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PREFACE

This report is presented in two parts. Part I contains the
results of studies performed “v the Ira C. Darling Center, Univer-
sitv 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 monitoring
programs conducted during 1979 in the vicipity of the Maine Yankee
Nuclear Generating Station, Wiscasset, Maine. The study programs in
this report, scme that have been ongoing for ten years, are designed
to determine the major ecological effects of plant cperation on the
Montsweag Bay - Sheepscot River estuarine system. This work was per-
formed in accordance with the momitoring requirements of the Maine
Yankee NPDFS permit and State Waste Discharge Liceanse and the report
is sucmitted to the U. S. Environmental Protection Ageacy and the
Maine Department of Eanvironmental Protection.

Readers familiar with this series of reports will ncote that
the biological monitoring requirements discussed herein are essen-
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
impact to the aquatic environment and delated the envircnmental
technical specificaticns.

Monthly average reactor thermal power levels since plzs: start-
up are shown in Figure 1. Maine Yankee was shut down durizg two
periods in 1979, From 15 March %o 5 June, Maine Yankee was shutdown
in compliance with an NRC show-cause order that required seismic
reanalysis of some piping system:. The reanalysis conclusively
showed that the piping systems in question more than adequately satis-
fied the design basis earthquake criteria. A scheduled outage during

September allowed for transformer ~eplacement and =aintenance.
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MONITCRING CF TEE IFTICTS CF THD COMDENSER

COOLING '7aT2ZR S7STDM ON PLANTICN a0 LaRVAL CRGANISMS

Seth 3arker, Jonm Stawars, cavid Towmsend,
Jotn Facunda and Hugh DeWite

Introduction

The objectives of this study are to Jetermine the acundance and
survival of phytoplanktom and zocplanktom (iacludin izhthrcplankton)
entraized 57 the condemser coolizg water at the falze Tankee “uclear
Generating Station, Wiscasset, Yaine, and to assess whether aortality is
ige to thermal stress, mechanical stress, or beth. The study began in
July 1972. The present report covers the pericd 1 Jaguary to 30.June
1979 and is divided into two sectiocns. The first concerms monitoring of
~he condenser cooling system and laboratory studies to leter=ine the
thermal tolerance of several species of icthyoplanktem. The second is
a report of studies cf the thermal tolerance of the larvae cf ?laccpecten
magellanicus, the giant sea scallop, and 'ya orencia, the soit-shelled

‘
C&aﬂ.

Phytoplankton, Microzoeplankton, and Aacrozocplankton
Methods
Samples for the evaluation of che effects of entrainment onm phyto=-
plankton and microzooplankton were collected at semimonthly intervals at
the plant intake and the discharge weir. During the present report
period, no samples could be collected durimg a plamt shutdown (13 March

£o 6 June).

ra C. Darling Center Ref. No. 7%-7a
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Since 1l September 1978, sampling at the plant site has been
coordinated with sampling at statiocn 2 ia Moztsweag 3ay for shytoplanikcton
and microzooplankzon. Ia =ost cases samples wers collaczed cn the same
day and at approximataly the same stage of tide at both sizas, The purjose
behind coordinatiag these sampling efforts was to zaxinize the possibilicy
of sampling the same water mass and the associated planknucaic corganisms.
Phytoplankton and microzcoplazkicn samples collectad at 2 and the incake
vader these conditions generally were similar, thougd occasionally differances
in species composition and density were £ound. ttempts to coordinate
entraimment sampling with ichthyoplankton aad macrozooplankton sampling
in Montsweag 2ay were not successful because of differen: constraints con
the sampling programs.

Since 23 October 1978 intake samples have been collected outside
the pumphouse between the trash racks and the traveling s:reems. Discharge
sanples were collected ia the seal pit before the discharge weir.

Samples were collected at low tide; this preveants dilution or contamina-
tion of condenser discharge water by water which has alreacy passed over
the discharge weir. |

In addition to the bioclogical data, temperature, salinmity, and
dissolved oxygen (D.0.) were measured. Water sanples were collected
with a 2-liter Van Dorn bottle at the same depth and locatiocr as the
plankton samples. Temperature was measured with a mercury tharmcmeter
or a 7SI telethermometer. Salinity was determined in the lakoratory
using a Beckman RS-7A induction salincmeter. Dissolved oxyg: ' was
d;cctnincd using Hach Chemical Co., Ames, Iowa, reagents in a modification
of the Winkler method.

lanktonic diatoms and microzooplankton were collected with a 30 ca
metered #20 plankton net (76um mesh). Six tows were taken at each loca-
tion. The duraticn of the tows varied with the seasonal density of the
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slankters, and sample density was kept o a 2inizmum T2 avoid overcrowding.
To minimize the affects of patchiness, tows 1, 3, and 5 were combined

for zooplankton, and tows 2, 4, and & were combianed for diatoms. These
combined samples were split in the field with a Folsom splitter to

obtain equal subsamples for field and experimencal survival determinacions.
The subsamples were placed in glass containers, diluced, aad storad in
{nsulated boxes. Approximataly 30 minutes after the last sample was
collected at the discharge weir, the discharge samples were screened on

a #20 mesh sieve to retain the planktom which was then transferred to
intake water at ambient temperature. This procedure simulatad the

raturn to ambient temperature experienced as entrained plankion nixes
with Montsweag Bay water at the diffuser discharge. To reduce copepod
grazing on diatoms, 0.25 ml of a 0.5% solution of roctencne dust in
iistilled water was added %o each 3500 aml of phytoplanktcon subsample
(Crippen and Perrier, 1974). YNormally there was a delay of approximately
sne hour between the collection of intake and discharge samples.

As part of a special study to evaluate the effects of the operation
of the Azmertap svstem on planktonic organisms passing through the
condenser cooling system, additional plankton samples were collected on
12 June 1979. Sampling was carried ocut sizult:necusly at the intake and
discharge without the Ammertap system on. The Asmertap system was
turned on and additional discharge samples wera collected.

Survival determinations were made om field diatom samples 24 hours
afrer collection and on experimental diatom samples 24 hours after
testing using the Evans blue staining technigue described by Crippen and
Perrier (1974). Samples were concantrated and aliquots withdrawn until

a zininum of 100 cells had been countad for each species (or genus in



some cases) which was sufficient  abundant such that this aumber of
cells could be counted ia the time available. Identificationms and
survival determinations were routinely zade at 100x in a Palmer cell.
This counting chazber which has a vplume of 0.1 =l allows the use of
higher power objectives when necessary.

A neutral red vital staining technique (Crippen and Perrier, 1374)
was usad to determine the survival of ziciozooplankters one and 24 Lours
atter collection of field samples and 24 hours after expcsure to elevated
temperature for the experimental samples. The l- and 24=nour survival
determinations of the field samples enablad the evaluationm of doth
immediate and delayed effects of entraicment. Gridded Sedgwick-Rafter
cells wers used as couating chambers for zooplankton survival determinationms.
Samples were analyzed in a relatively concentrated state and if zany
organisms were extremely abundant the sample was diluted for counting
those organisms. Organisms were identified to species whenever possible.

Water samples were collected for the detarmination of diatom densities.
Three combined 2-liter Vaan Dorn bottle samples were subsampled. This
subsample of approximately 0.8 liters was sreserved with Lugol's solutionm,
allowed to set:tle for 24 hours, and thenm c.acentrated. The samples were
not analyzed for this pericd. Zooplankton demsities were determined
from the volume of water sampled, the volume of the sample, and the
number of {ndividuals counted ia 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:

Number of living organisms
survival = Soofer of cotal organisms

Percent x 100



A corrected percent survival (C?S), which compensates Zor acrzalities
due either to natural causes or sampling procedures, was them calculatad

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

cPS = % survival ia discharge sample
% survival in intake sample

x 100

Percent survival was not calculated for dfaroms if the category being
considered had fewer than 100 cells, or for zcoplankters i the category
had fewer than 30 individuals.

Le-oratory experiments subjecting phytoplankten and microzooplankton
to a simulated temperature regime (STR) were conducted in comjuaction
with the field surveys on 12 and 26 June 1979. Samples were exposed to
the discharge temperature cbserved on that date. Other details of the
procedure are givean in Lindsay and 3arker (1975). The experizent was
aot completed from 1 January to 5 March because high survival in the
field samples obviated their anmalysis. Omn 16 June the experizent was
not compicted in the case of the phytoplankton sample because of low
survival in the control sample.

Laboratory experiments were conducted to detarmine the tolerance of
larval Placorectan magellanicug, the sea scallop, to various time-
temperaturs combinations that might be experienced dJuring entrainment.
The effect of acclimaticn temperature on the resistance of larval fya
irenaria, the soft-shelled clam, to thermal stress was also investigated.
Addirioral studies introduced salinity as a factor in affecting survival
of the larvae of these two species. Methods wera similiar to those

described in Lindsay and Barker (1977). Results of chese experiments are

reported in the second section of this report.



Until July 1978 mcnitoring studies of zocplanktonm entrained at
Maine Yankee have not included macrozooplamktom om a ro: “ine basis.
This size fraction of zooplankton has been reported ouly as it cccurred
{acidental to the collection of microzooplankton. The nets used for the
collecticn of microzooplankton are not efficieat in che collection of
larger organisms which are relatively rare ot show avoidance responses.
Since July 1978 macrozooplankton has been sorted from quantitative
ichthyoplankton samples to deterzine abundance and species compesitionm.
Results for the period 1 July 1978 to 30 June 1379 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 35.8°C. lean 4T for the pericd 1 January to
30 June was 17.7°C (standard deviatiom 1.5°C). Dissolved oxygen con=
centracions were consistently lower at the discharge seal pit.

The percent survival of those species or genera of diatoms for
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 ia both the intake and discharge sample. Summary
data for the genera Chaetocercs, Coseinodiacus, and Tebellaria are also
presented in Table 2. Survival was high from January until early
March. No samples were collected during the shutdown period. In June,
after the power plant was back on line, the survival was generally
lower. It should be noted that on 26 June survival was low in the

intake sample for all species except Skelesomemz costatwn. The resulting



aigh correcteil percent survival estizates are srobably uarealistic.
The laboratory simulacicns of candnﬁsn: cooling watar tamperature axposures,
completed only on 12 June, resulted in a similar CPS as that which was
found ia field samples. Survival was ccmparable io samples collectad
with and without the Ammertap system in operatiom.

The density of aicrozcoplankton, shown ia Table 3, was generally
low during January and February. Thaere was an increase in density on
5 March when larvae of Scolecolepides viridis were abundant. Greatest
densities of microzooplankton were found during June. Table J gives
the density of the cataegories of microzooplankten for which sufficient
aumbers were preseat to calculata percent survival. Pseudocalonus
ninutud copepoditas and Y<{orosetella norvegica adults and copepeodites
were the most abundant organisms during January and February. an exception
was 20 February when Acarsic spp. nauplii were more abundant than Pseudccaiarus
copepodites. Large numbers of Scolacolepidas viridis eggs were present
along with relatively large numbers of Zalawms nauplii om 3 March. The
greatest abundance of any one organism during the sampling pericd was
that of Synmchaetz sp. on 12 June. Also abundant om that date and the
following date in June were setiger larvae of unidentified spicnids.
On 26 June Acar:ia spp. nauplii were the most sbundant organisms.

Survival of the primary components of the microzooplankton is shown
{n Tables 4 and 5. With a few exceptions survival was generally high
during January and February. Survival was low om 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 examined 24
hours after transit through the condenser cooling system. The two 2ost

obvicus inconsistencies were the survival of dearsig spp. nauplii on
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12 June and the survival of spicnid secigers om 25 June. In both cases
the survival in the sample examined after 24 hours was higher than the
sample examined at cne hour after transit through the cooling systeam.

The macrozooplankton collacted during the emtraimment study w's
similar in species composition to those sampled by bouyed and anchored
nets in Montsweag 3ay (Jaeger, ect. al., 1978). Members of the class
Crusticea were well representaed (see Table 6). The amphipods were omne
of the most prevelant groups and two species, J2ss8a faleata and Corophium
ingidiosum, were noteworthy ia that they were present in almost every

sample.

Discussion and conclusions

It appears that during the colder menths diatom cell loss was
ainimal. High survival of diatom species between January and early llarch
i3 consistent with findings from previcus years (Lindsay et al., 1978;
3arker et al., 1979). The low survival in early Juane was also consistent
with previous results. Two factors zake interpretaticn of the data
difficult but do not change the conclusion of relatively high cell loss
during the month of June. The first is the observation that there were
fewer cells in the discharge samples taken in June in comparision to the
corresponding intake samples. This absence of cells has been reported
before (Barker, et al., 1979) and is appareatly the result of cell destructiom
during transit through the condenser cooling system. It would be expected
that cell debris would be present in the 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 . lder months
of the vear which indicates that the cell loss is temperature related.

The second factor which makes interpretation of the data difficult



was the low survival ia the intake sample on 26 June. This was caused
by a combination of holding temperacure and large numbers of dead zoo-
olankton present in the samplas (killad by the additionm of rotencne as a
measure 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 comsistent with previcus findings (Lindsay et al.,
1978; and Barker et al., 1979). It was previocusly noted (Barker et al.,
1979) that differences in tolarance between taxa explained, in parc,
the observed drop im survival duriag April and May 1978 when Pseudocalanus
developmental stages were abundant and exposure temperatures were increasing.
This was followed oy higher survival in June when 4carsiac developmental
stages were present. A similar sequence of events occurred ia 1979. Ia
this case the observed mortalities occurred in llarch, a month earlier
than the previous year. T1his was apparently due to the fact that higher
discharge temperatures cccured earlier in the vear. It is noteworthy
that Acarrzic spp. nauplii present on 12 June 1379 exhibited survival
comparable to that of the nauplii present during June 1978. It appears
that the discharge temperature of 35.8°C present cn 26 June was lethal
to both nauplii and copepodites of this genus. The copepod Sprirelia sp.
and spionid setigers were the cnly organisms to survive in reascnable

numbers.

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

zooplaankton.
The numbers of iadividuals collected ia the macrozocplankton samples
precludes any conclusicns about changes in abundances that may have occurred

in Montsweag 3ay as the result of losses due to entraimment. A comparison



7f densities of organisms in buoyed and anchored zet samplas and entrainment
samples shows that the entra.oment samples appear ©o undersample the
macrozooplankton. Thic discrepancy could result from sampling during

iaylight hours when the macrozooplankton are less active.

Ichthyoplankton
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Plankton tows were -aken at the intake and discharge t
the abundance, species composition, and mertality of entrained larval
fishes. During the preseat report pariod, no samples could bde collected
juring plant shutdown (135 March to 6 Jume). The tows were taken by sus-
pending weighted 30 ca and 50 ca diameter #2 mesh (0.36 =m) nets Ia the
water as it was pumped through the plant. ior to 23 October 1978
intake samples were taken inside the circulating water sumphouse after
the water had passed through the traveling screens (1 cm mesh) and just
before it entered the pumps. During the present report pericd, samp les
were taken outside the pumphouse, before the water passed through the
traveling screens. On 5 March, however, intake samples were taken
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simultaneously both inside and cutside the pumphouse

rh
(

"
'
§
™
"
-
w
P
O
o |

The discharge samples were collected where the water emerges from the
slant at a point just before it passed over a weir into a holding basin
which feeds into the submerged multipert diffuser. Sampling was carried
out at the same tidal stage each time (low), so that comsistancy of
tidal conditions would limit the number of variables associated with
sampling. On 12 June 1979 discharge samples were collected with the

\mmertap system both on and off to compare larval survival. Ichthyoplankton
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were collected concurrently with the paytoplanktom and =i
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samples so the temperature, salinicy, and dissolved oxygen values collected
with the latter also apply to the former.

The samples for morzality determinatiocn were taken at doth the
{ntake and discharge with 30 cm nets. These were short tows, 5 aiautes
each, to minimize sampling mortality of the larvae. Twelve tows 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 ambienc by addition of intake water
to the ice chest. Discharge samples were coocled rapidly to ambient
temperature after about 30 to £Q minuctes <o simulate the temperature
regime to which organisms passing through the diffuser are expcsed.

This was dome bv pouring each sample through a 0.27 mm zesh sieve and
immediately rinsing the organisms retained on the mesh back into the

sample jar with ambient temperature water Irom the intake. These 7ere

then held at or near the ambient temperature in the same manner as the

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

sorted for live and dead larvae in 2 shallow glass pan. Any larvae

which did not respond to touch by swimming were counted as dead, 2ven if

there was still a heartbeat, since larvae ia this immobilized comditicn

were presumed to survive no more than a few hours. Live larvae were maintained
for 24 hours at ambient temperature td detact delayed mortalities.

Larger samples, for the determination of abundance and species
compesition of larvae passing through the plant, were obca}ned at the
intake with longer (approximately 2 hours) tows with 30 cm nets. These
tows were quan:ified using General Oceanics digital flowmeters mounted

in the net mouths, The samples were treatad with tricaine methanesulfonate



("™M8§=222") to relax the larvae, fixed with 10T buffered formalia, and
returned to the laboratory for later sorting, identification, and enumeration.
Also presented im this raport are the results of thermal tolerance
tests of yolk sac stage larval herring (Clupea harerngus), smooth £lounder
(Licpsetta putnami), and smelt (Osmerus morcaxz). These experiments
utilized the thermal block apparatus described by Barker and Stewart
(1977). Larval herring and smooth flounder were cbtained Dy scripping
and fertilizing eggs from ripe adults, and the experiments were run in
seawatar. LlLarval smelt were obtained by collacting egg nasses from
Wiley Brook (a tributary of Damariscotta River estuary) afrer several
unsuccessful attempts at stripping aand fertiliziag the eggs from ripe
adults. The smelt larvae were testad for their thermal tolerance in
both brook water (fresh) and seawater. lfultiple regressions were tTum on

the data to relate mortality to functions of tamperature and tizme duratica.

Results and discussion

The numbers of live and dead larval fishes collected in the 3=
minute mortality tows are listed in Table /. .ine water temperature,
salinity, and dissolved oxygen at both the intake and discharge when
these *ows were made are in Table 1. Nine species of fish larvae and
one juvenile species were collected in the mortality tows. Unfortunately,
the aumbers of individuals caught ave not sufficient to warrent conclusions.
The plant shutdown during peak larval fish abundance prevented a better
evaluation ¢f larval fish entrainment.

The densities of larval fishes in the quantitative inrake samples
are given in Table 8. The 5 March sample was taken at the beginning of

the peak in larval fish abundance and a total of nine species were caught;
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the rock gunnel and shorthorn sculpia being the dominant species. The
period of peak abundancas of wiater and smcoth flcounder larvae, both of
which have been important and sometimes dominant in past years, occurred
during the plant shut down period (Shaw and DeWite, 1979) .

Table 9 presents the results of comparative S5-minute mortality
rows taken inside and outside the traveling screens at the iatake as well
as the results of S-minute mortality tows at the discharge with the
Ammertap system on and off. There does not seex to be an appreciable
difference between t.e catches and mortalities of larvae sampled inside
and outside the screems. No conclusicns can be nade regarding the effects
of the Ammertap system on larval survival at the discharge due to the lack
of sufficient numbers of larvae sampled.

The results of the thermal tolerance tests on smelt, smooth flounder
and herring volk sac larvae are given in Tables 10-13 together with
the regression equations.

Mortalitv was observed at temperatures ranging frem approximately
25 to 32°C for all three species. The mortality >f herring and smelt
larvae increased 1s 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 larvae have 1 reduced thermal
tolerance after naking the tramsition from fresh water, where the adults
normally spawn to salt water.

The regression equations given in Tables 10-13 have been zalculated
for the prediction of mortality at temperatures and durations of exposure
other than those testad. The use of these equations should be restricted
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 cother £ish larvae.
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Sampling dates, chemical and physical data, and densities of organisms for the perlod of

Table 1.
1 January toe 30 June 1979,
N} = Not Quantified
Temp. AT Salinicy
Date Location e, *c ®/eo
8 Jan Intake 335 15.0 23.8
Discharge 18.5 22,6
22 Jaan Intake - 18.5 24.5
Discharge 20.8 23.5
5 Feb Intake P 19.6 21.8
Discharge 21.9 22.2
20 Feb Intake 2.0 7.2 26.0
Discharge 19.2 26.0
5 Mar Intake 4.7 17.9 22.4
Discharge 22.6 22.4
12 Jun Intake 17.0 16.9 18.9
Discharge 33.9 18.7
26 Jun Intake 17.2 18.6 24,2

Discharge 35.8 24.5

Planktonic Total

D.O. Diatoms Diatowms Zooplankton
ppu cells/1 cells/1 organlsms /m

NQ NO NG 1876

NQ NQ NQ 1988
4 8 NQ NQ NQ)
10.3 NQ NQ 1296
11.6 NQ 0] 847
8.9 NQ NQ 691
11.7 NQ NQ 1050
10.8 NQ NQ 2189
11.6 NQ NQ NQ)
10.2 NQ NQ 7840
8.2 NQ NQ NQ
7.9 NQ NQ 32417
8.5 NQ NQ 23967
8.1 NQ NQ 31221
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Table 2. Survival of primary components of net phytoplankton 24-hov s ufter passage through the condenser cooling wystem.

I1PS =« Intake percent survival DPS =« Dlscharge percent survival CPs = Curvected percent survival

- = No cells, survival not calculated X = <100 cells, survival not calculated

W B Jan 2.;-J‘nn 5 Feb Nt 20 '-h—-—-‘ (s S Mar 12 Jua
e,y L) 1PS DPS CPS IPS DPS CPS  IPS DPS CPS  IPS JPS CPS 1PS DPS CPS 1PS DPS CPS
Chaetoceros spp. 96 87 91 X 92 X 771 100 9% 6 81 m 15 9% B4 16 19
. danicus - - = o - - - - = 98 x X X x X - - -
¢, dubile - = = e e - - - 2 = = X X X 84 24 9
. decpiens X x X X 92 = 12 1w X X X 74 71 9% Xx x X
C. diadana - - = - - - - = = - - - B> = X X x
. lacinioswa - - - - = = - - = - = - 3@ -~ = s - -
Covcinadis us spp. 91 99 102 X x X a5 86 91 x x X X X x - X =
C. centralis 98 99 101 X X X x X X X x x X x X - = =
Fragilavia spp. - = = - - = - - - X x X X X X 93 99 106
Plewrosigma angulaton X X X > X3 55 45 82 55 78 142 5% 50 89 - B =
Skelatonamy costatum - & - - = = - K = X - - - = - 5 9 3
Tabe lHlaria spp. X 99 x - = = X x X 1 X B A - X =
ffloswlosa % 99 % - - - % % x % x x % x ¥ - R <

Sample Total 93 91 98 78 110 %6 10 92 75 719 105 64 56 88 84 43 51




Table ). Abundance (l/.]) of primary components of the sicrozouplankton, | January to 30 June 1979.

Acartia spp. nauplil

Acartia wpp. copepodites

Pacudoalanus minktua
copepidites

Cyclopald and hrpﬂ:tlcold
naupl Ll

Microsetella norvegica
adults and cupepodites

Unddent 1ffed Harpacticolds

Homioyrlops sp. neuplil
Suphivalla sp.
adulis and copepodites
Syrchacta sp.
Sploald nelltetu]
Seclecolepides vividia
cggs
Balwws spp. nauplit
Other microzooplankton

Total micvozooplankton

'Dum.l(y cut tmates based on l-hour Intuke samples.

22 dsa®

55
35
817
n
444

51

zuuu-uy estimates based on I-hour Discharge samples.

T tucludlug Scolecolepides viridis.

3

2617

106

45

e

286
164
150

19

1050

222

41

L4l

(5]

62

10

48

21421

an

203
91

12607

26 !99{

413

w2

%1
L1

12

518
109406

2120

iR
1014

239617
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Table 4. Survival of primary components of the microzooplankton l-hour alter passage thiough the condenser cooling system.

1PS = Intake percent survival PP = Discharge percent survival CPS = Corvected percent survival
-~ = No orgenlsms present, survival not calculated X = <30 organlsms present, survival sot calculated
8 Jan 22 lan 5 Feb 20 Feb 5 Max 12 Joe 26 Jun
- L I1Ps DPS CPS 1PS bPS Crs IPS DPS CPS IPS DPS CPS iPS DPS CPS IPS bPS CPS I1PS DPS CFS

Acartia wpp. nauplil X X X 92 x X X 3 5 98 96 94 X 9% X 100 46 46 92 46 50
Acartia spp. copepodlites 9% X X x X X 5 & 3 12 97 13 E % B ¥ -5 8 91 19 2
Povwdocalanus minutus 98 65 89 92 94 102 9 17 80 90 92 102 95 54 64 2 - = 2 % R

copepodites
Cyclopold and Harpacticold X x X X X X £: = .= 2 B 3 X X X 92 96 104 9 x X

naup it
Miorvsetella normegica 88 62 70 77 81 105 E 3 X 9% 94 99 92 52 57 o I e

adulis and copepodites
Unident 1fled Harpacticolds X X X £ %% X X X x x X X X X 100 x X 85 X A
Hemicyclope sp. nauplil - - = - - = - - = .« = = - - - - = 91 44 4B
Saphirella sp. - = O " B - - o e . e .ok - = = 96 78 dl

adults and copepodites
sSynchacta sp. 2 -8 8 X X X X X X X x X X X X 5 1 3 g6 0 O
Splonid sect l.e(ul - = = - - e e - e = X X X 99 98 99 99 13 4
seolecolepides vividia - = = - - - i, | e - = = 58 30 52 - - - = =

CEgs
Balanus spp. nauplid g - e X 8 - & - 95 87 92 E B 3 E- B 3

ot tucluding Scolecolepides viriaia.



Table 5. Survival ot primary components of the wicrozouplankeon 24-hours after passage through the condenwer cooling system.

IPS = Intake puercent survival PPS = Dischurge percent survival CPS ~ Corrected percent survival
~ = Mo organlsms present, survival noc caleulated X = <30 organisws present, survival aot calculated
8 Jan 22 Jan 5 Feb 20 Feb S Max 12 Jun 26 Jun
LA o wesurgces  wspescrs  IPS DPS €F5  apspeSCrs  IPS DPS CPS PSS DPS CPS IFS DS OFS
Acartia spp. neuplil x x X X X X X x X a5 87 102 X & = %6 11 93 B2 33 &
Acartia spp. copepodites 1 X X X X X X x X 83 94 11} X x X ¥ B 'S 36 i1 1)
Avartia longiremis - X = X X x - & = 81 97 120 X X X - - = - - =
adults
Pocudocalanus minutue 97 93 96 B8 89 101 84 58 oY 89 81 91 "% n - - - - - =
copepodltes
Cyclupuld and Marpacticold ® . % R - K = X x X L SR 5 X9 91 98 108 X x X
wanpiil
Microsetella norvegica 90 0 I8 69 85 123 68 X X 87 92 106 85 35 4l - = = X X X
adults and copepodites
Uniddent 1Efed Harpactocolds X X X X X X X x X X x X - S e 6l B2 134 B 3
Homicyclops ap. neuplil w w = sl = L - = - W - - - - 8BS 44 4B
Saphivella sp. - W - - RN - e o = e e 9% 19 82
adults and copepodites
Synchacta ep. $ K & - K = X X X X x X E 2 8 8y 0 O % 0 0
Splonid set lgctl' E = = - - - - - - - - - - - - 93 89 9% 94 BH 94
Seulecolupidee viridis e =i o= oo . Loe= - = - - - - 3 ? 2 ORI - - =
Balanus spp. nauplll - - - “ - - X x X W PR 93 87 89 X 86 X B =

ot tocluding Sooleoolepides vividis.,
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Table 7. Numbers of live and dead larval fishes collected in 3-minute Cows
at the intake and discharge, 1 January 1979 to 30 June 1979.

a = alive d = dead I = Intake D = Discharge
: 2 2 - Z g
= - e Z = -
Species ~ - I~ " ~ v
~4 ~ — ~
a-d a-d a=d a-d a=d a-d
Herring I 0-1 O0=-1
Clupea haxengus D 0=0 0=0
Pollack I 0=0 1*=)
Pollachius virens D O=1 0=d
Rock Cunnel I 1-0 2-13
Pholis swmellus D 0=-1 Q=2
Longhorn Sculpin I 1
Myozocerhalus D 00
cetodecemspincaus
Shorthorn 1 2<0) 3-8
Sculpin
Y. sccroius D 0<0 0=0
Grubby o
M. cernaeus D
Wryamouth I 0=2
Cruptoeanthodes D 0-1
macu.qtus
Smelt I 0-1 0-1 0=-2
“emerus moriax D 0-0 0-0 0-0
J=-Spined I 2*=0
Stickleback
Fagrerosteus D Q=1%
aculeatus
Winter Flounder I Q=1%
Fseudop leuronectas D 0-0
ameriocnus
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Table 8.

Specles densities of larval fishes collected in
at the intake, 1 January 1979 vo 30 June 1979.

larvae per 100 w? of water filtered.

quant itative tows and preserved
Densities are glven as nuaber of

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

Volume Filtered () 601 m 466 w 868 w’ 04 w 780 w’ 532 w’
Total Number of Juveniles 0 0 1 2 0 B
Total Number of Larvae 2 7 19 100 20 6
Total Larval Density

(larvae/m™) L0013 0.015 0.022 0.142 0.025 0.011
Clupea harengus 1 1 5 1 4%
Pholis gunnellus 4 5 38
Myoxocephalus octodecemspinosus 1 4 10
M. scorpius 1 9 34
M. aenaeus 1 2
Ganterosteus wheatlandi 1*
Pollachius virens 1 1 + 2%
Cryptacanthodes maculatus 10
Osmerus mordax 19 5
Alosa psewloharengus 1

AJuvenile Fish (not included in density calculation)



Table 9. Numbers of live anc dead larval fishes cocllected in j-minute tows
on 5 March 1979 at the intake (both inside and outside the travelin
screens) and on 12 June 1979 at the discharge (with and without the

Ammertap sys:em).

a = alive d = dead
S March 1979 12 June 1979
Intake Discharge
Species Outside Inside
screens screens Armertap Ammertap
a=d a-d On off
Tlupea harergus 0-1
Herring
Psllachius virens 1*=d 1*=0
Pollack
Pholis gunnellus 2-13 5-2
Rock Gunnel
Wozcoephalus 8corpius 33 5-2
Sherthorn Sculpin
Sryptaccwthodss maculatus 0-2 =0
Wrymouth
Jamerus rordaxz 0-1 0=-1
Smelt
Jagrtercsteus aculeatus 0=-1%
3-Spined Stickleback
M. cerodacemspinosus 1=-1
Loaghora Sculpin
M. cerceus 2=0
Grubby

*Juyvenile fish



Table 10. Experimental values of percent mertality at the given exposure
rimes and temperatures for smelt (Jsmerus mordaz) yolk sac
larvae in brook water. The calculated regressiom equation
relating percent mortality to time and temperature is:

$1.:l"L /% Mortality = 5368.39 + 96,7005 (Tcaperature) + 0.01292(Tize x Temperature)
2

~2421.90(In Temperature) R® = 0.809
Exposure Time (min.) Exposure Temperature (°C) % Mortality

60 32.6 100
60 32.6 100
50 30.8 100
60 30.8 100
50 28.8 62.5
60 28.8 37.1
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 ¢
30 26.8

30 24.9

30 24.9

5 32.4 100

5 32.4 100

5 30.6 i
5 30.5 0

5 28.6 Tod
5 28.6 7
5 26.6 0

5 26.6 0

5 24.5 6.7
5 24.5 0
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Table 1l. Experimental values of perceat mortality at the given exposure
times and temperatures for smelt (Jamerus mordax) yolk sac larvae
in sea water. The calculated regression aquation relating percent
mortality to time and temperature is:

sin~} /THoTcalicy = -198.832 + 7.22307(Temperature) + 17.2384(Ia Tize)

&% = 0.786
Exposure Tize (aia.) Exposure Temperature (°C 2 Mor i34

60 32.6 100
60 32.6 100
60 0.8 100
60 30.8 100
60 28.8 100
80 28.8 100
60 26.9 88.9
80 26.9 90.9
680 24.9 40.0
50 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
3 26.9 50.0
30 24.9 40.0
30 26.9 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 2%+
5 26.7 0

5 24.5 0

5 24.5 14.3




Table 12. (Zxperimental values of percent mortality at the givea exposurs
times and temperatures for smooth flounder (Licpsesta putnami)
yolk sac larvae. The calculated regression equation relatiag
percent mortality to time and temperature is:

2

sia~} /T Torcality = 37943.7 + 1461.79(Temperature) + 0.00400(Tize ) -12.6406
(Tcnpcra:u:nz) -20686,4(In Temperature) nz = 0.878
Expcsure Time (min.) Exposure Temperature c) % Mortality
60 3.2 100
60 34.2 100
60 32.0 100
60 32.0 100
60 29.8 100
60 29.8 100
A0 27.6 26.7
60 27.6 80.0
60 25.4 y #%
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
b 33.9 100
- 30.5 100
5 30.5 46.4
5 28.4 200
5 28.4 26.7
3 26.2 6.7
- 26.2 6.7
3 24.0 0
5 24.0 0
26



Table 13. Experimental values of percent mortality at the ziven exposure
times and temperatures for herring (Clupea harengus) yolk sac
larvae. The calculated regressicm equation relatiag percent
mortality to time and temperature is:

s1a~) [T UGTTAIIE = 64553.9 + 0.65403(Tine) + 2492.85(Temperacure) -21.7298

(Tnlpltltutnz) -35201.8(Ia Temperature) 9.2 = 0,819
Exposure Time (ain.) Exposure Temperaturs (°c) % Mortalit
60 33.0 100
60 33.0 100
60 31.0 100
60 31.0 100
60 29.1 100
a0 29:1 100
80 27.0 100
60 27.0 31.2
50 23.0 0
80 25.0 6.7
30 33.0 100
30 33.0 100
30 31.0 100
30 31.0 100
30 29.1 100
30 29.1 100
£V 27.0 0
30 27.0 Q0
30 25.0 0
30 25.0 0
15 33.0 100
-2 33.0 100
L 31.0 100
5 31.0 100
15 29.1 12.5
L 29.1 6.7
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Table 13.

Zxposure Tizs {min.)

uuuvmuumu»ummcucu

(Continued)

Exposure Temperature (°C)

27.0
27.0
25.0
25.0
32.7
32.7
29.8
29.8
37.9
27.9
26.0
20.0
24.0
24.0

% Morealicy

o O o O

100

100
18.3
76.3

o O O o o
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MORTALITIES OF VELIGER LARVAE CF Plaocpecten ™ cellanicus, THE
SZA SCALLOP, AND ‘%2 arenar<g, THE SCFT-SHELLED CLAM AFTER ACUTE
EXPOSURE TO THERMAL ~ND THERMAL-SALINITY STREISS

John Stewart and Seth Barker

Introduction

Because of the tremendcus volume of water used ia once-through condenser
cooling systems, there is the likelihoed that large numbers of planktonic
organisms could be entrained with the cooling water. GEntrained crganiszs
are axposed to thermal, mechanical, 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 mercplanktcnic larvae ;ay be especially susceptible to
entrainment losses (Enrighe, 1977; Copeland et al., 1977).

One of the state's more productive scallop beds is located in upper
Penobscot Bay, near Sears Island, the proposed site of a power generating
station. During the especially successful 1975-76 harvest season, 437
zmetric tons of scallop meats (worth about 3 million dollars at current
retail prices) were landed from this area (Dow, pers. comm.). The sea scallcp
i3 essentiallvy a deep water species, (Posgay, 1953; Kennedy and Mihirsky,
1371) and known to be intclerant of chronic high temperature (Dickie, 1958;
Culliney, 1974). YNc information is available, however, on the tolerance of
the larvae to the thermal shock that they would experience during entrainment.
I. is also not known what the tclarance of the larvae is to the combined
stress of simultanecus changes in temperature and salinity.

Like the sea scallop, the soft-shelled clam, 'fug @enariz (Linné), is
also abundant near Sears Island, but in contrast it is predeminantly found

in intertidal areas. 1It, too, is commercially exploited; ex-vessel value
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of the 1975 United States east ccast catch was 3.7 zilliom dollars, but
rotal landings have declined in recent years (Ricchie, 1977). High entraimment
mortality of the larvae could comtribute to the decline of adult stocks.
Stickney (1964) has studied conditiocns necessary for successful rearing of
sofr-ghelled clam larvae, and other data are available on the temperature
tolerances of both juveniles and adults (Xemnedy and ibursky, 1971),
but only limited information on the acute thermal tolerance of the larvae
is available (Barker and Stewart, 1378).

The thermal shock experiments of 3arker and Stewart (1978) used
summer spawned clam larvae reared at 17 ©o 18°C, a temerature ccmmonly
measured in Montsweag 3ay (Thompson, 1378) during much of t. * adults'
spawning seascn in Maine (Ropes and Stickney, 1565). This rearing temperature
was warmer than ambient :cnpctacuf;s near Sears Island given by Haefner
(1967) for the same period. Therefore it is unclear whether the results
of these experiments conducted at the warmer temperature would be pertizent
to entrainment of clam larvae at the cooler temperatures characteristic
of upper Pemouscot Bay. The experiments described here detarmined the
tolerance ~f early straight-hinge clams to acute thermal shock with acclimacion
temperatures of 10 to 12°C.

Clam larvae may also cccur withia a wide range of salinities, as well
as temperatures, and conditions of lowered salinity zay de expected at estuarine
power plants. Therefore the relationships between salinity and the acute
therma ~olerance of both clam and sea scallop larvae were investigated. A
combination of thermal and salinity shock was used. Clam larvae from two
estuarine locations were tested to determine if the salinity cf acclimation

influenced the relationship between thermal and salinity stress.
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Methods

Adult clams and scallops were collected from the T .._.lscotza River
ia July, August, and September 1378, Larva. vearing techni .es and the
experimental apparatus and design were similar to = ~e previocusly reported
in Barker and Stewart (1978).

Details of each experiment with the exception of M=] are summarized
in Table l4. The salinity stress was accomplished By subjecting larvae to
altered conditions of salinity concurrent with exposures to elevated
tempecatures. The duration of expeosure in these temperature-salinicy
experiments was 60 ainutes. After that period of time the larvae were
returned to the original acclimation temperature aad salinity. CIxperimect
M-3 was similar to M=3 and =6, Conditions of the experiment can Dde
obtained from Table 18.

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

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

! 2 2 5 4
was as follows: y =3, + alr + 3.M+ 33MT - BAM‘ + 557' + BGX’T' +
2 2 s 3 3 2253 e
3.M°T + Baxt“ + 59A3 - Blor + 811331 + BlszI + 3131! - 3164 T+

~
3153‘r3. where 33 is a constant, 51-315 are regression coefficients, M Is

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

root percentage mortality. Observed mortalities in all experiments were
rransformed to stabilize the variances (Steele and Torrie, 1960)., Terms
were added to the regression equation by raising Mor T to a second or
third power and by multiplying M and T or the different combinatioms of
their power. The aim was to obtain the best possible f£it 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 danner.
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The regression equatiocns were used o predict mortality for condicions
other than those tested. Three dimensional graphs were produced Ircam
rhese values., Combinmations outside the range rested, represented as the
{ntersection of dashed lines, are included for continuity (Alderdice, 1972).
In some instances the equation gave unrealistic values between 50 and 180
minutes. These values were omitted from the response surface.

The form of the regression equation used for the temperature-salinicy
experiments was similar to the previous equation with S (Salinity)

replacing M (Time) as a variable.

Resulcts

Thermal stress experiments - 2laccovectan

Larval mortality increased with increased temperature and duration
of exposure throughout the range of conditions tested (Table 15).
Temperatures as high as 32.3°C were tolerated for 5 minutes by 3-day-old
Placopecten veligers with negligible mortality. The same cxpos?rc time
and a temperature of 36.5°C resulted in complete mortality. A 30-minute
exposure at 31.1°C produced less than 20 percent mortality; mortality
was nearly complete between 32 and 33°C. YNegligible mortality occured
from a 50-minute exposure to 29°C; at 32.4°C mortality was complete.
The highest cemperature the larvae withstoed for 130 minutes was 27.0%Cs
mortality is complete at 30.3°C. These results show that mortality of
Placcpecten larvae increases over a narrow range of elavated -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
Pl and P2, therefore these data were ccmbined. The :2 value was 0.814,
indicating that 81.4%7 of the variation of the data was explained by the

variables in the equatiocn.



Table 23 gives the order of ctarms, their gignificance and regression
-oefficiencs, as well as related sctatiscics. Table 26 gives the regression
aquation for the combined data sets P-l and P-2. Solution of this equation
for each time-temperature combinaticm withia the limits of the experiments
resulted {n a predicted mortality at the specifiad conditions. Table 27
gives these predicted values, and Figure 1 gives the three-dimensional fora

of the predicted response surface.

Thermal stress experiments - ‘A2

Resulss of thermal stress experiments, M-A and -3 (17=-18°C acclimaced
straight-hinge veliger larvae) are given in Table 18. These results have
been reported elsewhere (Barker and Stewart, 1373). Regression equations
using the model given in this report were calculated and compared. Yo
iifference was found at the 0.05 level between the two regression equacioms
so the data were combined and a new regression equation was calculated

Table 23).

A similar procedure was followed for thermal stress experiments M-l and
M=2 (10-12°C acclimated straight-ninge veliger larvae). Results are given
{n Table 17. No difference was found Detween the twe experizents at the
0.05 level so the data were combined and 3 new regression equaticn was
calculated (Table 23).

The two resulting regression equations were ccmpared as before and
again no difference was found at the 0.05 level. The data sets were ccmbined
and a final regression equation was calculated. The equaticn is given in
Table 23 with associated statistics and alsc in Table 26. TFigure 2 was

plotted from values calculatad with this equation (Table 28).
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Tnngora:ure-salini:v stress experizents

Results of the temperature-salinity stress experiment (?=3) which
was conducted with Placopecten straight-hinge veliger larvae are given
in Table 18. The regression equation is given in Table 26, the equation
and associated statistics in Tabla 25, the predicted values in Table 29,
and the plot of those values in Figure 3. Mortalicy of Placovecten
larvae increased with increased temperature and decreasing salinity. A
comparison of these results with the results of similar experiments
performed on “ya larvae shows that Plgoopecten larvae are more sensitive
to tomperature-salinity than are ya.

Results of the temperature-salinity experiments (M=-3, M-3, and M=6)
which were conducted with yg straight-hinge veligers are given in
Tables 19, 20, and 21 respectively. Regressiocn aquations were calculated
for each set of data. Yo significant difference at the 0.05 level was found
between the regression equations derived from experiments =5 and M=-6 so
*he data were combined and a new regressicn equation was calculated (Table 24).
The larvae used ia experiment M-3 were from the, same broodstock as those
used in M=5, so data from the three experiments (M-3, -3, and M-6) were
combiner. and a new regressicn equation was calculated (Table 23). Ne
signif: cant difference at the 0.05 level was Iocund detween the regression
equation for the data frem M-5 and =6 when compared with that of M=3, M-5,
and Y'-6. The latter regression equation is given in Table 26, the predicted
valies in Table 30 and the plot of those values in Figure 4.

Mya larvae reared at low salinity (15°/,,) were subjected to similar
combinations of temperature-salinity stress. The results of this experiment
(Table 22) show that acclimation influences the tolerance of straight-hinge

larvae to temperature-salinity stress. The regression equation is given
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in Table 26, associated statistics ia Table 24, the predicted values ia

Table 31, and the plot of shose values in Figure S

Discussion

Although larval Placopecten have a low thermal toleraace, they could
conceivably survive entrainment because of the low preferred spawning
temperatures of the adults. At 12°C straight-hinge larvae should survive
a 30-minute exposure to a 15 to 17°C AT, provided other strasses are
minimal. Althougih larvae acclimated to somewhat higher temperatures
might have a slightly increased thermal tolerance, this would be cverridden
by the higher exposure temperature.

Spawning times for 'fya crena*ig ia Maine Degin as early as May and
continue through August into September (Ropes and Stickney, 1963).
Srousseau (1973) reported a probable spawning of 'fya at the Annisquam River,
Magsachusetts, in mid-March at sea surface temperatures of 4 to 8°C, azd
summer spawning at 15 to 18°C. Ia Maryland, Pfitzemnmeyer (1362) observed
early umbo larvae in May when mean suriace temperature was 21.7°C. In
this study, va reared at 17 to 18°C showed only slightly better resistance
*o thermal stress than those reared at 10 to 12°C. The cooler acclimated
Mua larvae were spawned in early May and the highest temperature the adults
were exposed to was 10°C. Adult '#a that produced the larvae used in the
warm acclimated experiments were spawned in mid-summer and should have been
accustomed to temperatures near the larval rearing temperature of 17 £
18°C. The nearly ideatical resistance of the early larvae to thermal shock
{s interesting considering the different thermal regimes experienced by the
adults.

Zatrainment of summer spawned '‘y2 larvae could de potentially signifi-

cant in Montsweag 3ay, the site of Maine Yankee. July and august surface
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temperatures routinely exceed 20°C (Lindsay et al., 1978). =Ixposure at a
LT of 13°C and the 30-minute transit time at llaine Yankae would bring the
larvae close to critical thermal levels. The situaciom ia Pencbscot 3ay
would not be as serious, given the same AT and exposure duration, since
ambient temperatures are much lower.

The thermal toleracce data given for 7laeopecten aad 'ya are conserva=
tive, takiug into account the zulatively cool acclimation temperatures.
The information provided as predicted mortalities in Tables 27 and 31
represents attempts to estimace mortalities at various time-temperature
combinations ‘rom a single predictive equation and as such does not
represent the data exactly. However, 4f used in conjunction with the
raw mortality data, the equatioms could serve as guidelines for power
plant cooling system construction and operatiom.

The experiments with Y. aremaric straight-hinge 1= to 2-day=-old
larvae showed no significant difference in tolerance .7 temperature-<
salinity stress when larvae frem an upper estuarine environment were
compared to those from a lower estuarine emvironment and the broodstocks
were held under identical conditions for 6 menths prior to spawning.
when the broodstock was taken directly from the upper estuarine site,
however, and larvae were spawned and reared at an .ntermediate salinity,

a significant difference in survival was definitely establisned. It is
apparent that conditioning plays an importamt role in determiriag the
tolerance of “yz larvae to this type of stress.

It is unlikely that thermal shock during entrainment would de accom=
panied by a precipitous change in saliaity, as in the temperature-salinity
experimental design. Although significant salinity raduction in estuarine
areas would not be unexpected, especially ia spring, bivalve larvae would

either become acclimated or presumably adjust their positiocm to avoid
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stressful levels (3idu and Haskin, 1978). Davenport et al, (1975) showed

that larvae of Pecten mari~us were capable of tolerating much lower

salinicies when fluctuations are graduzl rather than abrupt. The temperature-
salinity experiments do poimt out that added sources of stress can result

{n increased mortality of entrained larvae.

37



Literature Cited

Alderdice, D.F. 1972. Facto: combinations. Responses of marine poikilo-
therms to envirommental factors acting in concert. In: 0. Kinne
(ed.), Marine ecoclogy, Vol. 1, Part 3, p. 1659=-1722, Wiley~-
Interscience, Lond.

3arker, S.L. and J.R. Stewart. 1978. 1lortalitles of the larvae cf two
species of bivalves after acute exposure tO elevated temperature.
pp. 203-210. In: L.D. Jensen (ed.), Fourth National Woerkshop on
Entrainment and Impingement. Z.A. Communicatiouns, Melville, NY.

3rousseau, D.J. 1978. Spawning cycle, facundity and recruitzent in a
population of Mya arencia (soft-shell clam) from Cape Ann, Massachusetts.
Fish. Bull. U.S. 76: 155-166.

Copeland, 3.J., J.M. Miller, W. watson, R. Hodson, W.S. Birkhead, and
J. Schneider. 1977. Meroplankton: problems of sampling and analysis
of entraimmenc. pp. 119=137. Im: L.D Jensea (ed.), Third National
Workshop on Entraioment ard lmpingement. Ecological Analysts, Inc.,
Melville, NY. 425 p.

Culliney, J.L. 1974, Larval development of the giaat scallop Placopacten
magellanicus (Gmelin). 3icl. Bull. 147: 321-332.

Davenport, J., L.D. Gruffydd and A.R. Beaumont. 1975. An apparatus to
supply water of fluctuating salinity and its use in a study of the
salinity tolerance of larvae of the scallop Pzcten meztmus L. J. mar.
biol. Ass. U.K. 55: 391-409.

Dickie, L.M. 1958, Effects of high temperature on survival of the giant
scallop. J. Fish. Res. 3d. Canada. 13: 1189-1211.

Earight, J.T. 1977. Power plants and plankton. Mar. Poil. Bull. 8: 158-161.

Haefner, P. 1967. Hydrography of the Penobscot River (Maine) estuary.
J. Fish. Res. 3d. Canada 24: 1353-1371.

d4idu, H. and H.H. Haskia., 1978. Swimming speeds of oyster larvae

“ragscstrea virginica in different salinities and temperatures.
Estuaries 1l: 252-253.

Kennedy, V.S. and J.A. Mihursky. 1971. Upr~r temperature tolerances of
some estuarine bivalves. Chesapeake Sci. 12: 193-204.

Lindsay, P., S. Barker, and J.R. Stewart. 1978. Monitoring of the effects
of the condenser cooling system on plankton and larval organisms.
pp. 1.5-1 to 1.5-35. In: Fipal Rep. Eavir. Surveillance Studies.
Maine Yankee Atomic Power Co., Augusta, !faine.

Pfitzermeyer, H.T. 1962, Periods of spawniag ind setting of the soft-shelled
clam, #ya aremariz, at Solemens, Maryland. Chesapeake Secl. 3: 114-120.

38



Posgay, J.A. 1953. Sea scallop investigations. Sixth Report om investigation:
of the shellfisheries of Massachusects. Div. Mar. Fish., Dept. .at.
Res., Commonwealth of Mass., 3oston. 2. 8-24.

Ritchie, T.72. 1977. A comprenensive review of the commercial clam industries
{n the United States. Washington, Department of Commerce, National
Oceanic and Atmospheric Administration, Vational Marine Fisheries
Service. 106 pp.

Ropes, J.W. and A.P. Stickaey. 1963. Raproductive cycle of ua arenaria
in New England. B3iol. Bull. 128: 315-327.

Stickney. A.P. 1963. Histolecgy of tha reproductive system of the soft-shellec
clam (Mya arenariz). Biol. 3ull. 125: 344-351.

Stickney, A.?. 1964, 3Salinity, temperature, and food requirements of
soft-shelled clam larvae in laboracory culture. Ecolegy 45: 283-291.

Thompson, V. 1978, GZstuary water temperatures. pp. 5.1 co 5.49. In:
Final Rep. Eavir. Surveillance Studies. Maine Yankee Atomic Power
Co., Augusta, laine.

39



0%

Table 14.

Susmary of thermal stress experiments.

Experimental Conditions

Range of Duration
Exper. Organism Acclimation Test ot
Null Related # Stage of Conditions Tewp. Exposure Salinity

Hlypothesls Exper, Date hevel opmwent Adults/lLarvae {"C) (Minutes) e I Results/Conments
No significant |M-1,M-2.| P-1,P-2Placopecten Adults collec- P-1, P-1, -2 31 Theve was a signifi-
difference tn |P-1,P-2 | I8 Aug.lmagellanicus ted at 11-12°C, 35.2- 5, 30, 60 cant difference at
mortality aftex 1978 3 day 30 *1..; lac- 29.0 180 each the 0.05 level.
thermal stress straight- vae reared at P-2 replicated Placopectien a ma-
between Mya hinge 2F%C, 3% s 36.8- rine subtidal
larvae reared veliger specles clearly
at 10-12°C and larvae has « lowsr level
Placopecten of tolerance to
reaved at 12°C acute thermal shock
(when both compared to Mya, an
groups are at estuarine fntertical
similar stage specles.,
of development )
No significant |M-1,M-2 | M-1,M-2} M. arenarvia Adults natural- M-1 M-1,M-2 29 There was no signifi-
difterence in and two | 10 May | 2 day early ly conditioned 40,2~ 5, 30, 60 cant difference at
wortality after|from 1978 straight- at 2-6°C, then 30,2 180 each the 0,05 level. Ac-
thermal stress (1977 hinge held at 10°C M-2 replicated climation temperature
between Mya M-A,M-B vellger for 6 days at 40,0- over an BYC range at
larvae reared larvae 28-29 °/.e 31.6 these temperatures
at 10-12%C larvae reared had only a minor e¢f-
and those at 10-12°C, fect on larval Mya's
reared at 17- 29 °/ee tolerance to thermal
18°C when shock.
adults spawned M-A* M. arenaria Adults collec~ M-A M-4,M-B 30-
in carly 19 Jul.]l day carly ted intertidal- 39.6- 5, 30, 60 31 *As reported by
spring and 1977 stralght- ly & spawned 30.8 180 cach Barker and Stewart
wd d - summer M-B* hinge the same day; M-B replicated (1978).
respectively., 4 Aug. !veliger larvae reared 39.6-

1977 larvae at 17-18°C, 30.9
30-31 °/..




Table 14. Summary of thermual stress

experiments.

(cont.)

Elgcriucntal Conditioas

Results/Comsenis

No sigaificant
difference at the
0.05 level. Gene-
tic control of
salinity tolerance
not apparent at

this stage. Condi-
tioning apiears to

be the dowminant
factor in determin-
fng larval resistance
to short-term thermal-
salinity stress.

Range of Durat fon
Exper. Organlsm Acclimation Test of
Null Related ¢ Stage of Conditions Temp . Exposure Salinity

Hypothesis Exper . Date Development  Adults/larvae (°c)  (Mionutes) (*1asd
tio significant |[M-5,M-6 | M-6 M. arenaria | Adults collec- 37 .8~ 60 29.6,
difference in 30 May | 2 day ted previous 25.4 15.0,
mortalicty after 1978 stralght- fall from low 10.2,
thermal-salini- hinge salinity upper . P
Ly slress vellger estuarine site each
between Mya larvae held at the repli-
larvae from Darling Center; cated
lower estua-— naturally con-
rine brood ditioned at 1-
stock and those 10°C, 26-31
from upper es- ®loe; larvae
tuarine brood- reared at 15°C,
stock when 29 *1..
adults condl-
tioned at
same tempera-
tures and
salinitlies | e LS. | I,  — N -
No significant [M-6,M-7 |M-J M. wrenaria | Adults collec- 40.0- 60 26.2,
difference in 2 day ted from upper 27.3 14.8,
mortalicy stralght- estuarine 9.9,
after thermal- hinge site (natural- 5.0
saliniLy vel lger ly condltioned each
stress between larvae there) at repli-
Mya larvae 3-15 */eo- cated.

reared at

30 °/oe and
those reared
st 15 *1es
when adults
were condli-

t loned at
these respec—
tive sallni-
1 ‘\‘h .

Temperature at
collection 16~
17°C; larvae
reared at 15°C,
k2-2 *Ten

Significant difference
at the 0.05 level.
Previoua acclimation
definitely affects
short-term salinity
tolerance of larvae.
Tolerance to clevated
temperatures did aot
appear to be enhanced
over larvae of M-6.
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Table 14. Summary of thermal stress experiments. (cont.)
Experimental Conditions
Range of Durat ion
Exper. Organism Acclimat ion Test of
Null Related i Stage of Conditions Tem; . Exposure Salinity
_ Mypothesis Exper. bate Deve lopment  Adules/Larvvae (°C) Minutes)  (%/ge)  Results/Comments
No significant M-5,P-3 |M-5 M. avenaria |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 stralght- fall from high 10.2, Placopecten had a
thermal=-salinl- hinge salinity lower 5.3 lower tolerance to
Ly stress velliger estuarine site, each thermal -salinfry
between Mya and larvae held at the repli- | stress compared to
Placopecten Darling Center. cated. |Mya.
larvae reared Conditioning
at the same and larval
temperature and rearing same
salinivy. - - asM6. = I 1 i . L)
P-3 P, magel- larvae reared 33.2- 60 1.2,
24 Aug. lanicus at. 15°C, 22.1 15.9,
1978 3 day 1} S’ 10.7,
stralght- 9.3
hionge each
veliger repli-
larvae cated.
Ll AT SRR P JY
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Table 15. Percentage mortalities of F. magellanicus ¢ ~alght-hinge veliger larvae reared at 12°C after
brief exposvre to elevated temperatures.
Exper iment
Pl b (8
Temperature ('C)u C EC
Time (min.) 35.2  (35.0) 33.2 (32.8) 31.1 (30.7) 29.0 (28.6) 27.0  (26.6) 14.4 12:)
180 100 100 99 ol 2 3 2
100 100 100 04 1 2 2
60 100 100 55 6 3 3 2
100 100 63 5 2 1 1
30 100 94 9 3 2 2 2
100 97 12 A 6 1 2
5 32 2 i 2 1 3 1
24 2 3 2 0 2 1
& Exper lment
pP-2
Tiwe (min.) 16.8 (36.6) 34.7  (34.5) 32.4 ~(02.1) 30.3 (30.0) 28.2 (27.9) 15.0 Jak-
180 100 100 100 100 31 3 3
100 100 100 100 33 2 2
60 100 100 100 66 S 2 3
100 100 100 10 b 4 3
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
Sallnity 31.2%/ee Humber of larvae r-1 P-2
Mean of controls 347 385
Standard deviation 29 36

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

(b) € = Coutrol ia block

(¢) EC = Control outside of block



Table 16. Percentage mortalities of M. arenaria stralght-hinge veliger larvae veared at 17 to 18°C

after brief exposure to clevated temperature.

Exper lmeat

M-A . ]
Temperature (*c)” C [
Time (win.) 39.6 (39.4) 37.2 (36.2) 3.8  (33.8) 32.7  (31.9) 1.8 (30.0) 17.6  i8:1
180 100 100 36 0 0 2 1
100 98 1 0 0 3 1
60 100 82 i1 0 0 | 0
100 33 I 0 8 1 1
30 59 22 0 0 0 0 2
90 15 0 0 0 2 3
5 0 3 24 0 0 8 3
28 0 13 3 11 3 2
& Exper iment
- M- B
Time (min.) 9.6 _(39.8) 37.2 (36.2) .9 (33.9) 327 (N.9) 30.9  (30.1) 18.1 1/l
180 100 97 46 0 0 1 0
100 100 66 10 2 0 1
60 100 99 8 29 0 0 0
100 98 49 23 0 1 H
30 100 d d 0 0 1 3
100 35 6 0 0 1 3
5 23 2 6 5 26 d 1
0 24 2 9 0 d 2
M-A M-8 Number of larvae H-A M-B
Salinity 30.6°/e0  31.0%ae Mean of controls 106 146
Standard deviation 13 16

(4) Temperatures in paventhescs were corrected for the lafluence of Injectlon water
(b) € = Control In block
(¢) EC = Comntrol outside of block

(d) Sample lost
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Table 21. Percentage wortalities of M. arenaria straight-hinge veliger larvae acclimated at high
salinity after brlef exposure to various temperature-salinity comb inatiouns.

Experiment M-6

Temperature (°C) |»:cb E(:b
Salinity (*/es) 37.8 35.4  32.8 0.4 21.9 25.4 15.4 15¢1 15
29.6 86 7 1 4 ¢ ¢ i2® o* *
100 1 7 10 ¢ c 4* 17° 5¢
15.0 100 64 19 15 c ¢ 6 8
100 o8 18 17 c ¢ 8 10
10.2 100 100 83 5 16 .18 14 16
100 100 72 16 10 10 5 $
53 100 100 100 86 62 41 13 37
100 100 100 100 96 78 10 18
mration of exposure - 60 min. Number of larvae
Mcan of controls 589
- Standard deviation 43

(a) Control
(b) EC = Control outslide of block

(¢) Not tested
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Table 22. Percentage mortalitles of M. arcnuria straight-hinge velliger larvae acclimated at low
sallniry after brief cxposure to varlous temperature-salinity combinations.

Exper tment M-7

Temperature (°C) zch
Sallatty (°/ee)  40.0 37.6  35.0 32.4 29.8 27.3 14.4 1500
26.2 100 100 93 21 4 14 16 13
100 100 o3 58 14 14 14 20
14.8 100 98 15 13 o 6 128 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
5.0 100 100 91 44 16 14 12 12
100 100 90 46 15 18 7 10
Duratlon of exposure - 60 min, Number of larvae
Mean of controls 328

Standard deviation 43
(a) Control

(b) EC = Control outslide of block
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Table 23,

Statistics of multiple regressfon of arcsine transformed of pe
(1) and time (M). B = Regression coetflclent; Sy, = Standard ervor of B; 100

determination; S = Standard crror of estimate; Beta = Standard regression coefficlient.

rcentage mortality on temperature
K- = Coefficlent of

Exper lment s Specles Constant Variable B Sp 100R?2 S, Bet
P-1, P-2 P. magellanicus -339.145 T 14.336 6.970 54.2 20.077 1.207
M, -1.487  _ 7.057x10_ 71.3 19.991 -2.726
M 4.955%10° 2.420x10_, 77.6 17.792 1.819
T ~2.904x10_ 2.260x10 78.0 17.714 -0.748
u213 ~2.561x10_ 0 - 8.4 17.695 -3.285
wr? 2.354x10 6.800x10 81.4 16.528 4.566
M-A, M-B M. arcnaria 251.874 T; 3.061x10:2 1.960x107 56.8 22.261 1.093
NT 4.701x10_, 0 68.2 19.225 4.492
n2y 3.265%10_ 0 76.9 16.507 4.663
M 5.787x10~ 0 - 7.6 16.358 0.435
M -2.096x10_, 4.110x10 78.9 15.978 -4.243
nid -1.441x10 0 83.5 14,242 -4.996
T -10.625 7.107 84.0 14.120 -1.018
M-1, M-2 M. arenaria ~78.564 T§ 9.735x|o:§ 1.391x10:: 62.0 22.280 0.732
Hr 1.922x10_¢ 4.800x10 74.2 18.459 4.938
n21? -1.260x10 0 " 82.2 15.430 -6.408
M -1.016 3.970x10 82.3 15.509 -1.912
nir 1.489x10”, 0 o 83.7 14.962 3.7
~7.711x10 2.540%10 83.8 15.054 -0.116
M-A, 1B M. arcnaria 21.548 T; 9.708x10:g 1.040x10:g 60.4 22.29 0.374
M-1, M-2 My 4.890x10_ 1.000x10 7.7 18.894 4.682
ner ~2.900x10 0 " 8.5 16.524 -5.436
Y -1.519 1.080x10” 19.3 16.277 -2.908
Mer 2.945x10 7.000x10 81.7 15.340 4.038
T -1.475 3.966 81.7 15.383 -0.148
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Table 25. Staristics of multiple regression of arcsine transformed percentage
B = Regresslon coefflelent;
= Standard ervor of estlmate;

and salinivy (S).
determination; S,

e

mortality on temperature (r)

= Standard error of B; 100R

ta = Standarized regression coefficient.

= Coefficlient of

Exper iments Specles Constant Variable B Sy, 100k 2 S, Beta
M-3,M-5,M-6 M. arenaria 0.996 L -8.245x107° 1.510;10:3 42.4 25.643 -4.353
Syt -1.102 g 1.538x10_g 69.8 18.623  -10.419
S ;3 ~2.647x10_ 1.000x10_ 6.5 16.490  -11.154
83 -7.736x10_, 6.316x10_, 8.1 15.978 -0.077
ST, 8.950x10_, 1.400x10_ 81.0 14.959 12.065
1, 3.362x10_¢ 5.651x10 84.3 13.664 4.126
st 2.062x10 0 85.1 13.358 7.315
s 1i.181 3.402 86.3 12.859 3.064
P-3 P. magellanicus  117.814 1t 2.458x107" 1.605x10"" 35.8  24.99) 2.276
Sy -11.495 8.721  _, 62.4 19.327 -3.461
ST, 5.214x10_ 2.100x10_, 72.0 16.867 4.886
§ 4.199x10_, 2.243x10_, 76.6 15.586 4.M23
s 1.511x10_, 2.800x10_4 86.1 12.162 -1.b10
T 7.968x10 4.230x10_ 88.1 11.385 -2.823
SYT 3.412x10_, 3.720x10 88.1 11.485 -3.036
- 1.236x10 0 88.3 11.541 -1.238




Yable 26. Predictive equations of arcsine transformed percentage wortality (y) of P. magellanicus and
M. arenaria uader conditions noted In Table 14. T = Temperatuve (°C); M = Time; S = Salinlvy (%/.0).

Exper iment

po1,? g = =339.145 + 14.336T - 1.4784 + 4.955x10 n’ - 2.006x10” 213 - 2.561x10” 021" + 2.354x10" ur?
! -4, 3 -5 1 . -2 2.3 s -4 2., -
M-A, B, 1,2 y = 20,548 + 9.708x107%17 + 4.890x107Mr" - 2.9:107 W T < 1.519M 4 2.945x107HT - 1.4T5T
M-3,5,6 y = 0.996 - 8.245x10 ¢ — 1,0025xT - 2.647x107°5°1" - 7.763x107 s + 8.950x107 %51 4
3.362x10” 1% + 2.062x107°8°1° + 11.7818
-] it ol -
M-7 y = 16,437 + 1.290x107 017 = 5.585x007 " + 5.427x007"s 1 - 8.896x10 YoxT + 10.8825 -
8.255x10 35 + 1.456x10 251 - 1.850x10 /5%’
P-3 y = 117.814 + 2.458x10 17 - 11,4595 + 5.204x10~ %517 + 4.199x1071s% - 1510074 r -

7.969x107 1" - 3.412x10 7 sxr - 1.236x207 57




Table 27. Predicted percentage mortalities of 7. magellanicus at tize-
temperature combinacions within experimental limits.

Time (min.)

Teap. (°C) 5 30 60 30 120 150 180
2 0 0 0 2 3
2 0 1 3 39 16 24
28 Q - 9 13 2 37 A
29 2 11 26 41 52 60 63
30 7 25 47 63 75 30 79
31 15 41 68 35 42 33 30
32 26 57 83 97 100 100 97
a3 33 72 96 100 39
34 4 3 100 100
33 50 33
16 37 98

7 63 100

35



Table 23. Predicted percentage sortalities of . zrenaric at time-
temperature combinations within experizmental limits.

Tine (min.)

Temp. (°C) 3 30 60 90 120 150 180
31 1 0 0 0 1 1 3
32 1 2 - 5 § 9 10
33 2 6 i1 16 2 22 2
34 4 2 23 32 38 39 37
35 6 21 39 52 59 39 53
36 9 1 57 73 30 78 69
37 13 a6 75 90 35 93 83
38 17 58 30 99 100 100 34
39 2 7 %9 100 39
40 29 85 100 100
4l 36 94
42 4 100

36
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Table 29. DPredicted percentage acrtalities of 7. magellanicus at salinicy-
remperature combinations within experimental limits.

Salinity (%/se)

Temp. (°C) 5 10 15 20 25 30
13 98 36 2
1% 99 <0 3
17 100 .- 5
18 47 7
19 2 9 0
20 57 1 l
21 62 18 3 0
22 67 2 6 1 )
23 72 ) 11 3 1
24 77 39 18 8 2
25 8l 43 a8 16 L
26 86 3 40 2 13
27 s0 89 54 4l 2
28 93 7 69 58 38
29 96 38 83 75 53
30 98 95 34 20 T4
31 99 39 100 99 91
32 100 100 100 100




Table 20.

Predicte. percentage mortalitles of .

experimental limits.

Salinity (%/es)

argraxa reared at
high salinity at salinity-cemperacure combinations within

Temp. (°C
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Table 1l. Predicted percentage dzortalities of . zrenaric reared at
low salinity act salinity-temperature combinations within
experimental limits.

Saliaicy (°/se)

Temp. (°C) 3 10 15 20 25 30
13 5
19 0 6
20 - 6
2l 5 0 0 38
22 5 1 1 .
23 6 1 p 12
24 7 2 2 15
25 9 2 0 0 3 i
26 1l 3 1 1 - 24
27 14 - 1 1 6 3l
28 18 7 2 3 10 38
29 24 10 - 5 14 46
30 30 14 8 8 20 34
3l 7 2 12 13 27 63
32 46 2 19 2 36 72
i3 535 37 28 2 46 82
Ja 65 48 39 40 58 89
35 75 80 51 33 89 95
36 85 73 85 67 81 99
37 93 84 78 30 30 100
38 33 94 S0 91 7
39 100 99 98 98 100
40 100 100 100

39



Figure

Figure

Figure

Figure

Figure

1.

2,

Mortality of Placopecten magellanicus straight-ninge veligers
as predicted by the regression equation for aexperiments P=-1
and P-2 (see Table 25).

Mortality of Myz arenaria straighr-ninge veligers as predicted
by the regression equation for experiments M=-A, M-B, M-l, and
M-2 (see Table 23).

Mortality of “licopecter magellanicug straight-ninge veligers as
pradicted by the regression equation Ior experiment 2-3 (see
Table 23).

Morzality of Yya arenaric straight-hinge veligers rearad at high
salinity as predicted by the regression equation for experiments
-3, M5, dnd M=-6 (see Table 13).

Mortality of “ua arenaria straight-hinge veligers reared at low
salinity as predicted by the regression equation for experiment
M-7 (see Table 13).
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NUTRIENT CHEMISTRY

Bernard J. McAlice and David J. Carlson

Introduction
The objective of this continuing study is tc deteraine the seasonal
changes in temperature, salinity, the major phytoplankton autrients, and
issolved oxygen in 'ontsweag Bay and at control stations in order to
assess the impact of Maine Yankee on these variables.
In order ta continue to assess the impact of causeway removal in

1974, stations S2 and !3 have been maintained.

Metheds
Sampling stations are shown in Figure 6. All methods are detailad

in the Final Report.

Resulcs
The nitrate, phosphate, silicate and oxyger concentrations are
shown in Figuras 7, 3,9 and 10. All the nutrieat and oxygen valves were
similar to past reporting sericds in both tizes and concentraticns of

seak values.

Conclusion
3ased on these data, there appears to be no affect, from the
operation of Maine Yankee, on the eyeli_al nature of the major anutrieants

or dissclved oxygen.

Ira C. Darling Canter Ref. No. 79=7b
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Figure 6. Montsweag 3ay and viciaicty
showing hydrographic and
plankton sampling stations.
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Figure 7.

Figure 8.

Figure 10.

Note:

Nitrate conceantratiom at statioms aZ, M3, &
$2, October 1969 to Junme 1979.

surface -~

Phosphate concentration at stationms M2, M3, M4, u7, 81,
and S2, October 1969 to June 1979.

surface ———— HOtLOm
Silicate concentration at statiom M2, M3, M4, M7, Sl,
and 52, October 1969 co June 1379.

surface —————HOtLOQ
Dissolved oxygen concentratiom at statioms M2, M3, M4, M7,
§1, and S2, October 1969 to June 1379.

$u..-ace values only

IW = Inclement Weather
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MICROZOOPLANKICN

Bernard J. McAlice and Anne 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
Staticn operations on the composition, abundance, and seasonality of
microzooplankton populations in Montsweag 3ay. This is achieved through
studies comparing these populaticns, with those outside the bay, before
and aftaer 'aine Yankee went into operatiom in Septamber 1272, This

study has been in progress since October 1963.

Methods

Plankton samples were taken at staticms S1, S$2, M2, M3, 44, and D7.
On 25 August 1978 stations S1 and D7 were discontinued and a new staticm,
Hl, was occupied, replacing 5, a former chemistry statiom. Hl acts as
a control by monitoring the thermally influenced waters delcw Maine
7ankee in much the same way as the control staticn S2 monitors those
waters above the Maine Yankee plant (Figure 5).

The initial sampling interval was a:cnthly; this was shortened <o
semimonthly iz Juse 1970. Sampling was begun at S1 and M4 on 29 Cetober
1969, at M2 on 28 March 1972, at M3 on 6 September 1374, and at S2 on
20 Septembi:r 1974. All stations were usually cccupied on the same day,

during daylight, and at various tidal stages.

Ira C. Darling Center Ref. No. 79=7¢



Hauls were 10-15 min oblique tows with a #20 =esh (-75u) net of
0.5 = mouth diameter (mouth area 0.196 az), equipped with a centrally
sounted flowmeter. 3cat speed during tows was l-2 m/sec.

Seginning 23 July 1976 a #25 mesh (-64u) net was substituted by
mistake. All collections were made with this net size until 3 February
1977, whea a #25 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.

The change in mesh size probably iatroduced no significant bias for most
of the organisms considered here; even the smaller forms, such as copepod
nauplii and rotifers would be retained by both nets. However, because

of the increased filtratiom coefficient (Tranter, 1967), and comsequent
decrease in flow rate, of the #25 net, scme net avoidance by larger
animals may have occurred (Clutter and Anraku, 1968).

Two counting procedures were used during the study. 3efore July
1974 cthe concentrated plankton was transferred to a 10 ca 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, diluticn volumes were adjusted
to try to achieve a count of about 1000 animals in the 1 al subsamples,
but in practice the total cocunts varied frem about 700 to 4000. Begianiag

22 January 1976 all samples were routinely filtered through a aylon



screen (1 =m mesh) to remove larger organisms for couating. 3efore this
the entire sample was picked chrough for large forms if their presence

was noted; some were cerctainly missed. From 23 July 1976 com, a species
list was established from examination of an eye dropper volume ctaken

from the concentratad sample before dilution and counting. This increased
the probabilicy of detacting s=arce species.

Zrrors in zooplankton abundance estimates are introduced both in
taking collections ia the field (sampling error) and ia counting them ia
the labeoratory (subsampliang error). The errors associated with sub-
sampling ard counting using Hopkias' (1962) chamber appear Ircm his dacta
to be about +15% of the raw count. For S<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>