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SECTION 1

SUMMARY

Ichthyoplankton entrainment samples were collected from the
Pilgrim Nuclear Power Station (PNPS) discharge canal in triplicate
twice per month in January and February, weekly from March through
June 1990,

During the first six months of 1990, 34 species were repre-
sented in the entrainment samples at PNPS, 16 species by eggs, 29
species by larvae. The winter-early spring spawning period
(January-April) was dominated by relatively small numbers of
Atlantic cod, fourbeard rockling, American plaice, and yellowtail
flounder eggs as well as sand lance, sculpin, and rock gunnel
larvae. May and June collections reflected the late spring-summer
spawning species, Atlantic mackerel and the labrids being dominant
among the eggs and radiated shanny, sand lance, winter flounder,
fourbeard rockling, and American plaice being the numerical
dominants among the larvae.

Comparison of January-June 1990 egg and larval densities with
those observed from 1975-1989 suggested that Atlantic cod eggs were
uncommon from February through April, rock gunnel larvae were
uncommon in March, and larval winter flounder were uncommon in
April and June. Eggs and larvae found to be relatively abundant
included rockling eggs in April, mackerel eggs in June, and

Atlantic herring larvae in May.



No densities meeting the unusually high criterion established
under the contingency sampling plan we.e noted from January-June
1990.

A larval lobster was taken in the collections for the first

time since 1982; a stage I larva, found on June 26.



SECTION II

INTRODUCTION

This progress report briefly summarizes results of ichthyo-
plankton entrainment sampling conducted at th> Pilgrim Nuclear
Power Station (PNPS) from January through June 1990 by Marine
Research, 1Inc. (MRI) for Boston Edison Company (BECo) under
Purchase Order No. 67253. A more detailed annual report covering
all 1990 data will be prepared following the July-December

collection periods.



SECTION III

METHODS AND MATERIALS

Entrainment sampling at PNPS was completed twice per month
during January and February, weekly during April-June. Although
weekly sampling was scheduled for March, only two collections were
made due to failure of the net rigging. Samples were collected in
triplicate from rigging mounted approximately 30 meters from the
headwall of the discharge canal (Figure 1) at low tide during
daylight hours. A 0.333-mm mesh, 60-cm diameter plankton net
affixed to this rigging was streamed in the canal for 8 to 12
minutes depending on the abundance of plankton and detritus. 1In
each case, a minimum of 100 m' of water was sampled. Exact
filtration volumes were calculated using a General Oceanics Model
2030R digital flowmeter mounted in the mouth of the net.

All samples were preserved in 10% Formalin-seawater solutions
and returned to the laboratory for microscopic analysis. A
detailed description of the analytical procedures appears in MRI
(1988) *.

When the Cape Cod Bay ichthyoplankton study was completed in
1976, a contingency sampling plan was added to the entrainment
monitoring program. This plan was designed to be implemented if

eggs or larvae of any dominant species proved to be "unusually

'Marine Research, Inc. 1988. Ichthyoplankton Entrainment Monitoring at
Pilgrim Nuclear Power Station, January-December 1987. II1.C.1-6-10. IN:
Marine Ecology Studies Related to Operation of Pilgrim Station. Semi-
Annual Report No. 31. Boston Edison Company.
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abundant" in the PNPS discharge samples. The goal of this sampling
plan was to determine whether circumstances in the vicinity of
Rocky Point, attributable to PNPS operation, were causing an
abnormally large percentage of ichthyoplankton populations there to
be entrained or, alternatively, whether high entrainment levels
simply were a reflection of unusually high population levels in
Cape Cod Bay. "Unusually abundant" was defined as any mean
density, calculated over three replicates, which was found to be
50% greater than the highest mean density observed during the same
month from 1975 through 1989,

The contingency sampling plan consists of taking additional
sets of triplicates from the PNPS discharge on subsequent dates to
monitor the temporal extent of the unusual density. An optional
offshore sampling regime was also established to study the spatial
distribution of the species in question. The offshore contingency
program consists of single, oblique tows at each of 13 staticns
(Figure 2) on both rising and falling tides for a total of 26
samples. Any contingency sampling requires authorization from

Boston Edison Company.
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C-1 through C~13.




SECTION IV

RESULTS

Population densities per 100 m' of water for each species
listed by date, station, and replicate are presented for the
January-June period of 1990 in Appendix A (available upon request).
The occurrence of eggs and larvae of each species by month appears
in Table 1.

Ichthyoplankton entrained during January through April
generally represent winter-early spring spawning fishes. The
number of species represented in the discharge collections was five
in January, three in February, 7 in March, and 19 in April. Eggs
were relatively uncommon since species contributing most to
entrainment during this period spawn demersal, adhesive eggs which
are not generally subject to entrainment. Four Atlantic cod (Gadus
meorhua) eggs were taken in January (monthly mean density = 0.5 per
100 m'); no eggs were found in February or March. Eggs were more
common in April with five species being represented in the catch.
In descending order of importance they were fourbeard rockling
(Enchelyopus cimbrius), American plaice (Hippoglossoides plates-
soides), vellowtail flounder (Limanda ferruginea), cod, and haddock
(Melanogrammus aeglefinus). Monthly mean densities per 100 m’ of

water amounted to 4.4, 1.4, 0.7, 0.1, and 0.1, respectively.
The number of species represented by larvae generally
increased with time during the winter-early spring period; four

species were taken in January, three were taken in February, seven



Table 1. Species of fish eggs (E) and larvae (L) obtained in ichthyoplankton collections
from the Pilgrim Nuclear Power Station discharge canal, January-June 1990.

Species Jan Feb Mar Apr May June

American eel Anguilla rostrata L

Atlantic menhaden Brevoortia tyrannus E/L

Atlantic herring Clupea harengus harengus L L L

Bay anchovy Anchoa mitchilli E

Fourbeard rockling Enchelyopus cimbrius E/L E E/L

Atlantic cod Gadus morhua E/L L E/L E E/L

Haddock Melanogrammus aeglefinus E

Silver hake Merluccius bilinearis E
“ Atlantic tomcod Microgadus tomcod A L L

Pollock Pollachius virens L

Hake Urophycis spp. E

Silversides Menidia spp.  #

Northern pipefish Syngnathus fuscus L

Scup Stenotomus chrysops L

Wrasses Labridae E E

Tautog Tautoga onitis L

Cunner Tautogolabrus adspersus L

Snakeblenny Lumpenus lumpretaeformis L

Radiated shanny Ulvaria subbifurcata L L L

Rock gunnel Pholis gunnellus L L L L L




Table 1 (continued).

Species
Sand lance
Atlantic mackerel
Searobins
Grubby
Longhorn sculpin
Shorthorn sculpin
Alligatorfish
Lumpf ish

. Seasnail

Gulf snailfish

windowpane
Witch flounder
American plaice

Yellowtail flounder

Wwinter flounder



in March, and 17 in April. Numerical dominants during the period
included sand lance (Ammodytes sp.), sculpin (Myoxocephalus spp.),
and rock gunnel (Pheolis gunnellus). Sand lance accounted for 17%
of the January catch, 35% of the February catch, 7% of the March
catch, and 61% of the April catch; monthly mean densities were 0.1,
1.1, 1.2, and 89.7 per 100 m’, respectively. Sculpin were absent
in January, steadily increasing after that. They represented 5% of
the February catch with a monthly mean of 0.1 per 100 m’, 69% of
the March catch with a mean density of 12.1 per 100 m*, and 22% of
the April total with a monthly mean of 32.5 per 100 m’. Rock
gunnel densities increased steadily as well. Mean densities
amounted to 0.2 in January, 1.9 in February, 3.7 in March, and 17.1
per 100 m’ in April; these densities represented 29, 61, 21, and
12% of the respective monthly totals. Among the larval sculpin,
over the course of the seasonal period, grubby (Myoxocephalus
aenaeus) were numerically dominant followed by shorthorn sculpin
(M. scorpius) and longhorn sculpin (M. octodecemspinosus); overall
a ratio of 114:34:1 was recorded for the three respective species.

May and June collections (along with July) consist of late
spring-summer spawning species. May collections contained 16

species, June collections 22 species. Among these, 10 and 12

species were represented by eggs in May and June, respectively.

Numerical dominants included Atlantic mackerel (Scomber scombrus)
and the labrids. Mackerel eggs accounted tor 89% of all eggs taken
in May with a monthly mean density of 1477 per 100 m? and 64% of

all eggs taken in June with a mean of 2081 per 100 m?. Labrid eggs

11




(combined with the labrid-Limanda group which they probably
dominated) contributed an additional 6% to the May total and 33% to
the June total with respective monthly means of 94 and 1054 &ggs
per 100 m’' of water.

Larval collections contained 11 species in May and 18 species
in June with radiated shanny (Ulvaria subbifurcata), sand lance,
winter f lounder (Pseudopleurcnectes americanus), fourbeard
rockling, and American plaice being the numerical dominants.
Radiated shanny contributed 33% of the larvae in May with a monthly
mear. density of 25 larvae per 100 m’® - ¢ water, dropping to 5% and
3 larvae per 100 m’ in June. Sand lance accounted for 29% of the
May total, declining to 1% of the June total with respective
monthly mean densities per 100 m' of 23 and 0.6, Larval winter
flounder contributed 16 and 0.2% in May and June with monthly mean
densities of 12 and 0.1 per 100 m’, respectively. Rockling larvae
were not present in May, but they accounted for 44% of the June
total with a mean density of 29 larvae per 100 m' of water.
Finally American plaice were uncommon in May (1%, mean = 1 per
100 m’) but they represented 11% of the June total with a monthly
mean density of 8 per 100 m’.

Appendix B lists mean monthly densities for each of the
numerical dominants collected over the January-June period dating
back to 1975. A general review of the data through the first six
months of 1990 suggests that month by month egg and larval
densities were within the range of monthly mean densities observed

over the past 15 years with the following exceptions.

12



Atlantic cod eggs were relatively uncommon from February
through April. They were absent from the collections in
February for the third straight year; prior to 1988 they were
always taken in February although not in high numbers. Cod
egys were absent in March for the first time, and April’s mean
density of 0.1 eggs per 100 m' was the lowest value yet
observed during that month, ranking below 1986 and 1982 both
with 0.2 per 100 m?,

Fourbeard rockling eggs were relatively common in the April
1990 collections. The observed mean dencity of 4.4 per 100 m’
of water ranked just ahead of 1986 (4.3 per 100 m'), the
previous high year.

Atlantic mackerel eggs were abundant in June for the third

consecutive year. The 1990 monthly mean of 2081 eggs per

100 m' of water ranked just below 1988 (2220 per 100 m'), the
top~ranked year, and exceeded 1989 (1013 per 100 m'), the
second~place year, by a factor of 2.1.

Rock gunnel larvae were uncommon in the March collections.
The 1990 monthly mean density of 3.7 per 100 m’ ranked just
above the 3.4 per 100 m' observed in 1987, the lowest value on
record. Over the remaining 12 years when data were available,
rock gunnel densities ranged from 6.4 (1983) to 117.8 per
100 m? (1988).

Larval winter flounder were uncommen in April and June.

Monthly mean densities for 1990 were the lowes. on record ir

both cases. April 1990’s mean of 1.3 per 100 m' rasked be.ow




the previous low of 2.1 noted in 1921 and June 1990’s mean of
0.1 ranked below the 0.3 recorded in 1987. In the case of
April’s data set, no larval flounder were in fact collected
during that month in 1984; however circulating water system
pumps were not in operation then which appears to result in
low larval entrainment (see MRI 1990)°7.

Larval Atlantic herring (Clupea harengus harengus) appeared
numerous in May 1990 (mean = 3.0 per 100 m') ranking ahead of

1975 (2.2 per 100 m’), the previous high year.

Although several of the above monthly mean densities exceeded

all other monthly means, no densities meeting the unusually high

definition of the contingency sampling program were encountered

during the first half of 1990.
A larval lobster (Homarus americanus, stage I) was collected
on June 26, 1980 (replicate III). This was the first lobster larva

taken in an entrainment sample since 1982 and represents the tenth

collected since studies began in 1974.

‘Marine Research, [chthyoplankton Entrainment Monitoring at
Pilgrim Nuclear Pow Station, January-December 1989 [I1.C.2-11-19 IN
Marine Ecology Studies Related to Operation of Pilgrim Station Semi -
Annual Report N Boston son Company

14




APPENDIX A*. Densities of fish eggs and larvae per 100 m’®
of water recorded in the PNPS discharge canal
by species, date, and replicate, January-June
1990.

*Available upon reguest.



Mean monthly densities and range per 100 m’® of
water for the dominant species of fish eggs
and larvae entrained at PNPS, January~-June
1975-1990.

Some standardization of data s<ts was required to adjust for

changes in the sampling program which have occurred over the years:

1.

Only 0.333-mm mesh net data were used in those cases (1975)
when field sampling was carried out using both 0.333 and 0.505
mesh nets.

When, as in 1976 and 1977, 24-hour sampling series were
conducted, the samples taken nearest the time of daylight low
tide were selected for comparison since this conforms to the
routine specification for the time of entrainment sampling
used in all subsequent years.

For the same reason only daylight low tide data were used
when, in 1975, samples were also taken at high tide and/or at
night.

Cod and pollock egg densities were summed to make up the
category “gadidae" since these eggs were not distinguishec
prior to 1976. In January and February when witch flounder do
not spawn, all three egg stages are included in this category.
During the remaining months early-stage eggs are included with
the gadidae-Glyptocephalus group.

Beginning in April when the Enchelyopus-Urophycis-Peprilus
grouping became necessary, the 1listing for Enchelyopus



10.

cimbrius includes only late-stage eggr, the two early stages
being included with the grouped eggs.

Since the Breospe-Scomber grouping was not considered necessary
after 1983, grouped eggs were added to §. gcombrus eggs in the
table for 1975-1983 (B. brosme eggs having always been rare).
Sculpin larvae were identified to species beginning in 197%
following Khan (1971).'" They are shown by species beginning
with that year as well as added together (Myoxocephalus spp.)
for comparison with prior years.

Similar results are shown for seasnail larvae which were not
speciated prior to 1981,

Although samples were in fact taken once in April 1976 and
once in March and August 1977, comparisons with other years
when sampling was weekly are not valid and consequently do not
appear in the table. Data collected in 1974 was not included
because samples were not collected at low tide in all cases.
When ex%“ra sempling series were regquired under the contingency
sampling regim», results were included in calculating monthly

mean densities.

Table format: Mean
Range

*Khan, N.Y. 1971. Comparative morphology and ecology of the
pelagic larvae of nine cottidae (Pisces) on the northwest Atlantic
and St. Lawrence drainage. Ph.D. thesis, University of Ottawa.

234p.



Januacy
LOGUS 1975 L2704 19774 1978 1979 280 1981 Lo82 1283
Lhevourie Lranne 0 0 0 0 0
Comdichae-Culypiocephilus
Cadidae* oS (L) (aa) (ad) 34 (0S) 0
01 007 (T8 0.3 19 Ol
Cladus mochug OW el ad 24 N
by 0.8 0.3 |9 -1
Eollachues yirsns 0 0l 0 0 0 0
(ed).4
I 0 u | pus 'ml[ “u u O 0O ] ) O 0
04 .6
! “mnl! 1§ spp ] ] 0 0 0 0 0
Labrdae- Limands 0 0 ) 0 0 0 0
L abridac 0 0 0 0 0 0 0
Scombe scombrus v 0 0 0 v 0 v
Loenotus spp 0 0 0 0 0 0 0
Pacalchibys-dcophibalmes  © U 0 0 0 0
W 0 0 0 0 m ] ]
Rlasessoides 0-0.4
Towal La ~l ol R ] 0
(<1 0.7 0.5 0.3 |9 01

‘Represents O mothug and P oyirens eggs in all stages
**Represents all three egg stages, Janvary through April

+ No sampling



AETITTTEY
LUGS 1954 JO8S L2806 257 198 AO8Y L9290
Brevoucus Woanow 0 0 0 0 0 0
Gadidae-Cllypiosephalus
Gadidae* (L4 0 (Lo ol L
(2 0.6+2 .} 02
Stdus mothuy 04 0 Lo Ll Ll
0.2 0.6+2 be ] 02
Lnchelyopus- L rophycis-
Leprilw
Lachelyopus cunbos* 0 0 0 0 0 0
LIophycw spp 0 U 0 0 0 n 0
Labndae- Lunande 0 0 0 0 0 0 0
Labridae 0 0 0 0 0 0 0
Aombsr scombius 0 0 0 { 0 0 0
Lronots spp 0 0 0 0 0 0 0
Parslichibys-Scophibalmus 0 0 0 0 0 J 0
wppoglossoides 0 0 0 0 0 0 0
Rlateasoides
Fotal U4 0 'R (10 0l 0 0S8
02 0.6-2 01 (1 0.2
*‘Represents O moghua and P oyurens cggs in all stages
**Represents all three egg stages. Januvary through April
4




I : Lv‘\} lu“b " ll),‘ " J‘J“h m-!‘) Il_;m‘ ..—l”"t Uh ) Qh\
Meevoorun Wisoowe L 0 0 0 0 0
Crandhidae-Cuy puoce Philus
Crndhiddae * ] (ad) (L) (%Y (Ll (0Ll (L)
(1% 0.5 03 047 02 Od) 6 N
Cradus mochivg A4 L L Ll 0l
=) 3 043 0 O O]
Lollachue viren L8 0 0 0 v 0
0.5
Leprlue
Lochelxopus cunbous 0 0 0 0 0 0 0
Lrophycs spp 0 0 0 0 0
Labridac- Limandi 0 0 0 0 0 0 0
Labridae 0 0 0 0 { 0 0
Scombes scumbru 0 0 ° v v v ¢
Lruonoius spp 0 0 0 0 0 ] 0
Pacalchibys-Scopbithaimes 0 0 0 0 0 0 0
Hippoglomeondcs o Ll ud U 0 0
Rldicsoulcs 00 8 0.5 0-0.6 01
Total ) P L8 e Wl X0
03 0.5 03 083 <13 O 6 0.5.2
‘Represents O morhue and I yvirens eges in ail stages
**Represents all three egg stages. January through April
+ No sampling
s



Lebrusts :

LGS L84 L9858 1986 1982 LUS8 1980 1990

brevourie Wranne 0 0 0 0 ¢

Gaddae-Qlyplacephalu

Gadidace* (L) (0L (L4 (ol 0 0 0
03 03 O« O

Qadus morhue L L X ol ( 0
03 03 el )l

Fepilus

Lnchelyopus cumbrie** 0 0 0 0 (

Lrophycs spp 0 0 0 0 0 0 0

Labndae-Limande 0 0 0 { 0 0 0

Labridae 0 0 0 0 0 0 0

: . ”“ 4 lmlu 5 0 0 D 0 1] 0

Erionotus spp 0 0 0 0 0 0 0

Pacalichibys-scophibalows 0 0 0 ¢ ¢ v v

Hppoglowsoules ) 0 0 0 0wl 0 0

Dlatessqides 0.2 Ol

Total al 10 04 0l [N} wl 0

>} (3 01 01 0«1 0«1

*Represents O mothea and P yirens eges in all siages
**Represents all three egg stages. January through April



March
LULS 1978 1076 + 19774 4 1978 1679 L980 1961
Heevoorle Looanous 0 0 0 0
Cradidae-QUXpIOCChaLS ' L 92 02 0
0.2 03 0n.32 02
Cradidae* uh (0S) (03) L) WS
0.3 0.} -1 01 )
Cadue morhue 0S 0 (K LS
) 01 O] (4
Pollachius yirens ) 0 0 0
Lanchelyopes chmbrivs** 0 0 0 0 0
Lw spp 0 ) 0 0 0
L abridae- Limands 0 0 0 0 0
Labridae 0 0 0 0 )
aunber scombrus 0 0 0 0 0
Lrionetus spp 0 0 0 0
Lacalichthys-Scophibalmes 0 0 0 ( 0
Hppogioisondes 02 l La &2
Rlalessoides 1 1) (7 0«1 14
Totl w2 o8 12l Lo 0o
Okl (.8 04.15 012 0.5.20

‘Represents latestage O morhug and P oyirens eggs

**Represents all three egg stages, January through April

+ No sampling

+ + One sampling periodd only

U8 9K3
0 1]
0 0
o3
(L4 &)
02 0.0:24
04 &l
0.2 0.6-24
4] U
0 0
) 0
0 0
0 0
O 0
0 0
0 0
0 2
0517
id 140
PR 2:50



Mlarch
LOGS 1954 LI5S 1980 1987 JOBS J989 4290
Brevourun rannu 0 0 0 0 0 0
Gadidae-Cllyprocephalus v 0 ] e 0 0
0.2 d (2 N
Gadidac* (b)) Q3 Iy Xy (Le) (Ll 0
011 0.2 2 0.2 01 01
Cadus marhuo b K. 04 (4 L ud 0
Ol 0.2 0.2 02 Ge1 (]
L’m ALsns 0 0 0 0 0 0 0
Lsprilus
Lachelyopys umbow " 0 0 0 0 0
0O+
Lraphiycs spp 0 0 0 0 0 0 0
Labridae- Limands 0 0 0 0 0 0 0
Labridae 0 ] U [ 0 0 0
dcombes scombrus 0 b 0 U 0 0 v
Luonows spp 0 0 0 0 0 0 0
Paralchibyy-Scoptithalmes 0 0 0 0 0 0 0
Hwpoglossodes 4.3 K v Y Ll 0 0
M 022 (19 0]
Total i} wd o0 b1 a4 o4 0
0.7.30 (9 0-34 1:219 081 (=2
‘Represents late-stage O mothug and P viens cggs
**Represents all three egg stages, Januvary through April
5



Al
LOGS 1078 1970 1977 L7 s LS80 L2851 L1982 1983
Beevoorie Lunnus 0 0 0 0 0 0 0 0
Gadidae-Qlyplocephils I Wi 0l W dad a4 0 0 N
s 0«2 214 0812 07 0.3
Cradhidac ad ) () (1l ) Y L3 Xy
Oty (13 ) 614 03 = () (-3 [T
Cudus morhue Ll B4 ] L 04 L 04
oA (16-14 0.3 ™) 0.3 0.3 02
Pollachis vicens 0 0 oS ¢ 0 0 0
Od) 6
Lepoiw
I“ I ! i mbr In w u u"‘ ) Q-\
0«10 O 01 0.2 (4 2 (119
Liophycis spp 0 (TN ] 0 0 0 0 0 0
04 K
Labndae: Lunande 48 s UJd 8l ( 0 0 0
018 07 26 (2K
Labrdae 0 02 (1] 0J 0 0 0 0
0.9 03 01
Scomber scombrus 0 0 0 0 0 0 0 U
Lrenoiss spp 0 0 0 0 0 0 0 0
Pacalichihys- dcophibalmw Ll 0 0 0 0 0 0 0
007
Lppoglowsoides I 42 b JER AL e all
plalcssoides 041 0.0 0879 (49 118 0.8 01 (0
Total J34 . 2 a0l JRA] hR- bl
(B2 1-18 K114 4540 0.20 0.77 2 0719
‘Represents late-stage O mothug and £ yurens opgs
**Represents all three egg stages. Januvary through Apnil
+ One sampling period only
9



)

b fedlsnmedhdmind

Oadidac -y plosephie s
Cradiclae*

Sdue morhue
Lollachius yirsns

Lochelyopus- L rophycis
Lepralus

Lochelyopus cmbriws®*
LIophycis spf

Labndae- Limanda
Labridae

2UMLCT scombrus
Lrionotus spp
Paralichibys- Scophibalmus

Lwppogluissoides
Rlatessoides

o AU
Sl

*Re presents late-stage O mothug and l LU0 CREs
**Represents all three egg stages. January through Apri

+ Pumps down - no sampling




May
LUGS 1978 1976 197 1978 1679 _1980 1981 1982 1985
Brevooriue Laaoow 0 ‘ 0 o ! ( 0 v
(-1
Cradidae-Qlyploce philus 1] a3 3 34 14 wd L K ERY
0.2 (hets 0-1) (INT] S (hts 0.2 (%, O 18
Coadhdac 1 | LS (La) (%8 (L&) la) (L8 () (L)
03 ™) 03 Usts ] 0.5 fv4 ) O K (")
Sadue mothua ' 18 L L L8 L LB /A o
(-l A 01 (s (1= (=3 O K 3
Eullactuvs virens 4 0 0 0 ' v 0 0 ¢
Lacheiyopus- L rophyss- bl JRR) 123 ad 93 B 248 a4 v
Peptilus 0-30 072 522 2:128 0634 414 119 18 W18
Lachelyopus ambeius PR kIR 140 JURS 3 L Bl v LLE
670 09 03 0.7 15 1073 .58 02 .59
Lrephysis spp 0 0 ) 0 0 ul 0 0l
% | 0.1 005
Lubrdae- Limande 438 Ll aBUY 18434 Ly RIPIRY Al 2Ls k1T
2-124% .23 1240 311800 09475 59331 294 4.24K (-209
Labridae 0 8.0 Pl il VX)) 40 3 U
02 0.58 0169 019 O41) 23 08158 01
xomber scombrus -l RX 460 0.8 Bda adll s 1009 Lo
0K 011 O<104 0. 308 02358 §%.621 0108 2.708 U424
Luonoies spp .03 0 ] 0 () 0 0 0 0
0405
Paralichihys-Scophibalmes 10U ol JPR RI(K add) RIRY ol Ll L0
Uetod 019 2.2 0169 076 7467 (04 (.43 0-27
Hwpoglowssowes & al 8.0 ua (] 142 Wi L3 &
RIAC0ICY 09 0.0 016 0-79 011 0.8 0.816 0.7 0.8
Total 1203 yL Wi 220.3 PR TR 800 PRI sl 1889
121366 35126 31324 1312428 45.902¢ 110314 20308 A0-4258 10.524

"Represents latesstage O —orhug and P yuens oges
*inciudes Brosmig-Scumber. 197541083



Moy
LGGS 1984 1988 Jo86 1987 L9088 1989 18%
Brevoorie Lrann 0 v 0 0 0 w v
O]
Gadidae-Glyplocephalus al L 00 ad 02 09 02
(8 0.3 05 013 02 (4 (3
Gadidae* (L (LS 02) 'y (L.004) ey [l
0.5 02 0.2 0.3 1 02 0.3
Cades merhue ul ws U 04 Lou4 04 02
05 (.2 0.2 0.3 (] (1%} 0.3
w viLsns 0 0 0 ] 0 0 0
Laochelyopus-Lrophycis- . 1492 400 JUR als 1420 0.4
m O] (0% 31809 1«06 0-13) 2-K04 4.27]
Laochelyopus cunbrius K] 8 aad 13 302 o] 138
(W) 1422 0-82 0-57 1491 0-95 227
Lrophycis spp 0 02 0l 0l 0 Ll 0
09 O] O« 0«12
Labridee-Limandy 23 14045 4.0 ol 1088 L2898 2a
0«40 (4622 2:22§ O14] 3424 0-11376 1426
Labridae 04 PR} ad IR 3 al 2
0.5 016 0«13 -5 023 019 016
Scomber scombrus** 122 PN JUNY ) 2232 384 14771
(44 20871 M-230 0128 0D-119%1 022010 111023
Erienotus spp 0 (K} 0 ol 0 0 0
01 0]
032 388 292 0-2% 0.362 0-132 092
Lippoglossaides &l A4 QS 08 0.08 PA W
platessoides 060 0.7 0.2 (4 0«1 014 Ued
{otal 2.3 40513 o158 JRN 1989.1 24920 160605
19-123 38-21508 75513 21407 17-12625  32-35350 2211593
‘Represents late-stage O morhug and [ yirens eggs
**Inclundes Brosme-Scomber. 1975-1983
12



duug
LUGS 1925 127¢ 1922 J978 1979 1280 L9854 1982 A28
Brevooria Lranous 03 Ll Ll Wi 0l A4 L2 il 02
0.2 01 03 (9 2 (%3 10 011 (head
Gadiac-Glyplocephalus L P} b - L L &l 0l 04
(hedd U6 011 07 5 010 9 03 0.2
Ciadidae* (1A} 1) (&) () (XY} (7} () (L2 (s
0.3 U 027 0.7 02 025 022 01 0S8
Qg morhue . L3 b ad 04 2 Ll L 08
04 .27 0.7 (2 025 022 0] 0.8
Pollachivs yirens . 0 0 0 0 0 0 0 0
Langhe yopus-L1ophycis- oAl UJd add 3.8 0 147 2.2 b8 2.8
Peprilus 16-88 228 0-96 0-30% 1798 2-26 4460 0-19 6160
Lanchelvopus cumbrius pUAY] PR sl 147 s 498 JLx} 62 140
176 9.90 5114 031 2468 2:51 7.38 023 (-39
Lrophycis spp L3 0z 4.7 4J 02 ol ) L8 &l
Ot 02 0«15 014 027 4.5 0-56 Oty (Ot
Labndas-Lumanda 24320 0290 Sz L3127 Salls aLo 912 LoU7.8 Q87
809.5501 1472258 28919708 24376  10BO-10505 248-1266 184.12537 2764588  S57.17018
Labridae 2l L4 1854 0.0 PAUR JOLE 332 v
(204 7.249 26-1181 0-262 S0.774 13191 521492 75.238 14650
xomber scombrus** 1263 0 .0 FRIN ] 180 408 3.9 La52 JrINY
4746 0819 6199 0360 44 0100 31083 O«663 5.202
Erionows spp 0 0 02 K} 0l Ly L 0l la
0-3 0.2 0.2 (1 0.7 02 0.5
278 0-73 3129 O-132 20141 1426 0.501 583 2:76
Hippoglessondes 02 0.0 &l 09 108 L8 0 08
plaleasades 01 0.5 014 ()t 0<1 042 0.8 03
Total PLIRA. 8302 G30LS 12342 0202 203 41584 12742 10149
B19-5718 3422393  609-19428  228-5917 1401-11522 414-1652 407.22226 4204912  309-18628
*Represents late-stage O mothug and P yjrens eggs
**Includes Brosme-Scomber. 19751983
13



) I
U | .| B\ . v

Gaddae-Olyproce Dhduus

Cadhdae*

Gadus mechue

Pollachivs yicens

Laochelyopus-Lrophyes
Peonlus

Lochelyopus cumbrius

Lrephyces spy

abmdac-Lunands

Labridae

.

dom'er some s’

Proaeis spp

Laralichthys- Scophihalmus

Hippoglowssowes
AT U

lotal L8811 ] 23267
136074 . 4996712

;"kl';—l-!\'\tnl.\ lte-stage O morhua and | virens cges
“Includes Brosme-Scombag. 19751983




LARNAL 1973 1979 1982 108,
Clupce harcngus b La 0 ol L
00.6 0.4 0-3

Lachelyopis ambow 0 0 0 0
Lautogolabue adspersus 0 0 0
Llvacie subbilurcaie b ) 0 0
Ehols guoosllus 1V LU Wl d
l.l...\ (1.5 Ol 6 055

Ammadyies sp [ 48 06 02
0«18 (1) 04 0]

Ambcr sombrw 0 0 0 U
Myoxecephalus spp L4 Ll wd 28
(s 1 O} 0.5:12

M senegus (1] ol 0

O« 0.6
g L J 02 a8
el mapin

" - 0.6 0.5412

A scorpi 0 0 0
L‘m» 0 0 0 |u")
hw' 05

L allanucus 0 0
sohsni ) g“
. 0.0.5

Dheudopleurongcies 0 0 0 0

ANSLCHNS

T otal 9 u u 3
) \'-_.'ﬂ‘ 012 02 414

“No sampling



LAUbss Darcngus b

Lachelyopus umbuw

Lowiloge ooiue

Lavlogolabrus adapersus

Livass subbilurcate

Ehols gunnelive

AOMUET sombus

Myoxecephalus spp

M elodereuapIncs us

Lapans spy

L adanucus

L cohen

Pscudopleuronscics
AmELIcany




Lebruacy
LARVYAL 1928 1926° 1972 1978 1929 L9580 L1981 1982 1983
Clupcs harsogw b N X 0 0 0 Ud
.5 0.2 0.2
Lashelyopus ambrie 0 0 0
hw LNl u 0 0 O 0 0
Laniogoiabius adeperau 0 ~‘ 0 0 : 0 v
Slvaw subbilucais 0 0 v el 0 0
0 4
Lholis gunnelius 3l J ad Q wul 03 40
014 G-3 010 02 (5 (-3 062
Ammsxdyies sp ol X &l e &l 4
(5 0.6:24 401 4.8 M6 (-9 0814
Aombe wombiue 0 U 0 0 0 0 0
Mycxocephalus spp b 02 (L8 (Ly) ul) (Ll L2
0.7 (s} .20 0.5 O« 0 6 .53
M ssoagus 0.0 L8 L 0l L
edo 0.5 0405 0.0 03
M osiedecemapinosus 0 La Lo v -
O 6 (e ().
M seorpie 0 0 0 0 0
Lawate spr 0 0 0 0 b 0 Qd)
005 0409
T TV IVN Y 0 0
L cobew 0 03
HFIAY
Pacudopleurangsics 0 0 0 0 0 0 0
WRELICON
Total 108 e a0 9 48 K 2l
0«17 0.8:20 4.58 0.7:10 324 012 2.11
No sampling
7



Lebruacy

LARVAL - L5 B — 198 AL O— .\ —

Clupes bharsngus b 0l K] L N

] s m s 1‘%) I '!{» Y

Jauioge oniLs

1a sogolabrus ﬂ‘h“]" s

! l»ﬂ“.s 8 l";" AN 1]

Pholis gunnellus JUR add 34 47 - UL LY
K21 14 44 b 1 € 4.37 b

Ammeodyics sp L RAXC ] Gl 04 Ll
(.1 w132 )L . b

somber scombrus

Myoxocep B SPY Ll 147 ld -] 4Ly il Y
33 b b, 3o b€ ) b |

M asnesus 07 y L2 -] 1 04 0l
b 24 17 2

M eclodecemspiaosus 04 LU 03 1K 0

i ’ ]
M MOIPIUS La LK. Sl Ad
el 7¢ )

Lapacis spp (0.5) 0l L2

L auanucus

L when 0 I L

¢ Qpleuronecics

AMCCanus

Total 18 2.3 WY A4 RV 143 ol
Jo 2 223 S ¢ 7.2 1000 £.45




AMarch
LARVAL 1975

197¢6° 1977%¢ ~JJ78 1979 980 JU81 L1982 98
Clipsa haccogus b -] 0 04 ' ol 0 42
0.2 01 2 (K (2 =1L
Laochelyopus ambuwe 0 0 v 0 0 0 0
m QUL 0 0 0 0 U 0 0
Lautogolubous adsperaus 0 v 0 0 0 0 0
Llvine subbilurcats 0 0 0 0 L 0 0
(0.8
Pholis guoncllus My Ul 23 e el 187 04
2647 0.7.28 |34 K1 162 180 325
Ammaedyics sp pAM] M40 420 384 1200 ld
L1060 0.7.22 9.22K 1:157 10.78 0613 029
domber scombrus 0 0 0 0 0 ] 0
Myoxocephalus spp ald kPR (Aad) (631 (353 (&18) (o)
17137 1165 138 0-182 sS40 (a7 017
M agnecus lad Ll 434 P 00
1:38 017 480 404 017
M QClodecemapInusus 0 L ¥ . Ul
0.3 (15 0«1 0«1
M s 0 L 0l la U
(-8 0«1 (e
Lapans spp Qs 0 04 RV (0S) wh L2
01 (e 018 02 0«1 (8
L allanucus Q.04 0 14
0.5 ()-8
L sohew IR} ol 04
02 Ol 02
Lasudopleurongcies 0 0 Q.03 ol 08 b id
AMCLICRNS 0sl).s 007 05 012 0.7
Total 1228 3.2 268 Loa 240 200 a8l
66:236 26-96 11-293 3388 43169 314 183
No sampling
One sampling perixt only
16



1 | Ml
Y AN — T S—— . W— 1987 -1

L I —
Clupes harengue b (L la L Wi s
b § ) ! 15
T
. 1
Nopus sumboius
Janioge omus
l Hogolabr us !hls(;!«,
7 *
S
‘ Llvane subbifurcaiy ATR R
- ! it ) 3
s Ehels guonelive 080 427 o84 44 LS ell kWi
[ 1) 0.9¢ =159 k11 4.375 e | 20 b
ANMEAY LS S LU s Ml ad at Ls
i )3 b M b ) )
1
i >omber scombrus
Myoxocep § SPP (32.6) 13 1) 05 4l L14.¢ eu.0) 2
. B [Pl (=9 KoK .l 12-35¢ 182 P15,
i M ggougys alud PAW G0 3 JUPN M.q o
{ 156 (.58 \ ) 122 ot & 28
M OCeCCeOmSRIDOSUS ‘ 0l LL 02 03 B
bea 3 ) bed bed
-
: M oIS Ll id LXK U e PLR 2.8
‘ 0.3 b2 b ] 26 0119 b2
;
; Lapans spy 0.04 00) 08 0l 03) 0g) Ol
) N | %5 ) § bl ) b} [
: L auanucus 04 , Ll ol (
W) 7 -4 01 bl
1. ) cohen 0.04 N 0.4 Ll 0.4 0.8 0l
‘ix ). 8 0.2 02 ) s )
1 .
: wlopleuroneciss 0l L L
- mELichnus 0409 k3 )
; fova 42 R 80 A W4 28
0172 2179 1 4-34¢ 1-19 19.73¢ 2.286 4-30
w
. ]

&
i




LARVAL 1978 1976° 1977 1978 1979 1980 L8 1982 1983
Clupes hatenges b i3 ul 0d e ol 0 Lo i2
012 01 02 03 -1 4.5 0.9
Lachelyopus ambnw 0 0 0 0 0 0 0 g
0.5
m Qi 0 0 0 0 0 0 0 0
Javiogolabrus adspersss 0 0 0 0 0 0 0 0
Ulvane subbifurcam .4 kWi : 0 - Ll ol kR
019 019 0.2 0.1 06 0.2 0.2 0«11
Eholis gunnclive L& 40 13 dd 348 4
(4 019 (-5 013 Ol 14 07§ 021
Ammodyies sp (] KT B85 2l 0.3 KX 8d 102
0818 645 61252 264196 0-171 7460 2.261 0-58
W gombrus 0 1] G ] ] 0 1] 0
Myoxocephalus spp ] 7 add ed (1ed) 122) (883) (i)}
A2 14.587 0.587 132 0.59 2-53 0.347 024
M acnacw dad lod 180 1.7 2
1-32 0-50 2.53 01344 (24
M ecldecomapioosus 0 0 04 02 0
0.2 0«1
M scorpius
03
Lipags spp & 109 ad & ()} L) 1)
011 072 0.7 0.8 029 0.3 (-4 169
L ailenugcus . 0 0 43
03 169
L sohen 0 09 0
L)t
Dycudopleyronecies il 25 RAK] al 82 l &0 kX
Qmsicanus 0810 021 0127 (% 224 3 036 013
Total FAN 1031 4982 1205 860 005 1854 il
1443 §5-154 21-1324 §7.2 8266 20-142 4.732 3138
*One sampling period only
21



Ulvanie subbilurcal

Fholis gunncllus

AlnmOodyies

xomber scombrus

Myoxocephalus spp

Total

‘Pumps down - no sampling




LARYAL 275 1976 0 J2I8 IR 1980 1981 AL L
Clupce harcngw b “l 0 0 [N} wad 0 0 U2 Q.04
024 Ol .8 il 0.8

Lochelvopus cimbgivs al ad 03 40 43 34 { 04 0l
010 013 O-1 019 019 511 01 Od).0 O}

mw QOIS 0 0 0 U Ul 20 0 1] 0

0 0.0
Lawegolabrus adspersus 0 0 0 0 0l J W] W 0 0
0.2 (K 0.2

Ulvane subbilurcuse [T 13 Wi 423 S 102 UM 4y V]
10238 |24 020 11141 021 5-2i 427 016 p5a |

Lhols sunnsliw Ul 0 v K 008 0 0 U La
008 (e 1 02 O 06

Anmxiyics sp 40 P -~ o'l PN LB L8 PR 04
032 (K 0.7 0208 (K8 24 (e 029 0517

xomber wombiw il v 0 b w L wl 0

0004 027 29 012 055 0]

Myoxecephalus spp K La 0w (L2 s (W) (LS (G
011 02 -9 037 17 03 ] 010 .25

M asnecw ad (V] 0l s 0l
17 ({%) 0] 0«10 0:25

M esiedecomapinosis 0 0 0 0 0

M oscorpie 0 0 0 0 0
Lipacis spp 42 JRA RN 3l alld Ll el (a8) (FRAY)
0-30 o-31 0112 142 -40) 1645 2409 012 0.5-37

L atlaniicus el al PR
2409 012 0537

L whew 0 0l 0

0.2

Dagudopleuronesies L2 24 103 LX) PVNY Ul RV JRN]
ANSLCANS 20 218 4.9 0129 1 30 1178 (.08 e B 058
Total 26 o2 812 ass 04l 1044 Wy (K] Gad
28283 1576 24188 13660 66210 59.167 12:2M K182 9.192

21



LARVAL 1984 L9838 LI%¢ J987 1988 L98Y 1990
Clupes harsuges b b 0 Ll 0 L0 0 al
01 () 01 0.2 0«10
Lachelyopw umbnes 0 44 &3 Ll i - 0
06 0.27 3 3] 017
Laviogs o 0 V.04 0 0 v "
0-1
Juuogolabrw adspersus 0 0 : 0 0 wl 0
0«1 0«1
Ulvarie subbilurcate 09 130 s . dd ol AR
(hedd 0.75 <16 0.5 013 | B8 Uee 3
Lholis guoncllue W ol el 0 L2 0l L
0O-4 0.6 O 03 (5 0.3
Ammedyies sp 100 e Le e s 42 aab
0-57 0-3 0.5 01 (=14 017 247
Scomber xumbrus 0 0l L Ll 0 LS Ll
(s 0-1 0-1 (1t 0-1
Myexoccphalus spp () (&d) QS (L) (ad) (&) 4d
010 011 2 O] 010 0«11 020
M asoacus L9 2l 0.8 02 20 > 4
010 0«11 02 0«1 0-10 011 020
M esledecemspinosus 0 0 0 0 0 0 0
M scorpius 0 0 0 0 0 0 0
Lipacis spp 1) (182 (22) (160) (afd) (FRRY) ()
011 030 Oty 0-101 1146 0-59 117
L atlanugus KR 152 2 160 o83 138 13
011 030 Osts 0101 1146 0-59 117
L soheni 0 0 0 0 0 0 0
Iaeudopleuronecties : JEN 14 102 all 13 122
amenicanus 0.27 027 <13 0-82 0108 0-30 047
Total a3 254 add el 626 47 a
Uetod 879 1541 0-158 10291 20-108 26125
24



Lung
LARYAL 1973 197¢ 1977 1978 1929 1980 1981 1982 1983
w‘ m b 0 1] 0 0 ] 0 0 0 0
0137 ey h4. 4% 0-145 1-18 4102 (149 0-5 7
Lautoge onius 02 04 0l e 4] 0 had al 03
(9] 0.5 027 037 0-11 0.20 0162 0-27 0.2
Lavtogolabrus adspersus UJd b VR 103 8.8 5.4 PRI (] lag
-39 0-13 0.750 0107 4.7% (K3 O«10639 026 0.5«46
Llvacie subbilurcuie e d 0 42 Ld al 04 L4 02
0.2 0-28 012 03 012 0.3 05 0-5
Ehols gunnclive 0 0 0 02 0 0 0 0 0
0.2
Anmodyics sp 0 0l 0 2 0 Gl 0 ol
02 02 S 0.6 04).6
scomber scombrus 29 42 140 KT ] 29 kAR RIL N 140 04
0-149 018 0-55 0126 037 0109 03662 051 0354
Myoxocephalus spp 0 0 0 0 0 ey 0 0 0
0.7
A asnacus . 0 06 0 0 0
0.7
M eclodecomapinosus . 0 0 0 0 0
M OIS * 0 0 0 0 0
Ligags spp al 01 [ 160 13 (W] (L&) (LS (SR}
0.7 0-50 0-28 2465 (-4 0-21 (<13 (4 08
L atlanucus b Qs Lo
0-13 (-4 08
L sohen . 0 0 0
Pscudopleuronecies & &0 4.0 139 27 o8 L& KX 04
AMELCAnS 0515 047 U116 0-54 .39 3419 08 017 0.2
Total 29 S8l 2922 1262 2 1458 2102 58 JURRS
14:260 8139 125041 S1-343 27154 49.377 5.5423 0136 2-383
28



LARVAL 1984 1988 L9806 1987 L9088 1089 1990

Clupes harsngas b 0 (VN 0 0 0 0

01

Locheyopus cumbiius ) abd ald (X L4 24 add
0«1 373 274 .33 04 3137 0120

Javiogs omus 0 e i o ol e wb
Oed | GeS 012 0.2 0.38 0-10

JLavtogolabrus adsperaus 0 07 404 08 Lo 02 13
0208 01587 (et 0.5 4.196 0-30

Llvane subbilurcate Lo a4 od L I KX k]
(14 1-8 (s 0.2 012 0-13 (-9

Ehoiis gunnciius Ll 0 0 0 0 0 ¢

0«1

Ammedyiss sp ol 0 0 0 0 ” 06
0] 0.2 0.2

Scomber scombrus Qd 8028 U2 04 hY(} ) R 0
0«1 0376 0393 02 0.52 Ued 3 0.23
Myoxocephalus spp 0 0 0 0 0 0 ()
02

M genagus 0 0 0 0 0 0 0l
02

M ecledecemspinosyy 0 0 0 0 0 0 0

m SCOLPIYS 0 O { 1] 0 0 0
Lipagis spp (44) (L) (&0) (L) ) U4 (3D
013 03 011 0«13 1-32 0.7 013

L allapucue 44 0 al 13 oy 14 al
0-13 0.3 011 013 1-32 0.7 0-13

L. sohem 0 0 0 0 0 0 0
Escudopleuronecics 42 ~a d 03 0o 02 ol
AMEcanus 0-24 0.7 06 (- Ot 02 02
Towal Ld ULo 180 132 JUA] a4l 609
O | 4.08 | 174661 061 S.69 §7.771 0-198

26



