOFDMATA directory and delete test file [*.cnv]. Do 
not delete *.hex or *.con files.  

M. Run standard DCPP Processing Program (dcppO2.bat) to create 
*.cnv files for all casts. Output will be in the C:\seasoft\data 
directory.  

n. Copy all files to network drive for additional analysis and summary 
as follows: 

I. Create an analysis and summary data file using the Excel 7.0 
workbook template macro for NPDES quarterly dissolved 
oxygen sampling.  

2. Open converted data for each station (*.cnv) as an Excel 7.0 
spreadsheet file. Inspect the data and partition only the usable 
records to be analyzed, excluding any initial equilibration data 
or data recorded after the instrument was removed from the 
water.  

3. Copy the partitioned data into the quarterly workbook and run 
the specified Excel macro module on the down-cast and 
up-cast measurements, averaging the dissolved oxygen data 
into 0.5 m depth bins. For -3 in (MLLW) stations, the 
reported data will be averaged data collected within the 
0.00-0.49 in, 1.00-1.49 m, and 2.50-2.99 m depth bins for 
surface, midwater, and bottom measurements, respectively.  
For measurements at -4.5 m MLLW stations, use averaged 
data within the 0.00-0.49 m, 2.50-2.99 in, and 4.00-4.49 m 
depth bins for surface, midwater, and bottom measurements, 
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respectively. Analyzed data from each station will be entered 
and processed on separate worksheets.  

4. Save the file in an Excel 7.0 workbook format.  

5. For Quarterly NPDES summaries, output and verify dissolved 
oxygen results on the report worksheet included in the Excel 
workbook file.  

4.4 Reporting 

4.4.1 After completion of the quarterly NPDES dissolved oxygen data 
collection, the task leader shall transmit a copy of the summary data to the 
Senior Environmental Coordinator and/or the appropriate C&EO staff 
person.  

4.4.2 Report NPDES required dissolved oxygen data from oceanographic 
stations in the routine Receiving Water Monitoring Reports that are 
submitted to the Regional Water Quality Control Board.  

5. RECORDS 

5.1 Original data shall be permanently stored and copies will be sent to Records 
Management System (RMS) for storage.  

6. AT1'ACHMENTS 

6.1 "Equipment List," 07/29/98 

6.2 "Station Locations," 06/10/96 

6.3 Form 69-20028, "Dissolved Oxygen Measurements Data Sheet," 07/29/98 

6.4 Form 69-20029, "Dissolved Oxygen Determination Log," 07/29/98 

6.5 Form 69-20098, "CTD Field Deployment Sheet," 07/29/98 

7. REFERENCES 

7.1 XI .ID2, "Regulatory Reporting Requirements and Reporting Process." 

7.2 EV I.ID4, "NPDES Permits and Monitoring Requirements." 

7.3 BIO A-I, "Data Management for NPDES Receiving Water Monitoring." 

7.4 EVI .DC 1, "7NPDES Required Environmental and Oceanographic Studies." 

7.5 "A Practical Handbook of Seawater Analysis," by J.D.H. Strickland and T.R. Parsons, 
Bulletin 167 (Second Edition), Fisheries Research Board of Canada, 1972.  

7.6 "Standard Methods for the Examination of Water and Wastewater," 19' Edition, 1995.  

8. SPONSOR 

James L. Kelly, PG&E 
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Equipment List 

Field Collection of Samples for Winkler Titration method: 

* Dissolved Oxygen Measurements data sheet (Form 69-20028) 

* Water sampling bottles 

a Water sampling bottle stand 

a Cable messengers to activate bottle closing mechanism 

* Hydrographic wire for lowering sample bottles 

* Weight to attach to bottom of line 

* Bucket 

* One 300 ml dissolved oxygen sample bottle per sample 

* One manganous sulfate powder pillow per sample 

* One alkaline iodide azide powder pillow per sample 

Laboratory Processing of Field Samples Collected for Winkler Titration method: 

"* Dissolved Oxygen Measurements data sheet (Form 69-20028) 

"* Dissolved Oxygen Determination Log (Form 69-20029).  

"• Starch indicator solution 

"* Winkler titration apparatus filled with sodium thiosulfate 

"* One 100 ml graduated cylinder 

"* Concentrated sulfuric acid or sulfamic acid powder 

"• Magnetic stirrer and magnetic stirring bar 

"* Titration dish 

Field Collection of Samples with SEACAT SBE 19-03 CTD Instrument: 

"• CTD Field Deployment Sheet (Form 69-20098) 

"* Wristwatch 

"* Hydrographic wire for lowering unit 

"* Conductivity, temperature, depth (CTD) recorder with dissolved oxygen sensor 
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Station Locations, 1996-1998

Diablo Rock

PACIFIC OCEAN
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Form 69-20028, Dissolved Oxygen Measurements Data Sheet

Location Wind Speed 

Date Wind Direction 

Time Reference Air Temperature 

Sheet of Sea Height Direction 
Obserer Swell Height Direction 

Surface Middle Bottom 
Station 14a202%, DO Na202V, U i3202Y IAJ 
Number Time BOD# (ml) (mg/I) BOD # (ml) (mg/I) BOD # (ml) (mg/I) 

1 1 1 

Water Depth Surface Temp 2 2 2 
m.F 1t C ° 3* 3* 3* 

Ia',g. a~j. a•g.  

Surface Midle Bottom Station a22 a22 2 
Number Time BOD # (ml) (mg/I) BOD # (ml) (mg/I) DOD # (ml) (mg/I) 

_ _ _1 1 1 

Water Depth Surface Temp 2 2 2 

F 3* 3* 3* 
J ag. avg. aM.  

Surface Middle Bottom 
Station -Na202%.i j .Na20jOU V MP22u - DO 
Number Time BOD# (ml) (mgI) BOD # (ml) (mg/I) BOD # (ml) (mg/I) 

_ 1 1 

Water Depth Surface Temp 2 2 2 
mC OF 3* 3* 3* 

a1g. a-g. a.g.  

SSurface Middle Bottom Station 2 "- •-Nd202, iU -Ira22IYo X 
Number Time BOD # (ml) (mg/I) BOD # (ml) (mg/I) BOD # (ml) (mg/I) 

_1 1 

Water Depth Surface Temp 2 2 2 
cc OF 3* 3* 3* 

-ag. a~g. a~g.  
Work up a third aliquot only if other two are more than .Iml different.  

Comments:

Reviewed By / Date: Copied By I Date:

sm')
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Form 69-20029, Dissolved Oxygen Determination Log

Sodium Manganous Alkaline Sulfm.nic Starch 

Daoe Thiosulfate Sulfate Iodide Acid Indicator 

o•Use ManJwO ManmJL M , ManAA0 ManAiDW ManAJot# Use Initials

HacW 

HacW 

Hackl 

Hach/ 

Hach/ 

Hach/ 

Hach/ 

-achl 

Hach/ 

Hlach/ 

Hach/ 

Hach/ 

Hach/ 

Hlach/ 

Hach/ 

Hach/ 

Hach/ 

Hach/ 

Hach/ 

Hlach/ 

Hach/

Hach/ 

Hach/ 

Hach/ 

Hach/ 

Hach/ 

Hach/ 

HacW 

Hach/ 

Hach/ 

Hachi 

Hachi 

Hach/ 

Hachl 

Hach/ 

Hach/ 

Hach/ 

Hach/ 

HachW 

Hach/ 

Hachl 

Hach/

HacW Hach/ Hachl

Hach/ 

Hach/ 

HaccW 

HacW 

H=Wl 

Hach/ 

Hach/ 

Hach/ 

Hach/ 

Hacdi 

Hach/ 

Hach/ 

HacWi 

Hach/ 

Hach/ 
Hadh/ 

Hach/

Hach/ 

HacW 

Hacl/ 

HacW 
HacW 

HacW 
Hach/ 

HacW 

Hach/ 

Hadii 

H~ach/ 

Hach/ 

R-adii 

Hach/ 

Hach/ 

Hach/ 
Hach/ 

Hach/ 

HacW 

HacW

l..acW 

Hach/ 

Hacht 

Hach/ 

Rach/ 

H..ach/ 

Hach/ 

Hachi 

Hach/ 

HacW 

HaclV 

Hac.W 

Hachi 

Hachi 

HacW 

Hach/ 

Hadii 

Hach/ 

Hachl

Date:Reviewed By: 

CC: Files 

RMS
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Form 69-20098, CTD Field Deployment Sheet

CTD FIELD DEPLOYMENT DATA SHEET 
PRE-DEPLOYMENT 

IMUIOOIY)I (24 ft r) Study T 

Date: Time unit initialized: 

Pre-deployment checklist 

ConductivAtyTubing Off_ _ Battery"oltage: Volts C 
Soaker Bottle Off. Pump Frequency. - Hz CTD Cl 

Dummy Cover On: Memory Initialized: OI Sens

Sequence#

ype: NPDES Dissolved Oxmen 

316(b) Entrainment 

3.18(b) Nearshore 

Other 

ID Switch OFF: 

alibration Date: I I 
or Calib. Date: 7IT

DEPLOYMENT Boat Crew: 

NOTE: CTD unit must remain just belowsurface for first 4 minutes of each deployment.

CAST U 

0 

1 

2 

3 

4 

5 

6 

7 

a 

9 

10 

11 

12

DATE

TIMEON 
(24 hour 

PST)

TIMEOFF 
(24 hour 

PST)
STATION or 

Lat/Long
RAW DATA FILE NAME 

(post-deployment)

POST-DEPLOYMENT 

Post-Deployment Calibration Check By,.  

Data Downloaded By/Date: 

Reviewed By/ Date:

Calibration TestTank 

Calibrated (Fluke) Temp.: OC 

Measured (CTD) Temp.: SC 

Copied By/Date:
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