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PREFACE

This report is presented in two parts. Part I contains the

resulta of studies performed by the Ira C. Darling Center, Univer-

sity of Maine from January through June 1979. Part II contains

the balance of the results for 1979. These data were collected

by Maine Yankee Environmental Studies Department personnel. .

.
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Introduction

This report contains the results of the environmental =enitoringi

programs conducted during 1979 in the vicinity of the Maine Yankee

Nuclear Generating Station, Wiscasset, Maine. The study programs in

this report, some that have been ongoing for ten years, are designed

to determine the major ecological effects of plant operation on the

Montsweag Bay - Sheepscot River estuarine system. This work was per-
, ..
)

formed in accordance with the monitoring requirements of the Maine

Yankee NPDF9 permit and State Waste Discharge License and the report

is suc.mitted to the U. S. Environmental Protection Agency and the

Maine Department of Environmental Protection.

Readers familiar with this series of. reports will note that

the biological monitoring requirements discussed herein are essen-

l
! tially the same as those that were formerly conducted for the U. S.

Nuclear Regulatory Commission (NRC). In January 1979 the NRC deter-

mined that the operation of Maine Yankee had no demonstrable adverse

i= pact to the aquatic environment and deleted the environ = ental

technical specifications.

Monthly average reactor thermal power levels since pirr start-

up are shoun in Figure 1. Maine Yankee was shut down during two

.

periods in 1979. From 15 March to 5 June, Maine Yankee was shutdown

in compliance with an NRC show-cause order that required seismic

reanalys.is of some piping syste:u.. The reanalysis conclusively

showed that the piping systems in question more than adequately satis-

fled the design basis earthquake criteria. A scheduled outage during

September allowed for transformer replace =ent and =aintenance.
.
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Introduction

The objectives of this study are to deter =ina the abundance and

survival of phytoplankton and cooplankton (including ichthycplankton)

entrained by the condenser cooling water at the Maine Yankee Nuclear

Generating Station, Wiscasset, Maine, and to assess whether nortality is

ue to thermal stress, mechanical stress, or both. The study began ind

July 1972. 2.e present report covers the period 1 January to 30. June

1979 and is divided into two sections. The first concerns monitoring of

the condenser cooling system and laboraccry studies to deter =ine the

thermal tolerance.of several species of icchyoplankton. The second is

a report of studies of the thernal tolerance of the larvae cf ?!cccpeeren

mcgslkrdcas, the giant sea scallop, and .'@c cere2, the sof t-shelled

clam.

Phytoplankton, Micrococplankton, and dacrocooplankton

Methods

Samples for the evaluation of the effects of entrainment on phyto-

plankton and microzooplankton were collected at semiscuchly intervals at

the plant intake and the discharge weir. During the present report

period, no samples could be collected during a plant shutdown (15 March

to 6 June).

!

Ira C. Darling Center Ref. No. 79-7a f
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Since 11 September 1978, sampling at the plant site has been

coordinated with sa=pling at station M2 in Montswea; 3ay for phytoplackcon

and :.icrocooplankton. 3 nost esses samples were collected en the same

day and at approximately the same stage of tida at both sites. Tee purpose

behind coordinating these sampling efforts was to naximite the possibility

of sampling the same water mass and the associated planktonic organisms.

Phytoplankton and microzooplankton samples collected at M2 and the intake

under these conditions generally were similar, though occasionally differences

in species composition and density were found. Attempts to coordinate

entrai= ment sampling with ichthyoplankton and sacrozooplankton sampling

in Montsweag Bay were not successful because of differen: constraints en

the sampling programs.

Since 23 October 1978 intaka samples have been collteced outside

the pumphouse between the trash racks and the traveling s:reens. Discharge

samples were collected in the seal pic before the discharge weir.

Samples were collected at low tida; this prevents dilution or contamina-

tion of condenser discharge water by water which has already passed over

the discharge weir.

In addition to the biological data, temperature, salinity, and

dissolved oxygen (D.O.) vere measured. Water samples were collected

with a 2-liter Van Dorn bottle at the same depth and location as the

plankton samples. Temperature was measured with a mercury thermometer

or a YSI telethermometer. Salinity was determined in the laboratory

using a Beckman RS-7A induction sa11someter. Dissolved oxygc* was
,

determined using Hach Chemical Co., Ames, Iowa, reagents in a modification
.

| of the Winkler method.

Planktonic diatoms and microzooplankton were collected with a 30 cm

metered #20 plankton net (761:n mesh). Six tows were taken at each loca-

tion. The duration of the cows varied with the seasonal density of the

2
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plankters, and sample density was kept to a mini =um to avoid overcrowding.

To sinimize the ef fects of patchiness, tows 1, 3, and 5 were combined

for =coplankton, and tows 2, 4, and 6 were combined for disto =s. These

combined samples were split in the field with a Folsom splitter to

obtain equal subsamples for field and experimental survival determinations. |
|

The subsamples were placed is glass containers, diluted, and stored in

insulated boxes. Approximately 30 minutes after the last sample was

collected at the discharge weir, the discharge samples were screened on

a '120 =esh sieve to retain the plankton which was then transferred to
I

intake water at ambient temperature. This procedure simulated the |
1

return to ambient temperature experienced as entrained plankton sizes |

l

with Montsweag Bay water at the diffuser discharge. To reduce copepod

grazing on diatoms, 0.25 ml of a 0.5% solution of rotenone dust in

distilled water was added to each 500 ml of phytoplankton subsample

(Crippen and Perrier, 1974). : Tor = ally there was a delay of approximately
!

one hour between the collection of intake and discharge samples. ;

!

As part of a special study to evaluate the effects of the operation )

of the Aimertap system on planktonic organisms passing through the

condenser cooling system, additional plankton samples were collected on

12 June 1979. Sampling was carried out si=ultrneously at the intake and

discharge without the Ammercap system on. The Ammercap system was

turned on and additional discharge samples were collected.

Survival determinations were made on field diatom samples 24 hours

after collection and on experimental diatom samples 24 hours after

testing using the Evans blue staining technique described by Crippen and

Ferrier (1974) . Samples were concantrated and aliquots withdrawn until

| a minimum of 100 cells had been counted for each species (or genus in

3



some cases) which was sufficient' abundant such that this nu=ber of

cells could be counted in the ti=e available. Identifications and'

survival determinations were routinely nade at 100x in a Palmer cell.

This counting chamber which has a vplume of 0.1 m1 allows the use of

higher power objectives when necessary.

A neutral red vital staining technique (Crippen and perrier,1974)

was used to determine the survival of microzooplankters one and 24 hours

af ter collection of field samples and 24 hours after exposure to elevated

temperature for the experimental' samples. The 1- and 24-hour survival

determinations of the field samples enabled the evaluation of both

i==ediate and delayed effects of entrainment. Gridded Sedgwick-Rafter

cells were used as counting chambers for =coplankton survival determinations.

Samples were analyned in a relatively concentrated state and if any

organisms were extremely abundant the sa=ple was diluted for counting

those organisms. Organisms were identified to species whenever possible.

Water samples were collected for the determination of diatom densities.

Three combined 2-liter Van Dorn bottle samples were subsampled. This

subsa=ple of approximately 0.8 liters was preserved wich' Lugol's solution,

I allowed to settle for 24 hours, and then cancentrated. The samples were

not analy:ed for this period. 2ooplankton densities were determined

| from the volume of water sampled, the volu=a of the sample, and the
i

number of individuals counted in the survival determinations.'

The survival for each intake and discharge sample, field and

experimental, was expressed as a percent and was calculated in the

following manner:

Percent survival = Nu=ber of living organisms x 100
Mer of total oyanins

!
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A corrected percent suriival (C?S), which compensates for =crealities

due either to natural causes or sampling procedures, was then calculated )'

|

in the following manner for each pair of intake and discharge samples:

CPS = % survival in discharge sample x 100 '

'

% suriival in intake sample

Percent survival was not calculated for ddaccus if the category being

considered had fewer than 100 cells, or for cooplankters if the category

had fever than 30 individuals.

Leboratory experiments subjecting phytoplankton and micrezcoplankton

to a simulated temperature regime (STR) were conducted in conjunction

with the fiald surveys on 12 and 26 June 1979. Samples were exposed to

the discharge temperature obserted on that date. Other details of the

procedure are given in Lindsay and Barker (1975). The experiment was

not completed from 1 January to 5 March because high survival in the

field samples obviated their analysis. On 26 June the experiment was

not completed in the case of the phytoplankton sample because of low

suriival in the control sample.

Laboratory experiments were conducted to determine the colerance of

larval ?!ccopectan. mgeU,andets, the sea scallop, to various ti=e-

temperature cembinations that might be experienced during entrainment.

The effect of acclimation temperature on the resistance of larval 1*gc
.

crem= ic, the soft-shelled clan, to thermal stress was also investigated.
|Additicosl studies introduced salinity as a factor in affecting suriival

of the lariae of these two species. Methods were similiar to those
Idescribed in Lindsay and Barker (1977) . Results of these experiments are

reported in the second section of this report.

i
|

|
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Until July 1978 monitoring studies of zooplankton entrained at
i

Maine Yankee have not included macrozooplankten on a rot-ine basis.

This size fraction of zooplankton has been reported only as it occurred

incidental to the collection of microzooplankton. The nets used for the

collection of microscopiankton are not efficiant in the collection of
|

ilarger organisms which are relatively rare or show avoidance responses.

Since July 1978 macrozooplankton has been sorted from quantitative

ichthyoplankton samples to deter =ine abundance and species composition.

Results for the period 1 July 1978 to 30 June 1979 are included in this

report.

Results

Chemical and physical data routinely collected during the 1 January

to 30 June 1979 sampling period are given in Table 1. The highest

discharge temperature was 35.S*C. Mean AT for the period 1 January to

30 June was 17.7*C (standard deviation 1.5*C) . Dissolved oxygen con-

centrations were consistently icwer at the discharge seal pit.

The percent survival of those species or genera of diatoms for
4

which 100 cells or more were present at the intake or discharge is

presented in Table 2. The CPS could only be calculated when 100 cells

or more were counted is both the intake and discharge sample. Summary

data for the genera C7tasteceros, Cose*,nocisc:4s, and '"chelZar*c are also

presented in Table 2. Survival was high from January until early

March. No samples were collected during the shutdown period. In June,

af ter the power plant was.back. en line, the survival was generally

lover. It should be noted that on 26 June survival was low in the

intake sample for all species except Sks!stenen: cosrct:ct. The resulting ;

I
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high corrected percent surrival estimates are probably unrealistic.

The laboratory simulations of condenser cooling water temperature exposures,

completed only on 12 June, resulted in a similar CPS as that which was

found in field samples. Suriival was comparable in samples collected

with and without the Ammercap system in operation.

The density of microzooplankton, shown in Table 3, was generally ;

low during January and February. There was an increase in density on

5 March when larvae of SecIsocIspidas viriffs were abundant. Greatest

densities of nicrozooplankton were found during June. Table 3 gives i

the density of the categories of sierozooplankton for which sufficient

numbers were present to calculate percent suriival. Pss Meca k r.as

m'n:4t:4s copepoditas and Nicrossrelk noruspice adults and copepedites

were the sost abundant organisms during January and February. An exception

was 20 February when Accrtic spp. nauplii were more abundant than Ess'decc!cr43

copepodites. Large numbers of SocIscalspidas v5P$ dis eggs were present

along with relatively large numbers of Sc!cr.as nauplii on 5 March. The

greatest abundance of any one organism during the sampling period was
,

that of Syn d.csta sp. on 12 June. Also abundant on that date and the

following date in June were setiger larvae of unidentified spionids.

On 26 June Accreia spp. nauplii were the most cbundant organisms.

Survival of the primary components of the microzooplankton is shown*

in Tables 4 and 5. With a few exceptions surrival was generally high

during January and February. Survival was low on 5 March and lowest during

June, particularly for the abundant species. In most cases there was

comparable survival between samples examined one hour and those exam h ed 24
4

hours after transit through the condenser cooling system. The two sost
. obvious inconsistencies were the survival of Accrric spp. nauplii cn

4
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12 June and the survival of spionid satigers on 26 June. In both cases

the survival in the sample examined after 24 hours was higher than the
;

sample ar=4ned at one hour after transit through the cooling system.

The macrozooplankton collected during the entrainment study t.:'s

similar in species composition to those sampled by bouyed and anchored

nets in Montsweag Bay (Jaeger, et. al. ,1978) . Members of the. class
,

Crustacea were well represented (see Table 6) . The amphipods were one
4

of the moet prevelant groups and two species, /csse fc7, car.c and Corophi:er

insidioswir, were noteworthy in that they were present in almost every

sample.

Discussion and conclusions

It appears that during the colder menths diatoct cell loss was

minimal. High survival of diatom species between January and early :: arch

is consistent with findings from previous years (Lindsay et al., 1978;

Barker et al., 1979). The lov survival in early June was also consistent

with previous results. Two factors make interpretatien of the data

difficult but do not change the conclusion of relatively high cell less

during the month of June. The first is the observation that there were

fever cells in the discharge samples taken in June in comparision to the

corresponding intake samples. This absence of cells has been caported

before (Barker, et al., 1979) and is apparently the result of cell destruction

during transit through the condenser cooling system. It would be expected

that cell debris would be present in tha discharge samples from that
,

month but such was not the case. This discrepancy in cell numbers
,

between the intake and discharge was not found during the elder months

of the year which indicates that the cell loss is temperature related.

The second factor which makes interpretation of the data difficult

,

8
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was the low surtival in the intake sample on 26 June. This was caused

by a combination of holdi::3 temperature and large numbers of dead zoo-

plankton present in the samplas (killad by the addition of rotenone as a

seasure to reduce grazing).

It appears that though there may be some losses of microzooplankton

during the months of January and February, survival was generally high.

The mortality within some groups of microzooplankton during the months

of March and June was consistent with previous findings (Lindsay et al.,

1978; and 3arker et al., 1979). It was previously noted (Barker et al.,

1979) that differences in tolerance between taxa explained, in part,

the obserted drop in survival during April and May 1978 when Pesudocc!cn:4s

developmental stages were abundant and exposure temperatures were increasing.

This was followed by higher surtival in June when Ac.~ tic developmental

stages were present. A similar sequence of events occurred in 1979. In

this case the obseried mortalities occurred in March, a month earlier

than the previous year. This was apparently due to the fact that higher

discharge temperatures occured earlier in the year. It is noteworthy i

that Acc:*r *c spp. nauplii present on 12 June 1979 exhibited survival
,

!
1
1

comparable to that of the nauplii present during June 1978. It appears
'

that the discharge temperature of 35.8'c present en 26 June was lethal

to both nauplit and copepodites of this genus. The copepod Scphirelk sp.

and spionid satigers were the only organisms to surtive in reasonable

numbers.

The Ammercap system appears to have negligible effect on the micro-

:ooplankton.

ne numbers of individuals collected in the sacrozoeplankton sa$ples

precludes any conclusions about changes in abundances that =ay have occurred

in Montsweag Bay as the result of losses due to entrainment. A comparison

9
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of densities of organisms in buoyed and anchored not samples and entrainment

samples shows that the entrainment samples appear to undersample the

sacrozooplankton. This discrepancy could result from sampling during

daylight hours when the sacrozooplankton are less active.

Ichthyoplankton

Methods

Plankton tows were taken at the intake and discharge to determine

the abundance, species composition, and mortality of entrained larial

fishes. During the present report period, no samples could be collected

during plant shutdown (15 March to 6 June). The tows were taken by sus-

pending weighted 30 cm and 50 cm diameter #2 mesh (0.36 mm) nets in the

water as it was pumped through the plant. Prior to 23 October 1978

intake samples vers taken inside the circulating water pumphouse after

the water had passed through the traveling screens (1 cm mesh) and just

before it entered the pumps. During the present report period, samples

were taken outside the pumphouse, before the water passed through the

traveling screens. On 5 March, however, intake samples were taken

simultaneously both inside and outside the pumphouse for comparision.

The discharge samples were collected where the water emerges from the

plant at a point just before it passed over a weir into a holding basin

which feeds into the submerged multiport diffuser. Sampling was carried

out at the same tidal stage each time (low), so that consistancy of

tidal conditions would limit the number of variables associated with

sampling. On 12 June 1979 discharge samples were collected with the

Ammercap system both on and off to compare larval survival. Ichthyoplankton

samples were collected concurrently with the phytoplankton and micro:coplankton

,

10
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samples so the temperature, salinity, and dissolved oxygen values collected'

with the latter also apply to the for=er.

The samples for mortality determination were taken at both the

intake and discharge with 30 cm nets. These were short tows, 5 minutes

each, to minimize sampling mortality of the lariae. Twelve cows were

taken at each station. The contents of the nets were transfered into

0.8 liter glass jars held in portable ice chests. The temperature of

the intake samples was held near the ambient by addition of intake water

to the ice chest. Discharge samples were cooled rapidly to ambient

temperature after about 30 to 60 minutes to simulate the temperature

regime to which organisms passing through the diffuser are exposed.

This was done by pouring each sample through a 0.27 nm sash sieve and

1:mnediately rinsing the organisms retained on the mesh back into the

sample jar with ambient temperature water from the intake. These vere

then he.ld at or near the ambient temperature in the same m ner as the

intake samples and transported back to the laboratory. The samples were

sorted for live and dead lariae in a shallow glass pan. Any larvae
,

which did not respond to touch by swiming were counced as dead, even if

there was still a heartbeat, since larvae in this immobilized condition

were presumed to surrive no more than a few hours. Live larvae were maintained

for 24 hours at ambient temperature to detact delayed =ortalities.

1.arger samples, for the determination of abundance and species

composition of larvae passing through the planc, were obcained at the

intake with longer (approximately 2 hours) tows with 50 cm nets. These

cows were quan ified using General Oceanics digital flowmeters mounted

in the net souths. The samples were treated with tricaine methanesulfonate
1

!
,

11
1

,

I
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("MS-222") to relax the larvas, fixed with 10" buffered formalin, and
;

I returned to the laboratory for later sorting, identification, and enumeration.
I

i

|
Also presented in this report are the results of thermal tolerance

tests of yolk sac stage larval herring (Chpaa harengua), smooth flounder
.

(3icpsatta puh3, and smelt (Camerus mordam). These experiments;

utilized the thermal block apparatus described by 3arker and Stewart

(1977). Larval herring and smooth flounder were obtained by stripping
! and fertilizing eggs from ripe adults, and the experiments were run in
a

;
seawater. Larval smelt were obtained by collecting egg masses from

Wiley Brook (a tributary of Damariscotta River estuary) after several

unsuccessful attempts at scripping and fartilizing the eggs from ripe

f adults. The smelt larvae were testod for their thermal tolerance in -

both brook water (f resh) and seawater. Multiple regressions were run on

the data to relate mortality to functions of camperatura and time duration.

i

Results and discussion

The numbers of live and dead larval fishes collected in the 5-

minute mortality tows are listed in Table 7. The water temperature,

salinity, and dissolved oxygen at both the intake and discharge when

these rows were =ade are in Table 1. Nine species of fir.h larvae and
:

one juvenile species were collected in the mortality tows. Unfortunately,

the numbers of individuals caught are not sufficient to warrant conclusions.

The plant shutdown during peak larval fish abundance prevented a better

evaluation ef larval fish entrainment.

The densities of larval fishes in the quantitative intake samples

are given in Table 8. The 5 March sample was takan at the beginning of

the peak in larval fish abundance and a total of nine species were caught;

12
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the rock gunnel and shorthorn sculpin being the dominant species. The

period of peak abundancas of winter and smooth flounder larvae, both of

which have been important and sometimes domf' ant in past years, occurred

during the plant shut down period (Shaw and DeWitt,1979) .

Table 9 presents the results of comparative 5-minute mortality

tows taken inside and outside the traveling screens at tho' intake as well

the results of 5-minute mortality tows at the discharge with thea t.

Ammertap system on and off. There does not seem to be an appreciable

dif ference between t'as catches and mortalities of lariae sampled inside

and outside the screens. No conclusions can be made regarding the effects

of the Ammertap system on larial survival at the discharge due to the lack

of sufficient numbers of larvas sampled.

The results of the thermal tolerance tests on smelt, smooth flounder

and herring yolk sac lariae are given in Tables 10-13 together with

the regression equations.

Mortalit y was observed at camperatures ranging from approximately

25 to 32*C for all three specias. The mortality af herring and smelt

larvae increased as the duration of the exposure increased. To a lesser

extent, the mortality of smooth flounder larvae also increased at longer

exposure times. It appears that smelt lartaa have s reduced thermal

tolerance after raking the transition from fresh water, where the adults

normally spawn to salt water.

The regression equations given in Tables 10-13 have been calculated

for the prediction of mortality at temperatures and durations of exposure

other than those tested. The use of these equations should be restricted
4

to the limits of the experiments and should only be considered as approximations.

More experimentation must be done to better establish the thermal tolerance

of these and other fish lariaa.

13
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Table 1. Sampling dates, c'semical and physical data, and densities of organissa for the period of
1 January to 30 June 1979.

NQ = Not Quantified

Planktonic Total
Temp. AT Salinity D.O. Diatoms Diatoms Zooplankton

Date location *C *C */ . ppm cells /l cells /l organisms /m)

8 Jan Intake 3.5 15.0 23.8 NQ HQ HQ 1876 ,

'

Discharge 18.5 22.6 NQ NQ NQ 1988

22 Jan Intake 2.3 18.5 24.5 11.7 NQ HQ NQ
Discharge 20.8 23.5 10.3 NQ NQ 1296

5 Feb Intake 2.3 19.6 21.8 11.6 NQ t;Q 847
Discharge 21.9 22.2 8.9 NQ NQ 691

U
20 Feb Intake 2.0 17.2 26.0 11.7 HQ HQ 1050

Dischargu 19.2 26.0 10.8 NQ HQ 2189

5 ILir Intake 4.7 17.9 22.4 11.6 NQ HQ NQ
Discharge 22.6 22.4 10.2 HQ HQ 7840

12 Jun Intake 17.0 16.9 18.9 8.2 NQ NQ NQ |
'

Discharge 33.9 18.7 7.9 NQ NQ 32417

26 Jun Intake 17.2 18.6 24.2 8.5 NQ NQ 23967
Discharge 35.8 24.5 8.1 HQ NQ 31221



.-

Table 2. Survival uf primary components of net phytuplankton 24-hucts ofter peasa.a througla slie condeumer conting system.

IPS = lutake percent survival DPS = Discliarse percent survival CF3 = Corrected percent survival
X = 4100 cells, survival not calculated- = No colla, survival not calculated

8 Jan 22 Jan 5 Feb 20 Feb 5 Her 12 Jun 26 Jun

IPS DPS CPS IPS DPS CPS IPS BPS CPS IPS JPS CPS IPS DPS OPS IPS DPS CPS IPS DPS CPS

Chaetoetrua app. 96 87 91 X 92 X 71 71 100 94 76 81 78 75 96 84 16 19 20 17 85

C. danicus - - - - - - - - - 98 1 X X X X - - - - - -

- - X X X 84 24 29 20 28 140
C. Jubilo - - - - - - - - - X

C. dweg>iuna X I X X 92 X 72 71 99 I X X 74 71 96 X X X X X X

C. diadams - - - - - - - - - - - - X - - X X X 26 1 1

C. liwinloowe - - - - - - - - - - - - . K - - 85 - - 27 I x

f'oueintallosus spp. 97 99 102 I X X 95 86 91 1 1 E 1 1 E - K - E E X.

C. ceninalia 98 99 101 X X X X X X X X X X X X - - - - - -

&*rujilaria upp. - - - - - - - - - X X X X X X 93 99 106 - 0 -'

l>leuroal; pas angulatum I X X X X X 55 45 82 55 78 142 56 50 89 - X - X X X

Skalatunaas contatum - - - - - - - X - K - - - - - X X X 97 70 72

Tuballaria upp. I 99 X - - - X X X X X X X X X - X - X - -

T. flannaluaa X 99 X - - - X X X X X X X X X - E - - - -

Sample Tutal 93 91 98 71 78 110 76 70 92 75 79 105 64 56 88 84 43 51 30 23 77
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Table 3. AbuinJance (f/m ) ut prianary compoewnts of the microsouplankton. ! January to 30 June 1979.

20 Feb' 5 M.or 12 Jun 26 Jun
8 Jan 22 .I.an 5 Feb

_

A rartin upp. na.iplit 16 55 40 286 180 457 4336

Aaartia upp. copepoJites 156 55 10 164 72 98 3572

PJculdinalarN4m mirustud 735 287 267 150 222 - -

Cyclopuid and Harpactico!J 13 31 36 79 41 660 157cupepudit es

Hicevedtella nowegina 527 444 106 1050 448 16 81naisp a il

4Jule s and copepudites
UnlJentitica llarpacticolds 55 51 45 50 103 - 12

N.;minyalved up. peuplit - - - - - - 867

t* SqIsie.<lla ap. - - - - - - 518
,

ad.mits and cupepoJitee
6 16 15 21 62 27421 10946

Syrwisa.sta sp.

SpionlJ ==ttgers - - - - 10 2771 2120

S.rotecatepid.:n viridia - - - - 4825 - -

&4f asuas upp. nauplit - - 5 10 1489 20) 3 34cass

oti.or micruzooplankton 368 356 323 376 388 791 1014

Total miceoauoplankton 1876 1296 447 2189 7540 32417 23967

.

I Denalty mattmates based on 1-isour Intake s. naples.

2Density estimateu bauvel oss 1-tiour plucliarges sosiples.

'esat iuc1uJlun Swtecolepirlas oiriJin.

. _ _ _ _ _ - _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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Survival uf primary cumpunents of alie microsuoplankton I-leuur af ter passagu Elisuugli alie condenser cooling syntess.Tal le 4.

IPS = Intake percent survival DPS = Discharge percent survival CPS = Currect=J pescent murvival
X - <M orgaulman pienent, survival not calculated

- = lia organtume present , survival smt calculatcJ
__

8 Jan 22 Jan 5 Feb 20 Pub 5 M.ar 12 Jon 26 Jun

IPS DPS CPS IPS DPS CPS IPS DPS CPS IPS DPS CPS IPS DPS CPS IPS DPS CPS IPS DPS CPS

Aasrtia upp. naup!!! X X X 92 X X X X X 98 96 98 I 94 X 100 46 46 92 46 50

A.sarlia spp. copepuditem 96 X X X X X X X X 72 97 135 X X X X X X 98 19 21

Pasulsaulanuaa minaatus 98 85 89 92 94 102 96 17 60 90 92 102 95 54 64 I - - X X X

Cyclopuid and llarpacticold X X X X X X X - - X X X X X X 92 96 104 91 X XcupepoJites

Hinruawtella esorpsgiaa 88 62 70 77 81 105 I X X 95 94 99 92 52 57 - - - X X Xnauplit

5 Unidentified liarpacticoids X X X X X X X X X X X X X X X 100 X X 85 X Xadults and copepoJites

flamicyalvps sp. nauptli - - - - - - - - - - - - - - - - - - 91 44 48

.%phirella sp. - - - - - - - - - - - - - - - - - - 96 78 81

X X X X X X X X X X X X X X X 85 1 1 86 0 0adults mud cupepoJites
Synsh.asta sp.

SpluntJ mettgerm - - - - - - - - - - - - X X X 99 98 99 99 73 74
I

- - - - - -

Scalavulepidea viridis - - - - - - - - - - - - 58 ^10 52

esse X X X - X - 95 87 92 X X X X X X

liilasuam app. umup!!! - - - - - -

1 including Sootecolepidan virials.Not

_ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ - - - _ _ ._
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Survival of primary components of the micrusooplankton 24--hours af ter p.e:, age through the comwieneer cooling system.Table 5.

IPS = Intake percent survival DPS - Discharge percent survival Crs - Currected perces.t survival
X = <30 organissa present, musvival not calculetcJ

- = No organisme praecut, survival not calculateJ

8 Jan 22 Jana 5 Feb 20 Feb 5 H.ar 12 Jun 26 Jun_

IPS DPS CPS IPS DPS CPS IPS DPS CPS IPS DPS CPS IPS i>PS CPS frS DPS CPS IPS DPS CPS

AJartid app. naupl11 X X X X X X X X X 85 87 102 X X X 76 71 93 82 33 40

Assertid app. copepealitem 100 X X X X X X X X 83 94 II) X X X X X X 56 11 13

Aaurfla lorhjiromais - X - X X X - X - 81 97 120 I 1 1 - - - - - -

dJult a

focalaalaims asismtus 97 93 96 88 89 101 84 58 69 89 81 91 73 9 12 - - - - - -

Cyclopold asul Harpactico!J X X X - X - X X X X - - X X X 91 98 108 I X Xcopepuoltum

U Afiarvsviella norsvgi.sa 90 70 78 69 85 123 68 X X 87 92 106 85 35 41 - - - X X Xnauplit

adult s aml copepuJitem
UnlJentified HarpactocolJe X X X X X X X X X X X X X X X 61 82 134 X X X

llemicyeloga sp. nauplit - - - - - - - - - - - - - - - - - - 85 44 48

kg hircilas up. - - - - - - - - - - - - - - - - - - 96 79 82

aJults ami copepudites
I I X - X - 1 1 X X X X X X X 53 0 0 24 0 0

.'*yehrhusia sp.

Spluuld metigern X - - - - - - - - - - - - - - 93 59 % 94 88 94

kulusoleg>idas noiridia - - - - - - - - - - - - 31 7 23 - - - - - -

faalaes44 app. nauplit - - - - - - X X X X X X 93 87 89 1 86 1 X X X

__

-

-

INot including hole.solcgsi.lso piridis.

- - - - - - - - - ___- ___- - _ __________ __ _
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Table 7. Nunbers of live and dead larval fishes collected in 5-minute cows
at the intake and discharge, 1 January 1979 to 30 June 1979.

a = alive d = dead I = Intake D = Discharge

l

E i i E i }
*

4 2 2 2 4 4
i

u o e o n eSpecies
n m - m

a-d a-d a-d a-d a-d a-d ;

|

Herring I 0-1 0-1

Clupea harengus D 0-0 0-0

Pollack I 0-0 1*-0
PcI!cchius virens D 0-1 0-0

Rock Gunnel I 1-0 2-13
Phclis gunneilus D 0-1 0-2

1.cnghorn Sculpin I 1-0
.@c:Ocephclus D 0-0'

ccccdecenspincaus

Shorthorn I 2-0 3-8
Sculpin

V. secrpius D 0-0 0-0

Grubby I

.V. cenaeus D

Wrynouth I 0-2
Cryptecanthodge D 0-1

: .ac:Ga:~.is

Snelt I 0-1 0-1 0-2

Camerus mord = D 0-0 0-0 0-0

3-Spined I 2*-0

Stickleback
Gasvercateus D 0-l*

cculac:us
~

Winter Flounder I 0-1* i

0-0Esaudcotr.arcnecces D
|a-:er'ims |

* Juvenile fish

21
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Table 8. Species dens! Lies of larval fishes collected in quantitative tows and preserved
at the intake, 1 January 1979 co 30 June 1979. Densities are given as number of

3larvae per 100 m of water filtered.

23 Jan. 5 Feb. 20 Feb. 5 Mar. 12 June 26 June

3 3 3

Volume Filtered (m ) 601 m 466 m 868 m 704 m 780 m 532 m

Total Number of Juveniles 0 0 1 2 0 4

Total Number of 1.arvae 2 7 19 100 20 6

Total 1.arval Density

(larvae /m ) .003 0.015 0.022 0.142 0.025 0.0113

Clupea harangue 1 1 5 1 4*

Pholis gunnellua 4 5 38n
n

Myoxocephaius octodcoemapinoaua 1 4 10

M. acorpina 1 9 34

1 211. acnaeus

Gwteroateus cheatlandi 1*

Pollachina virena 1 1 & 2*

10Cryptacanthorlea niculatua

19 5
Damerus monlax

1A1osa paenloharengua

* Juvenile Fish (not included in density calculattun)

,

4

-_ - __-_- _ _ - - _ -



Table 9. Numbers of live ans dead larvsl fishes collected in 5-minute cows
on 5 March 1979 at the intake (both inside and outside the travelingI

screens) and on 12 June 1979 at the discharge (with and without the
Ammertap system).

a = alive d = dead

5 March 1979 12 June 1979
Intake Discharge

Species outside Inside
screens screens A=nertap Ammercap

a-d a-d on Off
.,

Clupea haver.gus 0-L
Herring

?ol;achius virens 1*-0 1*-0
Pollack

?holis gunnelius 2-13 5-2
Rock Cunnel

.f e cesphalus scorpius 3-8 9-2'd
Shorthorn Sculpin

Crypt:ca thodas maculatus 0-2 4-0
Wrymouth

Camerus nord : 0-L 0-L
Smelt

Gastarcstaus aculec:us 0-L*

3-Spined Stickleback

M. carciacems:nnosus 1-L
Longhorn Sculpin

M. cenceus 2-0
Grubby

* Juvenile fish

i

|

23
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Table 10. Experimental values of percent mortality at the given exposure
times and temperatures for smelt (Osmens mordcm) yolk sac
larvae in brook water. The calculated regression equation
relating percent mortality to time and temperature is:

Sin /2 Mortality = 5368.39 + 96.7005(Temperature) + 0.01292(Time x Iemperature)~1

-2421.90(In Temperature) R = 0.809

Exoosure Time (sin.) Exposure Temperature ('C) Mortality

60 32.6 100

60 32.6 100

t 60 30.8 100

60 30.8 100

60 28.8 62.5

60 28.8 57.1

60 26.8 0

60 26.8 0

60 24.9 0

60 24.9 0

30 32.6 100

30 32.6 100

30 30.8 100

30 30.8 100

30 28.8 40.0

30 28.8 0

30 26.8 0

30 26.8 0

30 24.9 0

30 24.9 0

5 32.4 100

5 32.4 100-

5 30.6 7.1

5 30.6 0

5 28.6 7.1

5 28.6 7.1

5 26.6 0

5 26.6 0

5 24.5 6.7

5 24.5 0

24
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Table 11. Experimental values of percent mortality at the given exposure
times and temperatures for smelt (0.v sr.as t.crds=) yolk sac lartaa
in sea water. The calculated regression equation relating percent
mortality to time and camperature is:

Sin /% Mortality = -198.832 + 7.22307(Temperature) + 17.2384(In Time)~l

R = 0.786

Exeosure Time (min.) Exposure Temperature ('C) % Mortalitv

60 32.6 100

60 32.6 100

60 30.8 100

60 30.8 100

60 28.8 100

60 28.8 100

60 26.9 88.9

60 26.9 90.9

60 24.9 40.0

60 24.9 50.0

30 32.6 100

30 32.6 100

30 30.8 100

30 30.8 100

30 28.8 100

30 28.8 100

30 26.9 50.0

30 26.9 50.0

30 24.9 40.0

30 24.9 60.0

5 32.4 100

5 32.4 100

5 30.6 40.0

5 30.6 11.1

5 28.6 27.3

5 28.6 11.1

5 26.7 22.0

26.'7 0
5

5 24.5 0

5 24.5 14.3

25
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Experimental values of percent mortality at the given exposureTable 12. times and temperatures for smooth flounder (Licpss::a puer d ) ;

j

yolk sac lartae. The calculated regression equation relating
percent mortality to etze and temperature is: ,

Sin /* Mortality = 37943.7 + 1461.79(Temperature) + 0.00400(Tima ) -12.6406~1

2 R2 = 0.878 |(Temperature ) -20686.4(In Temperature)

Expcsure Time (min.) Exposure Temperature (*C) : Mortality

60 34.2 100

60 34.2 100

60 32.0 100

60 32.0 100

60 29.8 100

60 29 8 100

60 27.6 26.7

27.6 80.0
60

60 25.4 7.7

60 25.4 0

30 34.2 100

) 30 34.2 100

30 32.0 100,

30 32.0 100

30 29.8 68.8

30 29.8 90.9

30 27.6 18.8

30 27.6 0

30 25.4 6.7

30 25.4 20.0

5 33.9 100

5 33.9 100

5 30.5 100 ,

5 30.5 46.4

5 28.4 20 0.

5 26.4 26.7

5 26.2 6.7

5 26.2 6.7

5 24.0 0

5 24.0 0

' 26

|

|
|
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Experimental values of percent mortality at the given e.gosureTable 13. times and temperatures for herring (C!apsc hcrer.r.a) yolk sac
The calculated regression equation relating percentlarrae.

mortality to time and temperature is:

64553.9 + 0.65403(Tima) + 2492.85(Temperature) -21.7298~1Sin / Mortality =

R = 0.819
(Temperature ) -35201.8(in Temperatura)

% Mortality _
Exposure Time (min.) Exposure Temperature ('C)

10033.060
100

60 33.0
-

10031.0,

60
10031.060
10029.160
'0029.160

60 27.0 100'

81.2
60 27.0

0
60 25.0

6.725.060

30 33.0 100

30 33.0 100

30 31.0 100

30 31.0 100

30 29.1 100 j

30 29.1 100

27.0 0
Ju

27.0 0
30

25.0 0
30

25.0 0
30

15 33.0 100

15 33.0 100

15 31.0 100
1

15 31.0 100

15 29.1 12.5

15 29.1 6.7

27
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Table 13. (, Continued)

Exposure Tims (nin.) Exposure Temperature ('C) % Mortality

15 27.0 0

15 27.0 0

15 25.0 0

15 25.0 0

5 32.7 100

5 32.7 100

|
5 29.8 13.8

5 29.8 76.5

5 27.9 6.7
,

5 27.9 0
1

5 26.0 0

5 26.0 0

5 24.0 0

5 24.0 0

28
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MORTALITIES OF VELIGER LARVAE CF ??,cacpecten :.cgslb.icus, THE
SEA SCALLOP, AND !?sc crencr c, THE SOFT-SHELLED CLAM AC ER AC"TE

'

EXPCSL*RE TO THERMAI. ,5D THERMAL-SALINITY STRESS,

'

John Stewart and Seth Barker

Introduction

Because of the tremendous volume of water used in once-through condenser

cooling systems, there is the likelihood that large numbers of planktonic

organisms could be entrained with the cooling water. Entrained organisms

are exposed to thermal, mechanical, and in some cases chemical stress. If

high mortality were associated with that passage, the resulting loss could

have a detrimental effect both ecologically and economically. 3enthic

organisms with seroplanktonic larvae bay be especially susceptible to

i entrainment losses (Enright, 1977; Copeland et al., 1977).

One of the state's = ore productive scallop beds is located in upper

Penobscot Bay, near Sears Island, the proposed site of a power generating ;

1
'

station. During the especially successful 1975-76 harvest season, 437

=ecric cons of scallop seats (worth about 3 million dollars at current I

retail prices) were landed frem this area (Dow, pers. comm.) . The sea scallop

is essentially a deep water species, (?osgay, 1953; Kennedy and Mihirsky,

1971) and known to be intolerant of chronic high temperature (Dickie,1958;

Culliney, 1974) . Nc information is available, however, on the tolerance of

the larvae to the thermal shock that they would experience during entrainment.

It is also not known what the tolerance of the larvas is to the combined

stress of simultaneous changes in temperature and salinity.

Like the sea scallop, the soft-shelled clam, 3?ge crencric (Linnd), is

also abundant near Sears Island, but in contrast it is predominantly fcund

in intertidal areas. It, too, is commercially exploited; ex-vessel value

29
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of the 1975 United States east coast catch was 8.7 million dollars, but

total landings have declined in recent years (litchie,1977). High entrain =ent

sortality of the larvas could contribute to the decline of adult stocks.

Stickney (1964) has studied conditions necessary for successful rearing of

sof t-shelled clam larvas, and other data are available on the temperature

tolerances of both juveniles and adults (Kannedy and Mihursky,1971),

but only limited information on the acute thermal tolerance of the larvae

is available (Barker and Stewart, 1978).
.

The thermal shock experiments of Sarker and Stewart (19.8) used
'

summer spawned clam larvae reared at 17 to IS*C, a te.moerature ccmmonly

measured in Montsweag 3ay (Thompson,1978) during much of c. s adults'

spawning season in Maine (Ropes and Stickney,1965). This rearing temperature

was warmer than ambient temperatures near Sears Island given by Haefner

(1967) for the same period. Therefore it is unclear whether the results

of these experinents conducted at the warmer ta=perature would be pertinent

to entrainment of clan larvae at the cooler temperatures characteristic

of upper Penobscot Bay. The experiments described here determined the

tolerance of early straight-hinge class to acute thermal shock with acclimation

temperatures of 10 to 12*C.

Clam larvae may also occur within a wide range of salinities, as well

as temperatures, and conditions of lowered salinity cay be expected at estuarine

power plants. Therefore the relacionships between salinity and the acute

thermal olerance of both clam and sea scallop larvae were investigated. A
.

combination of thermal and salinity shock was used. Clam larvae from two
I

estuarine locations were tested to determine if the salinity of acclimation 1

!

influenced the relationship between thermal and salinity stress.
I

30
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Methods

Adult class and scallops were collected from the r . siscotta River

in July, August, and September 1978. Larval. -saring techuf ;es and the
!

experimental apparatus and design were similar to F 9e previously reported

in Barker and Stewart (1978). |

Details of each experiment with the exception of M-3 are summarized

in Table 14. The salinity stress was accomplished by subjecting larvae to

altered conditions of salinity concurrent with exposures to elevated

temperatures. The duration of exposure in these temperature-salinity

experiments was 60 minutes. Af ter that period of time the larvae were

returned to the original acclimation temperature and salinity. Fcxperiment

M-3 was similar to M-5 and M-6. Conditions of the experiment can be

obtained from Table 18.

A step-wise multiple regression analysis was performed on the data.

The general form of the equation used in the thermal strass experiments
, n n n

+ + M+3r+3 +3 *was as follows: y=30+31 2 3 3 5 6

3 MT + B Mb + 3 h + 3 +3 b+3 b+3 b+B b+
7 g 9 10 11 73 13 y4

3 * "h*** 3 8 * ******"*' 3 -3 are regress aee cients, s.

15 0 1 15 ,

time in minutes, T is temperature in *C, and y is the arcsine square f

root percentage mortality. Observed morta11 ties in all experiments were
Itransformed to stabilize the variances (Steele and Torrie,1960). Terms

were added to the regression equation by raising M or T to a second or

third power and by multiplying M and T or the different combinations of

their power. The aim was to obtain the best possible fit of the regression

equation to the data. All terms that were significant at an F-level of

.01 were included in the equation in a forward step-wise sanner.
!

I
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The regression equatiens were used to predict mortality for conditions

other than those tested. Three dimensional graphs were produced fres

these values. Combinations outside the range tested, represented as the
,

intersection of dashed lines, are included for continuity (Alderdice,1972).

In some instances the equation gave unrealistic values between 60 and 180

minutes. These values were omitted from the response surface.

The form of the regression equation used for the temperature-salinity

experiments was similar to the previous equation with S (Salinity)

replacing M (Time) as a variable.

Results

Thermal stress experiments - ?!cccescran
.

Larval mortality increased with increased temperature and duration

of exposure throughout the range of ccnditions tested CIable 15).

Temperatures as high as 32.8'C were tolerated for 5 minutes by 3-day-old

Placcrearen valigers with negligible mortality. The same exposure time

and a temperature of 36.6*C resulted in ec=plete mortality. A 30-sinute

exposure at 31.1*C produced less than 20 percent mortality; mortality

was nearly complete between 32 and 33*C. Negligible mortality occured

from a 60-minute exposure to 29'C; at 32.4*C mortality was complete.

The highest temperature the larvae withstood for 180 minutes was 27.0*C;;

mortality is complace at 30.3*C. These results show that mortality of

PIcccpectan larvas increases over a narrow range of elevated :emperature.
,

Increments as small as one degree brought about increases in mortality

as great as 50 percent.

No significant difference at the 0.05 level was found between experiments

P1 and P2, therefore these data were cembined. The value was 0.314,

indicating that 81.4~ of the variation of the data was explained by the

variables in the equatien.
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Table 23 gives the order of terms, their significance and regression

coefficients, as well as related statistics. Table 26 gives the regression

equation for the combined data sets F-1 and P-2. Soludion of this equation

for each time-temperature combination within the limits of the experiments

resulted in a predicted mortality at the specifiad conditions. Table 27

gives these predicted values, and Figure 1 gives the three-dimensional form

of the predicted response surface.

Thermal stress experiments - Wc

Results of thermal stress experiments, M-A and M-3 (17-lS*C acclimated

straight-hinge veliger larvre) are given in Table 16. These results have

been reported elsewhere (Earker and Stewart, 1973). Regression equations

using the model given in this report were calculated and compared. No

difference was found at the 0.05 level between the two regression equations

so the data were combined and a new regression equation was calculated

(Table 23).

A similar procedure was followed for thatmal stress expertsents M-1 and

M-2 (10-12*C acclimated straight-hinge veliger larvae). Results are given

in Table 17. No difference was found between the two arperiments at the

0.05 level so the data were combined and a new regression equation was

calculated (Table 23).

The two resulting regression equations were compared as before and

again no difference was found at the 0.05 level. The data sets were combined

and a final regression equation was calculated. The equation is given in

Table 23 with associated statistics and also in Table 26. Figure 2 was

plotted frem values calculated with this equation (Table 23) .
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Temperature-salinity stress experiments - |

Results of the temperature-salinity stress experi=ent (?-3) which

was conducted with FIcccpec:an straight-hinge veliger larvae are given
;

in Table 18. The regression equation is given in Table 26, the equation
,I
iand associated statistics in Table 25, the predicted values in Table 29,

and the plot of those values in Figure 3. Mortality of Placepsersn

larvae increased with increased temperature and decreasing salinity. A

comparison of these results with the results of similar experiments

performed on !@c larvae shows that FIccopearan larvae are more sensitive

to taperature-salinity than are Pja.

Results of the temperature-salinity experimenta (M-3, M-5, and M-6)

which were conducted with Pga straight-hinge veligers are given in

Tables 19, 20, and 21 respectively. Ragresston equations were calculated

for each set of data. No significant difference at the 0.05 level was found

between the regression equations derived frca experiments U-5 and M-6 so

the data were combined and a new regression equation was calculated (Table 24) .

The larvae used in experiment M-3 were from the,same broodstock as those

used in M-5, so data frem the three experiments (M-3, M-5, and M-6) were

combinei. and a new regression equation was calculated (Table 25) . No

signif: cant difference at the 0.05 level was found between the regression

equatson for the data frem M-5 and M-6 when ecmpared with that of M-3, M-5,

and 7-6. The latter regression equation is given in Table 26, the predicted

vahes in Table 30 and the plot of those values in Figure 4.

Myc larvae reared at low salinity (15*/..) were subjected to similar

combinations of temperature-salinity stress. The results of this experiment

(Table 22) show that acc11mation influences the tolerance of straight-hinge

larvae to temperature-salinity stress. The regression equation is given

34
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in Table 26, associated statistics in Table 24, the predicted values in

Table 31, and the plot of those values in Figure 5.
.

Discussion

Although larval PZacopectan have a low thermal tolerance, they could

conceivably suriive entrainment because of the low preferred spawning

temperatures of the adults. At 12*C straight-hinge larvae should suriive

a 30-minute exposure to a 15 to 17'C AT, provided other stresses are

minimal. Although larvae acclimated to somewhat higher temperatures
,

might have a slightly increased thermal tolerance, this would be everridden

by the higher exposure temperature.

Spawning times for |? a crsrda in Maine begin as early as May andd

continue through August into September (Ropes and Stickney, 1965).

Brousseau (1973) reported a probable spawning of |bja at the Annisquam River,

Massachusetts, in mid-March at sea surface temperatures of 4 to 6*C, and

summer spawning at 15 to 18'C. In Maryland, Pfic:enmeyer (1962) observed

early umbo lariae in May when =ean surf ace temperature was 21.7'C. In !
I

this study,|tja reared at 17 to IS*C shewed only slightly better resistance I

to thermal stress than those reared at 10 to 12*C. The cooler acclimated

|?ja lariae were spawned in early May and the highest temperature the adults

were exposed to was 10*C. Adult |fsc that produced the lartae used in the
1

vars acclimated experiments were spawned in mid-smear and should have been

accustomed to temperatures near the larial rearing temperature of 17 to

IS*C. The nearly identical resistance of the early larvae to thermal shock

is interesting considering the different thermal regimes experienced by the

adults.

F.atrainment of su=mer spawned I?ge larias could be potentially signifi-

cant in Montsveag 3ay, the site of Maine Yankee. July and August surface

35
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camperatures routinely exceed 20*C (Lindsay et al.,1978). Exposure at a'

AT of 13*C and the 30-minute transit time at Maine Yankse vould bring the

larvas close to critical thermal levels. The situation in penobscot Bay

would not be as serious, given the same ST and exposure duration, since
;

ambient camperatures are much icwer.

The thermal tolerance data given for P!cacpsatan and 4/a are conserva-

tive, taking into account the sciatively cool acc11mation temperatures.

The information provided as predicted mortalities in Tables 27 and 31

represents attempts to estimate mortalities at various time-temperature

cembinations frem a .* ingle predictive equation and as such does not

represent the data exactly. Howsver, if used in conjunction with the

raw mortality data, the equations could serve as guidelines for power

plant cooling system construction and operation.

The experiments with L crer~. ~a straight-hinge 1- to 2-day-old

larvae showed no significant difference in tolerance :q temperature-

salinity stress when larvas frem an upper estuarine environment were

ccmpared to those from a lower estuarine environment and the broodstocks

were held under identical conditions for 6 months prior to spawning.
! When the broodstock was taken directly frem the upper estuarine site,

however, and larvae were spawned and reared at an intermediate salinity,

a significant difference in survival was definitely established. It is

apparent that conditioning playa an important role in determicing the

tolerance of .Vgc larvae to this type of stress.

It is unlikely that thermal shock during entrainment would be accom-

panied by a precipitous change in salinity, as in the temperature-salinity

experimental design. Although significant salinity reduction in estuarine

areas veuld not be unexpected, especially in spring, bivalve larvae would

either become acclimated or presumably adjust their position to avoid

36
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stressful levels (2idu and Haskin,1978) . Davenport et al. (1975) showed

that larvae of Facesn mar-ha were capable of tolerating such lower

salinities when fluctuations are graduzi rather than abrupt. The temperature-

salinity experiments do point out that added sources of stress can result

in increased mortality of entrained larvas.

.

1
I
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Table 14. Suunnary of thermal stress experiment s.

Experimental Conditions

Range of thira tion
Exper. Organisia Acclimation Test of j

Ikall Related # Stage of Conditions Temp. Exposure Salinity

Hypothesis Exper. Date Development Adul t s /I.arvae (*C) (Hismates) (*/. ) Resu l t s /Consuen t s

No significant H-1,H-2, P-1,P-2 Placopeaten Adults collec- P-1, P-1, P-2 31 "Ihere was a signifi-

difference in P-1,P-2 18 Aug. magallanicus ted at 11-12*C, 35.2- 5, 30, 60 cant dif ference at

mortality after 1978 3 day 30 */,,; lar- 29.0 180 each the 0.05 level.

thermal stress s traigh t- vae reared at P-2 replicated Plaeopeaten aau-

be tween Hya hinge 12*C, 31 */.. 36.8- rine subtidal

larvae reared veliger species clearly
has < lower Icvelat 10-12*C and larvae
of tolerance toPlaeopeuten acute thennal . hockreared at 12*C compared to Mya, an

(when bothn estuarine intertidalO groups are at
species.

similar stage
of development)

No significant H-1,H-2 H-1,H-2 M. arenaria Adultr, natural- H-1 H-1,H-2 29 'there was no signifi-

difference in and two 10 May 2 day early ly conditioned 40.2- 5, 30, 60 cant difference at

mortality after f rein 1978 s traigh t- a t 2-6 *C, then 30.2 180 each the 0.05 level. Ac-

thennal stress 1977 hinge held at 10*C H-2 replicated climation temperature

between Nya M-A,H-B veliger for 6 days at 40.0- over an 8 *C ra nge a t

larvae reared larvae 28-29 */.. 31.6 these temperatures

at 10-12*C larvae reared had only a minor ef-
a t 10- 12 *C , fcct on larval Hya'u'

and those
reared at 17- 29 */.. tolerance to Llw rnul

shock.
18*C when

Adults collec- H-A H-A.H-H 30-adults spawned H-A* M. arenav*a
in early 19 Jul. Idayearfy ted incertidal- 39.6- 5, 30, 60 31 *As reported by ,

upring and 1977 s trai gh t- ly & spawned 30.8 180 each Barker and Stewart j

mi d -sunuue r , M-BA hinge the same day; H-B replicated (1978).
re s pec tively. 4 Aug. veliger larvae reared 39.6-

1977 larvae at 17-18*C, 30.9
30-31 */..
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Table 14. Summary of theneal stress experiments. (cont.)
F.xperimental Conditions

Range of Duration

Exper. Organism Acc11mation Test of

Hull Related I Stage of Conditions Temp. Exposure Salinity
Hypothesis Exper. Date Development Adults /I.arvae (*C) (Hinutes) (*/..) Results/ Comments

tio significant H-5,H-6 H-6 N. arenaria Adulta collec- 37.8- 60 29.6, No significant

difference in 30 May 2 day ted previous 25.4 15.0, difference at the

mortality after 1978 straight- fall from low 10.2, 0.05 level. Gene-

thermal-salint- hinge salinity upper ; 5.. tic control of
' each salinity tolerance

veliger estuarine site
ty stress
between Jh,fa , larvae held at the repli- not apparent at

cated this stage. Condi-
Darling Center;larvae f rom tioning apycars tonaturally con-

lower estua- be the dos;inant
ditioned at 1-rine brood factor in determin-

stock and those 10*C, 26-31
Ing larval resistance*/..; larvaefrom upper es- reared *at 15'C, to short-term thennal-

tuarine brood- salinity stress.4, 29 */..F stock when
adults condi-
tioned at
same tempera-
tures and
salinities

No significant H-6,H-7 H-7 N. arenaria Adults collec- 40.0- 60 26.2, Significant difference

difference in 2 day ted from upper 27.3 14.8, at the 0.05 level.

mortality straight- estuarine 9.9 Previous acclimation

after thermal- hinge site (natural- 5.0 definitely affects

each short-term calinity
salinity veliger ly conditioned
stress between larvae there) at repli- tolerance of larvae.

3-15 */... cated. Tolerance to elevated
Nya larvae temperatures did notTemperature atreared at appear to he enhancedcollection 16-30 */.. and ova.r larvae of H-6.17'C; larvaethose reared reared at 15'C,
at 15 */.. 17.2 */..when adults
were condi-
tioned at
these respec-
tive ualini-
tlas.
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Table 14. Sumunary of thermal stress experinnents. (cont.)

Experimental Conditions

Range of Duration
Exper. Organism Acclimation Test of

Null Related # Stage of Conditions Temp. Exposure Salinity
llypothesis Exper. Date Development Adail t s /I.arvae (*C) (Hinutes) (*/..) Results/ Comments

No significant H-5,P-3 H-5 N. arenaria Adults collec- 37.8- 60 29.6, Significant differ-
difference in 30 May 2 day ted previous 25.1 15.0, ence at 0.05 level.
mortality after 1978 straight- fall from high 10.2, Placopcoten had a
thermal-salint- hinge salinity lower 5.3 lower tolerance to
ty stress veliger estuarine site, each thermal-salinity
between Mya and larvae held at the repli- stress compared to
Placupseten Darling Center. cated. Mya.
larvae reared Conditioning
at the same and larval
temperature and rearing same
salinity. as M-6

8 P-3 P. magal- larvae reared 33.2- 60 31.2,
24 Aug. lanicus at 15*C, 22.1 15.9,
1978 3 day 31 */.. 10.7,

utraight- 5.3
hinge each
veliger repil-
larvae cated.

., . - - - _ . . . ,. - .. -- - . -. c - . - - . _ - . . _ _ _

_ _ _ _ - _-



- - - - _ _

.

12*C af terPercentage mortalities of P. ringallanicus r uraight-hinge veliger larvae reared atTable 15.
brief exposttre to elevated temperatures.

Experiment
#P-1 C ECTemperature (*C)"

Time (min.) 35.2 (35.0) 33.2 (32.8) 31.1 (30.7) 29.0 (28.6) 27.0 (26.6) 14.4 1211

180 100 100 99 61 2 3 2

100 100 100 64 1 2 2

60 100 100 55 6 3 3 2

100 100 63 5 2 1 1

30 100 98 9 3 2 2 2

100 97 12 4 6 1 2

5 32 2 1 2 1 3 1

24 2 3 2 0 2 1

g Experiment
P-2

Time (min.) 16.8 (36.6) 34.7 (34.5) 32.4 (32.1) 30.3 (30.0) 28.2 (27.9) 15.0 1211

180 100 100 100 100 31 3 3

100 100 100 100 33 2 2

60 100 100 100 66 5 2 3

100 100 100 70 6 4
-

30 100 100 100 18 4 5 2

100 100 100 15 6 2 2

5 100 16 2 2 2 2 4

100 16 3 3 1 4 4

_ ._

Ilumber of larvao P-1 P-2
Salinity 31.2*/.. Hean of controls 347 385

Standard deviation 29 36

influence of injection water.(a) Temperatures in parentheses were corrected for the

(b) C = Control in block

(c) EC = Control outside of block



Table 16. Percentage morta11 ties of M. alvnaria straight-hinge veliger larvae reared at 17 to 18*C
'

after brief exposure to elevated temperature.

Expeniment
#

H-A C ECTemperature (*C)"

Time (min.) 39.6 (39.4) 37.2 (36.2) 34.8 (33.8) 32.7 ( 11.9) 30.8 (30.0) 17.6 1811

180 100 100 36 0 0 2 1

100 98 11 0 0 3 1

60 100 82 31 0 0 1 0

100 33 1 0 8 1 1

30 59 22 0 0 0 0 2

90 35 0 0 0 2 3

5 0 3 24 0 0 8 3

28 0 13 3 11 3 2

Experiment4,
'' g_g

Time (min.) 39.6 (39.4) 37.2 (36.2) 34.9 (33.9) 32.7 (31.9) 30.9 (30.1) 18.1 17t1

180 100 97 46 0 0 1 0

100 100 66 10 2 0 1

60 100 99 38 29 0 0 0

100 98 49 23 0 1 0

30 100 d d 0 0 1 3

100 35 6 0 0 1 3 ;

l
5 23 2 6 5 26 d I

#

0 24 2 9 0 d 2

thimber of larvae Il-A H-B
H-A H-B flean of controls 106 146

Salinity 30.6*/.. 31.0*/.. Standard deviation 13 16

intluence of injection water(a) Temperatures in parentheses were corrected for the

(b) C = Control in block

(c) EC = Control outside of block

(d) Sample lost
,
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_ _ _ - _ _ _ _ _ _ _ _
_ ._. _ _

Percentage mortalities of M. aranaria straight-hinge veliger larvae acclimated at highTable 21.
salinity after brief exposure to various temperature-salinity combinations.

Experiment H-6
b b

EC ECTemperature (*C)
Salinity (*/..) 37.8 35.4 32.8 30.4 27.9 25.4 15.4 1511 1511

12" 0" 2"
29.6 86 7 11 4 e c

4" 17" 5"
100 11 7 10 e c

15.0 100 64 19 15 e c 6 8

100 68 18 17 c c 8 10

10.2 100 100 83 5 16 18 14 16

100 100 72 16 to 10 5 5

5.3 100 100 100 86 62 41 13 37

100 100 100 100 96 78 10 18

Number of larvaethiration of exposure - 60 min. Hean of controls $89
*g Standard deviation 43

<

(a) Control

(b) EC = Control outside of block

(c) Not tested

.

_ _ _ _ _ _ _ _ ___________________m_ _ _ _ _ _ _ - _ _ _ _ _
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Table 22. Percentage mortalities of M. avenuela straight-hinge veliger larvae acclimated at low
salinity af ter brief exposure to various temperature-salinity combinations.

Experiment H-7

Temperature (*C) EC'
Salinity (*/..) 40__0 37.6 35.0 32.4 29.8 27.3 14.4 1511

26.2 100 100 93 21 4 14 16 13

100 100 93 58 14 14 14 20

14.8 100 98 15 13 6 6 12" 10

100 100 25 11 20 17 12" 14

9.9 100 100 31 16 17 15 12 22

100 100 41 22 10 8 18 14

5.0 1 00 100 91 44 16 14 12 12

100 100 90 46 15 18 7 10

E| Duration of exposure - 60 min. Number of larvae
Hean of controla 328
Standard deviation 43

(a) Control

(b) EC = Control outside of block

- _ _ - . . _ _ _ _ __ . . _ _



Table 23 Statistics of multiple regression of arcsine transformed of percentage mortality on temperature
(T) and time (H). B = Regression coefficient; Sg, - Standard error of 11; 100R = coefficient of
determination; S = Standard error of estimate; Beta == Standard regression coef ficient.

r

Experiments Species Constant Variable B Sg, 100R2 3 U"E "
r

t

P-1, P-2 P. nugellanicus -339.145 T 14.336 6.970 54.2 20.077 1.207
_g 6.0Mx10 1.3 1 1 .

11 -I*00] .

-3
4. m x10_3

-

2.420x10 7.6 17.792 1.8192
Fl 3 -3
T -2.904x10 2.260x10 78.0 17.714 -0.7483

ff T23 -2.561x10~ 0 78.4 17.695 -3.285

trr 2.354x10~ 6.800x10 81.4 16.528 4.5662
i

H-A,ll-B M. arenaria 251.874 T 3.063x10,6 1.960x10~ 56.8 22.267 1.093-

0 68.2 19.225 4.492
HT 4.70lx10

3.265x10_6
-

0 76.9 16.507 4.663211 -

5.787x10_9 0 77.6 16.358 0.435
H -2

-2.096x10 'g 4.110x10 78.9 15.978 -4.243
H

ll Tl3 -1.441x10~ 0 83.5 14.242 -4.996v.
"

T -10.625 7.107 84.0 14.120 -1.018

9.735x10_2 1.393x10_ 62.0 22.280 0.732~ -

H-1, H-2 H. arenaria -78.564 T 3
Irr 1.922x10 4.1100x10 74.2 18.459 4.938

!! T22 -1.260x10 0 82.2 1 5 .4'10 -6.408

11 -1.016 3.970x10 82.3 15.509 -1.912
-6

18 T 1.489x10 0 83.7 14.962 3.7713
3 ~4 -3

T -7.711x10 2.540x10 83.8 15.054 -0.316

_

H- A , II- n M. arenaria 21.548 T 9.708x10 1.040x10_- 60.4 22.29; 0.374
3 4.890x10 1.000x10 71.7 18.894 4.682

H-1, 11-2 Ig3 -

0
_

78.5 16.524 -5.436
11 T -2.900x10

3.080x10 g 79.3 16.277 -2.908-1.519
(J ~4 ~#

11 T 2.945x10 7.000x10 81.7 15.340 4.038
T -1.475 3.966 81.7 15.383 -0.148

,

-m
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. _ . - _ _ _ _ _ _ _ _ _ . _ - . .

-

Statistics of multiple regression of arcsine t ransformed percentage mortality on temperature (T)Table 25. B = Regression coefficient; b - Standard error of B; 100R2 = Coefficient ofand salinity (S). =Standarderrorofestimate;Neta=Standarizedregressioncoefficient.determination; Sr

2 g Beta
Experimentu Species constant Variable B S 100R

b r

M-3,H-5,M-6 M. arenaria -0.996 T -8.245x10 1.510x10_3
-3 ~

42.4 25.643 -4.353 -

1.538x10 69.8 18.623 -10.419
SXT -1.102

-

1.000x10[2 76.5 16.490 -11.15423 -2.647x10S 3
S -7.736x10 6.316x10 78.1 15.978 -0.077

STj 8.950x10[g 1.400x10[2 81.0 14.959 12.065

3.362x10 5.651x10 84.3 13.664 4.126

S}T 2.062x10 0 85.1 13.358 7.315

S 11.181 3.402 86.3 12.859 3.064

~I -1
P-3 P. magallanicua 117.814 T 2.458x10 1.605x10 35.8 24.993 2.276

S -11.495 8.727 62.4 19.327 -3.461

ST 5.214x10[ 2.100x10[4 72.0 16.867 4.886
g

13
g 4.199x10_4 2.243x10_4 76.6 15.586 4.423

6.1 12.162 -1.blu
1.511x10_ 2.800x10-

88.1 11.385 -2.823S{ 7.968x10_3 4.230x10_3T g g

3.412x10 3.720x10 88.1 11.485 -3.036
SgT
ST 1.236x10 0 88.3 11.541 -1,238~



.

.

Table 26. Predictive equations of arcaine transformed percentage mortality (y) of P. tuagellanicus and
M. arenaria under condit ione noted in Table 14. T = Temperature (*C); H = Time; S = Salinity (*/..).

.

Experiment
2 -3 -#

P-1,2 y = -339.145 + 14.336T - 1.478H + 4.955x10~ 11 - 2.904x10 T - 2.561x10 HT + 2.354x10~ llT
~ -5 3

ll-A,B,1,2 y = 21.548 + 9.708x10 ''T + 4.890x10 g7 - 2.9x10- nT - 1.519H i 2.945x10~ H T - 1.475T

~4 l'3 +
11- 3 , 5 , 6 y = 0.996 - B.245x10~ T - 1.102SxT - 2.647x10~ ST - 7.763x10~ S + 8.950x10 S

3.362x10~ T + 2.062x10~ ST + ll.781S

H-7 y = 14.437 + 1.791x10~ T - 5.585x10~ T + 5.427x10 #'S T - 8.896x10~I
3 SxT + 10.882S -

I
8.255x10~ S t 1.456x10~ ST - 1.850x10~ ST

~I ~4 I

P-3 y = 117.814 + 2.458x10 T - 11.459S t 5.214x10~0 'r3 + 4.199x10~ S - 1.511x10 ST-S

7.963x10~ T - 3.412x10~ SxT - 1.236x10~ ST

I?

'

1

1

<

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .- _________ ____ - _______ _ -- ___ _____
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|̂ Table 27. Predicted percentage mortalities of P. . cgssIcr.is.a at time-
temperature combinations within experimental limits.

Time (min.)

Temp. ('C) 5 30 60 80 120 150 180

26 0 0 0 2 8

27 0 1 3 9 16 24

i 28 0 2 9 18 28 37 44

29 2 11 26 41 52 60 63

j 30 7 25 47 65 75 80 79

i 31 15 41 68 85 92 93 90

32 24 57 83 97 100 100 97
|

33 33 72 96 100 99

' 34 42 34 100 100

35 50 93
' 36 57 98

37 63 100
f

i

!

.

.

i

i

<

55



Predicted percentage sortalities of St. crsncric at time-Table 20.
temperature ccmbinations within experisental 11 sits.

Ti=a (min.)

Temp. (*C) 5 30 60 90 120 150 180

31 1 0 0 0 1 'l 3

32 1 2 4 5 7 9 10

33 2 6 11 16 20 22 22

34 4 12 23 32 38 39 37

35 6 21 39 52 59 39 53

36 9 31 57 73 80 78 69

37 13 44 75 90 95 93 83

38 17 53 90 99 100 100 94

39 23 72 99 100 99

40 29 85 100 100

41 36 94

42 44 100

i

!

56

__
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Table 29. Predicted percentage sortalities of ?. cpel knicus at salinity-
temperature ccabinations within experimental limits.

-
Salinity (*/aa)

Temp. (*C) 5 10 15 20 25 30

15 98 36 2

16 99 40 3

17 100 44 5

13 47 7

19 52 9 0

20 57 13 1

21 62 18 3 0

22 67 23 6 1 0

23 72 31 11 3 1

24 77 39 13 8 2

25 81 48 23 16 6,

26 86 33 40 26 13

27 90 69 54 41 23

28 93 79 69 58 38

29 96 38 83 75 55

30 98 95 94 90 74

31 99 99 100 99 91

32 100 100 100 100

57

__



Table 30. Predicter. percentage cortalities of .V. c:*se.2-;c reared at

high salinity at salinity-cesperature c sbinations within
experimental limits.

Salinit-r (* /. .)

Temp. (*C) 5 10 15 20 25 30

14 23 8

15 30 8

16 33 8

17 37 3

18 40 8

19 45 3

20 49 8

21 54 10

22 59 11

23 64 14

24 69 17

25 74 21

26 79 26

27 33 32

2S 37 39 0

29 90 47 2

30 93 56 6 0

31 95 65 11 1

32 97 74 20 0 5

33 98 83 31 1 14

34 99 90 44 5 0 27 ;

35 100 96 60 15 5 43 |
'

36 99 75 29 15 62

37 100 S8 50 31 79

33 98 67 51 93
i

39 100 85 72 100
97 9040

|
l

.

58

__
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Table 31. Predicted percentage sortalities of .'1. c:*grec reared at

low salinity at salinity-camperature combinations within
experimental limits.

Salinity (*/..)

Temp. (* C) 5 10 15 20 25 30

5la 6
19 0

6
20 4

21 5 0 0 8

22 5 1 1 9

23 6 1 2 12

24 7 2 2 15

25 9 2 0 0 3 19

26 11 3 1 1 4 24

27 14 4 1 1 6 31

23 18 7 2 3 10 38

29 24 10 4 5 14 46

30 30 14 8 3 20 34

31 37 20 12 13 27 63

32 46 23 19 20 36 72

33 55 37 28 29 46 82

34 65 48 39 40 58 89

35 75 60 51 53 69 95

36 85 73 65 67 81 99

37 93 84 73 SO 90 100

38 93 94 90 91 97

39 100 99 98 98 100

40 100 100 100

|

|
|

59
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Figure 1. Mortality of FIccopecm mcgel!cnicus straight-hinge veligers
as predicted by the regression equation for experiments P-1'

'

and P-2 (see Table 25).

Mortality of # e crsre*,c straight-hinge valigers as predictedFigure 2. d
by the regression equation for experiments M-A, M-3, M-1, and
M-2 (see Table 25).

Figure 3. Mortality of ?kcopeerar. .c;elkr.icus straight-hinge veligers as
predicted by the regression equation for experiment ?-3 (see
Table 25).

Figure 4. Mortality of le/c crsr.crk straight-hinge veligers reared at high
salinity as predicted by the regression equation for experiments
M-3, M-5, 2nd M-6 (see Table 25) .

Figure 5. Mortality of ?ga crsr e *c straight-hinge veligers reared at low
salinity as predicted by the regression equation for experiment
M-7 (see Table 25) .

!

..
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NUTRIEIT C M ISTRY

3ernard J. McAlice and David J. Carlson

Introduction

The objective of this continuing study is to determine the seasonal

changes in temperature, salinity, the major phytoplankton autrients, and

dissolved oxygen in Montsweag Bay and at control stations in order to

assess the impact of Maine Yankee on these variables.

In order to continue to assess the i= pact of causeway removal in

1974, stations 52 and ti3 have been maintained.

Methods
(

Sampling stations are shown in Figure 6. All sethods are detailed

' in the Final Report.

Results

The nitrate, phosphate, silicate and oxygen concentrations are

shown in Figures 7, 8 , 9 and 10 . All the nutrient and oxygen valves were

similar to past reporting ceriods in both ti=es and concentrations of

peak values.
1

Conclusion

Based on these data, there appears to be no effect, from the

operation of Maine Yankee, on the cyclical nature of the major nutrients

or dissolved oxygen.

! Ira C. Darling Center Ref. No. 79-7b

|

'

66
9
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Figure 6 Montsweag 3ay and vicinity
-

#

showing hydrographic and
plackton sa::1pling stations.
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/
Figure 7. Nitrate concentration at stations al, M3, h- '

S2, October 1969 to June 1979.

surface --

Figure 8. Phosphate concentration at stations M2, M3, M4, M7, S1,
and S2, October 1969 to June 1979.

surface ----- bottom

Figure 9. Silicate concentration at station M2, M3, M4, M7, 51,
and S2, October 1969 to June 1979.

surface ----- bottom

Figure 10. Dissolved oxygen concentration at stations M2, M3, M4, M7,
51, and 52, October 1969 to June 1979.

su__ ace values only

Note: r,J = Inclement '4eather
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MIC20 ZOOPLANKTON

Bernard J. McAlice and Anna L. Heinig

Introduction

The work reported here is part of a continuous study designed to

assess the long-term effects of the Maine Yankee Nuclear Generating

Station operations on the composition, abundance, and seasonality of

microzooplankton populations in Montsweag Bay. This is achieved through

studies ecmparing these populations, with those outside the bay, before

and after Maine Yankee went into operation in Septamber 1972. This

study has been in progress since October 1969.

Methods

Plankton samples were taken at stations S1, S2, M2, M3, MA, and D7.

On 25 August 1978 stations Si and D7 were discontinued and a new station,

El, was occupied, replacing MS, a former chemistry station. El acts as

a control by sonitoring the thermally influenced waters belcw Maine

Yankee in such the same way as the control station S2 conitors those

waters above the Maine Yankee plant (Figure 6 ) .

The initial sampling interval was sonthly; this was shortened to

semimenthly in June 1970. Sampling was begun at Si and M4 on 29 October

1969, at M2 on 23 March 1972, at M3 on 6 September 1974, and at S2 on

20 Septemb2r 1974. All stations were usually occupied on the same day,

during daylight, and at various cidal stages.

Ira C. Darling Center Ref. No. 79-7c
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Eauls were 10-15 min oblique tows with a #20 mesh (-76u) net of
f

0.5 s south diameter (south area 0.196 = ), equipped with a centrally

mounted flowmater. Boat speed during tows was 1-2 m/sec.

Beginni,g 23 July 1976 a #25 mesh (-64u) net was substituted by

mistake. All collections were made with this net size until 3 February

1977, when a #25 net was used at 31, S2, and MA, and a 120 net at M2 and

M3. After 3 February 1977 all collections were made with a #20 net.

The change in sesh size probably introduced no significant bias for most

of the organisms considered here; even the smaller for=s, such as copepod

nauplii and rotifers would be retained by both nets. However, because

of the increased filtration coefficient (Tranter,1967), and consequent

decrease in flow race, of the #25 net, some net avoidance by larger

an hals may have occurred (Clutter and Anraku, 1968).

Two counting procedures were used during the study. Before July

1974 the concentrated plankton was transferred to a 10 cm square chamber
,

of the type described by Hopkins (1962). Large organisms were removed

and, depending upon the abundance of animals in the collection, one or

two 1/25 subsamples were taken for counting. From July 1974 through the

present, the concentrated plankton was diluted to a known volume, thor-

oughly stirred, and a 1 ml Stempel pipette aliquot removed for counting.

Organisms in the subsamples were identified and counted at magnifications

of 25-500x, as required.

For the Stempel pipette subsamples, dilution volumes were adjustad

to try to achieve a count of about 1000 anisals in the 121 subsamples,

but in practice the total counts varied frem about 700 to 4000. Beginning

22 January 1976 all samples were routinely filtered through a nylon

.
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screen (1 mm mesh) to remove larger organisms for counting. 3efore this

the entire sample was picked through for large forms if their presence

was noted; some were certainly missed. From 23 July 1976 ca, a species

list was established frca examination of an eye dropper volume taken

frca che concentrated sample before dilution and counting. This increased

the probability of detecting s arce species.

Errors in scoplankton abundance estimates are introduced both in

taking collections in the field (sampling error) and in counting them in

the laboratory (subsampling error) . The errors associated with sub-
t

sampling and counting using Hopkins' (1962) chamber appear from his data

to be about +15% of the raw count. For Ste=pel pipette subsamples,

Wiebe et al. (1973) reported a difference of about 6 between subsamples,

and Lee and McAlice (1979) found 8 . We did not make an independent

evaluation of either method.

We made two assessments of overall sampling variability. On

4 November 1976, at M3, we made five replicate towe with a #25 cet. The

experiment was repeated at H2 on 19 May 1977, using a #20 net. Each

experi=ent was done during a regular sampling cruise, and ecws were =ade

in quick succession over a one-hour period at mid-tide. Towing and

Stempel pipette subsampling followed the proceduras already describcd,

except that the identities of all collections, including routine station ;

|

samples, were masked to avoid any bias in counting. Abundance estinates

for six major groups were transformed to log (x+1) to eliminate the

correlation between mean and variance. Means, standara deviations, and

95% confidence intervals were calculated for the transformed values.

Results are sunnarized in Table 32. The 95* confidence intervals for
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.,



all copepod groups were greater by abcut a factor of two in the first

experiment. Rotif ers and tintinnids had similar interials in the tvo

experiments. Polychaete setigers were not present in November 1976.

To compare our results with those of other workers, the 95" con-

fidence interials were expressed as percentages of the raw means by the

procedure of Bagenal (1955). Averages were about 50-170% of the raw

mean; for the ccpepod groups taken with the #20 not they were about 55-

160~. Wiebe and Holland (1968) reviewed field sampling errors from 13

studies and found 95: confidence intervals of roughly 50-200% of the

untransformed mean abundance, as did Silliman (1946) and Lee and McAlice

(1979). Sameoco's (1975) data for copepods average 75-150~. of the mean;

he used paired nets without bridles.

Our results estimated the total sampling variability arising frem a

cembination of factors including plankten patchiness, subsampling varia-

tion, and counting errors. From them, we concluded that 110" of the

transformed mean is a reasonable esti= ate of the 95% confidence interval

to be applied to a single observation. Two abundance estimates should

not be considered significantly different if they differ by less than

this.

Results and Biscussion

Data are presented for four stations (S2, M2,10, and M4) whose

samples have been completely, or nearly completely, analyzed from the

time the station was first sampled through 31 December 1978 (Figures 11-27).

Due to a sample backlog, M2 and M3 are included only through 30 June

1978 and data frem 1 January 1974 through 30 June 1974 for M2 are not

included because of seme unprocessed sa=ples. This report differs from
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leport 12 only in :he continuation of M4 and S2 graphs through March 1979.

In March Anne L. Heinig left for other work, and because of funding un-

:ertainties the position could not be filled.

Throughout :he study 11 taxa were selected for graphical analysis

on the basis of their general importance, seasonality, and previous

history of altered occurrence. Analysis consisted of inspec: ton of the

graphs for significant shif ts in seasonality or changes in abundance

that were coincident with Maine Yankee operation (started 15 Septe:bar

1972), or with removal of the Cowseagan Narrows causeway (comple:ed in

Decenber 1974) . Care was taken to examine the local con:rol station

(52) for corresponding f aunal changes, and unusual changes occurring in

1973 were also noted. Table 33 sunmarizes our observations.

We have observed in previous reports that five copepod taxa (A.

h.uda:nkn, A. icngivenia, E. F.ard ani, .=. r:ir:cus, and T. :cngkornis)

have decreased in abundance af:er Maine Yankee began operation. During

the first half of 1977, it appeared that three of these species (A.

h.udaankn, I. Iterd- cni, and .'. cngiocrnis) were increasing. This ersnd

did not continue.

Of the three species of Accrria, A. Icngirceia abundance continues

to rise. Its nu=bers at M4 declined after Maine Yankee went into operation,

but recovered to near pre-operational levels in 1975 CMcAlice and Gardella,

1975). Its population density dropped steadily again in 1976, and i:

was rarely found in early 1977 (McAlice and Gardella, 1977). During the

latter half of that year however, this species ' egan increasing a: both

the Montsweag and Sheepscot stations. Coincidentally in 1978, A. 00nsc

shewed an overall decrease at M4 from peaks of the previous 2 years,
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and, at S2, A. hudsonica exhibited dininished abundances. It is possiblei

that localized environmental factors such as temperature and salinity

favored the development of one species over another.

PseudoccIanusMnutusadultsaregenerallymoreabundantinthe

Sheepscot than in the Montsweas. There was an increase in abundances at

S2 in 1978, but at M4, a decrease in both abundance and seasonality was

noted, although changes in juvenile stages at this station were slight.

Decreases were noted for juveniles of other species in both the
.

!
Montsweag and Sheepscot stations. rhese have been unalarming and say be

attributed to seasonal variation.

The seroplankton is divided into three groups: larvae of cirripeds,

bivalve larvas, and polychaete socigar larvas. In the operati:nal

| period cirriped nauplii c=ncinue to appear earlier and stay until early

December at M4; the other Montsweag stationa resemble M4 in seasonality.

Sivalve larvae appeared earliar but did not reach the peaks of the

previous 2 years. Polychaete satigers were found in their usual high

abundances in the Montsweag Bay from May through July despite a slightly

late appearance in the spring.

In general,1978 could not be considered es productive as the

previous year. Despite abundance increases for 9 f aunal groups (Table 33)
I

there were decreases for 11 and the ramminder exhibited lictie or no
1

change. Seasonality increases were noted for a few groups including a '

few whose abundances had decreased.

For the beginning of 1979, the only faunal characta.ristics worthy of

comment were the somewhat greater than usual abundances of developmental

stages of A. Iengivenia and C. ases;ia, and a decrease in the density of
,

?. d natia nauplii and i= mature copepodids.
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Conclusions

The cause for decreases in several of the adult copepods during the

operational period is not evident. In previous reports we have sentioned

that unidentified indluences of the Maine Yankee plant or even size

selective predation by planktivorous fish may be contributing factors

C3cAlice and Gardella,1976). Regardless of possible causes for the

changes in adult cepepods, the decreases are not alarming since the
;

'

abundances of the larval and juvenile stages renais near pre-operational

levels.

Sese variations in seasonal ranges of a few species have been noted

since 1972 at M4, which is the Montsweag station with the longest

sanpling history. Since we have no indication of elevated temperatures

at M4, it is difficult to ascribe these changes to the operation of

Maine Yankee.

Except for the decreased abundance of adult copepods, we have seen

no najor leng-term changes in the =coplankton of Montsweag 3ay. ,

I
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Table 32. Sumary of two replicate experiments - liierozooplankton-flontsweag Bay
Experiment #1: Station ti-3, 4 Nov. 1976 (5 tous, #25 net) 0-2 m depth.
Experiment #2: Station Il-2,19 Flay 1977 (5 tous, #20 net) 0-2 m depth.

1 2 3 4 5 6 7 8

95% conf. limits n

Exper, abund. as % of mean for

I.D. no./ml log (xil) abund. log (xil) abund.a log (x+1)b .05f "t

Copepod adults 1 1034 2.96 571 .241 18-423 123% 21

2 2072 3.31 441 .102 50-196 19% 3

Immature copepodites 1 123 2.00 95 .311 11-589 143% 75 !

2 4145 3.60 1364 .137 39-239 111% 4

Copepod naup)11 1 1399 3.09 114 7 .247 18-421 122% 20

2 47018 4.65 17259 .143 36-241 19% 3

Motifers 1 213 2.30 84 .165 32-270 120% 16

2 515870 5.56 366777 .476 3-1520 124% 23

TIntinnids 1 43044 4.58 24494 .231 20-387 114% 8

2 209876 5.26 112207 .273 16-473 114% 8

Polychaete setiger 1 - - - - - - -

2 133504 5.11 45636 .145 38-247 i 8% 2

antilog10IE-E8t) and ant 11og10II IE8t), where R = sample mean from raw (nontransformed) data,ta.

K R
R and a are sample mean and standard deviation, respectively, of log 10 transformed data, |

student's (c) at .05 for df=4(t-2.776) (Bagenal, 1955). |t t

t =

b. i -ts and E its
t t g t

E I
t t

22,L , where d is the half width ofStein's two-stage sample procedure (Steel and Torrie, 1960). n= L
c.

the desired (95%) confidence interval (i.e. , d = 0.5f ).t

|
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f Figures 11-27. Population abundance of selected species
at four stations, October 1969 to June 1979.

copepodid
- - -nauplii

' e Sampling of station begins
X Maine Yankee began operation
A Cowseagan Narrows causeway removed
O Diffuser discharge began operation

IW = Inclement weather
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MAC10ZOOPLA Z ON

3ernard J. McAlica, Gilbert 3. Jaeger, Margaret A. Hunter and Janet L. ?!ason

Introduction
,

This report is part of a comprehensive study cf the ecology of
;

Montsweag Bay which ves initiated prior to operation of the Maine Yankee
j

Nuclear Generating Station. The purpose of this continuing research is to

study the effects of the thermal effluent discharge from the plant on the

spatial and temporal abundance and distribution of the sacrozooplankton of

Montsweag 3ay. Relationships between the sacrozooplankton and temperature,

salinity, and depth of capture are being studied. In accordance with

the Nuclear Regulatory Commission Technical Specification 1.7C2 sa=ples

were taken monthly at two Montsweag Bay (ES,M3) and two control stations

(S3,35), ice conditions permitting.

Sampling Methods

The present sampling regime was established in March 1975 when replicate

buoyed and anchored net stations were discontinued (DeWitt et al. ,1976) .

Stationary net sampling stations (Hauser,1973) are designated

Montsweag South (MS) and Half tida South (HS) in Montsweag Say, and Sheepscot

South (SS) and Bridge South (35) in the Sheepscot River (Figure 28). The

sampling gear (Figure 29) is essentially that described by Graham and Venco

(1968), modified to a three net system (DeWitt et al., 1975). A flowmeter

is scented in the mouth of each net to record the amount of water filtered.

Ira C. Darling Canter Ref. No. 79-7d

101



- . _ _

Collections are made monthly, within the limits of technical specifications,

on nights when the fullest possible tidal cycle occurs between sunsec

! and sunrise. Nets are set and retrieved at slack tide, and cod ends

replaced between sets so that the gear fishes both flood and ebb tides

separately. Collections are field fixed with 10% buffered formalin and

temporarily stored in 5 buffered formalin. Standard techniques are used

to pick, sort, identify, and count the catch. After being processed,
i

4

collections are preserved in 70% isopropyl alcohol.

Temperature and salinity are measured at each not level before and

after each set, and flowmeter readings are taken. Analysis of collections

made from January through June 1979 at HS, Montsweag South surface (MS-1),

SS, and Bridge South surface (35-1) are reported here. Ice conditions

i prevented collecting at MS-1 during February 1979. Other collections which

were lost or discarded were SS-2 flood in January, SS-3 flood in February,

SS-3 ebb in May, and HS-2 ebb in April.

Because differences between pre-plant operational, plant operational'

and post-causeway removal periods have been analyzed and documented

(Jaeger et al.,1978), this report deals mainly wit.h comparisons of data
,

collected af ter the causeway was removed.

4

i Statistical Methods

Absolute abundanca and relative abundance data for each station were

analyzed using SPSS computer programs with appropriate transformations

made to stabilize variances (Arcsin v' for relative abundances and

v(Abun/100 3 ) + 1/2 for absolute abundances) . Comparisons were made betweenf 4

years for the January-June period only for the post-causeway removal f

years 1975-1979. These months were blocked in various ways to reduce the
;

,
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effect of seasonality, and data were evaluated statistically by :fodel 1

(fixed effects) one-way ANOVA using a significance level of 0.05. Previous

tests showed that transformed data sometimes failed to seat the assumptions

of normality and homogeneity of variances demanded by A:TOVA. Comparisons

of results with those of the nonparametric Kruskal-Wallis test, however,

showed the F-test to give reasonable results and if anything to perform

conservatively (Jaeger et al., 1978). Tukay's w-test was used to delineate

where differences in data among years actually occurred.

Eight major groups encompassing all species in collections, can

important species, total abundance, tenparature, and salinity were selected

for testing. Data for flood and ebb tides, and for all nec levels at ES

and SS, were cembined to give more cases when it was determined by multi-

variate analysis that in sost instances there was no significant difference

between these parameters.

Results and Discussion

Previous studies indicated that the effects of the heated effluent

on sacrocooplankton were negligible, as were the effects of entrainment

(Jaeger et al., 1978).

The results discussed here deal with data collected since January

1975, when the Cowseagan Narrows causeway was completely removed. The

sost important changes which occurred in the abundance and relative abun-

dance of the macrozooplankton are reviewed here.

Various blocking methods used are included in the tables for comparisen.

Eovever, the only method discussed here is the testing of =enths separately.
,

No trends in abundance of sacrozooplankton in relation to temperature

changes were apparent except in spring when increasing temperatures
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heralded the arrival of new broods of young (Table 34) . Results of

statistical tests vary considerably according to the method of blocking

used. All months together gave the least significant differences while

testing them individually gave the nose. It is felt that the =ost important

results were those obtained from testing months separately. Eewever, the

highly significant differences found between different years when using

this method probably do not represent unusual temperature patterns.

Temperatures taken at =crface stations (MS-1 and BS-1) show fewer significant

differences because of fewer cases involved and a greater natural variation

between readings.

Significant differences of ten occurred, but no particular trends were

evident in salinity data for this study interval (Table 35) ."

Significant variations were fcund in total abundance (Tables 36-37).

The greatest differences were caused by larger than normal cat:hes in
i

1977. Calan:La fir:marchic:is, :cr =r.*.is diacc:datus and Sagit: atagans were

among the species responsible for high counts.

Significant variations in abundance and relative abundance for the

major groups in HS, MS-1, SS, and BS-1 collections for the January through

June interval,1975 to 1979, are summarized in Tables 38-53. Variations

for selected species are shown in Tables 54-73.

The lower number and level of significant differences between and

among years in surf ace collections again was attributed to fewer data cases

with larger variances between them.

A review of the analysis of abundance and relative abundance data

reveals f< r discernible trends, but rather an array of mixed results.

Analysis of data frem HS collections show Oecapoda and the emphipod
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I
species Cycysdcs spp. to have undergone considerable variation during the

1975-1979 interval. These differences are not recognizable as any trend

nor can they be shown to have been the result of great variation in

abundance during a single year, but probably reflect normal variation in

species abundance and camposition (which occurs during a span of years

for data from a particular month or season) . There were few differences

for Cumacea, miscellaneous organisms, Cra*. gen aspcentspincaus, Ch jurcstylis

scrithi, Ciastylis acu!pta, and .4dersI!a pusi!!c. The othec species and

species groups tested showed moderate differences between or among years.

These were Mysidacea, Copepoda, Amphipoda, Chaetegnatha, .7semysis angricana,

Catanus fir:ncrchicus, Gan ma :=.Tenc~~ anus, 4 psiisca spp. , and Cercphi:et spp.

Results of tests for relative abundance data from HS collections are

shown in Tables 38-73. Results did not always coincide with those for

abundances of the same animals. Relative abundances of Copepoda, Cumacea,

Amphipoda, and O. arrichi had greatest variation. Mysidacea, Decapoda,

Chaecognatha, G. !a:.,Tencianus, Ccrophiwn spp. , and Cycpedos spp. underwent

moderate variations, while few changes occurred for Isopoda, misceliaceous

animals, .7. =~sricana, C. septen: spinosus, C. fir; archicus, D. sculpra, E.

,usi!!a, and A:pslisca spp. The Cumacea, as individual species as well as

a group, appeared to be the most stable component of collections and,

except for the relative abundance of O. smithi, little significant variation

occurred in members of this group.

The observed changes which occurred in the fauna in collections at

SS vere generally different from those found in HS collections (Tables 38-73) .

The total number of changes and the degree of severity vara similar, but

the distributions were quite different as might be expected. The strongest

similarity between the stations was in the Cumacea, for which few variations
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in catch were observed. Greatest variation was .. the Copepoda for both

abundance and relative abundance. This us primarily attributed to great

variation in C. $r; c::' cme.a. The Mysidacea and Chaetognatha also under-

went marked changes in abundance, as did Amphipoda for relative abundance.

These were the most apparent significant changes and beyond chase there

were no unexpected results.

Conclusions

Effects of temperature and salinity on the long term trends of

abundance and relative abundence of macrozooplankton were difficult to

Our analyses indicated no trends in population changes over thesee.

years, but rather a scattering of significant differences between and

among years. It must be assumed that natural variation in estuarine

macrozooplankton populations is large and unpredictable. M interesting

contradiction to chia generality was the stability of the cuc?esans both

as a group and as individual species at both ES and SS.

Although much variation occurred in populations during this test

period, we did not identify any trends which might result in long term

increases or decreases in species abundance.

j
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TE4FERATURE
Table 34.

HS MS-1

C*-years I C'-years
in increasing order

Seasonal Signif. in increasing order | (Signif .
Blocks ('F' test) (Tukey's w) | 'F' test) (Tukey's v)

:

All sonths 0.2911 75 79 76 78 77! 0.8541 75 76 79 78 77
i

Jan-Feb-Mar 0.1599 75 79 76 78 77 | 0.9595 79 75 78 76 77
Apr-May-Jun 0.9808 76 79 75 77 78| 0.9904 79 76 78 75 77

Jan-Feb 0.1409 75 79 78 76 0.2076 78 79 75 76

Mar-Apr 0.2110 79 76 75 77 73 0.8911 79 76 75 77 78 ,

May-Jun 0.0976 76 77 75 79 78 0.9955 76 79 78 77 75
u

Jan 0.0437* 75 79 76 78 ! 0.6778 75 76 79

Feb 0.0002** 78 79 75 76 ! 0.1609 76 78 75

Mar 0.0001** 75 76 77 79 11 ; 0.1792 75 77 76 79 78

Apr 0.0000** 11__11 75 79 77 | 0.0088** 79 76 73 75 77

May 0.0000** 79 76 77 75 la i 0.0183* 79 76 75 77 7a

Jun 0.0380* 78 75 76 77 79 j 0.0593 78 76 77 79 75

SS 35-1

C'-years C*-years
,

Seasonal Signif. in increasing order ! Signif. in increasing order

Blocks ('F' test) (Tukey's w) | ('F' test) (Tukey's w)

All nonths 0.7758 79 78 75 77 76 0.3713 79 78 75 76 77

0.5706 , 77 79 78 75 76 )

76|
Jan-Feb-Mar 0.0008** 77 79 78 75

76 0.9711 79 75 7S 76 77 |Apr-May-Jun 0.8033 79 75 76 77
4

Jan-Feb 0.0000** 77 70 79 79 76 { 0.0003** 77 79 78 11__11
Mar-Apr 0.3374 79 76 75 77 78 { 0.9645 79 76 75 76 77

May-Jun 0.2010 77 79 78 75 76 0.9360 79 75 77 78 76

Jan 0.0000** 22, 11 75 76 78 0.0317* 77 79 78 75 76

Feb 0.0000** Z3_,,JJo, 12, 25, li, 0.0261* 77 78 79 76 75

Mar 0.0000** 77 76 75 79 78 0.0335* 77 75 76 78 79
79 76 78 75 77

Apr 0.0000** 22, 76 75 78 ]][ j0.0068**
0.0526 79 77 76 75 78

May 0.0000** 79 77 75 76 73
;; 0.2382 78 75 /s e9 76

Jun 0.0000** 78 75 77 79 76
>

|
|
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Table 35

ES MS-1

PPT-years FFT-years

Sessonal Signif. in increasing order Signif. in increasing order

31ecks ('F' test) (Tukey's v) ('F' test) (Tukey's w)
- - .

All months 0.0000** 78 77 76 75 79 0.0293* 78 77 76 79 75

Jan-Feb-Mar 0.0000** 77 78 76 79 75 0.0000** 77 78 79 76 75

Apr-May-Jun 0.0099** 78 75 76 77 79 0.2462 78 75 76 77 79

Jan-Feb 0.0000** 78 76 79 75 0.0086** 78 79 76 75

Mar-Apr 0.0003** 77 78 Th 75 79 0.0523 77 78 76 79 75

May-Jun 0.0000** 75 78 77 74 76 0.0058** 75 78 76 79 77

Jan 0.0000** 23. 76 79 22L 0.0589 76 75 79

Feb 0.0071** 78 76 75 79 0.0052** 25, 18, Zj,
Mar 0.0000** 77 78 76 75 79 0.0124* 77 73 76 79 75

Apr 0.0077** 76 78 77 79 75 0.1924 78 76 77 79 75

May 0.0639 75 78 79 77 76 0.1637 75 76 79 78 77
Jun 0.000l** 78 75 77 76 79 0.0000** 78 75 77 76 79

SS 35-1

PPT-years PPT-years

Seasonal Signif. in increasing order Signif . in increasing order

Blocks ('F' test) (.Tukey's w) ('F' test) (Tukey's w)

All nonths 0.0000** 78 77 76 75 79 0.0188* 78 77 75 76 79

Jan-Feb-Mar 0.0000** 78 77 70 76 75 0.0110* 78 77 76 79 75

Apr-May-Jun 0.1591 78 75 77 76 79 0.1321 75 73 77 76 79

Jan-Feb 0.0000** 7JL 76 79 77 75 0.0486* 78 76 79 77 75

Mar-Apr 0.0000** 78 77 79 76 75 0.0457* 78 77 75 76 79

May-Jun 0.0262* 75 78 76 77 79 0.1156 75 78 77 76 79

Jan 0.0042** 78 70 76 77 75 0.0370* 78 79 77 76 75

Feb 0.0000** 78 76 79 75 77 0.0062** 76 78 75 79 77

Mar 0.0000** 78 77 79 75 76 0.0042** 78 77 79 75 76

Apr 0.2204 78 77 76 79 75 0.5693 78 75 76 77 79

May 0.3210 75 78 76 77 79 0.7588 75 78 76 77 79

Jun 0.0332* 75 78 77 76 79 0.0950 75 78 77 76 79 |

.

|
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Table 36. TOTE ABG' DANCE

HS

SEASON ABUNDANCE

Signif. Years in increasing order

All months 0.000l** 76 78 79 75 7I,

Jan-Feb-Mar 0.0025** 78 75 76 79 77

Apr-May-Jun 0.0028** 76 79 75 78 77

Jan-Feb 0.0000** 78 79 75 76, 77

Mar-Apr 0.1580 78 76 75 77 79

May-Jun 0.0052** 76 70 75 79 77

Jan 0.3985 78 76 79 75

Feb 0.0000** 78 79 75 76 77

Mar 0.1313 77 75 7o 7a 77

Apr 0.1523 78 76 75 79 77

May 0.0042** 79 76 78 75 77

Jun 0.0529 76 70 75 77 21

MS-1

SEASON ABUNDANCE

Signif. Years in increasing order

All months 0.7793 76 78 75 77 79

Jan-Feb-Mar 0.5164 77 78 75 76 79

Apr-May-Jun 0.3392 76 79 78 75 77

Jan-Feb 0.3750 77 79 78 75 76

Mar-Apr 0.4560 78 76 77 75 79

May-Jun 0.3508 76 75 79 78 77

Jan 0.8827 75 76 79

Feb 0.2404 77 70 75 76

Mar 0.6430 73 77 76 75 79

Apr 0.2597 78 79 76 77 75

May 0.2725 76 75 78 77 79

Jun 0.6066 76 75 79 78 77

.

'
1
|

|

|

1
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Table 37. TOTAL ABUNDANCE

SS

SEASON ABUNDANCE

Signif. Years in increasing order

All months 0.0083** 79 76 77 78 75

Jan-Feb-Mar 0.0184* 79 78 76 75 77

Apr-May-Jun 0.0414* 76 79 77 75 78

Jan-Feb 0.0000** 79 78 76 75 77

Mar-Apr 0.1170 77 76 79 75 78

May-Jun 0.0783 76 79 77 78 75

Jan 0.0082** 78 79 76 75 77

Feb 0.0000** 70 78 76 75 77

Mar 0.4614 77 79 76 75 78

Apr 0.1043 76 79 75 77 78

May 0.1215 76 77 75 79 73

Jun 0.0075** 79 76 78 77 75

BS-1

SEASON ABUNDANCE

Signif. Years in increasing order

All months 0.2110 76 79 78 75 77

Jan-Feb-Mar 0.0751 78 76 79 75 77

Apr-May-Jun 0.0691 76 79 77 75 78

Jan-Feb 0.2382 78 75 76 79 77

Mar-Apr 0.1210 76 78 79 77 75

May-Jun 0.4210 77 76 79 75 78

Jan 0.6750 79 75 78 77 76

Feb 0.0018** 78 76 75 79 77

Mar 0.5978 78 76 79 75 77
;

Apr 0.0538 76 79 77 78 75
,

May 0.0347* 76 77 75 79 78

Jun 0.2309 79 77 78 76 75

i
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MYSIDACEATable 38. i

I

|
HS '

SF.ASCN ABCNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years of increasing order |

All months 0.2300 76 77 79 75 78 O.3597 76 75 77 79 78'

Jan-Feb-Mar 0.3396 78 19 76 77 75 0.5927 76 75 79 78 77
Aor-Mav-Jun 0.0582 76 77 75 79 78 0.0006** 77 7' '' 79 78

Jan-Feb 0.3680 78 79 77 76 75 0.4791 76 77 79 78 75

Mar-Apr 0.4166 75 78 79 76 77 0.4773 75 76 79 78 77
Mav-Jun 0.0061** 76 77 To 75 78 0.000** 77 'A 75 70 'A

Jan 0.1260 76 79 78 75 0.0863 76 79 78 75

Feb 0.0048** 78 75 79 77 76 0.0175* 79 77 75 70 76
)

Mar 0.5606 76 79 78 75 77 0.6158 75 76 79 78 77

Apr 0.0289* 75 78 79 77 76 0.0040** 75 77 'o ?9 76 |

May 0.2136 76 77 75 79 78 0.000** ZZ, 75 76 79 79 i

Jun 0.0003** 76 77 '' 70 78 0.000** 7A 77 75 To 7S |
|

\

MS-L

SF.ASON A3UNDANCE R"LATIVE ASUNDANCE

Signif. Years in increasing order Signif. Years of increasing order

All conths 0.9576 79 78 76 75 77 0.101.9 77 76 78 79 75 J

Jan-Feb-Mar 0.1809 78 79 77 75 76 0.6748 77 76 78 79 75
Apr-Mav-Jun 0.7692 76 75 79 77 78 3.2234 77 75 76 79 78

Jan-Feb 0.2286 78 79 77 75 76 0.2886 77 78 79 75 76

Mar-Apr 0.1746 78 79 75 76 77 0.4637 76 79 75 78 77

Mav-Jun 0.5256 76 75 79 77 78 0.2241 77 76 75 79 78

Jan 0.5643 76 75 79 0.3178 76 75 79

Feb 0.0654 78 75 77 76 0.5344 77 78 75 76

Mar 0.1986 78 76 79 75 77 0.4590 76 79 78 75 77

Apr 0.2341 78 79 75 77 76 0.3195 75 77 79 78 76

May 0.6007 77 76 75 79 78 0.1681 77 75 79 76 78

Jun 0.0183* 79 76 75 77 78 0.0418* 76 77 79 78 75

|
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MYSIDACEATable 39.

SS

RELATIVE ASUNDANCE
SEASON ABCCANCE

Signif. Years in increasing order Signif. Years of increasing order

All months 0.0206* 7' 'a 77 'o 75 0.0324* 76 78 79 75 77

Jan-Feb-Mar 0.3895 76 79 78 77 75 0.5118 79 75 76 77 78
Apr-May-Jun 0.0242* 7' " na no 75 0.0013** 78 76 79 77 75

Jan-Feb 0.0002** 70 79 79 76 77 0.2680 79 75 78 77 76
Mar-Apr 0.0119* 76 77 75 79 78 0.1104 76 77 75 78 79
Mav-Jun 0.0000** 7R 76 77 70 11 0.0004** 78 76 79 77 75

Jan 0.0143* 79 78 75 76 77 0.4565 75 79 77 76 78

Feb 0.0009** 74 79 79 76 77 0.2344 79 75 78 77 76
Mar 0.0282* 76 77 79 75 78 0.0003** 76 77 79 78 75

Apr 0.0184* 75 77 76 79 78 0.4861 '76 75 77 78 79

May 0.0034** 73 76 77 79 75 0.0002** 78 76 70 77 75

Jun 0.0000** 79 77 76 79 li 0.1055 76 78 77 79 75

3S-1
RELATI7E ABUNDANCE

SEASON ABUNDANCE
Signif. Years in increasing order Signif. Years of increasing order

All months 0.3273 79 76 73 77 75 0.4353 77 78 79 76 75

Jan-Feb-Mar 0.3774 76 79 78 77 75 0.4001 79 77 76 75 78

Aor-May-Jun 0.8692 78 79 76 77 75 0.3353 78 77 76 75 79

Jan-Feb 0.6046 79 78 75 77 75 0.2391 79 77 75 76 78
Mar-Apr 0.6596 76 78 77 79 75 0.7554 76 77 75 78 79

May-Jun 0.1238 77 78 75 79 75 0.2698 78 77 76 79 75

Jan 0.7411 79 76 77 78 75 0.2035 79 76 78 77 75 |

Feb 0.2791 78 79 76 75 77 0.3692 79 77 75 78 76
Mar 0.0795 76 77 78 79 75 0.0020** 76 77 75 79 73

Apr 0.7138 79 75 76 77 78 0.1625 75 78 79 77 76

May 0.3398 77 76 78 75 79 0.3013 78 77 76 75 79

Jun 0.0216* 79 77 70 76 75 0.5444 78 77 76 79 75
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Table 40. DECAPODA

ES

SEASON ABUNDMCI RELATIVE ABUNDANCE

--
Signif. Years in increasing order Signif. Years of increasing order

All months 0.0008** 78 76 77 79 75 0.2767 76 79 77 78 75

Jan-Feb-Mar 0.0180* 78 77 75 76 79 0.4167 76 77 78 75 79
Apr-May-Jun 0.0005** 76 79 79 77 75 0.5586 76 79 77 78 75

Jan-Feb 0.0082** 78 79 75 77 76 0.4191 76 78 77 75 79

Mar-Apr 0.0001** 76 79 _77 75 79 0.0387* 77 76 78 79 75
Mav-Jun 0.0184 79 76 77 78 75 0.6049 79 76 77 78 75
.:

Jan - 0.1673 78 76 79 75 0.0763 76 78 79 75

Feb -- 0.0023** 78 75 70 77 76 0.0054** 78 77 75 79 76

Mar 0.0364* 77 76 78 75 79 0.1920 77 76 78 75 79

Apr 0.0008** 79 76 79 77 75 0.0001** 79 76 77 79 75
76 79 77 75 idMay 0.0109h * 79 76 77 75 73 0.5301 i

; -- Jun 0.0246* 7a 76 70 77 75 0.0005**I 11. 77 70 7' 75

|

MS-1

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years of increasing order

All months 0.0686 78 76 77 75 79 0.5620 78 76 77 75 79

Jan-Feb-Mar 0.8040 78 77 76 75 79 0.3141 78 79 76 75 77
Apr-May-Jun 0.0329* 76 78 77 79 75 0.4933 76 77 78 75 79

Jan-Feb 0.4102 78 79 77 75 76 0.1986 78 79 76 75 77
Mar-Apr 0.0475* 78 76 77 79 75 0.4281 76 78 77 79 75
Mav-Jun 0.2608 76 77 78 75 79 0.0892 77 75 73 76 79

Jan C.9029 75 76 79 0.7397 76 75 79

Feb 0.2084 78 77 75 76 0.4195 78 77 76 75
Mar 0.5479 78 76 77 75 79 0.5834 77 76 79 78 75

| Apr 0.0340* 78 76 77 79 75 0.4744 76 78 77 79 75

| May 0.2671 77 75 76 78 79 0.1939 77 75 79 78 76

| Jun 0.5642 76 75 79 77 78 0.0372* 77 76 78 79 75
,

|
|
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Table 41. DECAPODA

SS

SEASON ABUNDANCE RELATIVE ASUNDANCE

Signif. Years in increasing order Signif. Years of increasing order

All months 0.0404* 79 77 76 78 75 0.6351 76 79 78 77 75

Jan-Feb-Mar 0.5395 79 78 77 75 76 0.6802 78 77 75 76 79
Apr-May-Jun 0.0220* 79 76 77 78 75 0.4522 79 76 78 77 75

Jan-Feb 0.0245* 78 79 77 76 75 0.6778 78 76 77 75 79
Mar-Apr 0.1154 77 76 78 79 75 0.0139* 78 76 77 75 79
May-Jun 0.0118* 79 76 77 78 75 0.4362 79 70 77 78 75

Jan 0.1952 76 75 78 79 77 0.0978 76 75 78 hh 79
Feb 0.0008** ?A 70 ?? 76 75 0.0014** 18 77 79 75 76
Mar 0.5101 77 79 75 76 is 0.5884 78 75 79 77 76
Apr 0.0069** 76 77 78 75 79 0.0013** 76 78 77 75 79

May 0.1185 79 76 77 75 78 0.3823 79 76 77 78 75
Jun 0.0307* 70 7A 77 78 75 0.6565 79 75 77 78 76

BS-1

SEASON ABUNDANCE RELATr/E ABUNDANCE
Signif. Years in increasing order Signif. Years of increasing order

All nonths 0.0744 76 79 77 78 75 0.5203 78 76 77 79 75

Jan-Feb-Mar 0.4264 78 76 77 79 75 0.5245 78 76 77 79 75
Apr-May-Jun 0.0604 79 76 77 78 75 0.4114 79 76 77 78 75

1

- Jan-Feb 0.1250 78 76 79 75 77 0.4914 78 76 77 79 75
Mar-Apr 0.0232* 76 78 ?? 79 75 0.1148 76 77 78 79 75
May-Jun 0.2362 79 77 76 75 78 0.4551 79 77 78 76 75

Jan 0.0324* 78 76 79 77 75 0.5032 78 76 79 77 75
Feb 0.1438 78 76 79 77 75 0.0605 77 78 79 75 76
Mar 0.4143 78 77 76 79 75 0.0471* 77 75 78 76 79
Apr 0.0806 76 78 79 77 75 0.0215* 76 78 77 79 75
May 0.2911 77 79 76 75 78 0.3349 79 77 76 75 78
Jun 0.2170 79 78 77 76 75 0.6540 79 78 77 76 75

_
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Table 42.

HS

SEASON A3UNDANCE RELATIVE ABUNDANCE

Signif. Years in incraasing order Signif. Years of increasing order

All monrbs 0.0000** 76 79 75 78 77 0.0144* 76 79 75 78 77

Jan-Feb-Mar 0.0002** 70 76 75 78 77 0.4034 76 79 75 77 78

Apr-May-Jun 0.0040** 76 79 75 78 77 0.0451* 79 76 75 78 77

Jan-Feb 0.0000** 79 76 78 75 77 0.5137 76 75 79 78 77

Mar-Apr 0.0032** 79 76 77 75 78 0.0155* 76 70 77 75 78

May-Jun 0.0652 76 75 79 77 78 0.1605 79 76 75 78 77

Jan 0.2808 76 79 78 75 0.3224 76 75 79 78

Feb 0.0000** 70 79 76 75 77 0.0001** To 76 78 77 75

Mar 0.0754 70 77 76 75 Y8 0.0000** 22 76 77 78 75

Apr 0.0036** 76 79 78 75 77 0.0434* 76 79 77 75 78

May 0.0598 76 75 79 77 78 0.0046** 7A 75 77 78 79

Jun 0.0301* 70 74 75 Ta 77 0.0270* To ?^ 1a '* 77,

MS-1

SEASCN ASUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years of increasing order~

All months 0.0447* 70 76 78 77 75 0.1661 79 76 75 78 77

Jan-Feb-Mar 0.1396 79 78 76 77 75 0.0261* 70 78 74 77 75

Apr-May-Jun 0.1879 76 79 75 77 78 0.4603 76 79 75 78 77

Jan-Feb 0.6490 79 78 76 77 75 0.1804 76 79 78 75 77
Mar-Apr 0.0027** To 76 78 77 75 0.0976 79 76 78 77 75
May-Jun 0.2446 75 76 79 77 78 0.5676 75 79 78 77 76

Jan 0.7876 75 76 79 0.9316 76 75 79

Feb 0.2428 78 76 77 75 0.1090 76 78 77 75
Mar 0.2187 79 78 76 77 75 0.000** 20, 78 77 76 75

Apr 0.1074 76 79 78 77 75 0.000** 76 79 77 75 78
May 0.1400 77 76 75 79 78 0.3363 77 75 76 79 78
Jun 0.3789 76 77 78 75 79 0.4570 79 75 78 77 76
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Table 43. COPEPODA

SS

RELATIVE ABUNDANCE
SEASON ABUNDANCE

Signif. Years in increasing order Signif. Years of increasing order

All :nonths 0.0007** 76 79 75 77 78 0.0094** 79 76 75 77 78

Jan-Feb- Mar 0.0000** 70 76 75 78 77 0.0262* 79 76 75 78 77

Apr-May-Jun 0.0323* 76 77 79 75 78 0.0038** 76 79 77 75 75

Jan-Feb 0.0000** 70 76 78 75 Il. 0.1228 79 75 76 78 77
Mar-Apr 0.0000** 76 79 77 75 15. 0.0000** 79 76 77 75 78

May-Jun 0.2255 76 77 75 79 78 0.0209* 79 76 75 77 78
s

Jan 0.0004** 79 76 78 75 7,7 0.0009** 76 79 75 78 77

Feb 0.0000** 19, 78 76 75 22 0.1294 79 75 78 7e 77

Mar 0.0027** 70 76 75 77 ll 0.0000** 79 76 75 77 78

Apr 0.0000** 76 79 77 75 11 0.0385* 76 77 79 75 78

May 0.0050** 76 75 77 78 79 0.0006** 76 75 77 79 78

Jun 0.0411* 10 76 7a 77 75 0.0000** 70 75 77 78 76

SS-1

SEASCN ABUNDANCE RELAIIVE ABUNDANCE
,

Signif. Years in increasing order Signif. Years of increasing order

All nonths 0.0640 76 79 75 78 77 0.2827 79 75 76 77 78

Jan-Feb-Mar 0.0011** 70 76 78 75 77 0.0035** 79 76 75 78 77

Apr-May-Jun 0.1086 76 75 77 79 78 0.4343 79 75 76 77 78

Jan-Feb 0.0073** 79 78 76 75 17 0.2770 79 76 75 78 77

Mar-Apr 0.1437 76 79 78 75 77 0.0119* 79 7A 75 77 78

May-Jun 0.3463 75 76 77 79 78 0.4651 79 75 76 77 78

Jan 0.6330 79 75 76 78 77 0.3694 76 79 75 78 77

Feb 0.0303* 7A 70 76 75 77 0.0958 79 75 77 78 76

Mar 0.2430 79 76 78 75 77 0.0194* 79 76 75- 78 77

Apr 0.0079** 76 79 77 75 78 0.1476 76 77 79 75 78

May 0.0098** 7' '5 77 79 78 0.0698 75 76 77 78 79

Jun 0.0522 79 75 78 77 76 0.4713 79 75 76 78 77

i
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Table 44. IS020DA

HS 1

SEASCN ASUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years of increasing order |

All months 0.0117* 76 78 77 75 79 0.1808 78 76 75 77 79 i

i

Jan-Feb-Mar 0.7603 75 78 76 79 77 0.3648 78 76 75 79 77 |

Apr-May-Jun 0.0014** 76 78 77 75 79 0.5753 78 76 77 75 79

Jan-Feb 0.0771 79 70 76 75 77 0.1745 78 79 76 75 77

Mar-Apr 0.0130* 76 75 77 78 79 0.2529 75 76 77 78 79

May-Jun 0.0494* 78 77 76 75 79 0.0737 79 77 76 79 75

Jan 0.1570 76 78 79 75 0.0474* 76 78 79 75 |

Feb 0.1592 78 75 79 76 77 0.3273 78 75 79 76 77 1
'

Mar 0.3102 75 77 76 78 79 0.5616 77 75 78 76 79
Apr 0.0073** 76 75 78 77 22. 0.2946 76 75 77 78 79

May 0.4191 77 78 79 76 75 0.5432 78 77 79 76 75
Jun 0.0548 76 18 77 75 79 0.1099 78 76 77 79 75

MS-L

SEASON ABUNDANCE RELATIVE ABU QANCE

Signif. Years in increasing order Signif. Years of increasing order

All months 0.2550 75 76 79 78 77 0.0620 75 76 79 77 78

Jan-Feb-Mar 0.4663 75 76 77 78 79. 0.0349* 75 76 79 77 78
Apr-May-Jun 0.2674 79 76 75 78 77 0.6437 79 75 76 77 78

Jan-Feb 0.3141 75 76 79 78 77 0.3214 75 76 79 78 77
Mar-Apr 0.3731 75 76 78 77 79 0.5662 79 75 76 77 78
May-Jun 0.4639 76 75 79 78 77 0.7109 75 76 77 79 78

'

Jan no anisals no animals
Feb 0.6021 75 76 78 77 0.6150 75 76 78 77
Mar 0.7527 75 76 77 78 79 0.0854 75 76 77 79 78
Apr 0.4715 79 78 75 76 77 0.5868 79 75 76 78 77
May 0.3241 76 75 77 79 78 0.0656 75 76 77 79 78
Jun 0.0424* 75 79 76 79 77 0.9586 78 75 79 76 77

I

118 |

It

|
'

|
.

1



_

'

1

Table 45. ISOPODA

SS'

RELATIVE ABUNDANCE
SEASON ABUNDANCE

Signif. Years in increasing order Signif. Years of increasing order

All months 0.9086 76 78 75 77 77 0.1089 78 75 76 77 79

Jan-Feb-Mar 0.9175 75 77 79 76 78 0.8254 77 78 75 76 79
Apr-May-Jun 0.5376 76 78 75 79 77 0.0200* 78 75 76 79 77

Jan-Feb 0.0753 79 78 75 77 76 0.2374 78 79 77 75 76

i Mar-Apr 0.7305 76 75 79 78 77 0.2641 76 78 75 79 77

! May-Jun 0.5827 76 78 75 77 79 0.0092** 75 78 76 77 79

Jan 0.2639 79 75 77 78 76 0.7720 79 77 78 75 76

Feb 0.1938 78 79 77 75 76 0.2510 78 75 77 79 76

Mar 0.5926 76 75 77 79 78 0.1053 76 77 75 78 79

Apr 0.3875 79 78 75 76 77 0.0529 78 79 76 75 77

|
May 0.1806 75 79 76 78 77 0.0572 75 76 78 70 77

i Jun 0.3483 78 76 77 75 79 0.0485* 78 75 76 77 79

BS-1

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years of increasing order
,

All months 0.3117 76 77 78 79 75 0.5459 77 75 76 78 79
no anipals

Jan-Feb-Mar 0.2464 75 77 78 76 79 0.1025 75 77 78 76 79
Apr-May-Jun 0.3140 76 77 78 79 75 0.9292 77 76 78 79 75

no . anima s no animals |l

Jan-Feb 0.1553 75 77 78 79 76 0.0174* 75 _.77 __78 79 25, |

Mar-Apr 0.4665 76 78 75 77 79 0.1412 76 75 77 78 79
May-Jun 0.2808 77 76 78 79 75 0.5334 77 78 76 79 75 ;

no animals-

Jan 0.5885 75 77 78 76 79 0.5970 75:077:278 ,76 79 j
Feb 0.0377* 77 78 79 75 76 0.0000** 75 77 78 79 16 -

'

no animals
Mar 0.3150 75 ,,76 77 78 79 0.0002** 75 76 77 78 79

|
Apr 0.4352 76 78 79 75 77 0.5319 76 75 78 79 77
May 0.7730 76 78 75 77 79 0.9118 78 77 76 75 79
Jun 0.1324 77 76 79 73 75 0.1275 77 79 76 78 75
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| Table 46. CUMACEA

|
HS

SEASON ABUNDANCE REI.ATIVE A3UNDANCE

Signif. Years in increasing order Signif. Years of increasing order

All sonths 0.0187* 75 79 78 76 77 0.1348 75 77 76 79 78

Jan-Feb-Mar 0.2687 75 76 78 79 77 0.2683 75 77 76 79 78
Apr-May-Jun 0.0638 79 75 78 76 77 0.1585 75 78 79 77 76

Jan-Feb 0.2278 77 75 78 79 76 0.2034 75 77 79 76 78
Mar-Apr 0.0292* 75 78 76 79 77 0.1142 76 75 79 78 77
May-Jun 0.4626 79 76 78 75 77 0.6336 75 78 79 77 76

Jan 0.0316* 76 75 78 79 0.0208* 75 76 79 78

Feb 0.0002** 75 73 79 77 LL 0.2321 75 77 79 78 76
Mar 0.1304 75 76 78 79 77 0.0210* 76 70 75 79 77

Apr 0.1776 75 78 79 76 77 0.0067** 75 70 78 77 76

May 0.0513 75 76 78 79 77 0.0019** i' ?' 77 78 79

Jun 0.1113 79 78 76 .5 77 0.0033** 79 78 75 77 76

MS-1

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years of increasing order

All months 0.4376 75 79 76 78 77 0.1029 75 79 76 77 78

Jan-Feb-Mar 0.2151 75 77 79 78 76 0.0936 75 76 79 77 78
Apr-May-Jun 0.5208 79 76 75 78 77 0.7055 79 75 78 77 76

>

Jan-Feb 0.0369* 77 75 79 78 76 0.1444 75 77 79 76 78
Mar-Apr 0.8619 78 75 76 79 77 0.7418 76 79 75 77 78
May-Jun 0.3333 76 79 75 78 77 0.5580 79 75 78 76 77

Jan 0.1437 75 76 79 0.5672 75 76 79
Feb 0.1176 77 75 78 76 0.1116 75 77 76 78
Mar 0.1483 76 75 78 79 77 0.3391 76 75 79 77 78
Apr 0.9238 78 79 77 76 75 0.9936 78 77 79 76 75
May 0.3347 76 75 77 78 79 0.2984 75 76 77 78 79
Jun 0.6173 76 79 75 78 77 0.0001** LL 78 75 77 76
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Table 47. CUMACEA

SS I

SEASON ABUNDANCE RELEIVE ABUNDANC.

Signif. Years in increasing order Signif. Years of increasing order

All months 0.0090** 79 77 76 78 75 0.0304* 77 78 79 75 76

Jan-Feb-Mar 0.0058** 79 78 77 76 75 0.0013** 77 78 76 79 75

Apr-May-Jun 0.1091 79 77 76 75 78 0.4345 77 78 79 75 76

Jan-Feb 0.0005** 79 78 77 76 75 0.0001** II 78 79 76 75
Mar-Apr 0.6999 79 76 77 75 78 0.6087 78 79 76 77 75
May-Jun 0.2607 79 77 76 78 75 0.4759 77 78 75 79 76

Jan 0.0021** 77 79 76 78 75 0.0025** 77 76 78 79 75

Feb 0.0428* 79 78 77 76 75 0.0152* 77 78 79 75 76

Mar 0.3703 76 77 78 79 75 0.0775 76 78 77 79 75

Apr 0.3793 79 75 77 76 78 0.3385 79 78 75 77 76

May 0.6443 75 79 77 76 78 0.1925 79 75 78 77 76

Jun 0.1587 79 77 76 78 75 0.2615 77 78 75 76 79

i

BS-1

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing ordar Signif. Years of increasing order

All nonths 0.1781 76 78 79 77 75 0.4943 77 78 76 75 79

Jan-Feb-Mar 0.1128 78 76 79 77 75 0.4338 77 76 78 79 75
Apr-May-Jun 0.2648 76 77 79 78 75 0.5708 77 78 75 76 79

Jan-Feb 0.5312 76 78 79 75 77 0.4086 77 76 78 75 79
Mar-Apr 0.3088 76 78 79 77 75 0.9987 75 77 79 76 78
May-Jun 0.8353 77 76 79 78 75 0.5774 77 78 75 76 79

Jan 0.8818 76 77 79 78 75 0.1014 76 77 78 79 75
Feb 0.2924 78 76 75 79 77 0.5585 77 75 79 78 76

Mar 0.5017 78 76 79 77 75 0.8121 78 76 79 77 75
Apr 0.1281 76 79 77 78 75 0.8313 75 77 79 76 78
May 0.8997 76 79 77 78 75 0.8233 78 77 79 75 76
Jun 0.5103 77 79 78 76 75 0.5496 77 75 78 76 79
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AMPHIPCDATable 48.

HS

SEASON ABUNDANCE
R*,7 ATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years of increasing order

All months 0.0003** 78 75 76 79 77 0.0972 76 78 75 77 79

Jan-Feb-Mar 0.0000** 75 78 76 77 29. 0.0233* 76 75 77 78 79

Apr-May-Jun 0.0001** 78 7a 76 75 17 0.0000** 18 79 75 76 77

Jan-Feb 0,0003** 79 79 77 76 79 0.3010 76 77 75 78 79

Mar-Apr 0.0005** 76 75 78 77 11 0.0022** 11 75 78 77 79
May-Jun 0.0000** 78 79 76 75 I2, 0.0000** IS, 79 75 76 77

Jan 0.1373 76 78 75 79 0.0364* 76 78 75 79

Feb 0.0000** 78 75 77 76 79 0.0000** 25__22 78 76 79
Mar 0.0000** 76 75 77 78 11 0.0001** [6 75 77 78 79
Apr 0.1691 78 76 79 75 77 0.2003 78 79 77 76 75 >

'

May 0.0012** 79 78 76 75 77 0.0000** 73 79 75 77 76

Jun 0.0158* 76 78 75 79 77 0.0144* 78 75 76 77 79

MS-1

SEASON ABUNDANCE RELATI7E ABUNDANCE

Signif. Years in increasing order Signif. Years of increasing order

All scnths 0.4396 76 75 73 77 79 0.1509 78 76 75 79 77 |

Jan-Feb-Mar 0.2670 77 75 78 76 79 0.1040 76 73 75 77 79

Apr-May-Jun 0.6160 76 75 79 78 77 0.0918 78 79 75 77 76

Jan-Feb 0.3722 78 77 75 79 76 0.3124 78 75 76 77 79
Mar-Apr 0.4940 78 75 77 75 79 0.3997 76 78 77 75 79

May-Jun 0.3637 76 75 79 78 77 0.5155 78 75 79 76 77

Jan 0.8611 76 75 79 0.2666 76 75 79

Feb 0.0414* 78 77 75 76 0.1109 78 75 77 76

Mar 0.4554 76 75 77 78 79 0.0003** 11 75 77 78 79
Apr 0.0533 78 79 77 76 75 0.0672 78 79 77 75 76 i

May 0.1341 78 76 75 79 77 0.0560 78 79 76 75 77 |

Jun 0.1834 79 75 76 78 77 0.5797 75 76 77 79 78
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AMPHIFODATable 49.
i

SS

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif . Years in increasing order

All nonths 0.0023** 76 78 79 77 75 0.0088** 78 76 75 77 79

Jan-Feb-Mar 0.0003** 76 78 75 11__22 0.0001** 76 78 75 77 79

Apr-May-Jun 0.0002** 79 76 78 77 11 0.0049** 78 79 77 76 75

Jan-Fs 3 0.0002** 76 78 75 79 12 0.0124* 75 76 77 78 79

Mar-Apr 0.1101 76 75 78 77 79 0.0025** 78 75 76 7e i9

May-Jun 0.0000** 79 76 78 77 25 0.0023** 78 79 77 76 75

Jan 0.00 11** 76 75 73 79 Z] 0.0464* 76 75 78 79 77

Feb 0.1917 78 76 75 79 77 0.0418* 75 77 78 76 79

Mar 0.0131* 16 78 75 77 79 0.0005** 78 76 75 77 79

Apr 0.4790 75 76 77 79 78 0.1685 78 75 79 77 76

May 0.0421* 79 76 78 77 75 0.0006** 79 78 77 75 76
Jun 0.0000** 79 76 78 77 [5 0.0003** 78 76 77 79 75

BS-1

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif . Years in increasing order Signif. Years in increasing order

All months 0.3620 76 78 79 77 75 0.7187 76 77 78 75 79*

Jan-Feb-Mar 0.2709 76 75 78 79 77 0.0357* 76 75 77 78 79 !

Apr-May-Jun 0.0137* 77 76 79 78 75 0.3912 78 77 79 76 75

Jan-Feb 0.5993 76 75 79 78 77 0.3772 76 75 77 79 78

Mar-Apr 0.1314 76 78 75 77 79 0.0049** 75 76 78 77 79

May-Jun 0.0261* 77 79 76 78 75 0.4314 77 79 78 76 75

Jan 0.6658 79 75 76 77 78 0.0822 76 79 75 77 78

Feb 0.2396 76 78 75 79 77 0.5550 77 75 76 79 78
Mar 0.2536 76 78 75 77 79 0.0087** 76 75 78 77 79

Apr 0.2306 76 77 78 79 75 0.0361* 78 77 75 76 79

May 0.1805 79 77 78 76 75 0.0575 79 78 77 76 75

Jun 0.2613 77 76 79 78 75 0.2344 77 76 78 75 79
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CHAETOGNATHATable 50.
;

HS

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order

All months 0.1284 78 79 75 76 77 0.0252* 79 77 75 76 78

Jan-Feb-Mar 0.0016** 78 79 75 76 77 0.4197 77 78 79 75 76

Apr-May-Jun 0.0088** 79 75 77 78 76 0.0003** 12 75 77 76 78

Jan-Feb 0.0000** 78 76 79 75 22 0.1440 76 78 75 79 77
Mar-Apr 0.0173* 79 77 78 75 76 0.5018 79 75 77 78 76
May-Jun 0.1451 79 78 75 77 76 0.0026** 11 77 76 75 78

Jan 0.0511 78 75 70 76 0.1074 78 75 79 76 i

Feb 0.0000** 76 78 79 75 11 0.0012** 76 79 78 75 77 <

Mar 0.0001** 77 79 78 75 76 0.4208 77 78 79 75 76
'

Apr 0.0425* 79 75 77 78 76 0.0853 79 75 76 77 78

May 0.1687 79 76 77 75 78 0.0395* 79 77 76 75 78

Jun 0.0152* 79 78 75 77 76 0.0010** 79 78 75 77 7e

MS-1

SEASON ABUNDANCE E N TIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order

All months 0.1961 77 79 78 76 75 0.2244 77 79 75 76 78

Jan-Feb-Mar 0.0968 77 79 78 75 76 0.1291 77 79 78 75 76

Apr-May-Jun 0.6191 79 78 76 75 77 0.1454 79 75 77 76 78

Jan-Feb 0.5184 77 79 76 78 75 0.2577 77 76 75 79 78

Mar-Apr 0.3403 77 79 78 76 75 0.3502 79 77 76 78 75

May-Jun 0.2267 75 79 78 77 76 0.0741 75 77 79 76 78

Jan 0.0162* 75 76 79 0.3672 75 76 79

Feb 0.1855 77 76 78 75 0.4905 77 76 75 78

Mar 0.0706 77 78 79 75 76 0.0896 77 79 78 75 76

Apr 0.4524 79 77 78 76 75 0.2292 79 77 76 75 78.

May 0.8515 75 77 79 78 76 0.3754 75 77 79 76 78

Jun 0.5714 76 75 79 78 77 0.0887 75 79 78 77 76
.
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Table 51. CHAETCGNATHA ,

4

SS ,

:
~ '

SEASON ASUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order

All months 0.0738 79 78 76 77 75 0.0003** Il 76 77 75 78

Jan-Feb-Mar 0.0372* 79 78 75 76 77 0.5078 79 75 78 77 76

Apr-May-Jun 0.0024** 79 77 76 78 75 0.0000** 19, 76 77 75 78

Jan-Feb 0.0009** 78 79 76 75 77 0.4328 79 78 76 75 77

Mar-Apr 0.0010** 79 77 75 78 76 0.0660 79 77 75 78 76
May-Jun 0.0028** 79 77 76 78 75 0.0002** Il 76 78 77 75

Jan 0.0311* 78 79 75 77 76 0.0444* 78 75 77 79 76

Feb 0.0000** 76 79 78- 75 77 0.3332 79 76 78 75 77

Mar 0.0006** 79 77 78 75 11 0.5390 75 79 77 78 76

Apr 0.0000** 79 77 75 76 78 0.0300* 79 77 75 78 76
May 0.0373*- 79 76 77 78 75 0.1560 79 76 78 75 78

Jun 0.0012** 79 77 76 78 75 0.0000** 11 77 76 78 75

BS-1

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif . Years in increasing order Signif. Years in increasing order

All months 0.6123 78 79 75 76 77 0.0494* 79 75 77 78 76

Jan-Feb-Mar 0.2818 78 79 75 76 77 0.4186 77 79 78 75 76

Apr-Kay-Jun 0.1998 79 77 76 75 78 0.0081** 79 75 77 76 78

Jan-Feb 0.2585 78 75 79 76 77 0.2559 78 77 76 75 79

Mar-Apr 0.3779 79 77 78 76 75 0.2138 77 79 75 78 76

May-Jun 0.4765 79 77 75 76 78 0.0015** 79 75 77 76 78

Jan 0.0694 78 75 79 77 76 0.0302* 78 77 75 79 76 |

Feb 0.0111* 76 78 79 75 77 0.1019 76 78 79 77 75 l

Mar 0.1277 78 79 77 76 75 0.0348* 79 77 78 75 76 f
Apr 0.5011 77 79 76 78 75 0.0784 77 79 75 78 76 <

May 0.0011** 75 79 76 77 21 0.0001** 75 79 76 77 78

Jun 0.1826 79 77 75 78 76 0.0000** Il 75 77 76 78

1 25

- . - - - -. .. __.



i
|

MISCELLANECUSTable 52.
1

HS

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order

All nonchs 0.0003** 76 79 75 78 77 0.0256* 75 76 79 77 78

Jan-Feb-Mar 0.2060 75 76 77 78 79 0.1064 75 76 79 77 73

Apr-May-Jun 0.0002** 76 79 75 78 77_ 0.3931 75 76 79 77 78

Jan-Feb 0.8393 75 76 73 79 77 0.5426 75 76 77 79 78

Mar-Apr 0.1725 76 75 79 78 77 0.0?_t 75 76 79 77 73

May-Jun 0.0014** 76 79 75 78 77 0.4022 75 79 76 78 77

Jan 0.4218 78 75 79 76 0.6871 75 79 78 76

Feb 0.7369 76 75 77 78 79 0.2953 76 75 77 79 78

Mar 0.0715 75 76 77 79 78 0.0798 75 76 79 77 78

Apr 0.0770 76 75 79 78 77 0.0362* 76 75 79 77 78

May 0.0000** 76 79 78 75 77 0.1012 76 79 77 75 78

Jun 0.1352 75 76 79 78 77 0.3189 75 78 79 77 76

MS-1 .

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing ordsr Signif. Years in increasing order

All nonths 0.3286 76 79 75 78 77 0.5175 75 76 77 79 7S

Jan-Fab-Mar 0.6494 77 76 75 79 78 0.6243 77 75 76 79 78

Apr-May-Jun 0.2610 76 79 78 75 77 0.6463 76 75 78 79 77

Jan-Feb 0.6891 79 77 76 78 75 0.8302 75 76 79 78 77

Mar-Apr 0.3533 76 78 75 79 77 0.4303 76 77 75 79 78

May-Jun 0.7110 76 79 75 77 78 0.5781 75 78 79 77 76
|

Jan 0.1682 75 76 79 0.6019 75 76 79

Feb 0.1846 77 76 78 75 0.1806 76 78 77 75

Mar 0.3121 77 76 75 78 79 0.2959 77 75 76 79 78

Apr 0.3009 76 78 79 75 77 0.4231 76 75 79 77 78

May 0.2223 76 79 77 78 75 0.9094 79 76 77 78 75

Jun 0.1897 75 79 78 76 77 0.4751 75 78 79 77 76
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Table 53. HISCELLANECUS

SS

SEASON ABUNDANCE RELAnvr. ABUNDANCE i

Signif. Years in increasing order Signif. Years in increasing order |
,

All months 0.0000** 76 75 79 11__I3 0.000l** 76 75 77 78 79

Jan-Feb-Mar 0.0455* 76 75 79 77 78 0.0000** 76 75 77 78 79
Apr-May-Jun 0.0000** 76 75 79 78 77 0.0253* 76 75 79 78 77

Jan-Feb 0.0063** 76 75 79 79 77 0.0036** 76 75 77 7E 79

Mar-Apr 0.0007** 75 76 79 77 78 0.0011** 75 76 77 70 79

May-Jun 0.0000** 76 79 75 77 78 0.0339* 76 75 79 78 77

Jan 0.7590 75 76 79 78 77 0.2512 76 75 77 78 79
Feb 0.0015** 76 75 7o 78 77 0.0253* 76 75 78 77 79
Mar 0.0705 76 75 77 79 78 0.0009** 11__11 77 78 79
Apr 0.0000** 75 76 79 78 77 0.0018** 75 76 78 79 77
May 0.0017** 76 79 77- TI 78 0.0567 76 79 78 75 77
Jwn 0.0055** 76 75 79 78 77 0.0000** [5 76 78 77 79

BS-L

SEASON ABUNDANCE RELATIVE ABUNDANCE
'

Signif. Years in increasing order Signif. Years in increasing order

All months 0.0858 76 75 79 77 78 0.0370* 75 77 79 79 78

Jan-Feb-Mar 0.3705 76 75 79 77 78 0.0122* 77 76 75 79 78
Apr-May-Jun 0.0725 76 75 79 77 78 0.0331* 75 76 79 78 77

Jan-Feb 0.3213 75 75 77 79 78 0.0054** 77 76 75 79 78
Mar-Apr 0.1251 76 75 78 79 77 0.2138 75 7o 77 79 73
May-Jun 0.4771 76 79 75 77 78 0.1003 75 76 79 78 77

Jan 0.2097 77 79 75 76 78 0.0082** ]]L 76 79 75 78
Feb 0.4498 76 75 78 79 77 0.0908 76 75 77 79 78
Mar 0.5162 76 78 75 79 77 0.2187 76 75 77 78 79
Apr 0.0065** 76 75 79 78 77 0.0096** 11 76 79 73 77
May 0.1350 76 79 75 77 78 0.1430 79 76 78 75 77
Jun 0.1883 75 79 76 77 78 0.0000** 11 76 79 77 78

|
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Tab 1e 54. .75cMys:3 A*mt:CA.7A

ES

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order

All months 0.2642 76 77 79 75 78 0.4572 79 76 78 75 77

Jan-Feb-Mar 0.2777 78 79 76 77 75 0.4920 76 78 75 79 77

Apr-May-Jun 0.0871 76 77 79 75 78 0.0354* 79 78 77 75 76

Jan-Feb 0.3436 78 79 77 76 75 0.4970 76 78 77 79 75
Mar-Apr 0.1402 79 75 78 76 77 0.5557 78 79 75 76 77
May-Jun 0.0073** 76 77 79 75 78 0.0549 79 77 76 75 78

Jan 0.1155 76 79 78 75 0.0847 76 79 78 75
Feb 0.0056** 78 75 79 77 76 0.0057** 78 77 75 79 76
Mar 0.4558 76 79 78 75 77 0.7613 76 78 75 79 77
Apr 0.0030** 79 78 75 77 76 0.1945 79 78 75 77 76
May 0.0433* 79 76 77 75 78 0.0118* 79 77 75 76 78
Jun 0.0003** 76 77 75 79 78 0.0000** 76 77 75 79 78

MS-1

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order

All months 0.9368 79 78 76 75 77 0.4614 78 79 77 76 75

Jan-Feb-Mar 0.1599 78 79 75 77 76 0.7822 78 79 77 76 75
Apr-May-Jun 0.8922 76 79 75 77 78 0.6520 77 79 78 75 76

Jan-Feb 0.2215 78 79 77 75 76 0.3494 79 77 78 75 76
Mar-Apr 0.3046 78 79 75 76 77 0.3882 78 79 76 75 77
May-Jun 0.6073 76 75 79 77 78 0.3021 77 75 79 78 76

Jan 0.5456 76 75 79 0.6052 76 75 79
Feb 0.0684 78 75 77 76 0.5353 77 78 75 76
Mar 0.3076 78 76 79 75 77 0.5912 76 78 79 75 77
Apr 0.1890 78 79 77 75 76 0.5561 78 79 77 75 76
May 0.8706 77 75 76 79 78 0.2158 77 75 79 78 76
Jun 0.5637 76 75 79 77 78 0.0412* 76 77 79 78 75

|

|

|

|

128



Table 55. .7ECMISIS NMCA.7A

SS

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in ir. creasing orde'r Signif. Years in increasing order

All months 0.0016** 79 76 78 77 75 0.0229* 75 78 76 79 77

Jan-Feb-Mar 0.0001** 79 76 78 75 17 0.0216* 75 79 76 78 77

| Apr-May-Jun 0.0046** 78 77 76 79 23, 0.4071 78 75 76 79 77
.

Jan-Feb 0.0002** 79 78 76 75 77 0.0150* 75 79 78 76 77

Mar-Apr 0.0406* 79 76 75 78 77 0.0577 75 79 76 78_ 77

May-Jun 0.0006** 78 77 76 79 75 0.2870 78 76 75 79 77

Jan 0.0049** 79 76 78 75 77 0.4337 75 79 76 78 77

Feb 0.0001** 78 79 75 76 11 0.0273* 75 79 78 76 77

Mar 0.0203* 76 79 78 75 77 0.2039 76 75 70 79 77

Apr 0.1042 79 75 77 76 78 0.1565 75 79 76 78 77

May 0.4648 78 76 79 75 77 0.0105* 78 75 76 79 77

Jun 0.0000** 78 77 76 79 11 0.1947 77 76 75 79 75

BS-1

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order
.

All nonths 0.1788 79 76 78 77 75 0.0908 78 79 76 77 75

Jan-Feb-Mar 0.3922 79 76 78 75 77 0.7149 78 79 76 75 77

Apr-May-Jun 0.1317 78 79 77 76 75 0.0693 79 77 79 76 75

Jan-Feb 0.4488 79 76 78 77 75 0.8560 79 76 75 78 77

Mar-Apr 0.1424 79 78 76 75 77 0.0406* 78 79 75 76 77

May-Jun 0.1900 78 77 79 76 75 0.2823 78 77 76 79 71E

Jan 0.5328 79 76 77 78 75 0.1376 76 79 78 77 75

Feb 0.1847 78 75 76 79 77 0.4663 75 78 79 77 76

Mar 0.4362 76 79 75 78 77 0.7654 78 7i 76 75 77

Apr 0.2289 78 79 76 75 77 0.0885 78 79 75 77 76

May 0.0764 76 78 79 '7 75 0.2021 76 78 77 79 75

Jun 0.0255* 78 77 79 76 75 0.5472 78 77 76 79 75
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Table 56. C?xlGC.7 ,SEPC6K |CSA

HS

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order

All months 0.0051** 78 77 76 79 75 0.6755 77 76 79 76 '75

Jan-Feb-Mar 0.0277* 78 77 75 76 79 0.2967 76 77 75 78 79

Apr-May-Jun 0.0126* 78 79 77 76 75 0.3278 79 77 78 76 75

Jan-Feb 0.0091** 78 79 75 77 76 0.4383 76 78 77 75 79

Mar-Apr 0.1158 76 78 77 75 79 0.8791 78 76 77 75 79

May-Jun 0.0557 79 77 76 78 75 0.2309 79 77 76 78 75

Jan 0.1671 78 76 79 75 0.0765 76 78 79 75
Feb 0.0022** 78 75 79 77 76 0.0085** 78 77 75 79 76

Mar 0.0571 76 78 77 75 79 0.6437 76 77 75 78 79
Apr 0.3425 78 79 77 76 75 0.2206 78 79 77 75 76
May 0.0830 79 77 76 78 75 0.1235 79 77 76 75 78
Jun 0.0206* 78 76 70 77 75 0.0003** 78_ 77 79 76 75

MS-1

SEASON ABUNDANCE RELATIVE ABUNDANCE ^

Signif. Years in increasing order Signif. Years in increasing order

All nonths 0.1120 78 76 77 75 79 0.4364 76 78 77 79 75

Jan-Feb-Mar 0.7238 78 76 77 75 79 0.6273 78 77 76 79 75
Apr-May-Jun 0.1781 76 78 77 75 79 0.6814 76 79 78 77 75

Jan-Feb 0.3561 78 79 77 75 76 0.2843 78 77 79 76 75
Mar-Apr 0.3473 78 76 77 79 75 0.3756 76 78 79 77 75
May-Jun 0.2043 76 77 78 75 79 0.8302 77 76 79 78 75

Jan 0.8874 75 76 79 0.7203 76 75 79
Feb 0.1908 78 77 75 76 0.5686 78 77 76 75
Mar 0.5349 76 78 75 77 79 0.4351 76 78 79 77 75
Apr 0.1660 78 79 76 77 75 0.7155 78 79 76 77 75
May 0.0050** 76 77 78 75 12. 0.8189 77 76 79 78 75
Jun 0.3756 76 77 78 75 79 0.0113* 77 76 78 79 75

13 0
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Table 57. CRA'lGa7 S??.'TEPI.7CSA

SS

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Yearr in increasing order Signif. Years in increasing order

All :nonths 0.0056** 79 78 77 76 75 0.0897 76 78 79 75 77

Jan-Feb-Mar 0.0002** 78 76 79 77 75 0.0040** 76 78 75 77 79
Apr-May-Jun 0.0257* 79 77 7a zo 75 0.5626 76 79 78 75 77

Jan-Feb 0.0069** 78 79 76 77 75 0.0446* 78 76 75 77 79

Mar-Apr 0.0382* 76 78 77 79 75_ 0.0074** 76 78 79 77 75

May-Jun 0.0113* 70 77 78 76- 75_ 0.7821 79 76 78 75 77

Jan 0.1397 76 75 78 79 77 0.0366* 76 75 78 77 79

Feb 0.0004** 78 79 76 77 75 0.0125* 73_ 77 76 79 75
Mar 0.0003** 76 73 77 79 75 0.0128* _76 78 77 79 75

Apr 0.5886 79 76 77 75 78 0.5596 76 79 77 75 78

May 0.1724 79 77 76 78 75 0.5299 79 76 78 75 77
Jun 0.0014** 70 77 78 76 75 0.0080** 77 78 79 75 76

3S-1

SEASON ABUNDANCE RELATIVE ASTRmANCE

Signif. Years in increasing order Signif. Years in increasing order

All nonths 0.0103* 78 79 77 76 75 0.0153* 78 79 76 77 75

Jan-Feb-Mar 0.0080** 78 76 79 77 75 0.0002** 23, 76 77 79 75
Apr-May-Jun 0.1566 77 79 78 76 75 0.2548 79 77 78 76 75

Jan-Feb 0.0177* 78 79 76 75 77 0.0013** Ig, 76 79 77 75

Mar-Apr 0.1387 76 78 77 79 75 0.7852 78 79 76 77 75

May-Jun 0.1372 77 79 78 76 75 0.3713 79 77 78 76 75

Jan 0.0292* 78 76 79 77 75 0.5308 78 76 79 77 75

Feb 0.1099 78 79 76 75 77 0.0000** 7_! 77 79 75 76

Mar 0.0379* 76 78 77 79 75 0.4799 78 76 77 79 75

Apr 0.2157 76 77 79 75 78 0.6242 79 77 76 75- 78
May 0.1250 79 77 76 78 75 0.0380* 79 78 77 76 75

Jun 0.0567 77 78 79 76 75 0.4505 77 78 79 7e 75

.

,

i
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Table 58. CM.&7|S F2WCH:CJ'S

iiS

SEASCN ABUNDANCE REIATIVE ABUNDANCE

Signif . Years in increasing order Signif. Years in increasing order

All scachs 0.0053** 76 79 75 78 77 0.0599 76 79 75 77 78

Jan-Feb-Mar 0.0454* 79 76 78 75 77 0.4336 76 77 79 75 78

Apr-May-Jun 0.0169* 76 75 79_ 77 78 0.1045 79 76 75 77 78

Jan-Feb 0.0000** 79 76 78 75 II 0.5384 76 75 79 77 78

Mar-Apr 0.1109 79 76 77 75 73 0.0494* 76 79 77 73 75

May-Jun 0.0383* 76 75 79 77 78 0.3430 79 75 76 78 77
_

Jan 0.3259 76 79 /5 78 0.2912 76 75 79 78

1 Feb 0.0000** 79 78 76 75 77 0.0018** 79 76 77 78 75

Mar 0.1498 79 77 75 76 78 0.4953 77 76 79 73 75

Apr 0.0070** 76 79 78 77 75 0.0708 76 79 77 78 75
May 0.0157* 76 75 77 79 78 0.1723 75 76 77 73 79

Jun 0.0799 79 76 75 77 78 0.1417 79 75 76 78 77

MS-1

SEASCN ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order
i

All nonths 0.0754 79 76 77 78 75 0.4141 77 79 76 75 78

Jan-Feb-Mar 0.1476 79 77 78 76 75 0.0059** 77 79 78 76 75

Apr-May-Jun 0.3163 76 79 77 75 78 0.1957 76 75 79 77 78

Jan-Feb 0.6117 79 78 77 76 75 0.2356 77 76 79 78 75

Mar-Apr 0.0098** 79 76 77 73 75 0.2111 77 79 76 73 75

May-Jun 0.2171 75 76 79 77 78 0.4335 75 79 76 77 78

Jan 0.8333 75 76 79 0.9561 76 75 79

Feb 0.1132 78 77 76 75 0.5103 77 76 78 75

Mar 0.2051 79 77 78 76 75 0.0000** 77 79 78 76 75

Apr 0.1626 76 79 78 77 75 0.0000** 11 77 79 78 75
May 0.1293 77 76 75 79 78 0.3435 75 77 76 79 78

Jun 0.0653 75 79 76 78 77 0.3010 75 79 76 78 77

|

!

I
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N

Table 59. CAZA7US ?D7Lt2CHICUS

SS

RELATIVE ABUNDANCE
SEASON ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order

All months 0.0057** 76 79 75 77 78 0.0665 79 76 77 75 78

Jan-Feb-Mar 0.0002** 79 76 75 77 73 0.0118* 79' 76 75 77 78
Apr-May-Jun 0.0663 76 77 is 79 78 0.3449 76 79 77 75 78

Jan-Feb 0.0000** 79 78 76 75 77 0.1165 79 75 76 78 77
Mar-Apr 0.0000** 79 77 76 75- Za 0.2327 76 79 77 75 78
May-Jun 0.2321 76 77 75 79 78 0.0591 79 75 76 77 78

Jan 0.0000** 79 76 75 78 7_Z 0.0000** 76 79 75 78 77

Feb 0.0000** Z2, 78 76 75 22 0.1316 79 75 77 78 76
nr 0.0002** 79 76 77 75 IS, 0.0000** 22, 76 77 75 78
Apr 0.0000** 77 76 79 75 7.3, 0.3936 76 77 79 75 78

May 0.0026** 76 75 71 78 79 0.0001** 76 75 77 79 78

Jun 0.0440* 79 76 To .J.J. 75 0.0000** 12, 75 77 78 76

3S-1

SEASON ABUNDANCE RE1ATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order

All nonths 0.1941 76 75 79 77 73 0.2623 79 75 76 77 78
i

Jan-Feb-Mar 0.0191* 79 76 75 78 77 0.0085** 79 77 76 75 78

Apr-May-Jun 0.1785 76 77 75 79 78 0.4977 79 75 76 77 78

Jan-Feb 0.0005** 79 75 76 78 22, 0.1063 76 79 75 78 77

M r-Apr 0.0017** 76 79 77 78_ 75 0.0385* 76 77 79 75 78
May-Jun 0.2861 75 76 77 79 78 0.4805 79 75 76 77 78

Jan 0.0745 79 75 76 78 77 0.1063 76 79 75 78 77
Feb 0.0013** 79 78 76 75 II 0.0004** 12, 75 77 78 76
Mar 0.1689 79 77 76 75 78 0.0160* 79 77 76 75 78

Apr 0.0030** 76 77 79 13 11 0.0163* 76 77 79 75 78

May 0.0075*= 75 76 77 79 78 0.0081** 75 76 77 78 79

Jun 0.0448* 79 75 77 78 76 0.4770 79 75 77 76 78
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I Table 60. C Cti?C5.'7?.,:S SC2:
[
1

ES

SEASON ABUI; DANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order

I |

All months 0.0135* 75 78 79 76 77 0.0126* 75 78 76 77 79

i Jan-Feb-Mar 0.0947 75 79 76 78 77 0.0003** 75 76 77 79 78

Apr-May-Jun 0.0404* 78 79 75 76 77 0.0068** 78 75 79 77 76
'

Jan-Feb 0.0083** 75 77 79 78 76 0.0359* 75 76 77 79 78

Mar-Apr 0.d325* 75 78 76 79 77 0.0090** 75 76 78 79 77

May-Jun 0.2303 78 79 76 75 77 0.0072** LL 75 77 79 76

Jan 0.0002** 76 75 77 11 0.0222* 76 75 79 78

Feb 0.0000** 75 79 78 72 Zi 0.0002** 11 77 79 73 76
Mar 0.1081 75 76 78 79 77 0.0046** Q5 78 79 77'

Apr 0.1800 75 78 79 76 77 0.1522 75 76 79 77 76

May 0.0681 78 75 76 77 79 0.0069** 78 75 77 76 79

Jun 0.0503 79 78 76 75 77 0.0001** 73 74 75 77 76

MS-1

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing orderi

,

All months 0.3511 78 75 79 76 77 0.4400 75 77 76 79 78
'

Jan-Feb-Mar 0.2855 75 77 73 79 76 0.4067 75 '77 76 79 78

j Apr-May'Jun 0.2973 78 79 76 75 77 0.1091 73 79 77 75 76

Jan-Feb 0.2074 77 75 79 78 76 0.2392 75 77 76 79 76
Mar-Apr 0.8558 73 75 79 76 77 0.4949 76 75 79 78 77

May-Jun 0.2484 78 79 76 75 77 0.1311 78 79 75 77 76

Jan 0.5615 75 76 79 0.4529 75 76 79

Feb 0.0495* 77 75 78 76 0.5319 77 75 78 76

Mar 0.1491 75 76 78 79 77 0.4537 76 75 79 78 77

Apr 0.8777 78 79 77 76 75 0.9317 78 79 77 76 75

,

May 0.3173 76 78 77 75 79 0.5661 78 75 77 76 79

Jun 0.0478* 79 78 75 76 77 0.0006** 79 78 75 77 76
'

,
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Table 61. crgggg;;g ggy '5; ,

!.,

'

SS

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order

All zonths 0.1474 79 77 76 78 75 0.7754 79 75 76 77 78

Jan-Feb-Mar 0.0066** 75 76 79 77 78 0.1390 75 76 77 79 78
Apr-May-Jun 0.0498* 79 78 77 76 75 0.4504 79 78 76 77 75

Jan-Feb 0.0093** 79 77 75 76 78 0.1422 77 75 79 76 78
i

Mar-Apr 0.0529 75 79 77 78 76 0.3089 75 76 79 78 77
May-Jun 0.0133* 79 78 76 77 75 0.1172 78 79 76 77 75

Jan 0.0003** 76 77 79 75 13 0.0084** 77 75 76 79 73

Feb 0.5050 79 78 75 77 76 0.7045 79 78 75 77 76

Mar 0.1452 75 76 79 78 77 0.0306* 75 76 78 79 77
Apr 0.0014** 79 75 77 78 76 0.4967 79 75 77 78 76

no animals

May 0.2703 76 78 79 77 75 0.0866 '76 78 79 75 77

Jun 0.0775 79 78 76 77 75 0.3250 78 79 76 77 75

BS-1
_ . _ . .

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order
i

All months 0.6916 79 76 75 77 78 0.9968 79 75 76 77 78

Jan-Feb-Mar 0.4646 76 75 79 77 73 0.7335 77 76 75 79 78

Apr-May-Jun 0.1512 79 78 77 76 75 0.6889 78 79 75 76 77'

Jan-Feb 0.3292 77 76 75 79 73 0.2109 77 76 79 73 75

Mar-Apr 0.3207 78 76 75 79 77 0.4233 75 78 79 76 77
May-Jun 0.5181 79 78 77 76 75 0.9304 73 79 76 75 77

| Jan 0.2116 77 76 75 79 78 0.0123* 77 76 75 79 78

Feb 0.7334 79 78 77 76 75 0.6033 79 77 73 76 75
Mar 0.0861 75 76 78 79 77 0.0000** [3 76 78 79 77
Apr 0.3054 78 79 77 76 75 0.6776 ,9 78 77 75 76

May 0.8850 76 78 79 75 77 0.8429 78 79 76 75 77
Jun 0.1084 79 77 78 76 75 0.7037 77 79 78 76 75

,
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Table 62. 2:AS:!::S SCU2 A

'dS

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order

All months 0.0079** 78 77 76 75 79 0.0917 77 78 76 79 75

Jan-Feb-Mar 0.0134* 78 77 76 75 79 0.0659 78 77 76 79 75

Apr-May-Jun 0.0157* 77 76 79 78 75 0.4800 77 79 76 78 75

Jan-Feb 0.0055** 78 77 76 75 79 0.1639 78 77 76 75 79

Mar-Apr 0.0078** 77 79 76 78 75 0.0351* 77 76 79 78 75

May-Jun 0.S731 79 77 76 75 75 0.8579 77 79 75 is 76

Jan 0.0008** 73 76 75 79 0.1057 78 75 76 79

Feb 0.3046 78 79 76 77 75 0.5643 78 76 75 77 79

Mar 0.6173 77 79 78 76 75 0.1247 77 73 79 76 75

Apr 0.0045** 77 76 79 78 75 0.1365 77 76 79 78 75

May 0.5129 76 79 77 78 75 0.8380 77 76 79 75 78

Jun 0.3049 75 78 79 77 76 0.1535 75 78 79 77 76

MS-1

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing ceder

All months 0.1445 78 79 77 76 75 0.1303 79 78 77 76 75

Jan-Feb-Mar 0.2590 78 79 77 75 76 0.2969 78 77 79 76 75

Apr-May-Jun 0.2140 77 79 78 76 75 0.6903 79 78 76 77 75

Jan-Feb 0.3460*- 78 79 75 77 76 0.3765 77 78 75 79 76
Mar-Apr 0.0040** 76 77 78 79 11 0.0025** 78 79 77 76 71
May-Jun 0.7086 75 77 79 78 76 0.7279 75 79 78 76 77

Jan 0.0160 75 76 79 C.5499 75 76 79

Feb 0 757 78 77 75 76 ') 6273 77 78 75 76

Mar C.3090 78 79 76 77 75 3.2655 78 79 77 76 75

Apr 0.1961 76 77 78 79 75 1.0000** 76 77 78 79 71
May 0.9054 75 77 79' 78 76 0.8189 75 79 78 76 77 l

'

Jun no numbers, no numbers,

;
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Table 63. ::AS:ZLIS SC',il?'A
! I

f SS
.

SEASON ABUNDANCE RELATIVE ABUNDANCE

: Signif. Years in increasing order Signif. Years in increasing order |

1
1 1

'

All a schs 0.0000** 79 77 78 76 11 0.4261 76 79 75 77 78
4

!

Jan-Feb-Mar 0.0000** 79 77 78 76 Il 0.0021** 77 78 79 76 75

Apr-May-Jun 0.0551 79 77 78 76 75 0.4296 76 79 75 77 78

Jan-Feb 0.0000** 79 78 77 76 75 0.0031** 77 78 79 76 75

Mar-Apr 0.2262 77 79 76 78 75 0.4368 76 78 77 79 75
May-Jun 0.0685 79 77 78 76 75 0.7941 76 79 75 78 77

Jan 0.0023** 77 79 76 78 75 0.2408 77 78 76 79 75
Feb 0.0047** 79 78 77 76 75 0.0012** 77 79 78 75 76

Mar 0.1878 76 77 79 73 75 0.1663 78 76 77 79 75
Apr 0.3272 79 77 75 76 78 0.4683 76 79 77 78 75
May 0.7784 79 77 75 78 76 0.4792 76 79 75 78 77
Jun 0.0613 79 78 77 76 75 0.2446 77 73 76 75 79

BS-1

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order,

All months 0.0218* 78 76 79 77 75 0.2615 78 76 77 75 79

Jan-Feb-Mar 0.0021** 78 76 77 79 75 0.0683 78 77 76 79 75
Apr-May-Jun 0.1074 76 73-~ 7 7 79 75 0.2986 78 76 77 75 79

Jan-Feb 0.0111* 78 76 79 75 77 0.1455 78 77 76 79 75
Mar-Apr 0.0190* 78 77 76 79 75 0.0817 76 78 77 79 75
May-Jun 0.6478 78 76 77 79 75 0.1090 78 77 75 76 79

Jan 0.0842 78 76 77 79 75 0.2395 78 76 77 79 75
Feb 0.1842 78 76 75 79 77 0.4714 77 78 79 75 76
Mar 0.0630 78 77 76 79 75 0.3129 78 77 76 79 75
Apr 0.0759 76 79 77 78 75 0.0000** 11 77 79 78 75
May 0.6838 78 76 79 77 75 0.4194 78 77 79 75 76
Jun 0.6273 78 77 75 79 76 0.5486 78 77 75 76 79

r
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Ei.C C?I W M SIT.I.ATable 64.

ES

SEASCN ABWDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif . Years in increasing order
i

All menths 0.1044 76 75 78 79 77 0.1397 76 75 77 78 79

Jan-Feb-Mar 0.3483 76 75 78 79 77 0.1274 75 76 78 77 79
Apr-May-Jun 0.4788 76 75 79 78 77 0.6674 76 77 75 78 79

Jan-Feb 0.0699 78 76 77 75 79 0.3526 75 76 77 73 79
Mar-Apr 0.5147 75 76 79 77 78 0.8277 76 75 77 78 79
May-Jun 0.0773 76 75 79 78 77 0.5357 76 75 77 73 79

Jan 0.0713 76 78 79 75 0.0041** 76 73 79 75

Feb 0.0027** 75 78 76 77 79 0.0000** IJ, 7 7 76 77 73
Mar 0.4068 75 76 79 se ,5 0.4455 75 76 73 79 77
Apr 0.9342 76 75 73 79 77 0.4642 77 76 78 79 75
May 0.0547 76 75 79 78 77 0.1008 76 75 78 79 77
Jun 0.7599 77 7e 79 75 is 0.9340 77 75 78 79 76

MS-1

SEASON ABL*NDANCE RELATIVE ABWDANCE
Signif. Years in increasing order Signif. Years in increasing order

All sonths 0.3466 76 77 75 79 78 0.1033 76 79 77 75 78

Jan-Feb-Mar 0.5348 76 77 75 78 79 0.4921 76 77 75 79 78
Apr-May-Jun 0.3834 76 79 77 75 78 0.2564 76 79 77 75 78

Jan-Feb 0.6969 76 77 75 79 73 0.6912 76 77 75 79 78
Mar-Apr 0.6135 76 77 78 75 79 0.5014 76 77 79 75 73
May-Jun 0.5023 76 79 75 77 73 0.2544 76 79 78 77 75

Jan 0.8209 76 75 79 0.8301 76 75 79 -

Feb 0.4789 75 76 77 78 0.4789 75 76 77 78
Mar 0.8714 76 77 75 78 79 0.8951 76 77 79 75 78
Apr 0.7303 76 77 78 79 75 0.7376 76 77 79 75 78

'

May no animals 0.0965 76 78 79 77 75,

Jun 0.2839 |
75 76 79 77 78 0.0629 75 76 79 77 78

|
|

!
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Table 65. ETO?2ZZ.rt RISI:Zal

SS
.

SEASCN ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order

All months 0.3870 75 76 79 77 78 0.2241 75 78 76 77 79

Jan-Feb-Mar 0.3224 75 78 76 77 79 0.1614 78 75 77 76 79
Apr-May-Jun 0.4043 76 75 79 77 73 0.3784 75 76 77 78 79

Jan-Feb 0.2717 78 75 79 76 77 0.1680 78 75 77 76 79
Mar-Apr 0.0066** 76 75 79 77 78 0.1509 75 76 78 77 79
May -Jan 0.8345 77 76 79 75 78 0.3390 77 75 78 76 79

Jan 0.0256* 78 75 77 76 79 0.0307* 78 77 75 76 79
Feb 0.1668 78 75 79 76 77 0.4572 78 75 77 76 79
Mar 0.1065 76 75 77 78 79 0.0093** 76 75 78 77 79

Apr 0.0121* 76 75 79 78 77 0.3534 75 76 79 78 77
May 0.7250 75 77 76 79 78 0.3144 75 79 78 77 76

Jun 0.1755 77 76 79 78 75 0.1310 77 75 78 76 79

BS-1

SEASON ABUNDANCE REMTIVE ABUNDANCE
Signif . Years in increasing order Signif. Years in increasing order

All months 0.3194 76 75 78 79 77 0.4492 75 76 77 78 79

Jan-Feb-Mar 0.4347 76 75 78 79 77 0.3363 76 77 75 79 78
Apr-May-Jun 0.7432 76 75 77 79 73 0.6196 75 76 77 78 79

Jan-Feb 0.7522 76 75 78 77 79 0.3252 77 76 75 79 78
Mar-Apr 0.3639 76 75 79 78 77 0.0043** 75 76 79 77 78
May-Jun 0.9262 76 77 78 75 79 0.6777 76 75 77 78 79

Jan 0.7541 77 76 79 78 75 0.1623 76 77 79 78 75
Feb 0.4946 76 75 78 77 79 0.2545 75 77 76 79 78
Mar 0.16511 76 75 78 79 77 0.2086 75 76 79 77 78
Apr 0.0208* 76 75 79 77 78 0.1268 75 76 77 79 73
May 0.9457 76 78 77 75 79 0.7172 78 77 75 79 76
Jun 0.1899 76 75 77 78 79 0.5592 76 75 77 78 79
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Table 66. GNSIARUS !.,ATM"C: ANUS

HS

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order

All months 0.0001** 77 75 78 76 11 0.2500 76 77 75 78 79

Jan-Feb-Mar 0.0000=* 75 78 76 77 11 0.0146* 76 75 77 78 79

Apr-May-Jun 0.5400 77 79 78 75 76 0.8151 77 78 79 75 76

Jan-Feb 0.0002**, 78 75 77 76 79 0.1607 76 75 77 73 79

Mar-Apr 0.0013*b 76 75 77 78 12 0.8887 76 75 77 78 79

May-Jun 0.2566 77 76 75 79 78 0.0892 77 76 78 79 75

Jan 0.0866 76 78 75 79 0.0029** 15, 75 73 79

Feb 0.0000** "5 78 77 76 79 0.0000** Z}_ 78 77 76 79
Mar 0.0000** *i 6 75 77 78 11 0.1741 76 75 77 78 79

Apr 0.1239 73 79 77 76 0.6238 79 78 75 77 76~~

May 0.0000** 70 77 78 75 15 0.0010** 7' To ?* 78 76

Jun 0.0070** 77 76 75 78 79 0.1437 77 76 78 75 79

MS-1

SEASON ABUNDANCE RELATIVE ABUNDANCE i

Signif. Years in increasing order Signif. Years in increasing order
|

All nonths 0.4035 77 76 75 73 79 0.7394 77 76 79 78 75
l
l

Jan-Feb-Mar 0.2655 77 75 78 )e 79 0.3503 76 78 75 77 79
Apr-May-Jun 0.7329 77 76 79 75 73 0.5025 77 79 78 76 75

Jan-Feb 0.4776 78 77 75 79 76 0.3465 78 76 75 79 77 )
Mar-Apr 0.5023 76 77 73 75 79 0.6070 76 79 78 77 75
May-Jun 0.5037 77 76 75 79 78 0.2333 77 76 75 79 78

Jan 0.7617 76 75 79 0.0697 76 75 79 i
'

Feb 0.0386* 78 77 75 76 0.2209 73 75 77 76

Mar 0.4547 76 75 77 78 79 0.3554 76 75 77 78 79
Apr 0.1270 78 79 77 76 75 0.5076 79 78 77 75 76
May 0.5918 75 78 77 79 76 0.0169* 77 73 79 75 76

Jun 0.3117 77 76 75 79 78 0.3721 77 76 75 79 78

I
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Table 67. G2f!ARUS UWREiCD:lCS

SS

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years th increasing order Signif. Years in increasing order
,

i

All months 0.4107 78 76 77 79 75 0.3597 78 76 79 77 75

Jan-Feb-Mar 0.0417* 76 78 75 77 79 0.3203 76 78 77 79 75

Apr-May-Jun 0.1252 79 78 77 76 75 0.3631 78 79 76 75 77

Jan-Feb 0.0026** 78 77 79 76 75 0.2121 77 78 76 79 75

Mar-Apr 0.0409* 76 75 78 77 79 0.1216 76 78 75 79 77

May-Jun C.0480* 79 17 76 78 75 0.2895 79 76 78 77 75

Jan 0.0000** 76 79 77 73 11 0.0206* 76 77 78 79 75

Feb 0.0632 78 77 75 76 79 0.2570 78 77 75 79 76

Mar 0.0018** 76 75 78 77 79 0.0013** 76 75 78 77 79

Apr 0.4263 78 79. 75 76 77 0.4231 78 76 79 75 77

May 0.3824 79 77 78 75 76 0.0861 79 76 78 77 75

Jun 0.0503 79 76 78 77 75 0.1073 78 76 77 75 79

BS-1

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif . Years in increasing order Signif. Years in increasing order

All nonths 0.2335 76 77 75 78 79 0.2272 76 77 78 /9 75

Jan-Feb-Mar 0.1326 76 75 78 77 79 0.0394* 76 79 78 75 77

Apr-May-Jun 0.4007 77 76 79 75 78 0.3444 77 78 79 75 76

Jan-Feb 0.5857 76 77 75 78 79 0.6889 76 79 78 77 75
Mar-Apr 0.1889 76 78 75 77 79 0.0596 76 75 78 77 79

May-Jun 0.4861 77 75 79 76 78 0.4147 77 79 78 75 76
I

Jan C.2922 76 79 77 75 78 0.0256* 76 79 77 75 78 )
Feb 0.0098** 78 75 76 77 29 0.5217 78 75 77 76 79 i

Mar 0.0526 76 75 78 77 79 0.0000** 26. Jjl 77 78 79 !

Apr 0.2127 76 78 77 79 75 0.1125 73 77 76 75 79

May 0.3743 79 77 75 78 76 0.0155* 79 78 75 77 76

Jun 0.5076 77 76 75 79 78 0.3516 77 76 75 78 79

1

|
|

|

|

|141
1

|



_ _ _

Table 68. ,4 p_;Z.7CA spp.

HS

SEASON ABCiDANCE RELATIVE ABCGANCE

Signif. Years in increasing order Signif. Years in increasing order

All mocchs 0.0000** 7M 79 76 75 77 0.0045** 78 79 76 75 77

s

Jan-Feb-Mar 0.0016** 10 70 75 77 76 0.0030** 78 74 75 77 76

Apr -May-Ju'n 0.0000** [[ 79 76 75 [7 0.021S* 78 76 79 75 77

11, 74 77 75 JJL 0.0005** 78 79 75 77 76

0.0001**|
Jan-Feb

0.0335* 76 78 79 75 77 0.1436 76 78 79 75 77Mar-Apr
May-Jun 0.0000** 78 79 76 75 II 0.1154 78 76 75 79 77

Jan 0.0674 73 79 76 75 0.0467* 79 79 76 75

Feb 0.0001** '5 78 79 77 15 0.0000** 79 75 79 77 76

Mar 0.4758 79 76 78 75 77 0.3306 79 76 78 75 77

Apr 0.0676 76 78 79 75 77 0.1639 76 78 79 77 75

May 0.0006** 79 79 7A 75 77 0.1369 78 76 79 75 77

Jun 0.0020** 78 76 75 79 il 0.5594 75 76 78 79 77

MS
_

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order
.

All s'achs 0.0782 76 75 78 79 77 0.9613 78 75 79 76 77

Jan-Feb-Mar 0.7747 77 79 78 75 76 0.8014 77 79 75 76 78

Apr-May-Jun 0.0733 76 73 75 79 77 0.5545 73 79 76 75 77

Jan-Feb 0.5744 75 77 78 79 76 0.5744 75 77 73 79 76

Mar-Apr 0.1404 78 79 76 75 77 0.4977 78 79 76 77 75

May-Jun C.0358* 75 76 78 79 77 0.5003 75 73 76 79 77

Jan no animals no animals
Feb 0.4789 75 77 78 76 0.4789 75 77 78 76

Mar 0.7819 79 76 77 78 75 0.5974 76 77 79 78 75

Apr 0.0402* 78 79 76 75 77 0.233 78 79 76 77 75

May 0.1462 75 78 76 79 77 0.1770 75 78 79 76 77

Jun 0.3781 76 75 78 79 77 0.4657 73 76 75 79 77 |

l

|

1
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Table 69. A.'f?II,IECA spp.

.

SS

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in incre'. sing order

All months 0.0032** 79 78 76 77 75 0.1978 79 78 76 75 77
y

i Jan-Feb-Mar 0.5212 75 79 78 77 76 0.2306 75 79 78 76 77

Apr-May-Jun 0.0005** 79 78 76 77 75 0.0493* 78 76 79 77 75

Jan-Feb 0.3145 79 75 77 78 76 0.2070 75 79 77 78 76
Mar-Apr 0.1016 79 76 75 78 77 0.0124* 70 78 76 75 77

May-Jun 0.0000** 79 78 76 77 15 0.1008 76 78 79 77 75
no aninals

Jan 0.4456 75 76 79 77 78 0.4944 75 ~76 77 79 78
Feb 0.1698 78 79 77 75 76 0.0147* 79 79 77 75 76

Mar 0.1644 75 76 79 78 77 0.0085** 75 76 79 78 77

Apr 0.4421 79 76 75 78 77 0.2645 79 78 76 75 77

May 0.0137* 79 78 76 75 77 0.0019** 70 79 ?9 76 77

Jun 0.0001** If 78 79 77 I}, 0.0000** 76 77 78 79 75

i

! BS-1 ,

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order

All months 0.1541 79 76 77 78 75 0.5012 79 78 76 77 75

Jan-Feb-Mar 0.1115 78 77 79 76 75 0.2827 78 79 77 75 76

Apr-May-Jun 0.2223 79 76 77 78 75 0.4349 79 78 76 75 77,

no animals no aninals
Jan-Feb 0.0372* 77 ~73 ~79 76 75 0.1151 77 '78 ~79 76 75

Mar-Apr 0.1513 78 76 79 75 77 0.4233 79 76 75 78 77

May-Jun 0.1240 79 76 77 78 75 0.5609 79 78 77 76 75

no ani=als no animals

Jan 0.0016** 76 ~77 ~78 ~79 15. 0.0000** 76 ~77 ~73 ~79 E
Feb 0.4150 77 78 79 75 76 0.000l** 75 ~77 ~78 ~79 h
Mar 0.7291 75 78 77 76 79 0.7386 75 ~78 79 76 77

Apr 0.0745 76 79 78 75 77 0.2321 76 79 75 78 77

May 0.4178 71 78 75 76 77 0.4662 79 78 75 77 76

Jun 0.0144* 77 76 79 78 15, 0.0728 77 76 78 79 75
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Table 70. CORO.0,Yl7,7.f spp.

HS

SEASON ABUNDANCE RELATIVE ABUNDANCI

Signif. Years in increasing order Signif. Years in increasing order

All months 0 0000** 75 79 78 76 77 0.0000** 75 79 76 78 77

Jan-Feb-Kar 0.0010*n 75 79 78 76 71 0.0002** 75 76 79 78 II

Apr-Hay-Jun 0.0004** 75 79 78 76 77 0.0000** Z1__11 76 78 77

Jan-Feb 0.0153* 78 70 75 76 77 0.2548 78 75 79 76 77

Mar-Apr 0.0216* 79 76 75 73 77 0.0000** 79 76 75 78 77

May-Jun 0.0001** 75 79 78 77 76 0.0000** 75 79 73 77 76

Jan 0.5699 76 78 75 79 0.4219 76 78 75 79

Feb 0.1898 75 79 78 76 77 0.1538 75 79 78 76 77 i

Mar 0.1054 75 76 79 78 77 0.0001** 75 76 70 78 77

Apr 0.0355* 76 79 75 78 77 0.0069** 79 76 75 78 77 i

'

May 0.0142* 75 79 76 77 78 0.0075** 75 79 77 zo 78

Jun 0.0002** 75 79 78 77 76 0.0000** 75 79 79 77 76

MS-1

SEASCN ABUNDANCE REIATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order

All nonths 0.6234 79 75 76 77 78 0.5371 79 76 75 77 78

Jan-Feb-Mar 0.2635 76 78 79 75 77 0.1556 76 78 79 75 77

Apr-May-Jun 0.5311 79 75 77 76 78 0.365e e9 75 77 76 78

Jan-Feb 0.5897 76 78 79 77 75 0.4284 76 78 79 75 77
Mar-Apr 0.6396 76 79 73 77 75 0.4783 76 79 78 75 77

May-Jun 0.3874 75 79 77 76 78 0.2078 75 79 77 76 78

Jan no animals no animals
Feb 0.2907 76 78 77 75 0.1390 76 73 77 75

Mar no animals 0.4857 75 76 78 79 77

Apr 0.6084 76 79 77 78 75 0.7349 76 79 77 78 75

May 0.1919 76 79 77 75 78 0.8524 79 77 76 75 78

Jun 0.2067 75 79 77 78 76 0.1176 75 79 77 78 76

|
'

.
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Table 71. gggggy,y37f ,pp,

SS

SEASON ABUNDANCE RELATIVE ABCIDANCE

Signif. Years in increasing order Signif. Years in increasing order !

|

All sonths 0.3529 75 76 78 79 77 0.0007** 79 76 74 77 79
d

no animals~

Jan-Feb-Mar 0.0013** 75 76 78 77 79 0.0006** 75 76 78 77 79

Apr-May-Jun 0.3980 75 79 76 73 77 0.0110* 75 76 78 79 77

no_ani:3als
Jan-Feb 0.0971 75 76 78 77 79 0.0330* 75 76 78 77 79

Mar-Apr 0.1367 76 75 78 79 77 0.0310* 76 75 78 79 77

May-Jun 0.7401 75 79 78 77 76 0.0377 75 76 78 77 79
no_anig is

Jan 0.4427 75 76 78 79 77 0.3666 75_ 76_ 78. 79 77
F6b 0.0650 75 76 77 78 79 0.0271* 75 76 77 78 79

Mar 0.0106* 75 76 77 78 79 0.0301* 75 76 77 78 79s

Apr 0.0711 76 79. 75 73 77 0.0198* 76 79 75 7E 77

May 0.5269 75 76 79 77 73 0.0734 75 76 79 76 77

Jun 0.7045 75 79 78 77 76 0.1971 75 77 73 76 79

35-1

SEASON ABUNDANCE RELATIVE ABMIDANCE
Signif. Years in increasing order Signif. Years in increasing order

All nonths 0.9827 75 79 77 76 78 0.9184 78 76 75 77 79
noJnimpis no_ animals

Jan-Feb-Mar 0.5410 75 76 78 77 79 0.7277 76 78 75 77 79

Apr-May-Jun 0.9266 75 79 77 76 78 0.9610 78 75 77 76 79

noJnigis_

Jan-Feb 1.0000 no animals 0.4380 76 77 78 79 75

Mar-Apr 0.4317 76 75 78 79 77 0.2202 76 75 78 79 77

May-Jun 0.8246 77 75 79 78 76 0.2925 78 77 75 79 76

Jan 1.0000 no animals 1.0000 noJnimjls_

Feb 1.0000 noanimaJ.s 0.4857 76. 77_ 78 79 75
Mar 0.5543 75 76 78 77 79 0.5981 75 76 78 77 79

Apr 0.5009 76 75 79 78 77 0.2155 76 75 79 78 77

May 0.5969 78 76 79 75 77 0.3251 78 77 79 75 76
Jun 0.5452 77 75 79 78 76 0.6055 75 77 78 76 79
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Table 72. D?CFIDCS spp.

*dS .

SEASON ABCIDANCE FELATIVE ABETDANCE

Signif. Years in increasing order Signif. Years in increasing order

All nonths 0.0001** 11 76 77 75 79 0.0000** [1 75 77 76 79

Jan-Feb-Mar 0.0013** 78 77 75 76 79 0.0946 78 75 76 77 79

Apr-May-Jun 0.0057** 78 79 76 77 75 0.0002** 78 77 75 76 79

Jan-Feb 0.0195* 78 77 75 70 76 0.2335 78 75 77 79 76

Mar-A : 0.0000** 78 76 77 75 79 0.0016** 76 78 75 77 79

May-Jun 0.0003** 78 79 75 77 76 0.0000** 11, 77 79 75-~7I

Jan 0.3701 78 79 76 75 0.5047 78 79 76 75

Feb 0.0009** 78 77 75 76 79 0.0372* 75 77 78 76 79
Mar 0.0002** 78 76 77 75 79 0.0485* 78 76 75 79 77

Apr 0.0122* 78 76 77 79 75 0.0873 76 78 75 77 79

May 0.0141* 78 79 77 76 75 0.0002** 78 77 79 75 76

Jun 0.0003** 78 74 75 76 77 0.0072** 78. 79 75 77 76

MS-1

SEASON ABUNDANCE ?lLATIVE ABUNDANCE
Signif. Years in increasing order Signif. Years in increasing order

All nonths 0.2238 78 76 77 79 75 0.2578 78 76 77 79 75

Jan-Feb-Mar 0.4729 76 78 77 75 79 0.7990 78 76 77 79 75

Apr-May-Jun 0.2972 78 79 77 76 75 0.3571 78 76 77 79 75

Jan-Feb 0.7626 76 77 73 79 75 0.7627 76 77 78 79 75
Mar-Apr 0.1391 78 77 76 79 75 0.0612 78 76 77 79 75

May-Jun 0.6608 78 76 79 75 77 0.9035 73 75 79 77 76

Jan no aninals no animals
Feb 0.4789 76 77 78 75 0.4789 76 77 78 75

Mar 0.5827 76 78 77 71 75 0.7158 78 77 76 79 75

Apr 0.2499 78 77 71 76 75 0.1197 78 76 77 79 75

May 0.5080 78 75 77 76 79 0.5974 75 77 78 79 76

Jun 0.5676 76 78 79 75 77 0.5981 76 78 79 75 77
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Table 73. 0?CPEDCS spp.

SS

SEASON ABUNDANCE RELATIVE ABUNDANCE

Signif. Years in increasing order Signif. Years in increasing order

All months 0.0002** 78 76 79 77 7JL 0.2365 78 76 75 79 77

Jan-Feb-Mar 0.0013*** 76 78 75 77 79 0.3309 75 78 76 77 79

Apr-May-Jun 0.0000** 79 76 78 77 75 0.2057 76 78 79 75 77

Jan-Feb 0.0318* 78 75 76 77 79 0.5558 75 78 76 79 77

Mar-Apr 0.0002** 76 75 78 77 79 0.0079** 79 75 76 77 79

May-Jun 0.0000** 79 78 76 77 l} 0.1916 76 79 78 75 77

Jan 0.0815 76 78 75 79 77 0.4534 76 75 78 -77 79
Feb 0.028~.* 75 78 76 77 79 0.5825 75 79 77 78 76

Mar 0.0016** 76 75 78 77 79 0.0784 78 76 75 77 79

Apr 0.1921 75 76 78 77 79 0.2186 78 75 77 76 79

May 0.0113* 79 76 78 77 75 0.2472 76 79 75 78 77

Jun 0.0000** 79 78 76 77 L1 0.3097 78 76 79 77 75

BS-1

SEASON ABUNDANCF. RELATIVE ABUNDANCE

Signif . Years in increasing order Signif. Years in increasing order

All nonths 0.1772 78 76 77 79 75 0.9251 76 77 79 75 78

Jan-Feb-Mar 0.3360 76 75 78 77 79 0.4126 -76 75 77 78 79

Apr-May-Jun 0.0058** 77 78 79 76 Z5. 0.2104 79 78 77 76 75

Jan-Feb 0.2716 75 76 77 78 79 0.4083 76 75 77 79 78
Mar-Apr 0.2345 76 78 75 77 79 0.0535 76 78 75 77 79
May ..n 0.002S** 79 77 78 76 75 0.1153 79 78 77 76 75

Jan 0.7251 75 77 76 79 78 0.6280 75 77 76 79 78
Feb 0.0750 76 75 78 77 79 0.5382 76 75 77 78 79

Mar 0.4981 76 78 75 79 77 0.2142 76 75 78 77 79
Apr 0.2072 76 77 78 75 79 0.1170 77 78 76 75 79
May 0.0898 79 77 78 76 75 0.0128* 79 78 77 76 75

Jun 0.2747 79 78 77 76 75 0.4454 79 78 77 76 75

i
'
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,

Figure 29. Normal fishing attitude of a
Insert:single set of buoyed and Arrangement of vane, net hanger

and ring.anchored sets for sampling
larval fishes and macrozooplankton

Note: A fourth net, located on the bottom
in the water column (modified chain was discontinued due to afecxa Grahara and Venno, 1968).

high occurrence of grounding, making
its data unreliable.
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NET ?EY!CPLANK!ON

3ernard J. McAlice and Faye D. Jones

Introduction

The objective of this continuing study is to assess the effects of

the operation of the Maine Yankee Nuclear Generating Station on the

species composition, abundances, and spacial and temporal distributions

of the phytoplankton populations in Montsweag Bay. The assessment is

made from comparisons between Montsweag 3ay populations and control

populations outside the influence of Maine Yankee, combined with comparisons

of pre-operational and operational populations.

Methods

Plankton samples were taken at stations D7, S1, S2, M2, M3, M4, and El

(Figure 6 ). Tha initial sampling interval was =enchly; this was shortened

to semimonthly in June 1970. Sampling was begun at Si and M4 on 29 October

1969, at M2 on 23 March 1972, at M3 on 6 September 1974, and at S2 on

20 September 1974 All stations were usually occupfed on the sa=a day,

during daylight, and at various cidal stages. M2 was established to give

data close to the power plant outfall. The planned change to a diffuser

discharge dictated the establishment of M3; M2 and M3 were about 2 km aparr,

on either side of the diffuser, close to the boundaries of the mixing zone.

M4 was about 3.2 km south of 10. Stations Si and D7, originally established

Ira C. Darling Center Ref. No. 79-7e
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as local and regional control stations, did not fulfill their intended
|

roles and were discontinued on 9 August 1978. On that date S2 was saved

I scuch about 1.3 kn, and al was established in Hockomock 3ay at the
I

entrance to Montsweag Say. Stations H1 and S2 now serve as control
1

stations outside the influence of the thermal effluent.

Phytoplankton were collected with a f20 sash (-76u) net of 0.5 m

south diameter, using 15 min oblique cows at 1-2 m/sec. Beginning

23 July 1976 a #25 mesh (-64u) not was substituted by mistake. All

. collections were made with this net until 3 February 1977, when a #25
i

net was used at S1, S2, and M4, and a #20 net at M2 and M3. After

3 February 1977 all collections were made with a #20 net. We do not

believe that the change in =esh size introduced any significant bias.

Collections were preserved at once with 4% buffered formalin.
!

The percentage composition of the flora was determined by counting1

;

| aliquots of the concentrated sample either in a Sedgwick-Rafter cell or
' under a cover slip. Counting was continued until at least 10 cells

4

were counted, then continued until a strip across the Sedgwick-Rafter

cell, or several strips across the cover slip, yielded no new species.
>

The rest of the aliquot was usually scanned for searce species. Identifica-'

tiens were made at 400x or 1000x.
'

Besides the net tows, 6.0 liter or 7.5 liter Van Dorm bottle

collections were made near the surface and about 1 m above the bottom

(at 9 m depth at 51 and S2) at each station. A 500 31 aliquot from each

bottle was preserved with Lugol's iodine solution. Until April 1975, 1 mi

from each aliquot was counted completely in a Sedg rick-hf ter call and

the average of surface and bottom counts taken as an estimate of phytoplankton

abundance at each station. In April 1975 ve cempared such abundance
4
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estimates with those obtained by counting 121 from a mixture of 5 mi

each of surface and botten samples. No dif ferences were found, and we

thereafter used the faster method. From each 500 ml aliquot 15 =1 were

kept for reference.

Before August 1974, 10 mi from each preserved water bottle sample

were filtered onto a 0.45p M1111 pore filter and cleared and mounted as

described by Moore (1963). These filter discs were intended to provide

a way to quantify sema of the rarer species, and some early counts were

made from them. Unfortunately, only the more robust forms survived

filtering and mounting undiatorted. It was, for example, virtually

impossible to distinguish among several species of Chestocerca on the

filter discs. The preparations also had a brief shelf life, which made

them useless as a reference collection for even the more heavily sili-

cified species.

The ains of this work were to establish baselines for, and to

detect any changes in, the relative abundances and seasonal succession

of the cemponents of the planktenic flora. This was best done by con-

sidering the net collections, which contained the plankters coccentrated

frem a volume of water of order 10' greater than that taken with a water

bottle. The problems associated with snall-scale spacial heterogeneity j
i

(McAlice, 1970) were minimized.

The net collections did net furnish good estimates of absolute

abundance, however. Quantitative estimates of population densities were

made frem the Sedgwick-Rafter cell counts. The percentage cempositien
1

of the flora being knewn, an estimate of population density of each

species in the net collections could then be made.
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1

)Diversity indices have been widely used to define the degree of

structure or organization of natural ce=munities, and have been proposed

as indicators of water quality (Wilhm and Dorris,1968). Such indices

probably have little biological significanco, but they do give an idea
,

'

of the extent to which a population is dr=f nnted by one or a few species. |

We calculated the common information theoretic index H' and its evenness

component J' (Pielou,1966) from each net collection count.

Results and Discussion

This report prenants data for population densities of net phyto-

plankton, degrees of doninance, and abundances of six selected species

for the entire study period October 1969 to June 1979, at experimental

stations M4 and M2. Analysis of the data consists of ecmparing the

current 6-month interval, January-June 1979 with the previous study period.

Population densities of net phytoplankton in Montsweag Bay during

January-June 1979 vere consistent with past seasonal trends (Figure 30).

Variable low population densities were observed during late fall and

winter, and variable high densities occurred from spring to early fall.

The percentages contributed to the phytoplankton populations by the

dominant species at M4 and M2 were similar to those of past years (Figure 31).

Two hundred ninety taxa belonging to six classes have been found in

the phytoplankton populations during this study. Six species were selected

for graphic analysis in an attempt to monitor changes in the planktonic

flora. These species were chosen as predominant in the estuarine phyto-

plankton populations. Abundances and degrees of dominance of AsteriensI!c

fermcsa, Chcatocerca debile, Fragi & *,c sp., Metcaira monitifc.M a, L

nm!cidas, and Sks!atenemc cestat:c: are shown in Figures 32-37.
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Tragi! aria sp. and S. coarar:ct have shown sw far trends in abundance,

degrees of dominance, and occurrence in :2ntsweag 3ay over the course of

this study. The slight decline in cell density of S. cascat:.m can probably

be ascribed to normal annual variability. FragiZarta sp. failed to appear
*

at M2 in late fall 1978; however, it was observed in November 1978 at M4.

The abundance and occurrence of M. monitifer-ria in Montsweag Bay have

remained relatively constant. 31. =cni!ifo.wJa's degree of dominance decreased

in 1977 and remained low in 1978 and 1979. It has appeared as a dominant

only once in 1979.

Since Maine Yankee began operation, A. for-:csa and M. mernusoides

have maintained relatively constant nean population densitias in Montsweag

3ay. They have increased their frecuencies of occurrence and degrees of

dominance. During January-June 1979 A. fcrmcsa appeared as a dominant

every month. In April and May 1979 it accounted for 90" of the total

phytoplankton population in Montsweag Bay. M. mer-u!cidas occurred as a

dominant during 10 months of 1976. Since then its occurrence as a

dominant has decreased significantly. To date it has occurred as a

dominant only once in 1979. This population trend is probably an instance

of ordinary long ters variability.

C. debits has experienced a reduced frequency of occurrence and a

decreased magnitude of dominance in Montsweag Bay since Maine Yankee

coussenced operation. It appeared to have returned to its previous level

of dominance in May 1978, when it accounted for 92" of the total phytoplankton.

In 1979 C. debi!s accounted for only 507. of the early summer phytoplankton

population. 3e variability of C. dahiE4's degree of dominance in the

early summer phytoplankton population in Montsweag Hay appears to be a

natural phenomenon of its population.
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Conclusions
1

Any environmental stress inflicted by Maine Yankee upon the plank-

conic flora in Montsweag Bay has resulted in no major alteration in the

phytoplankton populations. Despite the considerable annual variability

in abundances and occurrence patterns of phytoplankters, characteristic

trends have persisted.
'
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Figure 30. Total phytoplankton populacion density ac
stations !!4 and 1:2, October 1969 to June 1979.

9 Sampling of station begins
I Maina Yankee began operacion
A Cowseagan Narrows causeway removed
0 < Diffuser discharge began operacion

NA Data not available
IW Inclement weather
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Figure 30

TOTAL PHYTOPLANKTON CELLS
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?igure 3L Percentage contributions of dominant species
(>5% of total) of phytoplankton at stations
F.4 and P.2, October 1969 to June 1979. Symbols
as in Figure 30 .
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Figure 31

PERCENT OF DOMIN ANTS
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Figures 32-37. Abundances of selected species at stations
114 and 1:2, October 1969 to June 1979. Synbols
as in Figure 30.

Species abundance - A
Percentage contribution when species
accounted for >57. of total population - P.
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Figure 36
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Figure 37

SKE!.E TONEMA COS TA TUM
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ICHTHYCPLMUCCN

Richard F. Shaw and Hugh H. DeWitt

Introduction

This report is the last of a comprehensive study of the marine

ecology of Montsweag Bay which was initiated prior to operation of the

Maine Yankee Nuclear Generating Station. The purpose of this research

was to investigate and evaluate the effects of the power plant's thermal

effluent or any other plant-related perturbations on the vertical,

horizontal, and temporal distribution and abundance of Montsweag 3ay's

ichthyoplankten. Relationships between the ichthyoplankton and tempera-

ture, salinity, tidal flow, depth of capture and time have been studied

in the bay and, as a control, in the Sheepscot River.

Methods

The pre.,anc sampl1=g regime began in March 1975 when the replicate

buoyed and anchored plankton net stations were discontinued and additional

sampling in the fors of plankton tows commenced (DeWitt and Shaw,1976) .

Suoyed and anchored net sampling stations (Hauser,1973) are designated

Montsweag South and Halftida South in Montsweag 3ay, and Sheepscot South (
,

and Bridge South in the Sheepscot River (Figure 30 ) . This stationary

sampling gear (Figure 39) is essentially that described by Graham and

|

Ira C. Oarling Center Ref. No. 79-7f
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i

1
4 Venno (1968), nodified to a three net system. Collections are made

semimonthly during February, Mt.rch, April, May, October and November'

(DeWitt and Shaw,1976), and monthly the rest of the year. Sampling is
1

]
done on nights when the fullest possible tidal cycle occurs between

sunset and sunrise. Nets are set and retrieved as close to slack tide

as possible and cod ends replaced between sets so that the gear fishes
i

separately both flood and ebb tides. Collections are field fixed with

10% buffered formalin and stored in 5% buffered formalin. Standsrd

techniques are used to pick, sort, identify and record the catch.

Temperature and salinity are measured at each nec level before and

after each set at each station.

All samples were taken in accordance with the NRC Technical Specifica-
,

tion 1.7E3 for Maine Yankee's operating license with exception of those

instances when ice prevented the sampling of Montsweag Station in February.

i No statistical analysis for 1979 was possible because of the time constraint

and the normal delay in computer entry of recently generated data.

Results and Discussion

The overall larval fish abundance for the spring of 1979 appeared to

be well within the ranges of those observed for Montsweag 3ay and the

Sheepscot River during the course of this study (Figures 40 and 41) . Spring
3

!
cotal abundance displayed the typical pattern. The three most abundant

species or species groups, the rock gunnel, the sculpin group and the Atlantic

herring were most responsible for the peak abundance in March. Rainbow

smelt and winter flounder larval abundances generated the majority of

the June total density peak.
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In 1979 rock gunnel abundances (Figures 44 and 45) in the bay and

river were the second highest recorded; 1973 densities were greater (Shaw ,

and DeWitt, 1979). Larval abundances for the sculpin group, comprised of

:hc=ccephalus cencaus, !!. Octodscamspinosua, !. accrylus and .Mghys

egi, were the highest observed in Montsweag 3ay and the Sheepscot

River (Figures 4w and49 ). In the bay the larval abundances for the rainbow

smelt (71gures 46 and 47) and the winter flounder (Figures 50 and 51) were

the lowest encountered. In the river rainbow smelt abundances were also

the lowest while winter flounder displayed its second lowest density;

1971 densities (Hauser,1973) were smaller.

Smooth flounder, an arctic-boreal species, is an estuarine spring

spawner (31gelow and Schroeder, 1953). It is a year-round resident of

the bay and the population is probably maintained locally since it is

virtually absent in the lower Sheepscot niver (McCleave and Fried, 1972).

This species was identified by Shaw and DeWitt (1978) as possibly having

been affected by the operation of the Maine Yankee power plant. Signifi-

(p < 0.05) yearly differences in smooth flounder larval abundancescant

were observed in the bay and not in the river (Shaw and DeWitt, 1973 -

Table S.4 5) sn 1979 the bay's larval smooth flounder abundance was

the lowest of all years studied (Figures 54 and 55) . With the single exception

of 1977, the trend after plant operation has been one of decreased larval

densities since 1973, when reliable identification was first possible.

Smooth flounder abundau.es have been fairly constant in the river, although

densities have decreased since 1978.

Atlantic concod are year-round residents and the desinant demersal

adult species in Montsweag Bay (McCleave and Fried, 1972). Targett and
i

McCleave (1973) reported that teccod could be excluded from a tidal cove |

! locsced just east of Young's Point in Montsweag Bay during su==ar daylight |
|
! l
! |

169
|
:



hours if the cove were artificially warmed. Tomcod was the only species

in Montsweag 3ay that appeared to nor= ally exist in waters whose tenpera-

tures approached or surpassed known charmal tolerance for its larvae,

19-20.9'c (katsman and Sparks,1924), and for the adult, 23.5-30.3*C

(Britten,1924; hntsman and Sparks,1924). Larval ccmcod, the result

of local mid-winter spawning, were identified as the second species

potentially affected by plant activity (Shaw and DeWitt, 1978). Its

abundance (Figures 56 and 57) in the bay's 1979 buoyed and anchored catch

was low (1975 was the only year lower). In the Sheapscot River, where densities

in general have remained more constant, the 1979 catch was also low.

Northern pipefish larval abundance for the bay and river continued

the decline which was initiated in 1977. The 1979 densities were the lowest

recorded (Figures 60 and 61). No lumofish larvae were caught in "ontsweag 3ay

for the second time during this study (1972 was the first) . In the Sheepscot

River there has been a trend toward decreasing lu=pfish abundances since 1975

(Figures 62 and 63). In 1979 Montsweag 3ay had its highest wrymouth densities.*

Both areas have displayed increasing densities since 1977 (Figures 66 and 67).

The remainder of the 15 most abundant larval species are presented in

Figures 42 through 71. For a complete tally of the numerical catch for all

species at each station and net leuc 1 and the percent of the total catch

by station and by species for the spring of 1979 see Table 74. For a summary

of pre-operatienal and operational numerical ichthyoplankton catches for

the buoyed and anchored sampling gear see Table 75.

In the end of March both the bay and river recorded their mrdmum

number of species caught during a sampling period for the study, 17 and 16

species, respectively (Figures 72 and 73). The total abundance, diversity and

evenness (Shannon,1948; Pielou,1966) all were within the ranges of those

observed during the course of the study.
!
!

l
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The bay's spring temperature range of 17.67'C, frem an average

level temperature of 0.02*C in January to 17.69'C in June, was thenet

highest recorded. This partially reflects cur recent ability to neasure

negative temperatures with our tempera;ure probe since this spring's

Bothupper average temperature was only the second highest obserted.

the bay and river displayed their highest salinity ranges of 19.04*/..

(f rom an average net level salinity of 27.72*/.. in late February to

8.68*/.. in early May) and 16.89*/.. (from 30.70*/.. in early February

to 13.81*/.. in early May), respectively. Otherwise the hydrographic

parameters appeared to be normal (Figures 74 to 81) .

Conclusions

The 1978 and 1979 smooth flounder data strongly indicate that 1977

was the exception to a now very clear and disturbing trend of decreasing

abundances in the bay since 1973. The 1978 and 1979 Atlantic comcod

abundances indicate the return of the temcod decline initiated in 1972

and interrupted in 1976 and 1977.
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(4& estf e)
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(usean ves)
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famerases pleaseb 1 0.41
useina me=Maa 1

f aalamata otteureads)
Omadamat.f tad W 4 u 3 13 9 4 29 22 14 12 9 6 144 0.93

1 0.41
Lanneema121am larmes 1

9.8.T. (emadeartf ame passes se U 16 31 31 65 H to 72 26 26 16 23 321 3.is i

tw ed flam)

Tes 1 317 373 506 ust use 920 4167 2223 839 3.31s 923 831 13476 99.9e

.
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| 2 e, .e 1 ., e 1.. u n.a 46.n 19.as ,9.,9
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Messelsal rest, total m f anght fee eneh Larven fish specise, and perceas apostes coupesities based em
tesel swat fee tae p-0=epersateeni persed from ausset "JT3 to Jues 1972 (Basser.1973), ans tae operastenalTanit 71.
port,ad free Jamessy 1973 to Jose i979, for the m t---s tiver . nueseweas,say ees.ory. F eceeces refer
to pse=opeeestanal data enly.

reew eret t ons& Peeted M rat t ocaA Por t oe

Jewees tsaa .ess. ee. & ipestes compoeastae ; Spectee comoesutee Iosaa es. zumer tcae

* 1PtCitS rssa c es aba 1Pamed = total :sece based se totat :sses : aisanc r ana _

?4esde piecessbe 1 14034 31.17 19.43 49583 1

(nest geanni)
Jhpes harweghe 2 11950 20.63 26.85 64432 2 i

1

(AcLantie herttas)
Joasane anertdar 3 41047 19.16 14.45 26493 3

thatmhem ensis)
Isolete Creep' 4 942 14.23 12.31 20639 4

1

. . . . 136a4 -
<

ly---pahe_
- |(Grisaty)

. . . 3622
iW. esseysme .

3*46 . |(Seertnere eselgia)
. . .

.v. se-- ,

3 .(Luosmere emelpla)
r(q& ope %g . . . .

' a

sneenesne sempts)
d S 3244 3.61 . . .

Fleumeee Geeme

. . . 3.23 8701 $
Pseudopteneesisesma amortesme

(Wiesses flameder) |
LLJpeeste passeest . . . 1.13 1967 7

(5meeth flamedee)
eigws!!a roserete 6 1033 1.79 2.04 3441 6

(ABeriteA cel)
Idparte opp. 7 859 1,44 .62 10'e4 L1

Waropaene emesod 4 433 1.13 1 17 1944 4(Sessasile)
'

Vlaarsa sese64/lereeta 9 494 ee 1 09 L416 9( Asiaasta teamed)

se suaoros.fse musioptery,sese 10 222 .49 .36 606 14 |:Radteced naaery)

A& 11sacere taa)
.'ed t.Amanthodse ensulissue 11 23 9 .43 .63 726 12

(tseymassas
f seeanne !wyreemeforese LZ 161 .24 .J4 104 16

(Saatettaany)
S epassane finadene 13 94 .17 .e4 1203 10
t
(asetnere pteefian)

34tctloneck Creep 3 16 54 10 .01 So 19

?se(<preig f lessenes 13 $3 .09 .6L 478 13

to $2 .09 .14 141 LS(t.ampf Len5
J. top 4samismes aJansonne

Jews crspeerte .emersmense 17 21 .03 .0S 91 17(Wiedewpamen

18 9 .42 .01 17 23($ae revent
Jadme morem.-

; (aalaeste ces)
19 6 .01 .26 606 14

Assiodysee op.
(Americae send leece)

*aragelabeme aseparenne 20 3 e.01 .33 6S 21

9(apo,&oesesfee plasseessies 21 3 e.01 .03 79 la(o.amerp

metaan ptanae) . .

intove ossaste? 22 2 e .01 .

s%ohelvorene esedPrsane
23 1 e.01 .33 64 20(Tauses)

(Feertease sesh1 Lag) . -

aurLameesas bstisisarser 24 1 e.01 .

Se6assas marve e 23 1 e.01 e .01 1 29(511eer basel

Vetdeastfied seestee - 24 .06 a .01 2 -(seef tens

.01 14 22
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(American potlesk)
. . .31 12 26
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(orun point)

wesJss wegsJ(a . . . e .01 9 23

( As taasta ellverside) . e .01 6 24
* *; aspeene meas 4stens t

(Deessed Steney)
. e 01 4 27

. .
diosa pe_ __ y

( Aleett es e.01 2 23
frevearts: tyneems . . .

(Atlaesse mesassent
JJeter esostses* . 2 . e .01 1 30

)(Ceeser esi) . . e.01 1 31
-.Perremyame neuens

Piseksase 6erarcellane . . . e .31 1 22(Sea Lamprev)

Deidentif tad f Lasttea . . . .11 184 =Ohanishes)

tJetdeesif tad Cedade . . . .10 160 .

UST (mandensified pieseo er . . . 2.00 3323 .

f ragmente of f Lan)

17,870 100.012 IJ0.G02 166.226
fatal

later testeses W_ - --Lane asseeshe (Crubty) w. J@"*J - -- ^ (1deghere etelpte). 9. emMPshe ($herthere scalpia), see

.we o ==rrer6 (meeseune ==1pta).z

Iataf Lestedes Isoyeest.: pise%se6 (Seesth fleenser) and Podendoplehromentes semesamme (Wister flameder).

Asp LasWes Apoltas J_ " (Founplas attahl-hk). Odetercetem .asuleemme Meepetae esiskletuk) J. whees!.widt

(*1=sepeated este -=) a.d a.agssu.e pi,iescu.e (stan,s uttalane).
_

n

Het tacles e to prweestenal ag later published by Es ear (1975).
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Figure 38. Sheepscot River and Montsweag Stations: 3. Sheepscot (SS)
Bay estuary syste:2 with 1. Montsweag (MS) 3 ridge (35)
sampling stations and diffuser 2. Halftide (HS)
location indicated. Inset
shows locations on the Maine 175
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Figure 39 . Normal fishing attitude of a Insert: Arrangement of vane, net hanger
single set of buoyed and and ring.
anchored sets for sampling
larval fishes and macrozooplankton Note: A fourth net, located on the bottom

in the water column (modified chain was disconcicued due to a
frca Graham and venno, 1968). high occurrence of grounding, makin:

.- - -- - - - - __. its data unreliable.
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1

Figures 40 74 Larval fish seasonality for the total catch and
.

the 15 most abundant species or species groups in
the Sheepscot River - Montsweag Bay estuarine system
from 1 April 1971 to 20 June 1979.

3
Top graphs are total abundances (no. of larvae /100 m )
caught in Montsweag 3ay and the Sheepscot River.
Sampling with towed nets began in April 1975.

Bottom graphs represent abundances by each station.

The species are presented in order of decreasing
abundances.

NOTES: ICE = Jan 1971. Montsweag Bay and Sheepscot River
Feb 1975. Montsweag station buoyed and

anchored samples (3+A) only
Jan 1977. Montsweag Bay (3+A) only

i Feb 1977. Montsweag station (3&A) only
|' Feb 1978. Montsweag station (3&A) only

Mar 1973. Montsweag station (3&A) only
Feb 1979. Montsweag station (3&A) only

Data not available because plankton samples wereNA =

not taken.

Jul to Sep 1972. Montsweag Bay and Sheepscot River
Dec 1972. Sheepscot River only
Dec 1974. Sheepscot River only

Density data not included because of faultyNI =

flowmeter readings.

Aug to Dec 1973. Montsweag Bay and Sheepscot River

'

|
,

I
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Figure 72. Montsweag Bay, 13 May 1971 to 20 June 1979. i

Buoyed and anchored larval fish data showing by sampling |

|period:
;

'

Totalnumberofspeciesoflarvaljishcaught (S)A
B Total abundance (no. of fish /100 m ) of larvae |
C Shannon's Information Theory Diversity Index (H'),

i

D Fielou's Diversity Evenness Index (J')

Designates periods when Hauser's grouping |
NCrrE: * *

(used until June 1972) of four species of Cottids !
!(|tjo:ccephalus canceus, M. cc cdecemspinosus, M.

secrpius, and TrigIcys curraji) and four species
of sticklebacks (Gastarcs:eus acuisatus, G. cheattarM,
ApeI ss re >"caus, and P.a:gitius purgitius) into just
two species groups, "sculpins" and "sticklebacks",
respectively, affected the "S" (number of species)
factor in the calculation of diversity and evenness

indices.

3 user's grouping
I Orcups broken down into six species CT = ,

'three species per each group)
NI - Data not included in these graphs i

NA - Data not available

|
i

<

,

1

210
|

;



,i ii' :I ,! 1 1

A 0 C O
79..

.r%n. M" m
. .

. . 'a79

.
. ".

l

m
't.

..

Ug
,g

g .

m c. 'o. .
.

. . '

. Yu.
. .

.
..

l7. . .. '9. .. 1

Y. ..
..

't.. '. ..
l. q og
lg

e.

d'. .
. .

. -

'a 7. .

n. . . '
7. i'. .
9.

. .

. . a1.
.

. . '
. '. .

't. *

wu .- ".. g_.

M*gu *u. g
/

f.<
g

.
'.

J 'o
.

'. ..
.

.
. .

'a 6

-@
.

. .
I

l'9. ..
. .
. . .

1.

Y. ..

Y. ..
. ..

). .Q.,
,. -.

g

. '
.. 'oy. 4m Y5=

. .

. .

. .
7

' 'i9.,.a i' *$4 . 1L . '. 'a.
. . ..

V. .. ..
. ..

M. g .g
g .

, . . ~ u.. 'o
!*' 14 . . iO

. k..
- '.. . 'A4. .. 7t.

. .
'9.

. .
1

Y. ..
. ... Y.

~-.
.

aM. ggg . , .
.

JL'o..
g

,
L.... '

.

'a 3. .. ". .. l' 7. .. 9.
c .. 1.

. 'a.
. .

'
. .. .

-

V.. ... 4gg
g -

.

.
i

.m A I.

.

Y2m
.~

..j ;. *=.<3 7 _z . l. 9 _. . '

. ;Y 1~ . . Y.

A . ..
. . V.B . . .'. . g-wU. l; wH g

| b
e A

g
.

.G - 'o.. '

,n. '
. .A . 'a.

. 8E .
7.

l..

W 9. . * b '. . .
* . .l . * 1

Y.* .S ...
'r..T . . '..N M| g

,

0..O .
'o 7. .

.

M
..

.
. . ' 9.

'a 1.

- - - - - - -
|

- - - - - - - _ -

2 2 t
$ c O0 O5 1$ IO 0 0 0 0 0 000 0 05 0 5

O5 O O 0 0 0 0 8 6 4 2i

3 2 f l

i Eoo \c.c.*n
i"g,zzl>d~x ~>t m"0 i> O '- dm id Oid j aoz4oznn4 av t 'ua ,

t g

uy



Figure 73 Sheepscot River, 13 May 1971 to 20 June 1979.
Buoyed and anchored larvel fish data showing by
sampling period:

Total nutter of species of larval jish caught (S)A
Total abundance (no. of fish /100 m ) of larvae3

C Shannon's Information Theory Diversity Index (H')
D Pielou's Diversity Evenness Index (J')

* Designates periods when Hauser's groupingNOTE: *

(used until June 1972) of four species of Cottids
(?+jc ccephalus asnaeus, M. oc cdecomspinosus, M.
scorpius, and MgIcys r.cTeji) and four species of
sticklebacks (Gasterostr.ts aculta:us, G. cheastandi,
Apeltas quadracus, and Pungitius pungicius) into
just two species groups, "sculpins" and " stickle-
backs", respectively, affected the "S" (number of
species) factor in the calculation of diversity
and evenness indices.

Uauser's groupings
Groups broken down into six species (Y = three
species per each group)

NI - Data not included in these graphs
NA - Data not available
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Figures 7/* to 77. Average water temperatures at Montsweag, Halftide,
Sheepscot, and Bridge stations for each net
level. For the Montsweag Lnd Sheepscot stations
data were taken from 11 August 1970 to 20 June 1979.
For the Halftide stations data collection commenced
on 13 !!ay 1971 while the Bridge station data ,

collection began on 1 April 1971. Average readings
were obtained from measurements made at each net
level before, during, and after each sampling period.

Figures 78 to 81. Average water salinities at Montsweag, Halftide,
Sheepscot, and Bridge stations for each net level.
Data collection dates and the method for arriving
at average readings were the same as above.

NOTE: Data collection before 8 June 1972 was made by Hauser (see
>

Hauser, 1973).

NOTE: The fourth net was discontinued for all stations in March 1975.

NOTE: As of August 1977 the salinomiter-temperature probe was
modified to read temperatures as low as -2.00*C.

NA - Data not available
I
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Figure 76
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David Dean and Terry Cucci
!

Introduction

3enthic communities are good indicators of environmental stress

conditions because of their fluctuations in abundance in relation to these

This particular study involves the :nonitoring of the benthosstresses.

at nine selected sites; six experimental stations in Montsweag Bay -

Back River area (MS-BR) and three control stations in nearby waters.

Figure 82 shows the nine areas currently being i=vestigated. The objective

of this continuing study is to reveal any effects the war: sed water dis-

charge from the Maine Yankee Noclear Generating Station has on the

benthic cot:munities in the local area of Montsweag Bay.
.

Methods

Benthic samples were obtained using a Fonar grab which removes a

volume of sediment frem an area of 0.05 m down to a maximum depth of

13.5 cm. At each station, three grabs are taken and treated separately.

A sediment sample is takan frem the third grab to be processed in the

laboratory. All grabs are washed through a 500u sieve to remove excess

sediment and preserved with 10% buffered for:nalin. Rose Bengal was added

to the formalin which stains the organisms and facilitates the sorting

|
1
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of the an%=1s from the remaining sediment and detricus. All organisms

are identified and counted for each separate grab at all stations. They

are then packed in 70% isopropyl alcohol and stored in labeled vials.

Sediment analysis involves the modifind ASTM standard 0422-51

method. The silt-clay fractions (<63u) are analyzed with a hydrometer

utilizing 100 grams of sediment dispersed with 10 ml (52) sodium meta-

phosphate. The sandy fractions (>639) are analyzed by weshing the

sample through a 63u sieve, even dried, and shaken through a series of

screens (2000,1000, 500, 250,125, and 63 microns) for 15 minutes. All

sediments retained on each sieve are weighed to obtain the size distribu-

tion greater than 63u. Sediment classifications were described according

to Shepard (1954) (Figure 83) .

Results will be discussed in two sections; intertidal stations which

consist of 4 experimental stations (31-I, 32-I, 33-I, B8-I) and 3 control

stations (35-I, 36-I, 37-I), and subtidal stations consisting of 2 stations

(32-S, 34-5) .

Results
!

Intertidal stations

Declines in total numbers of individuals were obsemd from March 1979

(8,442 individuals) to June 1979 (6,596 individuals) . A similar trend has

been observed in the last several years with peak abundances in late summer

(September) followed by a gradual decline from December to June (Dean and

Cucci, 1978, 1979). Several new species were recorded during sampling i

|

periods 39 and 40 Otarch 1979 and June 1979) and can be found on Table 76.
iSediment characteristics for 6 intertidal stations remain consistent i

with previous years (Figure 34) . The culy exceptien was at 3ailey

Cove (32-I) where a combined sand-silt-clay characteristic was observed.
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Previous data characterized this station as predominantly a silty sediment.

Two control stations outside Montsweag 3ay, Rum Cove (36-I) and Wentworth

(37-I), possess sediment characteristics more towards the sandyPoint

fractions.

Table 77 lists the most abundant species at all intertidal stations

for each of the four experimental and three control stations. Although

AgZacphana sp. was the most abundant species in both sampling periods

(39 and 40), it appeared in 5 of 7 stations in March 1979 and 4 of 7

stations in June 1979. Approximately 60% and 78% of the total number of

AgIccphcms sp. were encountered at 36-I (Rum Cove) for March 1979 and

June 1979, respectively. The only other station with relatively high

densities of AgIcopT:.m4s sp. was at 31-I (3erry Flats) where 25% and 20%

of the total number of individuals were found during March 1979 and June 1979,

respectively.

5: crys ccurus is another such species which ranks among the most

abundant species, yet it is predominantly found at 35-I (Baroneck Island Cove) .

Approximately 92% and 91% of the total number of individuals were found at

C!g-snsIZa crg4c c,35-I during March 1979 and June 1979, respectively. !

which ranked among the ten most abundant species in June 1979 was found

only at 37-I (74ntworth Point).

Those species whose distribution is widespread and of similar densities

among the intertidal stations are Ee:sremastus filifamia, Scolopsce sp.,

Strebicapio benedic:i, and Mccerna balthica.

Figures 85-94 illustrate mean annual densities (no. individuals /n ) of

some of the more dominant species found at all incertidal stations. It

=ust be noted that the results for 1979 are based only on the first two

quarterly sampling periods (39, March 1979, and 40, June 1979).
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Previous data characterized this station as predominantly a silty sed 1=ent.

Two control stations outside Montsweag Bay, Rum Cove (36-I) and Wentworth

Point (37-I), possess sediment characteristics more towards the sandy-

fractions.

Table 77 lists the most abundant species at all intertidal stations

for each of the four experimental and three control stations. Although

AgZeaphanus sp. was the most abundant species in both sampling periods

(39 and 40), it appeared in 5 of 7 stations in March 1979 and 4 of 7

stations in June 1979. Approximately 60% and 78". of the total number of

Aglacphc=us sp. were encountered at 36-I (Rum Cove) for March 1979 and

June 1979, respectively. The only other station with relatively high

densities of AgZccpfu::=us sp. was at 31-1 (3erry Flats) where 25" and 20%

of the total number of individuals were found during March 1979 and June 1979,

respectively.

."7: cry centus is another such species which ranks among the most

abundant species, yet it is predomNntly found at 35-I (Bareneck Island Cove) .

Approximately 92". and 91* of the total number of individuals were found at

35-I during March 1979 and June 1979, respectively. CIymensLZa torgiate,

which ranked among the ten most abundant species in June 1979 was found

only at 37-I (Wentworth Point) .

Those species whose distribution is widespread and of similar densities

among the incertidal stations are Esteromcatus filifcaris, SecZapZcs sp.,

Strebicapic benedicti, and Mcacma bcithica. 1

'

Figures p5dlustraces mean annual densities (no. individuals /s ) of

some of the more dominant species found at all intertidal stations. It

must be noted that the results for 1979 are based only on the first two

quarterly sampling periods (39, March 1979, and 40, June 1979) .
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Ag!cepharas sp. was the only species that had substantial increases

at the two sen:.ons where apprcximately 35*. of the total number were found.

A 110" increase in nean annual density was obseried at 31-I (3erry Flats)

and a 112" increase at 36-I (Rum Cove) . The only major decrease was seen

at B7-I (Wentworth Point) which can possibly be explained by a shift in

sediment characteristics from a silty sand in previous years and in March

1979 to a pure sand substrate in June 1979 in which no AgZacphcss were

obseried.

Perhaps the most interesting finding in sampling periods 39 and 40

(March 1979 and June 1979) was the sharp decline in ScrsbIcapic hansdicts.

The previous 2 years saw large increases in abundance at all stations

(Dean and Cucci, 1978; 1979); however, indications of a rapid decline in

S. henedicts abundance have been obser/ed at all stations for these two
.

sampling quarters in 1979. In Figure 93 similar declines were observed

in 1974 and 1975 at stations where, previously, its densities were extremely

high. These results seem to indicate cyclic occurrences of Streb!capic ,

|
'

henedicts in benthic communities.

Mean annual densities for Sd JP T!cStus [sii[C N 3 in the first half of

1979 show declines at all staticus except at 38-I (Long Ledge) where a 65".

increase in density occurred. Reasons for this increase at 38-I cannot

be explained at this time.

SecIcpics sp. densities increased at all stations except at 37-I

(Wentworth Point) where a slight decline occurred (Figure 92 ) . These

results support past conclusions that Secloples sp. is a dcminant species

in the benthic communities in and around Montsweag Bay - Back River.
J

Snali declines in mean annual densities were obserted for |!cc.mc bc!!hica
'

and Po!ydcrc sp. while fluctuations in densities were found with Hydrchic

rcetsni, ~7: cry: acatus, and Oligochaeta (Figure s 38-91 and 94) .
,
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During sampling periods 39 and 40 (March 1979 and June 1979),

several new species were identified not previously seen in past benthic

samples. A list of these species can be found in Table 76. |

Subtidal stations

In March 1979 a total of 904 individuals were found at both 32-S

and 34-S and 640 individuals from these two stations in June 1979. These |
|

totals show an increase in numbers from totals obtained in March 1978 |

(727 individuals) and June 1978 (524 individuals) A total of 130 and 78

individuals were found at 32-5 during March 1979 and June 1979, respectively,

compared to 774 and 562 individuals at B4-S during March 1979 and June 1979.

Sediment characteristics remained consistent with previous results at both

stations (Figure 85) .

Species diversity was much greater at subtidal stations than at

incertidal stations having a nean number of species of 33 in March and 30

in June at B2-S and B4-5 compared to a mean of 20 and 17.5 for March and June,

respectively, at the intertidal stations.

Table 78 lists the ten most abundant species at 32-S (3a11ey Point)

and 34-S (Phipps Point) f or March and June 1979. Perhaps, this list reflects

the abundance at B4-S (Phipps Point) since 99% of the total nu=ber of

Frionospio s:senstr:4pi and Arie* dea fsff:'eysi, and 93% of the total number

of Scoloplos sp. were found at B4-S. The nest deminant species at B2-S j
|

appears to be (in order of total number of individuals) Polydom Zigni (26),

Scoloplos sp. (25), Unciola irrcreta (21), and Ag?copim.4s sp. (18) . It

is difficult to determine any dominant species at B2-S with such small

numbers of individuals.

At 34-S (?hipps Point), Pr*{onosp ~o 3:senstr:4pi, Scoloplas sp. , and

Aricidec jeffreysi were the three most desinant species which agrees with

previous reports (Dean and Cucci, 1978; 1979). ,

I
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Mean annual densities for Scolep?cs sp. can be found in Figure 92.

A gradual decline at 32-S (3a11ey Point) occurred over the past 4

Conversely. at 34-5 (Phipps Point) a continuing increase in densitiesyears.

of Scoloplos sp. has been observed over the past 5 years. Decreasing

densities of Polydora sp. at 32-S (Bailey Point) with slightly increasing

densities at 34-S (Phipps Point) can be seen in Figure 91. Reasons for these

results are difficult to assess.

Declines in S0rshZcapio hanadicts densities at both stations can

possibly be correlated witn their declines at intertidal stations which

seems to be related to cy. ic abundance patterns of this species.

Conclusions

Results frem sampling periods 39 (March 1979) and 40 (June 1979)

suggest that the previously descri'oed comcunity structure of Serarc: cat.43,

Sco!cplos, and #ccccc still exists .tt the intertidal stations. Unlike

the past two reports (Dean and Cucci, 1978; 1979), Shblospio hsnedicts

has shown a ecmplete reversal in abundance at all stations which seems

to indicate cyclic abundances associated with this species.

Subtidal stations remain consistent in species makeup, however, it

was found that low numbers of total individuals at 32-5 (3ailey Point)

nade it difficult to assess dominant forms at that station. Friencapio

304dMs tP:4pi, 80050p108 sp., and APicidsc [s[[Psysi were the dominant

forns at 34-S.

Sediment characteristics r.cained similar to previous years for all

stations except at 32-I where a shif t to a sand-silt-clay characterization

occurred.
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Table 76. Addition to species list, !! arch and . Tune 1979.

PHYLLH Annelida
Class Polychaeta

Family Sternaspidae'

5ta W a scutata'

PETIUM Arthropoda
! Class Crustacea

Family Gammaridae'

MarinogarTrarus f *nnarchicus
Marinogarvtarus secarensia

,

i

4

-

-

|

!
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Table 77. Lists of the can most abundant species for March 1979
(period 39) and June 1979 (period 40). Only the seven !

intertidal stations are included in these lists. Means
for the number of individuals per station is indicated.

March 1979 (Period 39)_

f (# individuals / station)Soecies

289.71. AgIcephcr:us sp.
200.32. Scoloplos sp.

3. StrebIcapio benedicti 139.6
4 Heterer.astus filifcw's 127.9

108.35. Tnc:"jc acutus
88.36. Oligochaeta
36.47. Itecne sp.
35.18. Eydechic :otteni

9. .Vacema bcIthka 23.6

10. ?lereis virens 21.4

June 1979 (period 40)

2 (# individuals / station)Soecies

245.61. Aglacphcrus sp.
2. Eeteromascus fi?.iformis 194.1

140.93. SecIcplos sp.
4. Strebicspio benedicti 73.9

59.75. 011gochaeta
55.46. "7taryc coutus

7. .Yereis virens 23.0
8. :!accma balthka 21.9

20.69. Cycthura pclica
17.610. C!ymensIIc ecrg.u:tc
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Table 78 List of the ten most abundant species for the two subtidal
stations (32-5, B4-5) during sampling periods 39 (March
1979) and 40 (June 1979). This list represents a
combined total af the two sampling periods.

5 (i) individuals /stacionheriod)Soecies

137.01. Prioncepio atsanstrupi
89.82. Socloplos sp. 44.83. Aricidea deffreysi
11.54. AgZacphams sp. 11.55. Crch:menaZla minuta 7.56. Polydora lign~~ 7.07. Oligochaeta 7.08. Phocia sp.

7.09. Edctea montcaa 3.510. Unciola irrorata

23 2
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Figures 86-94. Mean annual density (no. individuals /m-) of
Hydrobia so::ani, Strebicspic benedicci, Maccnta
halthica, Socicylce sp., Estarcntastus filiforntia,
Aglacphan:ua sp. , Pciydcra sp., Tncz"j: coutus, and
011gochaeta found at all intertidal and subtidal
stations during the period from 1969 to 1979.
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|ENTRAINMENT MONITORING
1

l

Andrew K. Towt
|

1

Introduction i

j

The objective of this study is to identify and enumerate meroplank-
|

ton (including ichthyoplankton) entrained by the condenser cooling water

system at the Maine Yankee Nuclear Generating Station. Entrainment !

q monitoring began in 1972. Starting July 1979, discharge sampling and

mortality assessment were discontinued. Data presented in this report

are from 1 July through 31 December 1979. Sampling was not conducted

during the September shutdown.

I Materials and Methods

Ichthyoplankton and zooplankton samples were taken from the intake

waters between the trash racks and the traveling screens. Zooplankton

samples wert collected senimonthly (monthly dc;ing December) by sus-

pending a weighted 30 cm, 76pm mesh net in the intake waters for 15

minutes. Ichthyoplankton samples were collected semimonthly from October

through November and monthly from July through September and December.

For ichthyoplankton,a weighted 50 cm, 363p mesh net was suspended in the

intake for 60 minutes. On 24 October an experimental 120 minute ichthy-

oplankton sample was taken to note any variability resulting from a
,

lengthened sampling period. General Oceanic digital flowmeters were

mounted in the mouth of each net. Upon completion of each tow, the sam-

ples were washed from the net into containers of 5% buffered formalin.

1
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| During each sampling period temperature and salinity were measured

with a Beckman RS-5 field salinometer. Also, a water sample collected

at the sampling site was analyzed for dissolved oxygen using the Azide

Modification of the Iodemetric Method (Standard Methods for Examination

of Water and Wastewater, 1965).

Samples were analyzed by Marine Research, Inc., Falmouth, Masca-

chusetts. Each sample was reduced in volume to 50-100 mis by allowing

the sample to settle. Samples were then vigorously shaken to insure

that all solid material was randomly dispersed. Three 1 m1 subsamples

were taken from each aliquot and analyzed on a Sedgewick-Rafter cell.

Because of the taxonomic difficulty with bivalve larvae these
,

data are presented according to generic groups.

Results

Physical Data

Salinity, water temperature and dissolved oxygen measurements

varied throughout the reporting period (Table 1). Salinity was highest

on 9 August (25.8 0/co) and lowest on 29 November (19.6 0/oo). Water temper-

ature ranged from 21.1 C in July to 1.7 C in December. Dissolved oxygen

peaked at 8.1 ppm in December and reached a low of 5.5 ppm during July.

Zooplankton

From 12 July 1979 through 20 December 1979, 16 meroplankton taxa

representing seven phyla were collected. Table 2 lists individual

and total catch densities.

2
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Total catch densities varied throughout the sa=pling period from

3 3a peak of 8370.8 larvae /m on 9 August to a icw of 169.3 larvae /m on

29 November. The greatest sampling period densities cccurred in

3 3August (S370.8 larvae /m and 6492.3 larvae /m ) as a result of large

polychaete larvae catches. Throughout the su=cer months polychaete

larvae represented greater than 80% of the total catch except on 12

July when they constituted 65.1% of the total (Table 3).

Total catch densities decreased during fall sampling. Harpac-

ticoids were the dominant fall taxon. Polychaete larvae accounted for

less than 11" of any sampling period catch during the fall, except forf

20 October (26.4%). Polychaete larvae, harpacticoids and bivalve

larvae, were the only taxa to constitute more than 20" of the total

sample catch in the summer and fall collecting periods.

Species abundance and diversity varied throughout the sampling
i

period. A peak of 10 taxa were represented in the 12 July sample. A

low of six taxa were found in the 29 November and 20 December catches.

Species composition per sample varied from polychaete, gastropod, and

bivalve larvae being present in every sample to =ysid and crab =cea

being present in only one sample.

31 valve larvae taxa composition per sample is presented in Table

4. Entrained bivalve larvae were keyed into one of four genus

groups, or listed as unknowns if taxonomic identification was not -

possible. The most abundant bivalve group was the I. cst /icardi:c?: -

SpisuZc - 1*gc - AictaE!c - Ensis - Anda - Ahlinc group, representing

36.7% of the bivalve larvae captured during this reporting period.

Except for 29 November, this bivalve group was present in every sample.

1
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3e Macio!us - Mgri!us - Mercincr**c group was the second most

abundant bivalve group representing 35.6% of all bivalve larvae cap-

tured. This bivalve group was present in all sa=ples through October,

but absent in the November and December sa=ples.

Both the Anc *-m - Arg:yearin - ?itar and the Pe:ricola - Spiauia -

Fi cr groups were present in only one sampling period (12 July

and 9 August, cespectively). Both groups accounted for less than 10"

of the total bivalve larvae captured during the reporting period.

Entrained eggs reached a peak density of 5045.1 eggs /s' on 23
i

August. Eggs were not present in any post August sa=ple. lierarinc

sp. was the only egg taxa identified.

Ichthvoulankton

Entrained ichthyoplankton larvae species co= position and abundance

is presented in Table 5. Included in this table are species that were

not present during this reporting period, but were present in the first

half of 1979. From 12 July 1979 through 20 December 1979, 25 fish lar-

vae from one species (C!apec hcrengua) were collected in seven samples. ,

C!apec larvae did not appear until the October sample and then

steadily increased in abundance through every subsequent sa=pling.
3

C!apec herengus peak abundance occurred in December (3.81arvae/100m ).
3

Fish eggs were only present in the August sample (16.7 eggs /100m ).

a

_ _ _



Table 1. Water temperature, salinity, and D0 measurements, July
through December 1979.

1979 Sampling Salinity Temperature Dissolved 02
Dates 0/co CC ?.P.M.

12 July 25.2 18.3 7.6

26 July 25.2 21.1 5.5

9 August 25.8 20.8 8.0

23 August 24.7 19.3 7.3

2 October 25.6 14.4 7.8

24 October 23.1 14.0 7.3

13 November 20.7 11.9 7.1

29 November 19.6 9.7 7.6
i

20 December 25.4 1.7 8.1

.
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Entralsunent densities July 1979 through liecember 1979, nmuher of zooplankton per cubic meter.Table 2.

7 Jul 26 Jul 9 Aug 23 Aug 2 Oct 24 Oct 13 Nov 29 Nov 20 l)ce

Phylum Annelida
Polycleaete larvae 643.7 436.1 6838.5 5909.0 110.7 93.4 19.5 1.4 8.7

Phylum Arthropoda
Class Crustacea
Subclass Copepoda

lia rpact icoids 142.4 67.1 784.8 0 182.1 1511.9 107.3 129.9 1356.8

Subclass Cirripedia
llarnacle nauptli 147.0 22.4 0 0 0 4.9 0 0 0

Harnacle Cyprid 0 2.2 12.5 11.8 0 0 0 0 0

Subclass Malacostraca
Superorder Peracardia

Unidentified gauunarid 0 0 12.5 5.9 2.4 2.5 0 5.6 0

Unidentified anysid 0 0 12.5 0 0 0 0 0 0

Superorder Eucarida
Decopoda larvae 5.7 2.2 0 0 0 0 0 0 0*

Crab Zoea 2.3 0 0 0 0 0 0 0 0

Phylum firyozon
Cyphonaute larvae 1.1 0 0 0 3.1 29.5 18.8 29.6 34.9

Phylum Chordata
chordata larvae 5.7 0 0 11.8 0.8 0 7.5 0 0

Phylum Coelenterata
Unidentified medusa 0 1.1 0 0 0 2.5 0 0 0

Phylum Hollusca
Blvalve larvae 23.9 6.7 685.1 .536.1 110.7 93.4 19.5 0 8.7

Gastropod larvae 12.5 2.2 24.9 11.8 1.6 27.0 3.0 1.4 109.1

Phylum Platyhelminthes
Unidentified Turbellarian 4.6 3.4 0 5.9 7.1 0 5.6 0 4.4

Total 1.arval Density (m ) 988.9 543.4 8370.8 6492.3 418.5 1765.1 181.2 167.9 1522.6
3

1.ittorina sp. eggs 33.0 3.4 12.5 11.8 0 0 0 0 0Eggs

Unidentified eggs 84.3 21.2 5032.6 2904.4 0 0 0 0 0

Total egg density 117.3 24.6 5045.1 2916.2 0 0 0 0 0

1
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Talit e 3. Zooplankton larvae % composition liy sample 12 July 1979 to 20 liecemlier 1979.

.

12 Jul 26 Jul 9 Aug 23 Aug 2 Oct 24 Oct 13 Nov 29 Nov 20 Dec

Polycliaete larvae 65.1 80.2 81.7 91.0 26.4 5.3 10.8 0.8 0.6

liarpacticulds 14.4 12.4 9.3 43.5 85.7 59.2 77.4 89.1

llarnacle naupill 14.9 4.1 0.3

Barsiaele cyprid 0.4 0.2 0.2

linidenti fied gannarid 0.2 0.1 0.6 0.1 3.4

Unidentified mysid 0.2

Decopoda larvae 0.6 0.4

Crali zoca 0.2

Cyptionate larvae 0.1 0.7 1.7 10.4 17.6 2.3

Cliordata larvae 0.6 0.2 0.2 4.1

Unidentified medusa 0.2 0.1

liivalve larvae 2.4 1.2 8.2 8.3 26.4 5.3 10.8 0.6

Castropod larvae 1.3 0.4 0.1 0.4 1.5 1.6 0.8 7.2

linidentified Turliellarian 0.4 .0. 7 0.2 0.1 1.8 3.1 0.2

u
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|MEROPLA. KTCNV

Glenn E. Nutting

Introduction

Plankton populations in the Montsweag Bay - Back River area have

been sa= pled since 1969. Beginning July 1979 the scope of the plank-

ton monitoring program shif ted from holozooplankton studies to mero-

plankton studies. The objective of the sampling program is to assess

the effects of Maine Yankee operations on the composition, abundance,

and seasonality of local meroplankton populations. Results of the

Montsweag 3ay studies are compared with si=ilar data collected from

the Sheepscot River. Reported herein are data collected from 1 July

through 31 December 1979.

Materials and Methods

Plankton were sampled at stations S2, M2, M3 and M4 (Figure 2).

Sa=ples were collected semimonthly, except for Dece=ber (menchly).

All stations were sampled on the same day, during daylight hours at

various cidal stages. Three to five minute oblique cows were made
2with a 75 pn=esh net of 0.5 m south diameter (=outh area = 0.196 m )

equipped with a centrally =ounted flowmeter. Saat speed during tows

was 1 to 2 m/sec.

If sample density required it, samples were split with a labora-

tory splitter designed by Marine Research Inc. , Fal=outh, Massachusetts.

The samples were reduced in volume to approximately 50-100 ml by

10

1

|

l
,

a



!

allowing the sa=ple to settle and siphoning off the ani=al-free pre-

serving solution. Subsamples were analyzed from this volu=e. In

sixing samples for subaampling two 100 ml beakers were used. The

sample was poured vigorously from one beaker to th_ scher twenty

ti=es to insure that all the material in the sa=ple was resuspended

and randomly dispersed throughout the volume of the sample. Three

1 sl samples were analyzed on a Sedgwick-Raf ter cell to count and

identify the meroplankten. Species nu=bers were recorded on =ultiple

tally counters and then transferred to data cards, together with

other salient data such as final volume and splitting factors. Total

numbers of the various organis=s per sample were calculated.

Results and Discussion
2

Meroplankton data for stations 52, M2, M3 and M4 are shown in

Tables 6 and 7, and Figures 3 through 6. Identification of those

taxa shown in rigure 6 began in July 1979 when program e=phasis

shifted from holoscoplankton studies to =eroplankton studies.

During the present reporting period bivalve larvae, polychaete

larvae, and cirripeds decreased in abundance as cocpared to previous

years (yigure 3 through 5) . On a per station basis the greatest

=onthly density das recorded at M4 during August. Peak abundance

at M2 and M3 was during September, af ter which ti=e polychaete

abundance continually declined at all stations through Dece=ber.
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Cirriped larvae abundance peaked in July at S2 and M4 and in

August at M2 and M3. At all stations cirriped abundance sharply

declined frem August through December. In prior years several

secondary peaks were observed during this period, although during

most years (including 1979) no larvae were collected in December.

Bivalve larvae density was greatest during October although

historically peak abundance has occurred during the summer. At all

stations larval densities fluctuated throughout the reporting period

with no distinguishing trends. Bivalve larvae were absent at M2 and

M3 during September and December, respectively.

Percent composition of selected bivalve taxa collected in the

Montsweag Bay - Back River area are shown in Table 7. Five genera

were collectively grouped in the table (NVc group) because their
.

early larval stages were indistinguiuhable. Mgc crer d and

NVeilus ada!ia are two commercially 1: . tant bivalves found in the

M. adalis was found from July through October, prinarilyarea.

at S2. At the other stations M. eda!ia larvae appeared in the col-

lections on two or fewer occassions (absent at M2). Individuals of
,

the NVc group were onl/ found during August at M4.

Ar.od c si.-cle larvae were most ec mon at all stations from
|

September through November. Periodic do=L'ance was observed at S2' i

and M4 in September, S2 and M3 in October and 52, M2 and M4 in
\

November.

Modiolus damiscus were found at all stations from September

through November and on a limited basis during the remainder of the

reporting period. At S2, M1 and M4 M. dadacus dominated the
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collections on four of the eleven sa=pling dates while at M2 M.

deriscus accounted for the highest relative abundance on seven

occassions. The average =enchly abundance of M. de~~scus exceeded

that of all other species during October and November at all stations.

Abundance of several taxa collected during the reporting

period are shown in Figure 6. Harpacticoid density peaked in late
;

summer and early fall. Abundance re=ained relatively high through

December. Cyphonaute larvae abundance also peaked during the fall.

Crab zoea were most cocson at M2 during August. Zoea abundance

sharply declined during Septa =ber after which ti=e no crab zoea were

found. Decapod larvae showed a te= poral and spatial distribution

similar to crab zoea. Gastropod larvae were co= mon from July through

December with several periods of peak abundance at each station.

litrarinc sp. eggs were present from July through September, with

a peak abundance occurring in August.

I
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Figures 3 through 6. Population abundance of
selected species at four stations, October 1969
through Decenber 1979.
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BENTHOS

Glenn E. Nutting

Introduction

The objective of this report is to summarize benthic grab data col-

lected during 1979 and to compare these data with data of prior years

to evaluate Maine Yankee's i= pact on the sedentary benthic fauna.

During the March and June 1979 sampling periods the benthic inverte-

brate co=munity was monitored at six experimental stations in the Mont-

sweag Bay - 3ack River area and at three control stations in nearby

waters (Figure 7) . Starting in September 1979 36-I was the only con-

trol station sampled. The other two control stations were discontinued.

Materials and Methods

Benthic samples were collected using a Ponar grab which removes
2a volu=e of sediment from an area of .05 m down to a =axiuum depth of

i

13.5 cm. At each station, three grabs were taken and segregated for

analysis. All grabs were washed through a 305u sieve to remove excess

sediment and preserved with 10% buffered for=alin. Organisms were

identified and enumerated at the icwest practical taxonemic level.

Results are discussed belcw in two sections; (1) intertidal sea-

tions which include four experimental stations (31-I, 32-I, 32-I, 38-I)

and three control stations (35-I, 36-I, 37-I) and (2) subtidal stations

(32-S, 34-S).
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Results and Discussion

Intertidal stations. The total number of individuals declined

from March 1979 (8442) to June 1979 (6596), although collections

during both periods were higher than recorded for corresponding periods

in 1978 (March, 5849; June 4267). In September 1979 a total of

31,104 individuals were collected, the highest total ever recorded

during the Septeiber sa=pling period. Following the September peak

a decline in total abundance was observed in December 1979 (21,961)

which was, however, more than a two fold increase over the total nu=-
,

ber in December 1978 (9186). Relative abundance during 1979 follows

1 a similar trend observed during the last several years with peak

abundance in late su=mer (Septe=ber) followed by a gradual decline
;

from December to June. During 1979 several new species were collected

(Table 8).
1

l

Table 9 lists the =ost abundant ta:ca by density (no. organisms /

m ) for each sampling period. Agkaph.c:rus sp. dominated the catch2

I during each sampling period with over 82% of the individuals collected
|

| at 36-I (Rum Cove). Station B1-1 (3erry Flats) was the only other ses-

tion where Agkoph.c=4s sp. was commonly found (17% of total Agkeph.cr.a

catch). The genus Agkaph.cr.4s includes a new species A. nectenas des-
.

cribed by G. S. Noyes in 31clogical Bulletin 158(1):103-177. February

1980.

hj: ccatas and Chr: ens!Ic Ocrc. crc were two ce==only collected

species which also had a li=1ted spatial distribution. T. acuras was

33
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I

,

1

!

predominantly found at BS-I (3areneck Island) . At this station over

90'; of the catch was T. caut:4s during both March and June 1979. Cly-

mansI!c corqucta, common during June 1979 was found only at 37-I

(Wentworth Point).

Estercmastus fitifc mis, Scotcphs sp., Sirebhspio hansdiari and

Mcccmc hchhica were characterized by their widespread distribution

and similar densities among the intertidal stations with exception to

36-I where abundance of these species was low. Fosydorc sp. had similar

densities among all intertidal stations.

2
Figure 8 illustrates mean annual densities (no. individuals /m ) of

the deminant species found at all intertidal stations. Data from

stations 35-I and 37-I for 1979 are from the first two quarterly sam-

pling periods (39, March 1979, and 40, June 1979). These stations

were deleted following June.

Aglcoph=:us sp. density at 31-I and 36-I increased four and seven

fold respectively ecmpared to densities for the same stations in 1978.

The only substantial decrease in abundance was at 37 where no Ag!cephc-.

n.43 were found. This =ay have resulted from a shif t in sediment characteris-

tics, from a silty sand in previous years to a pure sand substrate in

June 1979.

Mean annual densities for Esterc-cstus filifs2 mis show two-fold

increases at 32-I, 33-I, 38-I compared to 1978 data at these stations.
2Density at 31-1 (14.98.3/m ) was slightly less chan the density in

1978 (1633.3/m ). A downward trend in abundance is evident frem 19762

to present.

34

. - - _



A sharp decline in density of Strehtospic hensdicri occurred at

31-1, as compared to the previous three years. S. hensdicri abundance

at 38-I increased = ore than two-fold over the previous year. Abun-
2 2,

dance at 33-I increased from approximately 3000/m to 4953/m . As

shewn in Figure 8 declines were observed in 1974 and 1975 at stations

where previous densities were extremely high.

Secloples sp. densities increased one and one half to two-fold

at all stations (Figure 8 ), supporting past conclusions that Sucloplos

sp. is a dominant species in the benthic coccunities of Montsweag

Bay - Back River. Small declines in mean annual densities were ob-

served for Maccmc Sc!chio: (except at 31-I), and Pblydcrc sp. , while

fluctuations in densities wete found for Eydrebic totreni and .9.c:je

couras. Substantial increases in densities were observed for Oligo-

chaeta, with the exception of 31-I.

Subtidal stations. Total numbers of individuals found in 1979
a

at both 32-S and 34-S were 904 (March), 640 (June), 3470 (September),

4409 (December) . These totals show an increase in nu=bers as compared

to 1978. *

Species diversity was greater at subtidal stations than at inter-

tidal stations. Total species abundance at the subtidal stations (33

species) was 50% greater than found at the intertidal stations (22

species).

Table 10 lists the ten =est abundant species at 32-5 (3ailey ?oint)

and 34-S (Phipps Point) for March through Dece=ber 1979. At station

32-S 99% of all Priencepic sesanstr:ci and ,tricids: isffreysi were found,

while 93% of all Sdclop!cs sp. were found at 34-S during the March and

35



June sampling periods. &~onospio stsens 2".tri was not found at either

subtidal station in September or December. Ninety-seven percent (97%)
.

of all Ampelisec chdita were collected in September. A. chdita abun-

dance increased substantially over 1978 levels.

Mean annual densities for nine species are found in Figure

2
8. Sdoloplos sp. density at 32-S (301.7/m ) increased to 1976 and

1977 levels following a decline since 1976. Conversely, at 34-S

(Phipps Point) a continuing increase in densities of Sdoloplos sp.

has been observed for the past six years.

Increases in 011gochaeta, Estermas:as filifor-:,*s, AgZcepi: =4s sp.,

and Streblospio benedicti densities at both subtidal stations corres-

ponded to increased abundance of these taxa at several incertidal

stations. Conversely, decreases in Folydorc sp. at B2-S vere similar

to this taxa's abundance at all intertidal stations.

|
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Tablo 8. Addition to spicias list, sa=pling psriods (39-42) of 1979.

PHYLUM Annelida

Class Polychaeta
-Order Spionida

Family Paraonidae
Aricidea oc hcrince

Family Spionidae
Pricncepio cristata
Spic setosc

Order Sternaspida

Family Sternaspidae'

. Sternaspis se:tsta
Order Cirratulida

Family Cirratulidae
Chaetozone sp.

Order Sabellidae
Family Sabellidae

Lacncme sp.

! Order Capitellidae

Family Capitellidae
Medicmascus ambisetc

Family Opheliidae
Cphelinc ac:crinata

Order Phyllodocida

Family Phyllodocidae
Phyllodcce crence

Family Sphaerodoridae
Sphaercdcropsis sp.

Family Netihtyidae
Agicopb m s neocenus

PHYLUM Arthropoda

Class Crustacea
Order Amphipoda

Family Corophiidae
Corcphium crcasicorne

Family Ischyroceridae
ricssa falac A

Fasily Photidae
?hatis macrccccca

Family Gammaridae
Marinegc=ct:ta fir:crchic:ts
Marincgamm s:cerensis
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Table 9. List of ten most abundant taxa for March, June, September,
December 1979. March and June include seven incertidal
stations; September and December include five intertidal
stations.

2
March 1979 (Period 39) Density (No. organisms /m )

1. AgIcephc=us sp. 13519.3
2. SecIcp!cs sp. 9347.3
3. Streblossic benedicti 6514.7
4. Ee ercnt5itus filifcMe 5968.7
5. Tharj: caucus 5054.0
6. Oligochaeta 4120.7
7. Stecns sp. 1698.7
8. Eydoch *.c totteni 1638.0
9. Nccome ScLchica 1101.3

10. Jereis virens 998.7

June 1979 (Period 40)

1. Ag!ccpba sp. 11461.3
2. Hetercnca:us filifor-:*.s 9058.0
3. SecIcples sp. 6575.3
4. StrebIcapic benedicci 3448.7
5. Oligochaeta 2786.0
6. Thary ccutus 2585.3
7. Nereis virens 1073.3
8. Maccma bci:hica 1022.0
9. Cya: hum polita 961.3

10. C!ymenella tcrgucca 821.3

September 1979 (Period 41)

1. AgIcephamus sp. 71916.7
2. Streblocric benedicti 46603.3
3. Ampetisch cbdica 22080.0
4. Eereromcstus filifc M s 19173.3
5. SecIcpIca sp. 16550.0
6. Oligochaeta 13286.7
7. Ne=atoda 10566.7
8. Stecne sp. 3366.7
9. Cdos:M c sp. 3090.0

10. Cyc h:c.c polita 3020.0

December 1979 (period 42)

1. Ag'.copi m s sp. 44733.3
2. Cdcatcmic sp. 22046.7
3. Estercmas:as filifc M s 19246.7
4 Strebicapic benedia:i 14480.0
5. Ge=c ge=c 14206.7
6. SecIcplos sp. 11580.0
7. Oligochaeta 3726.7 ,

S. Itacne sp. 2706.7 |

9. ?gathura poli a 2373.3
10. Ne=ateda 1906.7-

38
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Table 10. List of the ten cost abundant taxa for the two subtidal
stations (32-S, 34-S) during 1979. The upper list repre-
sents a combined total of the sampling periods 39 (March
1979) and 40 (June 1979); the lower list represents a com-
bined total of the sampling periods 41 (September 1979) and
42 (December 1979).

2

March and June 1979 Density (No. organisms /m )

1. Prionospio s;eenstrups 3653.3
2394.72. Scoloplos sp.

3. Aricidec sp. 1194.7
306.74. Agscephamus sp.

5. Crchcmenella minuta 306.7
200.0?olyd' rc Ligni6. o
136.77. Oligochaeta

8. Photis sp. 186.7

9. Edotea mon:csa 186.7

10. UncioIc irrorcrc 146.7

September and December 1979

1. Ampelisec chdita 11533.3
2. Aricidec sp. 10080.0
3. Screblaspio benedicti 6293.3
4. AgIcophanus sp. 6266.7
5. Scoloplos sp. 4573.3
6. Nematoda 2913.3
7. Oligochaeta 2393.3
8. Eetercmas:us filifam *a 940.0
9. Unaiola irrorata 580.0

10. Asabellides ccular 506.7

l
1

l

39 j
!

)
1

.



.

. - |
.. ..

Figure 7. I.ccation of benthic sar.pling f ff' * 69' 35'W.

stations and the control station, .? FJ ' .. -

I

%'4, for the vor:2 study. f $f !.*
.- c.

J' p.. / ,' ~. W.4
~ ~ ~

-
..

-

-Q;(I = Intertidal station -

* '

S = Subtid.11 station . , . .:.:. ''
. <.

.:. .
.,,.. .. *

: L .* * * ..s .\

* 4f.' -f.' t. C ,:. -i:.L
..'::- . . . . ' . ., ::. ::2 :

?..
:; - .,a

-
- ... .-

. . .:-.
- G.. -

. .

* :.: *. . .* .

. . . . . , ' ,6~*

::. 44oco' N -
.

. --

.3 .-

.. .7
- ' e- .. .-.

s ,;

( B | -I) f f:-;* N . : ' ''
* *

..

I-BERRY FLATS ' ;Y | ,j. '. *5
*

-

.

A -
.,

, :: 2 .
.

. . . n
1:d , ~:,0 .ti y , ';..,

..- : -
*

.te
. M' . :( 82 -I)

-

. , . .

I- B AILEY C.OV.E,!- |d- 7:t
-.

.' . . ' C* -
~

.

!:. .
..g ':- :. q jf ,. (88-I):. . - : .,- . . , . -: .: :..

. .;: .t - '

. , .
-.$ I-L0NG LEDGE . ~. , . .:';

,i.-.'. ; :i.f
-

. . . ~ , ,::.: ,

, . . . . .. . .

- . . . ... .:: .y a. ,-

. !.(B6-1$; &,.
.

t *
. 4 s. ; * * *.;

- :.'.;- .. |7. .Y:r' .' : ..;:
.

.- .. .-

.w. ; ,]e
.

--

b--
';: '.

. .. -

.F: r.t-RUM -
.; ... "

.

9.'.COV.E,? ? * I-WENTWORTH.,..J: . *F ::/. .(8 3 - I)
-

I-O AK ISLAND. .j7 B2-Sf: . ' '; <J ** " ../.-a :(f . . S. POINT , ,:-

P T.j ,Y.J
ILE .r-

:COVE 4 .

:
-f:; t, (g7 1) ' , . 4-

. -

f .,./ e-''
. . ' , . -

. .. . ,s. . g.::
--

,- ,4,
4. .

... .. c '

,.: .: :.
-

# 6
.. .

f.i h ;;.L ' '
.

-
*

.:.?." :s; :: ,1c ; .' .

u ;.- - . : .~. . .

,
-

. -oa:
.

.i : .,:;: . -

:s V': F %
.

. ~g :: :
;1: q .;i.

.- a :;. . .+ . . k .:..

.

,:. ;.:: *.,f lu'
.

' , [y
..t

.

1 -
' .1 . ,. ' bi@ ::4 z*

.:- .
.

.. .. *':V. . , ' ' . ::.;. g
!.. . fM ;;:

.c -. *,:.- ** * *

: ::. 85 -I) + . 7 +,s - . ..

s?. 2 . 5 .* "'as
- - . .:

'' BARE B4- Sle
Q:..

.

.

- nn -

.- 1
> . NECK \

<: g _ og ..
- -': - ..a.

;.-i T -g j; ,. SCALE . t.
'

:N OVE'@ ' %.PHIPPSA . ' , ,
-

IS.
-

o ;::.s.:!;",
. ,

,.,i
.

.:: 1:1II,O00 . b.)~

PT. tu
@ v .<. . . . . :y

**, % H-
,

. .o
'

m 1: . :s. :' '' . :':L~

'

.f- '. , .%.
,:- \

k c,,,, f. ,E,
* * * '

t.u
.

4.?.:
:..

r -.
a. - .

n -:~ .~...c<
-

. .. 1 ::
.

h / 'E:: f, , ,8,
* **

$
.

,*,~.,,?.. :- ' >:.,
.

y . :: ~ ** . *.,p ..* 4: :. . U =.*.=;. %:
.

,:rs L.
,

. * . . . ..s-

*|.
r;*,;,g :*-'.,*.*/..Lv/

..
f.y . . .

-v- e .. .-
-..*s ., . . e., *:w .

*.
6- :. o :. .: :..i.. .;* - .'

,y .. ; ,: --+ .::r. ...5., N-,:: .
a... .

s g 9. . . . g ...-
, .:.- ...

.: .

.fR( - . .b.:' ?:':
-:! , ::o

-

..

y n- r:n
.

.:*

i.., . ..|HU- -

. . F .4..s' .'c ~g...

^ W W:.H.,.. .::'\ ] E ':'.-| 5
.

.? + . * . .;-

, [u. "Ik . . ' . . , .i $
'
*

A
..

g. :.@ orT..

. . : .4 . ,g. :p
.

,

..

40



-- _

i

!

!
,

a

'!

Figure 8. Mean annual density (no. individuals /m,) of
Eydrobia to:tani, Strebicapio benedicti,
Maccma hatthica, Sociopics sp., Eetarcmast:ts
filifamis, Aglacphamus sp. , Polydora sp. ,
Taary: ac:4tus and Oligochaeta found at all
intertidal and subtidal stations during the

period frem 1969 to 1979.'
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CCMMERCLU'Y IMFCR*.L'C IN7IR*I3RA*IS

Glenn E. Nutting

Int:cduction

~he objective of this study is to =enico: local populations of

several ce=nercially i=portant inver:ebra:es in the Maine Tankee area.

Species involved in this study include blue =ussel (l.'j:5!us edulis),

bloodwor: (GIycerc dOrc: chic:c), sandwo:= (Jereis virens), A=erican

lobs:e: (H=.ms c~ericanus) , and rock crab (Cancer ir:'erc:us). ~his

covers sa=pling periods fr:= March 1979 through Nove=ber 1979.repor:

Materials and Methods

Blue Mussel
.

31ue =ussel were re=oved once annually (Nove=ber) fr = two nearly

vertical, rocky incertidal areas (S:ations M1 and M2, Figure 9).

Five 0.1 =* quadra:s were rando=17 placed approxi=a:ely 1.5 = below

MEN at each location. All =ussels found within the quadrats were re-
i

:urned :o the laboratory for shell length =easure=en:s.'

? 10: to Nove=ber 1974, four stations were sa: pled three ti=es a

year. Due to the unnatural deple: ion of :he local =ussel populations,

believed to be caused in par by the saapling =ethod used, stations M1

and M2 were sa= pled once annually with Mi serving as :he Men:sweas Bay

centrol sta:ic=.
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$ 31oodworm and Sandworm

A ce=mercial wors digger collec:ed samples during spring, se==er

and fall on :idal flats at four locations in Montsweag 3ay and one

control location in Cush=an Cove (Figure 10). Worms were dug with a |

standard bai:-diggers fork at three 10 s long x 1.25 s wide in:ertidali

i

levels (lew, siddle, high) along a ::ansect established at each sts-
,

|,

tion. All exposed bloodwors and sandwor=s includit.g frag =ents were
4

|
collected and ceparated into labeled c=ntainers. In the laboratory ,|

|

solution. f
'

worss were relaxed in a 0.15" propylene phencxy:al seava:e:

Worms were identified to species, counted, and =easured to the nearest I
;

centimeter while i==arsed in the relaxan: fluid. Wor =s : hat were

severed were counted but not =easured. Sedi=ent te=perature was

recorded 15 c= belew the sud surf ace in each middle incertidal level.

;

i

A=erican Lobster and Rcck Crab
;

' Crabs and lobsters were sa= pled quarterly using two :: awls fished4

| in four areas (Figure 9). Each trawl contained five wire lobster

::aps (?:1endship Trap Co., 7:1endship, Maine) separated fres each

other by 16 s of line. Bait was homogeni=ed dehydrated herring with
;

:odified fish oil. Trawls were hauled for seven consecutive days,
|
:

|
except on Sundays during the se=mer when sta:e law p chibits lobster

.

Carapace width of crabs, and carapace length of1

|
and crab fishing.

lobsters were =easured to :he nearest 0.1 =m. The sex of each was re-

corded. To reduce the p cbability of recapture, all organis=s were

released seme distance f cs the crawl si:e.
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Resul:s and 01scussion

31ue Mussel

No nessels were found in any of the 0.1 s* plots sa= pled at s:a-

tions M1 (3ack River) and M2 (3ailey Cove) . These resul:s are con-

sisti7e with previous years' data which show a sharp decline in

.V ti!as ada;is populaticas (71gure 11) through ~1975 and a cenplaced

absence of =ussels since 1976. The decline in nu=hers of nessels

found at M1 has been dra=atic since :he re= oval of the Westport cause-

way.

31oedworns and Sandwor=s

Ouring 1979 the bloodwors densi:1es (wor:s/s*) ranged fres 0.1/

=* to 1.0/s* (Table 11) . Icwest densi:7 was at Z-1 (Ccsh=an Cove) in

Novenber and the highese a: Z-3(dak7 ' May. These

data were within the range of densities recorded during the previous

two years with the exception of densities a: Z-5. During 1978 the

highest densi:y was in Nove=ber (1.2/s*) 'and the lowest was in May
2

(0.4/s*). Curing 1979 the highest densi:7 was in May (1.0/s ) and the

icwest density was in Nove=ber (0.3/s*) . Leng:h data of bloodworss

at all stations show no increase in the snaller si:e classes fres May

through Nove=ber, indicating virtually no juvenile greuth or .new

recrui:=en:.

Ouring 1979 sandwors densities were greatest at -5 (Oak Island)

in August (1.5/s*) and Nove=her (1.3/s*). In May the

2
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2-1 (0.1/s ), 2-4 (0.4/s ), and :-5 (0.3/ ) were consi-densities a:

derably 1cuer than the corresponding densities during May 1973 ( -1,

8.3/m ; -4, 2.1/s ; -5, 3.9/s ) . At station :-l only one sandvers2

was collected during Augus and November as c mpared to 89 vorms

74 in November) during the corresponding period in 1978.(15 in August,

Length data for sandvorms at -3 show an increase in the in:er-

sediate and smaller si:e classes from May through Nove=ber indicating
,

'

juvenile g cuch and nev recruit =ent, and decreases in the large si:e

classes.

American Lobster and Rock Crab

! Data obtained during the 1979 sampling periods are su==arized in

Tables 12-16, and Figure 12. The :ocal lobscer catch for Juna (37),

September (30), and December (5) approxi=ated : hat repor:ed during

these periods last year. Only one lobster was collected in the first

quarter (March) samples. Generally, catch per station during et6e

sampling period was si=ilar to last year except during Septe=ber 1979

when the Fhipps Point (L6) catch decreased 6 fold (12,1978; 2,1979)

and Greenleaf Ledge (L7) ab'undance increased fres 4 (1978) to 12 lob-

Aeproxinately 74% of all lobsters captured were = ale.stars.

The ac=ber of crabs captured during March (713), June (704) and

TheSeptember (539) was eso to four eines icver than reported in 1973.

December 1979 eatch (738) c mpared favorably vich December 1978 data

(767). The sex ratio (sale:f e= ale = 2.5:1) for 1979 was consisten:

with 1973 except in December at Li::le cak Island (L3) where = ales

deminated this year contrary :o las: year.
,
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Table II. Total numbers, mean length, and densities of mandworus (Newig vinna) maid bloodworms
(Clycem dibmiwhiata) des at each of the five sampling stations in tontmweag s.y
during the period f rom June 1976 to hvember 1979. Total area dug was 37.5: ,g
eacle station unless otheavine noted. Sediment temperatures have also been recorded.

2 a
* - total area dug = 75 m na - total area dug = 50 m

Statton Z-It Cu:.hman Cove

Jun 19768 Aug 1976 hv 1976 May 1977 Aug 1977 hv 1977 May 1978 Aug 1978 hv 1978 b y 1979 Aug 1979 Idov 1979

Sediment temperature ("C) 15* 18" 9.5* 10 18* 1t* 12" 16.1 4.4* 11.1 16.7* 10.0*

Mania vissus

f worms in sample 150 3c6 293 477 161 221 329 74 15 4 I -

maximum ter.gth (cm) 38 35 42 40 24 32 43 33 17 , 20 25 -

minimum length (cm) 7 7 3 6 6 5 7 4 7 9 25 -

i length (cm) 20.5 21.0 16.6 16.8 14.6 I6.7 21.6 19.0 13.2 14.8 - -

U density (worms /m*) 2.0 8.2 7.8 12.7 4.3 5.9 8.8 2.0 0.4 0.1 0.0 -

Glyuem dibmrwhiata

# worus in sainple 10 10 49 14 12 14 9 9 14 6 8 5

m.sminum lengtli (ca) 30 37 33 40 37 47 49 46 31 37 22 il

minintas length (cm) 15 16 7 17 15 12 13 18 7 14 12 13

li length (cm) 18.7 23.5 14.T 29.1 24.3 18.7 26.9 30.5 17.9 27.5 16.5 22.4
density (wurms/m ) 0.1 0.3 1.3 0.4 0.3 0.4 0.2 0.2 0.4 0.2 0.2 0.18

,
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Table 11 (wntimed)
P

5tation Z-4: Young Point
Jun 19766 Ana 1976 Nov 1976 May 1977 Aug 1977 Nov 1977 May 1978 Ana 1978 by 1978 May 1979 Aug 19 79 by 1979

Sediment temperature ("C) 15* 18* 9.75* 10" 21" 9* 12* 16.4* 4.2* 13.9* 18.9 11.7*
,,

Nereis virena
f worms in sample '23 12 28 33 36 - 86 13 38 15 9 19

maximia length (ce) 34 40 37 43 41 - 49 30 33 37 20 24

minimise length (cm) 9 18 2 10 9 - 12 9 7 12 5 6

li length (cm) 18.2 30.3 25.7 19.9 25.4 - 29.2 15.8 16.5 24.4 II.7 13.9

density (worms /m ) 0.3 0.3 0.6 0.9 1.0 - 2.1 0.3 1.0 0.4 0.2 0.5
a

Glycem dibmnchiata
f worma in sample 44 17 19 14 27 27 12 14 27 24 11 20

*

maximia length (cm, 30 40 40 40 42 46 46 27 23 37 40 35

minimum length (tm) 16 17 15 17 11 19 10 15 7 6 6 16

i lengtli (cm) 20.3 31.1 26.2 29.1 25.4 29.2 26.9 22.1 14.6 22.5 22.8 25.4 |

density (worms /m') 0.6 0.5 0.5 0.7 0.8 0.8 0.3 0.4 0.7 0.6 0.3 0.5

Jun 19768 Aug 1976 Nov 1976 Hey 1977 Aug 1977 Nov 1977 May 1978 Aug 1978- b y 1978 May 1979 Ana 1979 E v 1979
t
* Stat ion Z-5: Oak Island

Sediment temperat.are (*C) 15 18 9. 5' ' 10 21' 8 12" 16.!* 4.4* 12.5* 19.7* 10.8*

Nercia virens
# vores in sample 163 140 61 135 67 115 145 51 48 12 58 68 .

'

m.sximum length (cm) 43 43 40 43 32 38 43 40 33 37 35 37

minimum length (cm) 9 7 9 9 6 9 7 5 8 11 4 6

il length (rm) 27.3 27.0 27.0 26.3 16.6 24.9 22.2 18.3 19.2 19.0 17.0 21.6

density (worms /m') 2.2 3.7 1.6 3.6 1.8 3.1 3.9 1.4 1.3 0.3 1.5 1.8

a

Glyc. m dibnnwhiata
f worms in sample 17 21 42 12 20 37 16 40 46 39 15 13 >

maximum length (rm) 39 49 45 32 37 36 51 47 33 35 30 29

etntmum length (rm) 11 14 6 14 15 7 16 9 8 7 6 11,

J

X length (cm) 23.6 30.0 21.5 21.6 19.9 20.0 27.8 24.7 19.2 19.5 20.3 19.5

lensity (worms /m') 0.2 0.6 1.1 ti . 3 0.5 1.0 0.4 1.1 1.2 1.0 0.4 0.3,

,-
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*able 12. Si:a and sex of :: abs. 2:r.cgr irrercrus, caugh: during :he
sampling pe:1cds '*33-41 (March, June, Septa =ber, and
Oe:ssber 1979).

1 Nu=ber Males (=m) Te= ales (==) :'o. caugh: pe

::ap days haula
*:ap Caught Ratio
Days S:a: ion Da:ss M/7 M/7 Max Min Avg Max Min Av3 M ?

Mar
35 38-L1 10-16 29/1 3.62 109.6 70.9 36.7 80.0 69.7 74.0 0.32 0.23

35 38-L2 76/18 4.22 109.6 65.3 36.4 31.9 61.5 73.3 2.17 0.51

35 38-L3 62/12 5.16 111.3 61.9 88.2 90.0 66.5 73.0 1.77 0.34

35 38-L4 221/7 31.57 120.0 78.2 102.6 37.4 73.5 S0.5 6.31 0.20

0.03 -

108.2 108.2 - - - -

!! 38-L5 1/0 -

0.11 -

111.7 104.4 107.2 - - -

35 38-L6 4/0 -

35 38-L7 '/ 132/56 3.25 127.0 71.1 107.9 95.4 70.5 31.7 5.20 1.60

35 38-L3 17/10 1.70 123.4 91.0 104.6 92.3 74.4 84.9 0.48 0.23

June
35 39-L1 8-14 36/7 12.23 108.5 69.1 88.i 92.3 69.0 74.3 2.46 0.20

35 39-L2 103/16 6.44 110.5 68.3 94.3 92.5 63.9 75.0 2.94 0.46
'

35 39-L3 101/48 2.10 115.9 56.0 90.2 89.3 68.9 77.2 2.38 1.37

35 39-L4 106/41 2.58 110.5 65.5 39.0 89.4 69.2 73.3 3.03 1.17

35 39-L5 11/4 2.75 93.5 43.5 34.9 36.9 68.4 75.8 0.31 0.11

35 39-L6 59/17 3.47 110.2 71.6 90.6 90.7 67.5 S0.4 1.68 0.48

'' 35/10 3.50 125.0 92.2 101.4 92.3 76.4 S3.0 1.00 0.23
35 39-L7

35 39-L3 57/3 19.0 120.1 81.4 103.6 96.1 73.6 86.9 1.63 0.08

Sept
35 40-L1 14-20 45/15'- 3.00 104.0 65.1 90.2 86.6 56.2 72.5 1.23 0.43

35 40-L2 33/6 5.50 106.3 75.5 94.1 91.8 66.8 77.3 0.94 0.17

35 40-L3 30/22 1.36 101.5 76.4 87.6 90.2 65.9 79.3 0.36 0.63

35 40-L4 62/70 0.88 103.3 67.2 30.3 93.5 67.0 80.0 1.77 2.00

35 40-L5 20/13 1.11 107.6 71.2 35.8 93.5 61.3 80.5 0.57 0.51

35 40-L6 3S/13 2.11 101.6 55.3 37.0 100.3 71.3 31.8 1.08 0.51

35 40-L7 s,/ 29/60 0.48 118.5 87.5 95.3 96.7 68.6 82.9 0.33 1.71

35 40-L3 21/52 0.40 111.6 36.1 98.4 97.7 72.9 33.2 0.60 1.43

Dec
35 41-L1 7-13 39/9 4.33 102.9 70.0 89 .1 32.3 69.4 75.3 1.11 0.26 ,

35 41-L2 58/61 0.95 109.0 70.3 95.6 94.4 64.5 75.6 1.66 1.74 ;

l

35 41-L3 27/13 1.50 114.9 73.6 95.2 88.7 66.3 79.5 0.77 0.51

35 41-L4 114/16 7.12 118.1 72.9 97.4 90.3 73.1 31.4 3.26 0.46

35 41-L5 64/15 4.27 124.6 71.4 105.4 34.5 69.9 77.4 1.?" 0.43

35 41-L5 107/34 3.15 125.6 75.5 103.1 93.6 63.4 32.6 3.06 0.97

35 41-L7 51/68 0.75 114.5 72.5 97.0 98.6 73.6 34.3 1.46 1.9-
V

35 41-L3 26/31 0.34 117.0 74.1 99.6 93.4 72.4 84.6 0.74 0.5:

"

33
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Table 13. Size (mm) and sex of lobsters (Ecmarus americar.".4s)
caught during sampling period #38 (10-16 March 1979).

M = Male F = Female * = Legal sized lobster

Trawl Mar Mar Mar Mar Mar Mar Mar Total

No. 10 11 12 13 14 15 16

L1 88.4M* 1

L2

L3

L4

L5

L6

L7

L8

Total i 1

..

.

|

|

!
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Table 14. Size (mm) and sex of lobsters (Hamarus c=ericarn4s)
caught during sampling period r139 (8-14 June 1979).

M = Male F = Female * = Legal sized lobster

Trawl June June June June June June June Total

No. 8 9 10 11 12 13 14

.
L1 86.0 F* 95.3 M* 78.8 M 3

1

L2 -

L3

L4 88.1 M* 1

L5 T
s
~

77.8 M 1L6 u

E
L7 79.5 M 74.2 M 73.6 M 79.5 M 77.1 M 83.8 M*,

78.1 M 70.1 F T 73.8 M 71.7 M 78.4 M 69.0 M 16

d 79.5 M 79.6 F 80.9 M*-

78.0 Fi

L8 76.4 M k 80.3 M 76.6 M 77.0 M 78.0 M
E 71.5 M 76.1 M 74.6 F 76.9 M

16* 79.9 M 72.4 F 68.7 M
71.2 F 80.7 F 77.3 M

83.8 F*

Total 4 2 3 7 8 8 37

60|
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Table 15 Size (mm) and sex of lobsters (Romarus americanus)
caught during sampling period #40 (14-20 September 1979).

M = Male F = Female * = Legal sized lobster

Trawl Sept Sept Sept Sept Sept Sept Sept Total

No. 14 15 16 17 18 19 20

L1 75.6 M 84.3 M* 89.7 M* 80.7 M S

78.9 M
L2 77.9 M 79.8 M 2

L3 71.2 M 1

L4 92.7 F* 80.1 M 2

L5 87.0 M* 81.4 "* 2

L6 77.2 M 76.7 M 2

L7 74.4 M 78.6 M 84.8 M* 74.9 M 81.2 M*
79.5 F 77.4 M 75.1 F 77.6 M

15
76.7 F 76.7 M 89.6 F*

78.3 F 67.7 F
81.1 M*

*
L8 73.5 M 1

Total 3 5 5 6 6 2 3 30

5

!

61

|

!



i

Table 16. Size (m) and sex of lobsters (Ecmrus cmericanus)
caught during sampling period # 41 (7-13 December 1979).

M = Male F = Female * = Legal sized lobster

Trawl Dec Dec Dec Dec Dec Dec Dec Total
No. 7 8 9 10 11 12 13

L1 93.7 F* 1

L2

L3

1
L4 76.7 M

U
i

L6

L7 70.3 F 77.5 M
80.2 F

L8

.

Total 1 2 2 5

c
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Figura 11. Nu=ber of blua =ussals G.*j i;;4s ec': dis) fcund a:
:wo historical sa=pling stations, 1970 - 1979.

* = inaccessible due :o ice
- = not sa= pled

:DE = no =ussels found
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Figure 12. Nu=het of crabs caught per trap day at Sea:1ces
L1 - L3 from Dece=ber 1969 to December 1979.

.



~ > ,.
d * .', . i:'

a1 .

61 .

31 .1,-,-

,I
. ,

4
|

;i' ....... y =~:...

W. /:.5>""e~,,
: '.
u
3
.- .

- --. .-i /

u.: -- - - - . . - - - -
-

- *
,

-

j
,\- ---

3 , a_ t ,-=* Y4s ~. s

' sf - s - - --- ~ ~ - -------- ,.,
%

N
:J,2 :--

~~~
g'

. s.s
,

r

2- '%
s

11 :3..
j'.~ . ..0:.c ~, _ -

. .
, , , , , , , , .-a ..-- - .e %

r,, ;
-~

,--~....- --.. .. -
r a-- -. \,'N . ,; .,3 .

*'-- -- ,, .,g
..

. . *y f*%. . . . . . . . . :. .{ g" ; -

--- ,
,

I
'/'' ,' ,12

""Sa acem:sta .3sn,,,, , t'

y, b. /e I;

* , * .
. ,

o*g
* -.~ ,.

*' - _

L~.
I "!?ACn3s Ayg3gny7 / j2-

./ N.i.
'

2

Z a'
$ !.', /

:
e

r .\. \..!-
I

3 .' ; .
'

I i
..,.

\:
,

21 ',
d

? 2-
*

I

II . e

* =
_

NCl17W3eO 1NY"id 30 NQ117111NI .N '

h| '. ;: |
.

f .. ,;
; .

1~, !. -

2.; ~3 |*"e
3.j1 .C.

i;
,

m
I .a. /:ie *

N .

9 .1]
>= .1. 8-

30t .,,, |it
': EI *

:. . .c2 )
.
e.

g J- N |. .:n. -
s

}.
d5 " p -2
J -q.

.j
.

e .,.
0.'LN,3 _3
-

,.3 .. -ti;- |

ea1 64
o s e A e a 4 n -

-

AYC d7W1 W3d 1HCn70 SS7WC |
1

i
|

|

|

|
|

1



- _ _ _ -

t ..:..

3 . . . . . . . . . --
.r .

. . * , , -
..

2J

s..h :::..,7. #

- _...%~*~,'.'*
*s= *

3I
,

u

''...''s?,
.
>

1 3
______ __-

- , s*<

Q
.

- . _ - ... g.-
...af:

"
..

2s .

~. -

o. ,g_,..q,_. . . _

--- -... - --
.-

------- 1

;i, -----... -----.... .___----__.. .,,,... ...,
,.v.,

= %,
- - - - - . , - - - . . .

;- , N,
, ,-t 4
~. eo- d's-~z 0e ~

,
- .

ja 'a
t' =A,, *
.
m' N. '+=.

.Ag , ~,:- \, l
,

-~
2ai #'

$~ .'--
d. .L G -

-

- ,-',g
s, .-

~.L
2 - .

''''

;
-. .-

s'N7038 30&yNOSIC d3SnJJIO

[s

,e".- --

%, 'I,, '

3i .

. x 's,
! -

* 3Y^0d38 Avm3snye
!.=

!| , .

f 7. |
, N, -

-

w - . -

3 :

gi,
-

;
.n,

. ,

5 Ia,'. *
-f
.D s

.N .**.*
3 g;

..
| NOI1YW3do *+ *9y *d 30 Nollyt;;3,
*

,|
..

g
~-

4.'-

.
-

\)%.:, Q
i c.e

A.., s
~7_

> .
' 'g / 5-u 9 e

-5 5: = . 2,,
ea Q . ' . .*A

-. \.M.
3 w

.

e, g 00W9 :--.= %we, 9 e as
d an .= = ,

*, -sN4 a M ** v. z,.,3- M \See-
d .0 e.t *

1bO
, 4 9 eg ~

, a o.

*4 Q p @ g
C..

A7C dyv r Ud J.HCnyo ggyg3--

59



_ _ _ _ .

.

.*
o .,-

I 9 %

s.% at 4

,3 '\..
-

Nm
-2

T?u \ ag
x. 4,

s < , , = . s

. .| g
ra

i .5

.,4. ~Ne
e

ae. 3

. .= . t 1
3. , .? 'a7 o -

- .- ,- <
a. e

e 3 0- -e r

/
,

.i. e' .1 ae
~r .
-s
21 )-

d .,

, , . , " ' , " , '' .i

[ * N ,- *%' s,,
*.

q
' %

. . . . , N,a

2. E*

' '.,,'?
a

.

p;s -

<av sr
i - ls s

,

.*we.
t

," -' ' -
e. NYO39 300 ,

f ., , ,.--....,'yp4

3 . .

c.,
.,

'%",'.-
Os , , , "
-

. .

$ -_.
.

'.
~% . .

I ,yAon38 AYM3 M ,i.
- ,ie.

,'<
*

:k-
.

*
,. e
s,

,..
3 .=

"

='i ,

.''k i
.y

1- .' - t.'.-

.t
. l.

i.

,2, -

g<.

:g. j' ,f3

x-v, ,.
-

,

-

* * . .
, ,

- s.-.il NOlivw3dC ,Nv7d 30 3citylalNI ._ .. .. ~.,

o' '
.

3\ . _ h_
_N,_ ..-.

$. ,' 1

.. ...- '
-; : E

,

.-

q. g *"...... -.- -...,,<.... . '
.

2
\u e. .c". e $:-

i* c.-'*

.a. g .C. **,_ .

h ,1 - *" ' ,*,..-*q'-
8

i. C"''.
.,

*
, ~~,

a ~ ,
#"e

[ @ -...,3-.,,,,-

::- J f . . . ,
de *

t ** g
2 :. .gC ;

fi =J '. aC ~
Je

ca -
c

~- o. . y N- 4 A f,0 h wo
-

g ene. . . sevM3AyQ dyg. Bad i

--
JU



TL

CRABS cgyGH,e p _. g YAP day'

_

u * S e 'C o.
.

o
' 7 9 w e,

-

- ' > .

.; k~

. # '' ~ N E G,

m.
'

-

.
n* e ,owr .

,
*C ED*

!., .

5
.

| r~'

5 -
, *'

-
| 9

> --
I c

y~~~~...-\ /
O.

i
n

, -e fG N

P' ~Oe * .

A. / $
3

s 's 6

$s. *s

\
i

/ ',' e;* f,
. , *

$ , !2

W c. ege een ~R*
,

INITIATroy y . ANT opgRATION *
*7,. I
4 '. 2

| ',' . . * ?'

, '

4 ,,, , *
s %

V

+3. % s ' % . t
. ,

N p:
&"

,. d- q

., . : -
.--

- g -
.

.~s,,**s

.\'*m _.s kf g hs * %

o' q%

20

./ ,4

's. j!*

,,5 % . N.
%

.. ': M.(. -

'""S'" o'scN4 ace ,,,,,
.

P ~

I
5

.

p.
-

!.!
.

. .<.N
'

i, $

# W.o / n -

.
s \ 2

'
\

;

,s.
.

$$
.' e e*

s'. ,.. " ;
.

C*%
.

4/P

A N'~ n-
k-

, *.

_ _ ~ ~ e-. _

A [g
_

:.e, _______
_

,c

~'N~ y
*

:' =.. ~

n
.........
.

E
.

.s.g r. -. e

*4 ... =
... ge,

**g*g W{- ID

_

+,
1

\. . . .
.

2.

a
.

.



IMPINGEMENT STUDIES

Stephen D. Evans

Introduction

The objective of this continuing study is to determine the numbers

of fishes and sacroinvertebrates impinged on Maine Yankee's circula-

tin water syaces traveling screens in order to assess i=pingement effects

on the aquatic populations of Montsweag 3ay. This study began in

November 1972.

3Cooling water for the plant is drawn from 3ack River at 27s /see

through an intake structure parallel to the shoreline. A U-shaped

(cross-section) channel, 30-70 m vide, extends 180 m from the intake

structure to the =ain chsnnel of Montsweag Bay. The nearshore zone

contiguous to the channel is extremely shallow at low tide. Intake

velocities range from 0.2 to 0.3 m/s, depending on tidal stage, and

are typically 2 0.6 =/s near the bottom.

Each of the four 1-cm =esh traveling screens are rotated verti-

cally past a jet water spray (ca. 90 psi) which dislodges debris and

ispinged organisms into a sluiceway. A prewash system was installed

in June 1977 to reduce the stress associated with the screenwash spray.

Six nozzles per traveling screen emit a wide-pattern spray (ca. 38 psi)

that re= oves fishes frem the screens before they are exposed to screen-

wash j ets . The screenwash water containing debris and organisms empties

into a shallow tank (3.6 x 1.2 x 0.7 m), where samples are collected.

All ani=als, except for those collected during sanpling, are returned

to the bay via a sluiceway. Under nor=al operating conditions the tra-

veling screens are washed usually at two-hour intervals to mini =1:e
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the duration of i=pinge=ent or whenever a head across the screens

exceeds two inches of water. The screens are washed continuously when

large a=ounts of debris accu =ulate. Massive a=ounts of flotsa= fre-

quently occur in the bay during the fall under conditions of extre=e
.

high tides and strong winds.

Materials and Methods

I=pingement sa ples were collected weekly over a 24-hour period

to =ini=12e the effecea -f light and tide. All four traveling

screens were rotated and cleaned to establish a starting ti=e for the

The screenwash wassa=pling period, which usually began at 0800 EST.

sieved through a 0.6 c woven =esh bag. All fish and =acroinverte-

brates collected at the end of the 24-hour period were identified,
,

=easured and the total weight of each taxa recorded. A rando sub-

The number ofsa=ple was taken when necessary to expedite processing.

operating circulating wats: pu=ps and their valve positions were re-

corded for each sample.
1

|

i

Results and Discussion

Two Maine Yankee shutdowns during 1979 prevented i= ping =ent sa=-

Once frc= 15 March to 5 June, in compliance with an NRC show-pling.

cause order requiring seismic reanalysis of so=e piping syste=s, and

again during Septe=ber for transfor=er replacement and planned =ain-

tenance activities. Also, no i=pingement collections were =ade during
r

=id-November and late Dece=ber when heavy trash loading en the traveling

screens required continuous screen wash and rotatien.

.
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The numbers of principal fishes, two macroinvertebrates, and all

I fish species combined that were impinged per 24-hour period are shown

in Table 17. In thirty-three, 24-hour impingement samples, 3396 fish

(total weight 64 kg (142 lb)) from 17 species or species groups were

i= pinged during 1979. Seven species or species groups -- sticklebacks
i

i (48%), alewife (18%), vinter flounder (8%), smooth flounder (7%),
?

sculpins (6%), comcod (5%), and rainbow smelt (3%) -- collectively
.

make up 94% of the total catch and about 72% of the biomass impinged

during 1979. Species totals for 1979 and previous years are shown in

Table 18.

! Total fish impingement rates were highest during January due to

the abundance of sticklebacks, smooth flounder and rainbow suelt

(Tables 17,19). Table l'; is included primarily to show the variability;

.1

of the monthly sample means.

3
For all fish species combined, monthly mean impingement rates

ranged from 14.4 fish per hour in January to 1.3 fish per hour in

August (Table 20). Monthly mean impingement rates of principal fishes

| were generally less than one fish per hour throughout 1979 except for

the stickleback group in January (i = 11 fish / hour). Length-frequency

distributions of fishes remained unchanged.from previous years' data.

Impingement of rock crabs (Cancer irrcrctus) and green crabs (Car-

einus magnas) was lowest during February when none were caught and .

highest in June (Table 20). The greer crab comprised 86% of the total

crab catch (297) in the 24-hour samples.

,
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The 1979 impingement rates were similar to last year, which were

the lowest rates measured since the program's inception in late 1972.

These data generally reflect the relatively low abundance of fish
;

populations in the estuary. Crab catches have also continued their

decline in abundance following the 1976 impingement peak for both
T

species.
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Table 17. Impingement (mtmber of itulividuals/24 hours) of all fishes, principal
fluli species, and crabs at flaine Yankee, .lannary - December 1979.

EENFI MAINE YANKEE FISH IMPINGEMENT

10TAL SilCKLE SMOOTH WINTER GREEN ROCK

DATE F I S il GAC K FLOUNDER . FLOUNDER SMELI ALEWIFE CRAB CRAS

1/ 5/1979 432.' 385 2 4 ,' 4. O' O. O. D.
1/13/' 979 428, 31 5 72 2. 9 0; 0 ," 0,

1/17/ 9979 730. 585., 4 94 0, 2 6 ,, O. 8 2.
1/24/' 979 116. 3. 6, 4 26, O. O O.
1/ 31 / ' 979 27, 3. 5 2 8, O. O, 3.

2/ 7/' 979 11, 4. 1., O., 1 D. O. O.
2 /14 / ' 979 55 26 9. 3. O. O. O. O..

2/21/E979 26. 12. O, 2, 7 0 O 0,3 1 g

2/28/1979 42. 18, 5 3. O, D. O. O.
3/.7/19t9 64, G. O 10. 5 33. O, 0,
3/ 46. 23 15, 1. .0. O, O. 6
6/jt/'97913 /' 979 56 3 8, 25 D. 8. *9. 3.
6/2)/' 979 75. 5 2 ?d. D. 32. $2 63

6/27/1979 58. 11. 6 16. D. 9 15. 5,

7/ 2/1979 41 13 O, 7. O. 13. 4.- 5

7/11/1979 17 3 O 3, D. 4. 15 2

7 /1 8/'979 91, 9 O., 6 O. 67. 2 5 ., D.,

7/25/' 9/9 126, 23, D. 15, 0, 44. 38 2.

o' 8/ 1/' 979 20. r. O. 3. D. 7. 2 5 ,, O .,y

8/ 8/' 979 30, 3. O. 1 5 21. 12 1

8 /15 / < 979 33 9. O. 1 0 ,. O. 14. O. O.
8/22/'979 15 0, D. 3 1 17 . 7 D.
8/29/ $6., O. O, 1 5 ,. O ,. %9 O, O.

Org,'979
.

0/ 2/' 979 211, 22 3 7 O. 156. 12. 1'

979 iS8 23 2 37 D. 8. O. o.

8|a:i; 3f3 Bi: .46:. 8:, 28: 8: (3: 9: 8:
.

.

11/ 1/' 979 89. 20. 2. 16 O. ,,, 41, 0... .
2

.

C O L L E C T I O N P O S S I D L Ei--t t v+----- v re-t----------11/ 7/'979-----_----__:-----_--_-_-- --NO
_____y0 C OLLE C T I ON POSSIBLE-----------------------------;/g4f<979_____ ____ ______ __ _

1/23/' 979 32: 3. O, 16 O, 8 '. 6 D.
1/2 5 / ' 979 38. 26 1. 7. O. O. O ,, 2

2/ 5/'979 37 3. 6 9 O. O. 7. D. -

2/12/1979 89 38 12 O. 4 11, 3 7

12/10/1979,, 23. 8. O. 7. O. . 2. . O,. O,.

1 2 / 2 7 /1 9 7 9 -- - - -- - - - -- - , - - --- - - - --- ---- - N O COLLECTION POSSIBLE-----------------------------

.
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Table 18. Total numbers of fishes collected in the i=pingement sa=ples
at Maine Yankee, by year.

Species 1972 1973 1974 1975 1976 1977 1973 1979
.

Sticklebacks $6064 17139 18897 13925 7821 4312 349 1629

Smooth flounder 10433 19364 9321 3193 1974 704 616 22S

Winter flounder 388 2671 1974 2478 3868 1005 451 233'

White perch 1367 4350 2867 679 169 39 27 0

Rainbow smelt 3858 7584 6056 4505 7706 2932 1019 92

Alewife 296 1463 3409 3612 13993 21417 540 602

j Sculpins 694 2282 376 322 609 183 220 202

i Atlantic silverside 30 417 1042 1875 825 148 33 51

Atlantic menhaden 0 1879 13948 3263 11 25 11 0'

Atlantic comeed 67 686 101 473 577 ' 504 176 173

American eel 40 141 156 118 134 47 33 13

Atlantic herring 36 38 109 65 121 151 50 60

Northern pipefish 1 338 91 91 120 34 4 0
'

| Wrymouth 9 58 43 20 61 4 9 0

White hake 20 447 484 227 419 269 36 20

Red hake 0 11 8 0 0 0 0 0

Cunner 6 11 11 10 43 15 6 5

Lu=pfish 14 35 63 73 8 5 5 3 '

Atlantic cod 0 9 14 0 1 0 0 0

Mu=michog i 257 28 115 161 11 20 0

Radiated shanny 0 0 2 0 0 0 0 0

Windowpane 6 146 215 243 153 27 6 6

Seasnail 3 0 0 0 0 0 0 0
.

Silver hake 5 30 43 133 158 75 7 23

31ueback herring 71 186 1192 54 0 32 0 0

Sea raven 3 26 7 12 7 1 0 0

Little skate 1 29 13 8 12 9 4 5

Pollock 5 8 4 4 34 12 0 0

Snake blenny 0 2 0 0 0 0 0 0
,

Rock gunnel 1 6 2 9 7 1 1 0
<

American plaice 0 3 0 4 1 0 0 0

Atlantic mackerel 0 3 0 4 2 0 0 0

Butterfish 0 1 2 0 2 2 0 1

.

Striped bass 0 1 0 0 0 0 0 0

J Atlantic sturgeon 0 2 1 3 0 0 0 0

Sea lamprey 1 0 1 1 0 0 0 0

Spiny dogfish 0 0 2 0 0 0 0 0

Striped anchovy 0 0 115 0 0 0 0 0

Scup 0 0 62 0 0 0 0 0

Bluefish 0 0 0 3 1 0 0 0

Coho salmon 0 0 0 2 4 0 0 0

Fourspot flounder 0 0 0 0 1 0 0 0

Yellow perch 0 0 0 0 0 1 0 0

TCTAL 73420 59643 61159 35524 39003 31955 3623 3396

754 951 435 546 361 127 64Total weight (kg) -

Number of species 26 33 24 31 31 27 22 17

No. of 24-hr samples S 47 36 44 48 37 41 3:
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Table 19. Basic statistics for impligement (number of Individuals /24 inours) of all
fishes, principal fish species, and crabs, by month, Janna n - Deceuher 1979.

EENFI MAINE YANKEE FISH IMPINGEMENT

TOTAL STICKLE S M00 Til WINTER GREEN ROCK
DATE FISil BAC K FLOUNDER FLOUNDER SHELI AL EW I F E CRAB CRAD

SUMMARY FOR 1,1979 BAS 0 ON $ SAMPLES .

12 69 0. 8 5.sum 1735, 28 154
E 2.1 13.E 0. 1.1 1.0MEAN 346.6 57 5 31 ,0

S.D. 281 2 254 7 29. 1.7 11.7 0. 3.6 1.4
SUMMARY FOR 2, 1k77 9ASED ON 4 SAMPtEj

Sun lig. 60; 15 8f 8 0. Q* 0.

13.,0
15,0 3,E 2.0 2.5 O. D. D.53MEAH

4 9 3 4.f 1.4 3.4 0.. D. D.5.0.
SUMMARY FOR 3, ' 979 BASED 5N 2 SAMPtE$

sum l' 23. 15 11 5. 33 O. 6.

MEAN SS 5 11,5 7.5 5.5 2.5 16.5 0. 3.0
S.D. 12 7 16.3 10.6 6.4 3.' 5 23.3 0. 4.2

SUMMARY FOR 6, 1979 BASED ON 3 SAMPLES
20.5 0 16 5 28f} II**

E N 6 6 5 i 3f 4.5 0. 13.6 20.3 1.5M S.D. 10 4 5.5
iUMMARY FOR 7, 1h79 BASED ON 4 SAMPLES

Sun 275 41 O. 31.' O. 128. 82- 9
MEAN 68.8 11.5 n. 7.8 0. 32.0 20.5 2.3
S.D. 49 1 8.4 0. 5.1 0. 28.9 14.5 2.1

SUMMARY FOR 8, 1 l9 BASED ON 5 SAMPLES .

Sun 15 Q. 32. 6 68 44 1

MEAN 10 E 1.( 4 0. 6.4 1.E 13.1 8.5 0,E.

S . D. 15.9 3.1 0. 5.9 2.2 6.5 10.4 0.4
SilHM A R Y FOR 10, 1979 BASED ON 4 SAMPLES , ,

E N f2 2 5 5 8 3 0 6 5 5 0 5*

S;D. 77 18.7 5 7.0 0. 67.6 5.9 3.5
S il M M A R Y FOR 11, 1 19 BASED ON 3 SAMPLES

.

Q. 49. 4.S 'J M 159 4 3. 3T.16 5 1.0 13.0 0. 16.3 25 i.3
53)0

MEAN
31 3 11 9 1.0 5.2 0. 21.7 35 1.2S.D.

SUMMARY FOR 12, 1979 BASED ON 3 SAMPLE $
sum 149' 49 16 16, 4, 13' 10' T*
MEAN 49 ) 16 5 6.0 5.5 1.1 4.1 3.1 2.1
S.D. 34. 8 1829 6.0 4.7 2.3 5.9 3.5 4.0

,
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ICHTHYOPLANK!ON (BONGO NET COLLEC~ IONS)

Nancy J. Shaboski

Introduction

This report is part of an ongoing program to assess the ichthyo-

plankton ecology of the Montsweag Bay - Sheepscot River estuary. Fish

larvae have been collected in the area using various sampling techniques

since 1970. The present methodology has been e= ployed since late March

1976. This monitoring program is conducted in accordance with the

requirements of the N? DES Permit No. ME0002569 and the Maine Waste Dis-

charge License No. 746 for the Maine Yankee Nuclear Generating Station.

The purpose of this program is to monitor the te= poral and spatial

abundance and distribution of fish larvae and eggs in the bay-river

system to provide input to assess the effects of power plant operation.

This report covers the fourth year of ichthyoplankton data collection,

from March 1979 to February 1980.

Methods

Plankton samples were collected at five stations in the Montsweag

Bay - Sheepscot River estuary (?igure 13).

Samples were collected approx 1=ately every two weeks from February

through May, October and November, and monthly the re=ainder of the

year. This sampling schedule was established because ichthyoplankton

were known to be = ore abundant in the spring and late autu=n.

30'



The sampling gear and methods closely followed those that were

established by the National Marine Fisheries Service for their Marine

Resources Monitoring, Assessment and Prediction (MAPMAP) Program

ichthyoplankton survey.

Sa=ples were collected with a 0.6 m diameter 3ongo net equipped

with a 505 um mesh net. Digital flovmeters (General Oceanics Model

2030) were located off-center of the nst souths.

Double oblique collections (surface to bottom and back to the

surface) were made t.t all stations with the 3ongo net at a ecv speed

of approx 1=ately 2 knots. Toving time was usually between 5 and 6

minut'es . All tows were tac:a during daylight hours against the cur-

Montsweag 3ay was sampled during high water because of itsrent.

shallowness. Tov wire angle was measured during setting and retrieval

of the gear to ensure the bongo net fished the entire water colu=n.

'w*ater te=perature and salinity were recorded at each station; depths

occupied were 0.6 m, 1.5 m, thence in 1.5 m intervals to the bottom.

Once on board, the nets were washed dcwn from the outside with

saltwater. Samples were fixed in 5: buffered for=alin and scored

in 1.1 liter glass jars. In the laboratory, all fish eggs and larvae

were removed from the sample, counted, and larvae identified to

species if possible. Beginning June 1979 fish eggs were identified

when possible to the lowest practical taxon by Marine Research, Inc.

31
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Results

Hvdrograohv

Water temperature in the Sheepscot River ranged from 0.0 C in

|February 1980 to 15.3 C in Iuly 1979. In Montswesg 3ay, temperatures
|

ranged fres 0.0 C in February 1980 to 22.4 C in July 1979. Water

temperature was higher in Montsweag 3ay (as compared to the Sheepscot

River) from March 1979 through October 1979, similar to the Sheepscot

River in ear'y November 1979, and lower in late November and December

1979 and January 1980 (Figure 14) .

Throughout the sampling period salinity in the Sheepscot River

was higher than in Montsweag Bay (Fig 15) . In Montsweag Bay, surface salinity

ranged from S.3 to 30.3 /co and the bottom salinity ranged from 16.5

to 30.5 /co. Surface salinity in the Sheepscot River ranged from

20.6 to 32.9 */co while bottom salinity was from 22.9 to 12.4 /co.

For both areas, salinity was highest during the winter conths and lowest

in the spring.

Larval soecies coccosition

From 2 March 1979 through 22 February 1980 a total of 2312 fish

larvae representing 21 fish species were collected in 88 bongo net

tows. Atlantic herring, rock gunnel, and rainbow smelt were the do=i-

nant species, comprising 78': of the total larvae collected (Table 21) .

The average fish larval density for all stations and sampling dates

3combined was 10.39/100m .

Larval sostial distribution and abundance

3

,

Average fish larval density was 9.98/100 m in the Sheepscot River
3(stations 1, 2) and 10.75/100 m in the Montsweag Bay (stations 3, 4, 5).

.. . . - __
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Mean larval densities for each specias by station are shown in Table 22

Station 5 accounced for the highest total abundance of any sa:pling

location (14.27/100 m ). Atlantic herring, the =ost abundant species3

overall, accounted for the largest individual species density per
,

station (5.03/100 m at station 1) . The greatest nu=ber of species3

(16) was found at stations 3 and 4.

Species abundance was greater in Montsweag 3ay (19 species) than

in the Sheepscot River (17). Grubby, winter flounder, and Atlantic'

herring were =ost ccmmon in the Sheepscot River. Rainbow s=elt were

pri=arily found in the bay, with the =ajority of the catch collected

at station 4. American plaice, windowpane, and American sand lance

were found in the Sheepscot River only while radiated shanny, sea

raven, snakablenny, and Atlantic cod were exclusive to Montsweag Bay.

Larval temcoral variation ,

Total fish larvae density was lowest from June through October.

Larval densities peaked in late February, March and early November.

In Montsweag Bay larval abundance was greatest in mid-May (Table 23 ),

when the highest per station density was recorded at station 4 (44.16/

3100 m ).;

Table 24 shows the te= poral abundance cf individual species of

larval fish. Rock gunnel and Atlantic herring dominated the catch in

March and April. Rainbow smelt were the =ost abundant larvae in early

May. Atlantic herring was the most co==only collected species during j

November, Dece=ber and January. In February, rock gunnel and longhorn |
1

sculpin were the dominant species. From June through October, low lar-

val densities prevailed and few species were present.

33
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Egg species comoosition

A total of 2812 fish eggs representing 10 family species groupings

were collected during the reporting period (Table 25). The dominant

egg groups, Labridae - LL .cnd::, ScepthcL-us aqucsus, and Enchelycpus -

Urcphyci's, comprised 90% of the total catch.

The average fish egg density for all stations and sa=pling dates
3combined was 12.63/100 m .

Egg seatial dis ribution and abundance

3
The average egg density in the Sheepscot River was 13.78/100 m .

3In Montsweag 3ay the average density was 11.33/100 m . All can egg

groups were found in the Sheepscot River while eight were found in

Montsweag Bay (Table 26) .
3The highest total egg density occurred at station 2 (15.58/100 m )

and the lowest at station 5 (8.06/100 m ). Ccdus merke.a:, Enphelycpus -3

Ursphycis, and Inchelyopus ci-brius were nost abundant at the river

stations (1, 2). Secprhc!=us cquesas was most common at stations 1, 2

and 3. At each station Labridae - Oi..cnd: was the most abundant egg

group with the greatest collectiens found at station 3 (731 individuals).

Egg temocral variation

Fish egg abundance was highest in the su=mer with peak densities
3in July ranging from 43 to 173 eggs /100 m (Table 27) . From late

Oct6ber through early March no eggs appeared in the sa=ple collections.

Egg group identification began in June and continued through Jan-

uary. Labridae - Limande, SecprhcL-us ccuesus, and Enchelycpus -

Urcphycia dominated the June - September catches. The largest indi-
3vidual catch was of Labridae - Licende during July (90.97/100 m ) .

.
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Discussion and Conclusions

Fish larvae and egg abundance in the Montsweag 3ay - Sheepscot

River estuary decreased as compared to last year (78-79 larvae 14.60/

100 m , eggs 20.21/100 m ) but increased from the 1977-78 reporting8 3

3 3period (77-78 larvae 7.89/100 m , eggs 16.38/100 m , 79-80 larvae

9.46/100 m , eggs 12.63/100 m ). Larval fish abundance peaked in8 3

late winter and spring, with greatest numbers occurring in late

February. The most abundant larvae during this period was the rock
3gunnel, .rhich peaked in February (17.15/100 m ). This was a substan-

3tial decrease from the previous year's peak of (71.61/100 m ) and a
3slight increase over the 1977-78 peak (15.73/100 m ). Rock gunnel

Alsopeaked a month earlier this year than in the two previous years.

contributing to the high seasonal density was longhorn sculpin and

shortuose sculpin abundance. As in previous years, fish egg abundance

was highest during the sum =er sonths, peaking in late July.

Rainbow smelt larvae abundance declined during this sa=pling

period as compared to last year's. During both years, peak smelt abun-
3 3dance occurred in May (1978-79 42.53/100 m , 1979-80 19.27/100 m ).

Atlantic herring, the most abundant species during the presenta

reporting period, ranked third last year. Peck density of h9rring

occurred in Nove=ber, one month later than in prior years. A secondary

peak in March followed trends historically observed, although in pre-

vious years the peak often extended through April and May.
!
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Scooth flounder larval abundance has continued to decline through-

out the study. Highest smooth flounder density during the reporting

period was 0.99/100 n at station 3, the lowest on record.3

36
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.

Table 21. Relative abundance of larval fishes collected in the
Montsweag 3ay - Sheepscot River estuary, 2 March 1979 - 22
February 1980.

Number Percent of TotalTaxa

910 39.4C!apec hcrengus, Atlantic herring
636 27.5Pholis gunnel!as, rock gunnel

Camerus mordc=, rainbow smelt 257 11.1

117 5.1??gorecephclus canceus, grubby

??gc=ccephalus oc cdece-spinosus, longhorn sculpin 115 5.0

92 4.0??ge ccephc!as accrpius, shorthorn sculpin
FseudspI4:c*cnectes .mericanus, winter flounder 56 2.4

28 1.2Cryptccan:hodes mcculc:us, urynouth
Ukaric subbifurectc, radiated shanny 26 1.1

Syngnc hus fuscus, northern pipefish 23 1.0

!ipcris cohens, seasnail 15 .6

Microgadas tamccd, Atlantic to: cod 7 .3

Liparis c icncious, seasna11 6 .3

!icpsetta pu:r d , s=ooth flounder 6 .3

Aspidophorcides mcncy:erygius, a111gatoriish i .2

A,-:-cdyres americanus, American sandlance 3 .1

Eemi: rig:erus americanus, sea r:.ven 3 .1

Ccdus morhac, Atlantic cod 2 .1

Iampenus tw pretcefor-ris, snakeblenny 2 .1

Socpth:Imus cquesus, windowpane 2 .1

Eippoglosscides p!ctessoides, American plaice 1 <.1

Unidentified larvae 1 <.1

TOTAL 2312 100.0
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3Table 22. Mean density (number per 100m ) of fish larvae in the
Montsweag Bay (Stations 3-5) - Sheepscot River (Station
1,2) estuary, March 1979 - February 1980.

Station

Taxa 1 2 3 4 5

CIupea harengus 5.03 3.80 2.68 2.38 3.53

Phclis gunne!Las 3.08 3.00 3.19 1.47 3.62

Camerus =cedc= .23 0 1.24 2.75 1.61

Nyc=ccephclus canceus .62 .75 .30 .37 .46

?seudcyLeurcnec:es americanus .25 48 .16 .13 .19

NVe=ccephcIus secrpius .33 .37 .48 .15 .60

Nyc=:cephalus oc:cdecenspincsus .33 48 44 .62 .70

Liparia ccheni .04 .11 .07 .07 .05

Syngnc:hus |hscus .02 .07 .14 .20 .17

Microgadus :cmecd .06 0 0 .09 0

Cryptacanthcdes mccula:us .12 .05 .18 .09 .17

Liparis c:lan:icus .04 .05 .02 .02 0

Ammody:es americanus 0 .02 0 0 0
*

Licpse::a putncmi .02 0 .05 .02 .05

UIvaria sabbifurec:a 0 0 .09 0 .02

Aspidophorcides mencprerygius .02 .05 0 .02 0

Hemi:ripterus c=ericanus 0 0 .05 0 .02

Inmpenas !ampre eefc m's 0 0 .02 0 .02

Scepthclmus aqucsus 0 .05 0 0 0

3'dus mor*ua 0 0 .02 .02 0c

asppcgicssoides pictessoides .02 0 0 0 0

Unidentified larvae 0 0 0 .02 0

3cmber of species 15 13 16 16 14

'.*otal larvae 495 422 400 400 595

volume sampled (m ) 4808 4372 4361 4546 41693

Total larval density (per 100m ) 10.30 9.65 9.17 8.30 14.273
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Tablu 23. Abundance (nun.1,ers/100m") of t imh larvau anJ eggs of all specten. 2 Harth 1979 - 22
February 1980. NS = imt mampled. .

FISil IARVAE

Station 2 Nr 27 Har 12 Ag.r 26 Apr 11 Ny 25 May 25 Jun 24 Jul 28 Aug 12 Sep '12 Det 29 Oct 6 hv 19 hv 19 Iwc 19 Jan 8 Feb 22 Feb

i 16.98 15.69 28.82 6.30 9.27 3.52 NS 0.35 0 0 1.61 2.86 31.09 23.79 .08 .08 5.48 31.32

2 23.3% 30.86 9.75 3.64 3.69 10.88 1.69 1.13 .42 .48 1,67 1.63 18.06 22.52 .06 .13 4 . 30 20.61

3 17.26 34.48 6.87 3.49 23.60 2.59 2.14 1.18 .41 0 1.22 1.65 11.07 .05 .05 .l3 11.55 29.37

4 13.66 20.98 7.03 5.78 44.16 4.39 l.65 1.53 .38 0 1.20 4.03 14.07 .07 .04 .08 4.42 15.35

5 28.71 20,00 9.52 . 0.80 27.48 1.81 0.84 0.77 0 0 0.44 1.63 20.41 13.68 .06 .20 Hs 41.60

. FISil EGGSg

I O 1.47 15.91 14.70 23.39 57.27 NS 155.59 27.48 20.72 .40 0 0 0 0 0 0 1.13

2 0 0 9.75 5.00 6.56 54.50 101.27 134.34 24.69 16.60 .42 0 <.08 <.05 0 0 0 0

1 0 .49 3.00 9.17 10.73 24.14 70.71 172.55 18.85 3.10 0 0 0 0 0 0 0 0

4 0 0 1.17 7.02 12.04 10.96 80.58 130.53 14.12 2.22 0 0 0 0 0 0 0 0

5 0 0 .79 0 0.38 4.52 54.39 42.91 1.75 1.06 0 0 0 0 0 0 NS 0

.

_ _ . _ _ _ _ _ _ _ _ . _ . _ . _ . . _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _
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Tablu 24. Temporal abundance (sum.ber/100m') of larv.nl fimlies in the Mont sweag Bay - Sheepacot
River estuary. Nrcle 1979 - Febauary 1980. All 5 statiosiu rumistueil.

b
2 27 12 26 11 25 25 24 28 12 12 29 6 19 19 16 8 22

T.ama Nr H.a r Apr Apr Ray Ny Jun Jul Aug Sep oct Oct Nw Ev pue Jan Feb Fe b

Clules Isarut*JuJ 1.87 5.89 2.57 .17 .08 1.16 2.37 19.37 15.44 6.00 7.48 .09 .23

Plailla uwuwlluu 9.24 13.22 6.60 .51 .24 .09 2.37 4.28 17.I5

omnattaa paardix 19.27 1.07 .25

A*J m .pla<il:4a acense:4s 2.05 3.62 1.34 2.04 .56 .30 .09 .68

Pauisk plcuivncassa .s,wricanua .25 .85 1,59 l . t.0 .51 .08,

Myoxuswghalua catalacernapluwaus I.87 .36 i.7I I.62 3.89

Nyozasaplealue soorpina 3.73 .27 .09 3.66

Dliuria subleifinsmit.: .63 I.69 .38

Syrvisst.'.ua Assous .88 .91 .23
.08Liguria avheni .93 .08

I5
Liguria atlantious .09 .08 .08 .16 .09

Liopaatia putn uni . 36 .08 .08

liianvy.Lla.; tunaal .27 .08 .08 .09

Aapi.l.>phosvislea na>n..ptesygiua .17 .08 .36

Cryptaaanth0.l.sa artwritaarasa .09 .38 .08 .09 1.75

.08 .09Swytlusinase a.guoaua ***
Gstus ak>rluna .09

Ucraiteipterna artwr enunua

nippoyIoauoi.laa pIateouviden .09

lsangenua lsenynetiwfossnia .08 .08 .08

la ldentified larvaeu

Tut.a 4 la a v.au 19.96 24.46 10.78 3.99 22.20 4.61 2.01 .98. .23 .08 1.24 2.37 19.37 15.44 6.00 12.14 6.37 27.74

m
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Table 25. Teniporal abundance of fish eggs for all stations combined in the thintsweag
Bay - Sheepscot itiver cutuary, 25 June 1979 - 22 February 1980.

Jun Jul Aug Sep Oct flav Ilec Jan Feb Total

I.ahridae - Liiik2nda I, il 555 1208 102 36 0 0 0 0 0 1901-

1.abridae TIT 4 82 6 1 0 0 0 0 0 93

68 228 49 . 20 0 0 0 0 0 365
Scopthaltensa aquosita

C-ididae - Glyptocephalua I, II 39 16 1 0 0 3 0 0 0 59

Gadua rnorlata ITT 13 13 2 0 0 1 0 0 0 29

'

bwholuopua clinbrina TTT 5 46 15 15 0 0 0 0 0 8l

Mmhclyopua - Us ophyola I, IT 58 95 SI 45 4 0 0 0 0 253

Hippogloaaoidas platcavoidea 4 6 1 0 0 0 0 0 0 11

O 6 1 1 0 0 0 0 0 8
Urophyuiu upp. III

m vlucaina bilinearia 0 7 1 0 0 0 0 0 0 8

0 0 0 1 0 0 0 0 3 4
Unidentified

746 1707 229 119 4 4 0 0 3
TOTAL.

.

__ _ _ ______ _ _____ _ _ _ _
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Table 26. Mean tiensity (number per 100in') of fish eggs in the Montsweag Bay (Stations
3-5) - Sheepscot Itiver (Stations I , 2) es t ua ry , J une 1979 - Feb rua ry 19 tio .

Station

1 2 3 4 5

1.ahr lilac - Linatnda I, JI 6.20 7.09 11.10 10.12 7.51

1.ahrlilae III .56 .57 .37 .26 .34

Saopt/salmua aquosua 1.58 3.34 2.18 1.83 .19

Daillitae - Clyptoceplaalus I, Jr .25 1.05 .05 0 0

Guluu movinta ITi .19 .43 .02 0 0

Envitelyopua - Urop/nycia T, II 2.33 1.99 .62 .51 .02

Encitalyoptso ainbrino III .75 .82 .07 .I1 0

liippotjloaucidea plateucoideo .06 .11 0 0 0

Uropinyoin upp. Ilf .08 07 0 0 0

i Marluaaitna bilinearia .08 .07 .02 0 0

linIslenti f lett .06 02 0 0 0"

Niunber of species 11 11 3 5 4

Total fish eggs 584 681 629 582 3'16

Voluine sampled (in') 41108 4372 4361 4546 4169

Total egg tico * ! y (per 100ni ) 12.15 15.58 14.42 12.80 8.06'

.
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i temperatures at two stations in the Sheepscot River'

(1 and 2) and three stations in Montsweag Bay (3, 4
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PELAGIC AND DEMERSAI. FISHES

Andrew K. Iow:

Introduction

|
Demersal and pelagic fish sampling of the Montsweag Bay - Sheepscot

River estuarine systes entered its tenth year in 1979. The omjective

of this continuing study is to =onitor distribution and seasonal

changes 3 relative abundance of fishes indigenous to the region. This

report contains the results of data collected during 1979.

Materials and Methods
!

Pelagic Fishes

Methods were established by McCleave (1972). Pelagic fishes

were sa= pled at six stations (Figure 16). Station G1 is in the Back

River; G2 and G3 are in the =ain channel of Montsweag Bay; G4, about

1500 m north of the Westport Island 3 ridge, and G5 in Wiseasset Har-

bor are in the upper Sheepscot River estuary; G6 is in Cross River.

The latter three stations serve as locations unaf:!L:ed by plant oper-

ation. All station locations have re=ained uncle ged since June 1970

when sampling began with two exceptions: G5 war noved about 1000 m

south to its present location in October 1974, and G1 was coved about

860 m south to its present locatien in April 1977 because strong cur-

rents at the former 3erry Island location reduced the net's efficiency.

Three-panel, monofilament gill nets (45.6 m long x 2.4 m deep

with mesh sizes of 12.7 =m, 25.4 =m, and 50.3 mm square ceasure) were

99
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fished with the top of the net 1.3 = below the surface. Nets were

set and retrieved from specially designed gillnet rollers =ounted on

the bow of a 5.5 = outboard =otorboat. Nets were set ce fish across

the tidal current. Sets were made in late afternoon, fished through

the night, and picked up in the early =orming. Nets were fished

=enthly, ice conditions permitting, during neap tide periods to avoid

the largest tidal currents. Increased tidal currents in Montsweag 3ay

and especially Eack River as a result of causeway removal at Cowseagan

Narrows (in late 1974) have rsduced gillnetting efficiency.

Continuous ce=perature recordings were =ade at a depth of 1.8 =

during each net cat. Prior to September 1974, a water sa=ple was

taken at 1.8 = at the beginning and end of each set, the two mixed,

and the salinity determined by hydrometer. Thereafter, salinity was

=easured at the sa=e depth with a Beck =an RSS-3 field salino=eter

and averaged.

Collections were either preserved in formalin or examined fresh.

Collections were sorted, identified, and numbers and total weights

of each species recorded.

Denersal fishes

De=ersal fishes were sa= pled at five stations in the =ain channels

of the areas that McCleave (1972) studied until 1974 (Figure 16). Three

stations are in Montsweag 3ay: T3 is near the plant intake, T4 just

below the discharge and TS in the bay proper. Stations Il and T2 are
,

in the Sheepscot River estuary and serve as locations unaffected by

plant operation.
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Sampling began in March 1971. Fishes were sampled with a 9 m

otter trawl (25.4 mm square mesh in the wings and body, and 13.1 =m

square mesh in the codend) approximately monthly during daylight,

ice conditions permitting. Three different vessels were used during

the first six =enths of 1974. A 13 m commercial side trawler has

been used since September 1974. At each station two 7 minute cows

at a speed of 2-3 knots were taken in opposite directions to mini =1:e

wind and current effects. Bottom water temperature and salinity

measurements were taken at each station.

If time did not permit fresh examination, collections were

fro:en and later thawed, sorted, identified and numbers and total

weight of each species recorded.

Results and Discussion

Pelagic fishes

A total of 630 fishes representing seven species were collected

1.2 72 gill net sets during 1979 (Table 28). Rainbow smelt dominated

} the catch, ce=prising 48% of the annual total. Other species ce==only

collected were: Alewife (24% of total catch), Atlantic herring (16%),

and Atlantic menhaden (6%).

During 1979 gill net collections accounted for 33.4% of the nu=ber

of fish captured in 1978 (Table 29). This reduction was attributed

to an eight fold decrease in alewife collections, which were atypi-

cally low d.tring this year's summer months. Atlantic menhaden and

Atlantic mackerel abundance also decreased fr~= last year's levels.*
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Numerical abundance of remaining species approxinated that reported

for 1978.

Individual statica catches for the year are shown in Table 30.

The largest number of lishes was captured at Long Ledge (G2) and

the smallest number at Mason Statior. (G4) . Species abundance was

greatest (9 species) at the Back River (G1) and Long Ledge (G2) sca-

tions.

Over 68% of all fish were collected from May through July al-

though historically the annual ceak abundance is from June - September.

Rainbow scelt during May and Atlantic herring during June 1979 accounced

for the largest monthly catches by species. Gill net catches during

the remaining conths (August through April) averaged fewer than four

fish per net.

De=arsal fishes

Otter trawl sampling during 1979 captured 10,845 fishes repre-

senting 21 species (Table 31). Eight of these species comprised

approximately 98% of the total annual catch. The three most abundant

species were: Atlantic toscod (57%), winter flounder (27%) and smooth

flounder (5%) . These three species were also most co=non during,

1978, although this year Atlantic tomcod abundance increased 16% while

the winter flounder and smooth flounder catch decreased 6%. Other

species com=only collected in 1979 vere: longhorn sculpin (3%), white

hake (2%), grubby (2%), silver hake (1%) and little skate (1%) . Trawl

catches by station during 1979 are shown in Table 32
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The 1979 total catch increased 69% as co= pared to last year's

catch. The sagnitude of this increase in abundance is si=ilar to one

reported in 1975 (Table 33). Accounting for this year's increased

catch was an increased abundance of Atlantic temced (2,618, 1973 vs

' 6,135, 1979) reported at stations T4 and T5. Winter flounder catches

noted as being low last year (Evans 1979) also increased in 1979,

(2,123, 1978 vs 2,980, 1979) as a result of large catches at stations

T4 and T5. S=ooth flounder abundance decreased during 1979 although

the relative catch per station paralleled that reported in 1978. An

80" increase in longhorn sculpin abundance resulted from increased

sculpin catches at T1 and T2 during 1979. White hake collections were

similar to 1978, increasing at station T1 and correspondingly decreasing

at station TS.

Conclusions

.

Pelagic and demersal fish data generally support previously ob-

served trends in the relative abundance, species co= position and dis-

tribution of the various species collected. The decline in this

year's total pelagic catch is primarily attributable to a substantial

decrease in alewife abundance. Conversely, the 1979 desersal fish

catch increased over 1978 levels as a result of greater Atlantic

comcod abundance.

103

. - -



, _ _
_ _ _ _

LITERATURE CITED

Evans, S. D. 1979. Pelagic and desersal fishes. Pages 248-270 in
Maine Yankee Biological Monitoring Report, January-December
1978. Maine Yankee Atomic Power Co=pany, Augusta, Maine.

i McCleave, J. D. 1972. Finfish. Pages 181-249 in Survey of
Hydrography, Sedinents, Plankton, 3enthos and Commercially
Inportant Plants and Animals including Finfish, in the Mont-

|
sweag Bay - Back River area. Third annual report from the
University of Maine, Orono, Maine and the Ira C. Darling
Center for Research, Teaching and Service, Walpole, Maine to

| Maine Yankee Atomic Power Company. Ira C. Darling Center.
| Ref. No. 72-12. 310 p.
|

i

,

1

1

104

__



- - - --. ._ -.. _ . - - -

.

$

Table 28. Seasonal occurrence and abundance of fishes collected by

gillnet in Montsweag llay - Sheepscot River Estuary 1979.

.Eu
D u u u*

u
l .: ilp a*"

4 f !.c .. ~
a a n v a n a M. a
A N $ $ $ E ? $ s% S h & 'd

~.-

Species

1:ainbow smelt 68 2 32 13 171 2 14 5 4 3 314

Alewife 3 76 29 20 5 4 13 6 2 158

Atlantic herring 2 1 81 13 2 1 1 101

Atlantic menhaden 1 23 2 13 2 41

Atlantic tomcod 1 3 4 4 1 5 18

Silver hake 3 3 6

liluchack herring 4 4

White bake 1 3 4

Atlantic mackerel 1 I 2 |

White perch 1 1 2

TOTAL. 71 2 32 17 253 117 78 12 24 22 11 11 650

No. of Setu 6 6 6 6 6 6 6 6 6 6 6 6 72
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Table 29. Total abundance of some dominant fishes collected I,y gill
net in llontsweag 11ay - Sheepscot River Estuary. 1970-1979.

SPECIES 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979

Alewife 1820 2059 1913 1235 1075 368 578 318 1256 158

Itainbow cmelt 232 229 271 1164 806 153 389 532 295 314

Atlantic menhaden 157 182 408 1084 968 158 75 153 132 41

Atlantic herring 931 1123 100 556 236 50 394 147 80 101

Atlantic mackerel 96 73 25 36 14 1 19 8 42 2

TOTA.. AI.I. SPECIES 4253 5205 3838 5351 4027 1143 1686 1561 1842 650
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Table 31. Seasonal occurrence anJ abuiulance of fluises by atter traw! tan
E ntswedg Bay - Sheepacot Elver entenary, 1979.

Species Jan Feb Mar Apr Hay Juss Jul Aug Sep Oct Ww Dec All N uths

Atlantic conced 19 1 22 102 1438 713 34 3 95 1475 1805 794 28 6135

Winter flounder 1 25 306 320 422 523 329 516 427 83 28 2980

Smoutle flounder 1 60 124 85 tot 39 82 30 2 524

lasnghorn sculpin 3 5 13 5 81 37 68 10 18 36 31 18 325

Wlilta leake 1 7 4 21 7 46 124 8 I sa9

(;ruleby 9 14 41 54 9 9 1 3 6 10 Il 167'

Silver heke 2 1 10 15 70 29 4 1 1 32

I.ittle skate 3 2 12 5 3 14 27 26 5 97

Alwife 6 2 3 3 12 25 4 55

Sea raven ! I 4 4 6 11 4 2 1 7 3 9 53

Eaiulouw sm:1L 5 31 6 I i 6 50

Wisulows.ane 1 4 to 15 2 I I 34

Ocean s.out 4 4 9 3 5 2 2 29

Atlantic cud 3 1 9 4 I I I 2 2 24

St os thossa sculpin ! I 2 3 1 1 1 10

Cunnes 2 l 2 5
2 2

g rollock
1White percle 1

I IAmerican wel I I
AtlautIc leersing

! I,

Amestcan pl.alce

TOTA t. 39 24 146 549 2021 1315 1802 506 2242 1821 966 114 10845

b. ut Trawls
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Table 33. Total abusiJauce of all finta species collected by otter trawl at
eacle station and sampling year. Hontowcas Bay and Slicepucot
River, 1971-1979. Niel,er of collect!usus (t rawls) in parentl.csis.

Station 1971 1972 1973 1974 1975 1976 1971 1978 1979

Tl 1857 (20) 930 (22) 710 (24) 941 (24) 997 (24) 1886 (24) 1580 (24) 398 (24) 693 (24)

T2 2072 (20) 2115 (22) 1863 (24) 1344 (24) II42 (24) 685 (24) 442 (24) 317 (24) 580 (24)

T3 2282 (IS) 2266 (20) 2150 (24) 941 (22) 1908 (24) 3148 (24) 3178 (21) 1653 (24) 1249 (24)

T4 2954 (20) 4325 (22) 2295 (24) 1584 (24) 3496 (24) 6156 (22) 5892 (22) 2034 (22) 4735 (24)

T5 747L (20) 4551 (22) 1921 (24) 873 (24) 1561 (23) 3238 (18) 5006 (21) 2025 (20) 3588 (20)

All staLlana $5940 14187 8939 5683 9104 14413 16098 6427 10845

No. of trawla 98 los 120 ll8 119 112 112 114 186

Cattle per trawl 163 131 74 48 76 129 144 56 93
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MARINE ALGAE

Daniel M. Greenstein

Introduction

Abundance, distribution, and growth of intertidal =arine algae

indigenous to Montsweag Bay has been monitored for the past nine

years. During 1979 changes in =arine algae community structure were

assessed using percent cover estimates at seven historic mor.itoring

locations (Figure 17) . Presented herein are the results from data

collected during June and Nove=ber 1979.

Materials and Methods

The percent cover of algae, marsh grasses, attached invertebrates

' and substrate types was measured seasonally since 1971. During June

and November 1979 percent cover was =easured at each station in three

per anent vertical belt transects 0.25 m wide and of variable length,

depending on intertidal slope. Transects were frem the litus line to

=ean low water on the =udflats subtending the ledge at each site.

Transect data was taken in 1.0 m segments and analy=ed according to

tide height.

Results and Discussion

The coverage of intertidal substrates by benthic algae and other

organisms is shown in Table 34. Data comparisons are for the November

sampling period unless otherzise noted.
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As in previous years, Ascophy!!am mod 0sW" continued to demdJars

substrate coverage, accouncing for 76% and 84% of the intertidal

composition during June and Nove=ber, respectively. A. nedssum coverage

characteristically increased from June through Novemoer in both the
In zone 2, whereupper (zone 1) and icwer (zone 2) intertidal :enes.

A. nadasum is most prevalent, an 11% increase in cover was seen from

late June through November (81%, June; 92%, November) while a 5% in-

crease was reported for zone 1 (71%, June; 76%, November). During the

growth season increases in A. nodesum cover were generally offset by

corresponding decreases in exposed substrate or Fucus spp. cover.

Intertidal substrate exposure averaged 10% during the reporting period

while Fucus spp. cover was variable among locations.

At the experimental stations (Bailey Point, Foxbird Island, Young

Point), intertidal algal standing stocks were representative of those
_

attached algae found at the control stations. Average A. nodds%

coverage at the experimental stations was slightly higher (experi= ental

coverage = 867.; all stations combined = 80%) than that recorded for all

stations combined. Correspondingly, substrare exposure was lower at the

experimental stations. At only one experimental ene (:ene 1, 3ailey

Poinc ) did the exposed substrate exceed the combined average (10%)

for all stations. However, as compared to 1978, substrate exposure

at this site and Foxbird Island decreased substantially.

Percent cover composition at all stations (excluding Restaurant

Site) approximated that coverage reported during 1978. At Dewick's

Area, Ferry Site, and Foxbird Island, substrace coloni:ation and growth

.

w
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of previously established plants resulted in increased A. nedcawn

dominance. The overall decrease in A. ncd shn cover seen at Res-

taurant Site was partially compensated by increased Facus spp. cover,

thereby liniting the quantity of exposed substrate. At only one

other station (Young Point) was a net increase in substrate exposure

(7% increase during 1979) observed during November.

Conclusions

Data frem the intertidal profiles observed during 1979 continue

to substantiate the existance of a stabilized intertidal attached

algae community in the Montsweag 3ay area. Although natural variations

in substrate coverage are seen seasonally as well as annually, algal

cover is generally within 10% of the established average reported for

the diffuser discharge phase of plant operations.

.
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Table 34. Percent cover of intertidal substrates at each
cf seven stations during June and November 1979.
2 = :one.

Jun 1979 Nov 1979
31 Z2 Z3 Z1 Z2 Z3

Station (4)

Ferry Site (3) Ascophy;Iam nodosu= 86 86 88 74 30 95

Fucus spp. 10 9 11 25 7 2

Other plants 0 0 0 0 0 0

Animals 0 0 0 0 0 0

Rock & Mud 4 5 1 1 13 3

Bailey Point (4) Ascophy!Ium nodosum 59 97 79 95

Fucus spp. 32 0 9 4

Other plants 0 0 0 0i

Animals 1 0 0 0

Rock & Mud 8 3 12 1

Restaurant Site (5)AscophyI!um nodosum 60 73 72 91

Fucus spp. 15 11 22 1

Other plants 1 0 1 1

Animals 0 1 0 0

Rock & Mud 24 15 5 ,

Foxbird Island (2) Ascophy!Ium nodosum 97 87 94 89

Fucus spp. 9 1 3 4

Other plants 0 0 0 0

Animals 1 1 0 0

Rock & Mud 3 11 3 7

Young Point (6) AscophyIIam nodosum 38 93 76 97

Fucus spp. 0 0 10 1

Other plants 7 0 6 1

Animals 0 1 0 0

Rock = Mud 5 6 8 1

Dewick's Area (9) Ascophy;;am nodosum 58 46 77 93

Fucus spp. 6 25 8 6

Other plants 0 0 0 0

Animals 0 1 0 0

Rock & Mud 36 28 15 1

Clough Point (1) AscophyIIum nodosum 57 33 57 99

Fucus spp. 22 2 19 0

Other plants 0 0 0 0

Animals 1 3 1 0

Rock & Mud 22 12 23 1
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