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SEABROOK ENVIRONMENTAL STUDIES 1978

FINFISH EC0 LOGY INVESTIGATIONS IN

I HAMPTON-SEABROC" ESTUARY AND

ADJ0INING C0ASTAL WATERS

TECHN! CAL REPORT X-4

I
1.0 INTRODUCTION

I
The study of finfish in the Hampton-Seabrook nearshore region

and estuary by Normandeau Associates, Inc. began in 1969 with a survey
of estuarine fish populations (NAI, 1971). A study of fish eggs and

larvae in the estuary was completed in 1971 (NAI, 1972); a third study

(NAI, 1973) provided information on adult and larval f'ishes both in the

estuary and offshore. An intensive study of the eggs, larvae and

adult finfish utilizing the nearshore region was initiated in 1973 (NAI,

1974). This program has continued with the collection of information

concerning distribution and abundance of fishes utilizing the Hampton-

Seabrook nearshore region and estuary (UAI, 1975, 1976, 1977). A review

of the literature through 1977 pertinent to life history and abundanceI of New Hampshire coastal marine fishes was also presented in those

reports. Since that review additional information has been published on

the biology of winter flounder (Howe et al . ,1976; Pierce and Howe,

1977) , Atlantic herring (Messieh,1976) , blueback herring (Loesch and

Lund, 1977) and Atlantic silverside (Conover and Ross, 1978).

The purpose of the present study is to expand the historical

data base characterizing the temporal and spatial distribution of fin-

fish that utilize the Hampton-Seabrook nearshore region and estuary.

Special programs, such as age and growth of a resident benthic species

(Tautogolabrus adspersus) and spawning run identification of a local

anadromous species (Alosa pseudoharengus) were also continued. This

report presents information collected during the third year (1978) of

preoperational monitoring for Seabrook Station and compares these data

and conclusions with those frca the previous years (1975 through 1977).

1
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Among-year comparisons of larval, juvenile and adult fish relative

abundance and spatial and temporal occurrence within the estuary and
Inearshore waters are discussed. E

;
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2.0 METHODS

2.1 0FFSHORE SAMPLINGI
2.1.1 Otter Trawls

The inshore groundfish ccmmunity was sampled monthly by

trawling at night along Transects 1, 2 and 3 (Figure 2.1-1) with a

9.2 m shrimp trawl (3.8 cm nylon mesh body; 1.3 cm mesh cod end liner).
Four replicates were taken at each transect. The net was towed at

approximately 2 kn (engine operating at 900 rpm) for 10 minutes, with

successive tows taken in opposite directions. Transects 1 and 3 were

located in deeper water than Transect 2 (Table 2.1-1).

2.1.2 Gill Nets

I
Gill nets were set for three consecutive 24-hr periods per

month at three stations (Figure 2.1-1). Two net arrays, each consist-I ing of a surface and bottom net, were set at each station, one parallel

to and one perpendicular to the isobath (Figure 2.1-1) . The nets were

positioned on permanent buoys and tended daily by SCUBA divers. Sta-

tions A and B are situated over soft substrate, while C is located over

rocky substrate (Table 2.1-1) .

I 2.2 ESTUARINE SAMPLING

2.2.1 Beach Seining

Seine samples were taken biweekly from April to November at

Stations 31, S2 and S3 (Figure 2.1-1; Table 2.1-1) . Duplicate hauls

were taken at each station with a 30.7 x 2.7 m bag seine. The nylon

bag was 2.5 m square with 1.2 cm stretch mesh. Seine samples were

collected monthly in previous years, with four replicates per station.
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I TABLE 2.1-1. DESCRIPTION OF FINFISH SAMPLING STATIONS.
SEABROOK FINFISH STUDIES, 1978.

I
OTTER TRAWLS !I TRANSECT TOW DEPTH BOTTOM TYPE REMARKS j

|I 1 ,20-28 meters sand 150-200 m from rock out-
croppings ,

I

'
2 15-17 meters sand, drift algae Scoured by tidal currents;

I w/shell debris large quantities of drift !

algae. 100 m from Inner |
Sunk Rocks i

! sandy ; Located off Great Boars3 22-30 meters
littered with Head; just seaward of a
shell debris cobble area (Rocks 15-50 cm

diameter) .
;

GILL NETS j
I

BOTTOM

STATION NET DEPTH BOTTOM TYPE REMARKS

A 20 m sand Seaward fron rocky outcropping
off Seabrook.

|

B 17 m sand Seaward of Inner Sunk Rocks.
I

I
'

,

C 17 m rock / cobble Offshore from Great Boars
Head

|

I

BEACH SEINESI STATION DEPTH BOTTOM TYPE REMARKS

S1 .5-2 m sand Scoured by tidal currents;I approximately 300 m upriver
from Hampten Beach Marina.

52 .5-1 m sand Secured by tidal currents;
approximately 200 m from

| the nouth of the Brown's River.

53 .5-3 m sand Scoured by tidal currents;
located in Seabrook Harbor,

approximately 300 m from

Hampton Harbor bridge.

|I
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Biweekly sampling was initiated in 1978 to obtain more data on season-

ality and movements of finfish through the estuary.

I
2.3 CUNNER (TAUT 000LASRUS ASSPIRSUS) AGE AND GROWTH g

1

Cunner were captured in the discharge area throughout the
summer and fall. Most were collected by SCUBA divers using a seine,
and the remainder were captured in lobster traps. Each fish was

measured (11 mm standard length), weighed (20.1 g) and sexed by
gonad examination. Scales were removed from the left side, posterior
to the insertion to the dorsal fin and just below the lateral line. g
In the laboratory, scales were washed and mounted between glass slides, 5

then projected at 92X magnification to determine scale radius and

annular distances.

2.4 ALEWIFE (ALCSA PSEUDOHARE.7GUS) SURVEY

An alewife su'rvey was conducted on the Taylor River by the

New Hampshire Fish and Game Department. The objective of this survey
was to monitor the river until the migration reached a maximum so ale- E
wives could be transferred to the Winnacunnet River. As a result, the

,

survey was sporadic, and counts were made on only four days. The ave-

rage number of fish observed passing through the fishway per minute

was expanded to estimate the number of alewives passing on the day

when counts were made. Counting time varied from two to 50 minutes

per day.

2.5 ICHTHYOPLANKTON

Four replicate oblique plankton tcws for fish eggs and larvae

were conducted at night along Transect 1 (south), 2 (c' 'scharge) and 3
(intake) (Figure 2.1-1) using a 1-m diameter 505 um me. The net

I
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with depressor was lowered to mid-water and towed at 2-3 kn; speed was

varied at two-minute intervals to sample a range of water levels from

near-bottom to sub-surface. The standard 10-minute tow was reduced to

5 minutes during periods of high biological productivity to minimize

net clogging. Volume filtered was measured with a calibrated General

Oceanics digital flo neter mounted in the net mouth.

I Ichthyoplankton samples were subsampled with a Folsom plankton

splitter and presorted for eggs and larvae. Successive aliquots were

analyzed until about 200 eggs /100 larvae were sorted or, if there were

less than 75 eggs /25 larvae in one half of the sample only one half of

the sample was sorted. In most cases larvae were identified to species.

Some eggs, however, were more difficult to identify, and were grouped

with eggs of similar appearance [e.g., cunner (Tautogolabrus adspersus)

with yellowtail flounder (Limanda ferruginea)].

2.6 DATA C0!iPILATION

I
2.6.1 Otter Trawls

Catch data for 1978 were reduced to catch per unit effort for

the major species at each transect; one ten-minute trawl was one unit

of effort. The results were compared with 1976 and 1977 catch per

effort data to describe the relative abundance among transects and

years.

I 2.6.2 Gill Nets

:

:

| The 1978 gill net data were converted to catch per unit effort

,

for the major species by station and by surface and bottom nets; catch

per three days equals one unit of effort. These results were compared

with 1976 and 1977 catch per effort data for the sane species. The

analysis gives relative spatial distribution between surface and bottom

|I
.
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nets throughout the three years of sampling, and relative abundance -

anong transects and years for the major pelagic species.

I
.

2.6.3 Beach Seines

Sanders (1960) Biological Index was used to measure and com-

pare community dominance from 1976 through 1978. A rank was assigned 'W

to the ten most abundant species during a given sampling period, and a -

point value was given to each rank (e.g., 10 points for the most abun-

dant species, 9 points for second .. 1 point for tenth). These scorus _
f- ',,

~

'

_

were su=med for each year to obtain the biological index value. The
'maximum potential score was 80 points, assuming eight beach seine ,,

months per year. Catch per unit effort (two 100' hauls = unit of ' '

effort) of the major species was also calculated and compared among b
stations and years. !

Iy

2.6.4 Cunner Age and Growth
, ,

,

7

2.6.4.1 Back-calculation of Length at Age

The body length scale radius relationship was calculated for

males, females and all fish using linear regression. This yielded the E
constants in the Leo equation (Lagler,1956; Miller, 1966):

'

:

standard length = a + cs

-

where (a) is the intercept, -

(c) is the slope of the regression line and

(s) is the scale radius. m

Assuming that standard length at annulus formation is proportional to the

scale radius / standard length relationship, the following equation was

used to dc.termine back-calculated lengths at annulus formation for each

specimen (Lagler, 1956; Tesch, 1968).

I
.

I
1
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P

_9_

S.

[ g" W a)] +ain =

| wnere 1( * fish length at formz,tien of annulus "n"
: ,

j ,
,

.1 = fis5 length at capture-

(,_ S} z. radi,as or arinulus '' n ''>

.h S 6<;cale radius

[ a * intb5 cept' from Re Oguatj on
l

s

s

2.6.4.C Lencth-Weicht

.

length-wei,qht relationsh2ps were calculated for males, females

LI, and both sexes.combiaod a;;cerding to the etuation:

I< -

!

' 14g W '= log c + n f log L)

l -.

'

where W.= weight'(g),

L stpr.diri leagth ims)
'y..

c,n = coefficients,,

,

?
-

>

'

2.6.4.3 Standard to Total Lenotn Conversion
_

N

Fift/-five cunner ware measursi for Loth total and standard
) >s 1-ng*h. Linear regressior was gfed to calculate the r. .,.stionship

~" -' ~ bt ween these teasurenents .!,o that len'gth d sta from New Hampshire

icunper may be compar.id with toni length data frem other regions.*
.

I
.? . 6. 5 . h.hthycolankton

I - -

Bray-Curtis Similarity (Boesch,1977) was calculated using

mean annual abundance for both eggs and larvae to compare transects

during 1978. Structural Importance Analysis (SIA) was utilized to

I
I
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10

evaluate the "importance" of all species based on both their relative

abundance (Percent Dominant Score) .And their rank (Rank Dominance
Score).

I
I
I,

|

I
*

.

I
I

I
I
I
I
I

.

I
. .______ __- -_-__ - - _ - - ._ .
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3.0 RESULTS

A total of 63 taxa were collected in 1978 in the Hampton-Sea-

brook study area, across all gear types (Table 3. 0-1) . Of these taxa,

95% were collected as juveniles or adults, 49% as larvae and 13% asI eggs. Two new records for the study area, one striped anchovy (Anchoa

hepse'tus) and six sheepshead (Archosargus probatocephalus) , were co1-

lected in 1978; both species are extremely rare to the Gulf of Maine

according to Bigelow and Schroeder (1953).

I
3.1 OTTER TRAWLS

A total of 8,465 fish representing 40 species were collected

in trawls during 1978 (Table 3.1-1). Six species accounted for 84.6% of

the total catch with the yellowtail flounder (Limanda ferruginea) the

most abundant (22.9%). Species richnass was similar among the three

transects, but the catch abundance at Transect 2 was much lower than

I catches at Transects 1 and 3 (Table 3.1- 2) . Decreased abundance at
Transect 2 may reflect the influence of drift algae on the efficiency of

otter trawling as well as the fact that this transect is somewhat more

shallow. Transect 2 is the station at which measurable drift algae is

encountered consistently during otter trawling (Appendix Table 7-4).

Analysis of the relationship between the amount of algae encountered and

the catch abundance has shown that algal clogging reduces net efficiency

and yields a lower catch, although the number of species encountered

remains cimilar to that observed at the stations without algae (NAI,

unpublished data). Thus, low otter trawl catches at Transect 1 duringI February and at Transect 2 during May coincide with conditions of severe

net clogging. Algal interference does not appear to be the cause of low

catches at Transect 1 during April, at Transect 2 during August or at

Transect 3 during February (Appendix Tables 7-1 to 7-4).

I

I
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TABLE 3.0-1. LIST OF FISil SPECIE 3 ENCOUNTERED IN Tile T1ARINE AND ESTUARINE WATERS IN Tile VICINITY OF
Tile IIAtiPTON-SEABROOK ESTUARY FR0f4 JANUARY TilROUGil DECEt:BER 1978. SEAliR00K FINFISil
STUDIES, 1978.

i

I Lift STAGE

JUVENILE
AND/0R <

SCIENTIFIC NAf4E ^ C0!if40N NAttE ADULT IARVAE EGGS

|

Alosa aestivalis Blueback herring X
,

1 Alosa mediocais Ilickory shad X |

Alosa pseudohatengus Alcuite X |
Alosa sapidissima American shad X |

Ammodytes americanus American sand lance X X |

Anarhichas lupus Wolffish X

Anchoa hepsetus Striped anchovy X

Archosargus probatocephalus Sheepshead X

Aspidophoroides monopterygius Alligatorfish X X

Brevoortia tyrannus Atlantic menhaden X X

Brosme brosme Cusk X X [
Centrot>ristis striata Sea bass X

Clupea harengus Atlantic herring X X

Cyclopterus lumpus Lumpfish X X

Enchelyopus cimbrius Fourbeard rockling X X X

Fundulus spp. Mummichog/killifish X

|Gadus /Melanogrammus Cod and/or haddock X

Gadus morhua Cod X X

Gasterosteus aculeatus Threespine stickleback X X

Glyptocephalus cynoglossus Hitch flounder X X X

llemitripterus americanus Sea raven X

Ilippoglossus hippoglossus llalibut X
}

Hippoglossoides platessiodes American platce X X X
'

Labridac/Limanda Cunner and/or flounder X

Limanda ferruginea Yellowtail flounder X X

Liopsetta putnami Smooth flounder X

Liparis sp. Striped and/or common seasnail X

Liparis atlanticus Seasnail X

Liparis liparis Striped seasnail X

Lophius americanus Goosefish X X

Lumpenus lumpretaeformis Snakeblenny X

(Continued)

_ _ _ _ ___.

.
. . . ..

. . . - - - . . . . .. ..
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TABLE 3.0-1. (Continued)

LIFE STAGE

JUVENILE
AND/0R

SCIENTIFIC NAME COMMON NAME ADULT LARVAE EGGS
__

Macrozoarces americanus Ocean pout X X

Melanogrammus aegicEinus lladdock X X

Menidia menidia Atlantic silversides X
Merluccius bilinearis Silver hake X X X

Microgadus tomcod Tomcod X X

Myoxocephalus aenaeus Grubby sculpin X X
Myoxocephalus octodecemspinosus Longhorn sculpin X X

Myoxocephalus scorpius Shorthorn sculpin X

Oncorhynchus kisutch Coho salmon X
Osmerus mordar Rainbow smelt X X
Paralichthys oblongus Pourspot flounder X
Peprilus triacanthus Butterfish X X
Pholis gunnellus Rock gunnel X X y
Pollachius virens Pollock X X X

Pomatomus saltaLrix Bluefish X

Prionotus carolinus Common scarobin X

Pseudopleuronecter americanus Winter flounder X X
Pungitius pungitius flinespine stickleback X

Raja spp. Skates X
Salmo gairdneri Rainbow trout X
Salmo trutta Brown trout X

Salvelinus fontinalis Brook trout X
Scomber scombrus Atlantic mackerel X X X

Scaphthalmus aquosus Windowpane X X X

Sebcsstes marinus Ocean perch X
Squalus acaz.thias Spiny dogfish X
Syngnathus fuscus tiorthern pipefish X X
Tautoga onitis Tautog X

Tautogolabrus adspersus Cunner X X

Triglops murrayi Sculpin X
Ulvaria subbifurcata Radiated shanny X X

Urophycis upp. IIake X X X

^ According to Bailey (1970)
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TABLE 3.1-1. SPECIES RANK FOR FISHES COLLECTED IN OTTER TRAWLS.
SEABROOK FINFISH STUDIES, 1978.

I
TOTAL

SPECIES NUMBER %

Limanda ferruginea 1938 22.9
Urophycis spp. 1632 19.3
Gadus morhua 1206 14.2.

Osmerus mordax 843 10.0 *'

Pseudopleuronectes americanus 782 9.2 |

Myoxocephelus octodecenspinosus 765 9.0 |
Merluccius bilinearis 311 3.7 |
Macrozoarces americanus 269 3.4 ;
Raja spp. 190 2.2
Scophthalmus aquosus 111 1.3
Pollachius virens 67 <1.0
Microgadus toncod 56 <1.0
Hemitripterus americanus 56 <1.0
Glyptocephalus cynoglossus 32 <1.0
Paralichthys oblongus 30 <1.0
Hippoglossoides platessoides 25 <1.0
Aspidophoroides monopterygius 22 <1.0
Liparis atlanticus 16 <1.0
Myoxocephalus aenaeus | 12 <1.0

|Pholis gunnellus 10 <1.0
Enchelyopus cimbrius 10 <1.0 g
Alosa pseudoharangus 7 <1.0
Anm:odytes americanus 6 <1.0 g

|Archosargus probctocephalus 6 <1.0
Myoxocephalus scorpius 5 <1.0
Menidia menidia 5 <1.0

|Taucogolabrus adspersus 5 <1.0
Lophius americanus 5 <1.0 E
Syngnathus fuscus 4 <1.0
Clupea harengus 3 <1.0 g
Cyclopterus lumpus 3 <1.0 ||

' Liparis 11 paris 3 <1.0
Melanogrammus aeglefinus 2 <1.0

|Anarbichas lupus 2 <1.0
,

Alosa sapidissima 1 <1.0 E
Triglops murrayi 1 <1 0
Hippoglossus hippog10ssus 1 <1.0 g
Centropristis striata 1 <1.0 |
Lumpenus lumpretaeformis 1 <1.0
Ulvaria subbifurcata 1 -: 1. 0

I
TOTAL 8465

Il
|
|

_ _ _ _ _____ ______.__.__..___ _ __ _
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TABLE 3.1-2. NUMBER OF SPECIES AND INDIVIDUALS COLLECTED PER t10NTil AT EACil OTTEtt IRAWL TRANSECT.
SEABROOK FINFIS:t STUDIES, 17/8.

; _ . _ _ _
_ __

.! TRANSECT 1 TRANSECT ? TRANSECT 3

# SPECIES # INDIVIDUALS # SPECIES # INDIVIDUALS # SPECIES # INDIVIDUf.LS

. January 1978 13 306 10 111 16 168
!

| February 12 92 9 128 9 53
! March 13 107 11 121 9 266

! April 12 89 12 187 13 242

,
May 18 324 12 63 16 383

J une 14 327 14 115 13 322;

July 12 368 14 160 15 383
-

August 15 358 10 25 13 258

: September 11 247 14 224 14 413 5
i October 15 346 14 210 15 350

November 12 304 15 159 15 361

December 13 322 11 141 15 332
_.

I TOTAL - 31 3190 32 1744 31 3531

1

2

3

i
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3.2 GILL NETS

In 1978, 6,371 fish representing 25 species were collected in

gill nets (Table 3.2-1). Numerically dominant species, comprising 91%
of the total catch, were Atlantic herring (Clupea harengus), blueback
herring (Alosa aestivalis) and silver hake (Merluccius bilinearis).

I
Gill net stations A and C were similar with regard both to the

number of species and total abundance of finfi:;h captured. In contrast,

the finfish were more diverse at Station B, but less abundant than at

the other two stations (Table 3.2-2). Maximun abundance occurred
during April and from September through November at all stations. These
peaks were caused primarily by the seasonal abundance of Atlantic and
blueback herring (Appendix Tables 7-5 to 7-7).

3.3 BEACH SEINE

-

A total of 18,823 fish representing 24 species were collected

in beach seines during 1978 (Table 3. 3-1) . Atlantic silversides (Men-

idia menidia) comprised 74.9% of the total catch. Other dominant spe-
cies were American sand lance (Amodytes americanus) , 7.'lantic herring
and killifish (Fundulus spp.). Species richness was greatest during

June (Table 3.3-2) , but greatest abundance occurred during the late
summer and fall when Atlantic silversides and sand lance were captured
in large quantities (Appendix Tables 7-8 to 7-10). "

I
3.4 CUNNER AGE AND GROWTH

|

3.4.1 Length and Weight at Capture

Ninety-one cunner ranging from 23.0 to 189.0 mm standard

length were collected during 1978. Mean length at capture was slightly
higher for females at Ages II and III, and for males at Ages IV to VI E

.

I
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I TABLE 3.2-1. SPECIES RAf!K FOR FISHES COLLECTED If1 GILL fiETS
DURIf4G 1978. SEABROOK FINFISH STUDIES, 1978.

TOTAL
SPECIES fiUMBEP, %

Clupea harengus 4736 74.3

Alosa aestivalis 910 14.3
Merluccius bilinearis 151 2.4| Alosa pseudoharangus 119 1.9

Scomber scambrus 119 1.9

Pollachius virens 72 1.1

Osmerus mordax 60 <1.0

Urophycis spp.' 44 <1.0
Pomatomus saltatrix 34 <1.0
Gadus mothua 26 <1.0

i Brevoortia tyrannus 26 <1.0
Peprilus triacanthus 16 <1.0
Squalus acanthias 12 <1.0

Myoxocephalus octodecemspinosus 10 <1.0
C1upeidae 10 <1.0
Alosa sapidissima 8 <1.0
Tautogolabrus adspersus 6 <1.0

Pseudopleuronecter americanus 3 <1.0

Oncorhynchus kisutch 2 <1.0
Hemitripterus americanus 2 <1.0

i Scaphthalmus aquosus 1 <1.0
Alosa mediocris 1 <1.0
Syngnathus fuscus 1 <1.0

| Prionotus carolinus 1 <1.0

Macrozoarces americanus 1 <1.0

TOTAL 6371

I
I .

I

I
I
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i

| TABLE 3.2-2. NUl18ER OF SPECIES AND INDIVIDUALS COLLECTED PER fl0NTil AT EACll GILL tlET
| STATION. SEABROOK FINFISil STUDIES,1978.
i

STATION A STATION B STATION C

| t10 NTH # SPECIES # INDIVIDUALS # SPECIES # INDIVIDUALS # SPECIES # INDIVIDUALS

| January 1978 3 58 4 65 4 63

February 1 2 1 4 2 4

March 6 28 5 125 8 315

) April 3 159 1 219 4 748

j May 6 28 6 61 6 114

! June 2 13 5 15 4 10
i

! July 8 132 8 79 8 55

August 6 15 10 31 5 52

i September 4 1103 12 416 8 494 g
October 9 228 7 28 11 277

! November 9 282 9 285 9 315

. December 3 69 4 85 3 141
!

TOTAL 16 2117 23 1666 18 2588
4

d

I
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TABLE 3.3-1. SPECIES RAfiK FOR FISH COLLECTED If1 BEACH SEIflES
DURItiG 1978. SEABROOK FINFISH STUDIES, 1978.

I
TOTAL

SPECIES fiUF.'.ER %

I I
Menidia menidia 14,097 74.9 i

Ammodytes americanus 1,418 7.5

*

Clupea harengus 1,022 5.4
'

Fundulus spp. 888 4.7
Pseudopleuronectes americanus 322 1.7
Gasterosteus aculeatus 237 1.3

I Pollachius virens 219 1.2
Pungitius pungitius 204 1.1
Alosa aestivalis 158 <1.0

I Liopsetta putnami 89 <1.0
Salmo trutta 57 <1.0
Urophycis spp. 39 <1.0
Myoxocephalus octodecemspinosus 21 <1.0
Osmerus mordax 11 <1.0
Myoxocephalus aenaeus 9 <1.0
Alosa pseudoharengus 6 <1.0
Salmo gairdneri 6 <1.0
Syngnathus fuscus 6 <1.0
Microgadus tomcod 4 <1.0
Tautogolabrus adspersus 4 <1.0
Scophthalmus aquosus 3 <1.0
Anchoa hepsetus 1 <1.0
Oncorhynchus kisutch 1 <1.0
Salvelinus fontinalis 1 <1.0

TOTAL 18,823

I
I
I
I

I
I



TABLE 3.3-2. NUMBER OF FINFISil SPECIES AND INDIVIDUALS COLLECTED AT TilREE BEACH
SEINING STATIONS DURING 1978. SEABROOK FINFISit STUDIES, 1978.

S1 S2 S3

MONTH # SPECIES # INDIVIDUALS # SPECIES # INDIVIDUALS # SPECIES # INDIVIDUALS

April 5 15 4 11 3 10

May 5 20 6 91 8 418

June 12 109 12 1057 15 235

July 7 41 9 47 9 65
6August 1148 6 466 8 3217

September 8 1066 9 1361 11 1367

October 3 567 9 2048 9 1352

November 5 192 10 2946 8 974 y

TOTAL 15 3158 18 8027 ?3 7631

g M M M E E E E E E E
i
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(Table 3.4-1). Mean weight of females was also higher than males at

Ages II and III, identical at Age IV, and lower at Ages V and VI.

3.4.2 Length-Weight Relationships

Length-weight relationships were used as indices of the

relationship between growth in length and weight for cunner captured

during 1978. Slopes, intercepts and correlation coefficients for the

model:

log weight (g) = log a + c log length (mm)

are presented in Table 3.4-2. The slopes and y-intercepts were not bio-

logically different between males and females.

TABLE 3.4-2. LENGTH-WEIGHT RELATIONSHIPS FOR MALE AND FEMALE
CUNNER CAPTURED DURING 1978.

LENGTH
NUMBER RANGE
OF FISH (m) Log a _c_ _r

1

| Males 46 69-182 -4.9641 3.1491 0.9747

| Females 38 76-189 -5.1022 3.2182 0.9827

All fish 91 23-189 -5.0061 3.1702 0.9941
,

3.4.3 Growth / Body-Scale Relationships
i

1
.

The body / scale relationship was derived from 77 cunner ranging
from 23 to 145 mm standard length; seven fish were eliminated from the

|I
sample because of regenerated scales.

;
.

'

a

I
_
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TABLE 3.4-1. LENGTH AND WEIGHT AT CAPTURE AND BACK-CALCULATED STANDARD
LENGTH AT ANNULUS FORMATION FOR CUNNER, TAUTOGOLASRUS
ACSFERSUS, CAPTURED DURING 1978. SEABROOK FINFISH STUDIES,
1978.

NUMBER MEAN S.L. (m)
YEAR OF AT CAPTURE FOR HEAN WEIGHT CALCULATED STANDARD LENGTH AT FORMATION OF ANNULUS
CLASS FISH AGE GROUPS (I-VI) AT CAPTURE 1 2 3 4 5 6

1977 0 0 0
m 1976 4 78.5 10.9 40.5 62.5

1975 2 94.5 16.1 46.0 66.5 80.5
1974 13 99.4 20.9 40.6 57.8 75.1 89.3
1973 6 111.7 31.3 41.3 56.5 69.7 86.2 101.3
1972 4 128.5 49.1 42.3 56.8 72.5 89.0 104.0 120.0

Grand Average 41.3 58.7 73.8 88.4 102.4 120.0
Sample size (N) 29 29 25 23 10 4
Confidence Interval (s=.05) Low 40.2 56.4 71.2 66.1 99.3 114.6

Nigh 42.5 60.9 76.4 90.7 105.5 125.4
Average Annual Increment 41.3 17.4 15.1 14.6 14.0 17.6

1977 0 0 0 '

1976 2 75.5 9.8 41.5 59.0
1975 7 88.1 15.0 44.4 63.9 77.4
1974 8 101.9 20.9 41.6 60.4 76.9 90.3 31973 13 119.6 39.7 42.8 61.3 80.5 98.6 110.8
1972 11 131.7 54.4 42.2 65.4 83.2 98.6 112.7 124.0

Grand Average 42.6 62.5 80.0 96.5 111.7 124.0
Sample size (N) 41 41 39 32 24 11
Confidence Interval (s=.05) Low 41.5 60.2 77.4 93.3 107.6 116.8

High 43.7 64.9 82.5 99.8 115.8 131.2
Average Annual Increment 42.6 19.9 17.5 16.5 15.2 12.3

1977 4 24.7 0.3
g 1976 6 77.5 10.5 40.8 61.3
g 1975 12 89.3 14.0 44.1 63.3 78.5

1974 21 100.3 20.9 41.0 58.8 75.8 89.7
h1973 19 117.1 37.0 42.3 59.8 77.1 94.7 107.8

1972 15 130.9 53.0 42.2 63.1 80.3 96.1 110.4 122.9

Grand Average 42.1 60.9 77.7 93.1 109.0 122.9 W
Sample size (N) 73 73 67 55 34 15
Confidence Interval (2=.05) Low 41.3 59.3 75.8 90.8 105.6 117.5

High 42.9 62.5 79.5 95.5 112.3 128.4
Average Annual Increment 42.1 18.8 16.8 15.4 15.9 13.9

||

-
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The calculated (a) value for cunner collected in 1978 was
25.89. This (a) value was much higher than the 16.02 obtained in the

1977 study. The difference can be attributed to the absence of juvenile

cunner in the 1978 samples.

Back-calculations of mean length at annulus formation (Table

3.4-1) could be validated only through Age Class VI, because the older

fish have less annual scale growth than younger groups due to decreasing
scale growth with age. Back calculation for males collected in 1977

could only be validated through the Age Class VI, females through Age
Class VIII and all fish through Age Class VI (NAI, 1978). Serchuk and

Cole (1974) reported they could back-calculate only to Age VI and Dew

(1976) calculated to Age IV.

Calculated lengths for all year classes were similar (Table

3.4-1). There was reasonable agreement between the calculated lengths

and the actual lengths of fish at capture. The average standard length

for each age group at capture was greater than the average calculated

length at annulus formation, but less than the calculated averageI length for the succeeding annulus.

Standard and total length measurements collected from 55

cunner ranging in size from 23 to 179 mm standard length were used to

calculate the following length relationship:

total length = 0.1051 + 1.1861 standard length (r = 0.9986)I
3.4.4 Sex Ratio

The male: female ratio was 1.2:1 for the 84 cunner collected

during 1978. This was different from the 1977 results, with a male:

female ratio of 0.29:1, but there were also 389 individuals collected in

1977, compared *o the low sample size of 84 individuals in 1978.

V
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3.5 ALEWIFE SURVEY

The alewife run in the Taylor River began on April 26 and
ended by mid-June. The New Hampshire Fish and Game Department began

counts on April 26 (Table 3.5-1) when the first group of alewives
passed through the fish ladder. Subsequent counts were made throughout
the next two weeks until May 10 when 1800 river horring (Alosa spp.)
were transported to the Winnicut River. No counts were made after May
10, although the river was periodically checked for the presence of
river herring. The run was still strong on May 28 and did not end until 3
mid-June.

3.6 ICHTHYOPLANKTON

3.6.1 Spatial Trends

Fourteen taxa of finfish eggs and 32 species of larvae were
identified from New Hampshire coastal waters during 1978 (Tables 3.6-1
and 3.6-2). Throughout 1978, mean abundances of both eggs and larvae
were greatest at the South and Intake transects (Table 3.6-1 and 3.6-2).

The lower densities at the Discharge transect were not consistent
throughout the year and were, in part, species specific. Differences in
egg distribution were indicative of the spatial distribution of the two E

most abundant species, Labrid/Limanda and hake, both of which occurred

in lowest densities along the Discharge transect (Table 3.6-1). Dis-

tribution of total fish larvae was related to the spatial patterns of a
larger suite of species (Table 3.6-2) . Sand lance, cunner and rockling
were each more abundant at the Intake and South transects, plaice and

witch flounder at the South transect and seasnails and winter flounder
were more abundant at the Intake.

Based on mean annual abundances (log n + 1 transformed) of

both eggs and larvae, Bray-Curtis similarity (Boesch, 1977) was 77-96%
for transect comparisons (Appendix Table 7.6-11) . With untransformed
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TABLE 3.5-1. SbMMARY OF ALEWIFE PASSAGE AT THE TAYLOR RIVER, APRIL 25
TO MAY 10, 1978. SEABROOK FINFISH STUDIES, 1979. ;

|

!WATER NUMBER OF FISH
DATE TIME TEMPERATURE TIDE STAGE PASSED PER MINUTE

1

April 25 1110 12.2*C Flooding 4.8

April 27 1235 12.8 Flooding 9.0

2100 12.8 Ebbing 0.0 ;

May 4 1510 14.4 Ebbing 4.9

2115 13.3 Flooding 1.4

I

May 8 1,000 Alosa spp. transported to Winnicunnet River

May 10 800 Alosa spp, transported to Winnicunnet River
i

'I
I

I
I
I

I
-
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TABLE 3.6-1. RANKED MEAN SPECIES DENSITY (NO./100 m ) BY STATION" FOR FISH EGGS COLLECTLD IN

COASTAL NEW llAMPSHIRE WATERS. SEABROOK FINFISil STUDIES,1978.

MEAN DENSITY

ALL;

SPECIES INTAKE (3) DISCllARGE(2) SOUTH (1) TRANSECTS %
_

Labrid/Lirrunda 7,236 4,922 6,503 6,220 55.6

Urophycis spp. 2,166 1,883 5,766 3,272 29.2

Scomber scombrus 762 785 329 625 5.6

Hippoglossoides platessoides 266 303 565 378 3.4

Gadus /Melanogrammus 178 185 351 238 2.1

Scophenalmus aquosus 159 169 161 163 1.5

Merluccius bilinearis 85 68 145 99 0.9

E:ncholyopus cimbrius 90 88 113 97 0.9

Glyptocephalus cynoglossus 95 43 58 65 0.6

Poprilus t riacan thus 27 4 4 12 0.1

Pollachius virens 5 16 12 11 <0.1 g

Brosme brosme 6 5 8 6 <0.1 *

Brovoortia tytannus <1 <1 0 <1 <0.1

Unidentified <1 1 4 2 <0.1
.

-

Total 11,074 8,472 14,018 11,188

_

|
|

" Means based on 15 comparable sample periods

M M M M M M M M M M M
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3
TABLE 3.6-2. RANKED MEAN SPECIES DENSITY (N0./1000 m ) BY STATION" FOR FISH LARVAE COLLECTED IN C0ASTAL

NEW HAMPSHIRE WATERS. SEABROOK FINFISli STUDIES, 1978.

-

MEAN DENSITY
- ALL

SPECIES INTAKE (3) DISCHARGE (2) SOUTil(l) TRANSECTS %
_ _ _ _

Ammodytes americanus 342 84 330 252 32.5
Tautogolabrus adspersus 196 19 118 111 14.3
Hippoglossoides platessoides 32 11 176 93 12.0
Liparis spp. 104 57 20 60 7.7
Gadus morhua 58 57 22 46 5.9
Pseudopleuronectes americanus 76 25 23 41 5.3
Ulvaria subbifurcata 40 20 39 33 4.3
Glyptocephalus cynoglossus 17 11 68 32 4.1
Limanda ferruginea 10 13 57 26 3.4
Enchelyopus cimbrius 32 10 33 25 3.2
Merluccius bilinearis 4 1 69 25 3.2
Scomber scombrus 12 1 12 9 1.2
Melanogrammus aeglefinis 3 9 4 5 0,6 u
Pholis gunnellus 4 2 4 3 0,4 *

Scophthalmus aquosus 7 1 2 3 0.4
Sebastes marinus 1 <1 6 2 0.3
Aspidophoroides monopterygius 2 1 3 2 0.3
Pollachius virens 1 2 1 1 0.1
Myoxocephalus aenaeus 2 1 1 1 0,1
Clupea harengus 1 1 1 1 0.1
Urophycis spp. 2 1 1 1 0.1
Cyclopterus lumpus 1 <1 1 1 0.1
Osmerus morday <1 1 1 1 0.1
Syngnathus fuscus 1 <1 <1 <1 <0.1
Lophius americanus <1 0 1 <1 <0.1
Myoxocephalus octodecemspinosus <1 <1 <1 <1 <0.1
Brosme brosme <1 <1 0 <1 <0.1
Macrozoarces amoricanus 0 <1 0 <1 <0.1
Microgadas tomcod 0 <1 0 <1 <0.1
Gasterosteus aculcatus 0 <1 0 <1 <0.1
Tautoga onitis 0 0 0 0 0.0
Monidia menidia 0 0 0 0 0.0

Total 950 390 997 775

a = Means based upon 15 comparable sample periods
b = Present at Intake transect during a date when it was the only transect analyzed

_ _ _ _ _ _ _ _ _
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data, stations were still >70% similar for egg distributions, but only
44-70% for larvae. The high similarities based upon fish egg abundances
reflect the high and generally similar mean densities at each transect

for the two most abundant egg types (Table 3.6-1). Spatial differences

were, however, particularly marked for total fish larvae as well as for

larvae of cunner and sand lance (Table 3.6-2). Mean annual abundance of

these species was lower at the Discharge transect than at the Intake and
South transects. "

Ichthyoplankton species richness was similar at all transects

(12-14 eggs; 26-31 larval species). Species which were not present at
.

all transects were those whose mean annual abundance was <1/1000 m
(Tables 3.6-1 and 3.6-2).

3.6.2 Temocral Distribution

Annual comparisons of the Structural Importance Analysis (SIA)
. g

emphasized the contribution of gadid, plaice and hake eggs, in addition g
to those of Labrid/Limanda, to the structure of the ichthyoplankton
assemblage (Table 3.6-3). SIA also emphasized the dominance of sand

lance and cunner larvae in the Hampton-Seabrook area. Seven species of
eggs and larvae, including 'he indicator species (see Section 4.4)

cunner and pollock, were listed among the five dominants for the period a

1976-1978, indicating that the ichthyoplankton assemblage has been
consistent in terms of dominant taxa.

Fish eggs were most abundant during June and July when Labrid/
Limanda eggs were dominant (Appendix Table 7-12, Figure 3.6-1). A

secondary early spring peak was largely the result of Gadid and American

plaice spawning. Egg densities were lowest during Januar'f and !!ovember
when only Gadidae eggs were collected. Species richness peaked during
both spring and early fall months (Table 3.6-4). Species succession

during 1978 was:

I
I

_
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I TABLE 3.6-3. SUMMARY OF STRUCTURAL IMPORTANCE ANALYSIS OF THE FIVE
DOMINANT FISH EGGS AND LARVAE IN C0ASTAL NEW HAMPSHIRE
WATERS, 1976-1978. SEABROOK FINFISH STUDIES, 1978.

aEGGS PDS (RDS) VALUES

SPECIES 1976 1977 1978

I Gadus /Melanogrammus 39.1(71.8) 22.9(69.7) 24.1(77.0)
Rippoglossoides placessoides 14.2(50.0) 13.4(34.2) 19.4(54.4)
Urophycis spp. 11.3(31.0) 15.8(46.5) 19.6(41.3)
Labrid'/Limanda 13.2(52.8) 13.7(61.5) 19.4(69.1)D

I Merluccius bilinearis --- 16.8 ---

Pollachius virensb ___ ___ g,g{29,9)
Enchelyopus cimbrius 7.9(49.8) --- ---

aLARVAE PDS (RDS) VALUES

SPECIES 1976 1977 1978

I Ammodytes americanus 27.3(53.4) 19.7(52.4) 33.6(59.8)
DTautogolabrus adspersus 7.0(24.7) 12.0(40.7) 9.4(21.6)

Enchelyopus cimbrius 10.l(41.8) 8.0(50.0) 6.3(37.8)

I Clupea harengus 14.6(31.3) 9.9(38.1) ---

b
pollachius virens 9.5(39.7) 12.3(30.3) ---

Liparis sp. --- --- 7.4(65.7)
Hippogiossoides platessaides --- --- 6.1(38.1)I

I
I
'I
I

# Percent Dominant Score (Rank Dominance Sccre)

Indicator Species

--- = not ranked in first five

I
I
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TABLE 3.6-4. TEMPORAL DISTRIBUTION OF ICHTHY 0 PLANKTON SPECIES RICHNESS
IN C0ASTAL NEW HAMPSHIRE WATERS. SEABROOK FINFISH STUDIES,
1978.

NUMBER OF SPECIES

DATE EGGS LARVAE

I 16 January 3 4
15 February 2 4

I 8 Marcha 2 4
2 0 .varch 4 5

29 Marcha 3 6
12 April 4 7
26 April 6 12
10 May 8 13
24 May 12 14

I 8 June 12 11
22 June 11 16
14 July 14 19
26 July" 9 14
9 August 7 18

23 Augu.ta 6 11
6 September 10 6

I 1 October 12 9
2 November 7 7
5 December 6 8

26 Decembera 2 7I
I
I
'I
I a

mata er. zmeaxe era...c c.1y, a11 .eser e. . 1.c1.e. a11 era...ce.

I
I
I
I

. . - -.
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Winter: Cod / haddock, pollock

Spring: American plaice, Labrid/Limanda

Summer: Labrid/Limanda, Urophycis spp.

Fall: Urophycis spp., cod / haddock, silver hake

Fish larvae were most abundant during spring and sumer

(Appendix Table 7-13; Figure 3.6-2). Sand lance dominated the winter /
spring assemblage, cunner and yellowtail flounder the su=mer and early
autumn. Pollock and herring larvae were dominant during late fall, but

actual densities were low. Species richness of fish larvae was unimodal

with a winter minimum and a sumer maximum (Table 3.6-4) . Spacies
succession during 1978 was:

Winter: Sand lance, pollock

Spring: Sand lance, seasnail

Summer: Cunner, several species

Autumn: Cunner, rockling, pollock, herring

~

I
I

.

I
I
I
I
I

I
I
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4.0 DISCUSSION

4.1 JUVENILE AND ADULT FISH

4.1.1 Groundfish

The principal ground and near-bottom fish species encountered
along the New Hampshire coast in these studies were yellowtail flounder, "

rainbow smelt, hake, silver hake, Atlantic cod and winter flounder.

Yellowtail flounder, hake and Atlantic cod were most abundant at the

deeper, more-offshore locacions (Transects 1 and 3). These transects

were moved into deeper water during 1975, and subsequent catches of
yellowtail, hake and cod increased. Thereafter the catch per unit
effort for these species has remained consistently higher than at the
more-inshore Transect 2 (Table 4.1-1). All these species except silver

hake are considered by Bigelow and Schroeder (1953) and Leim and Scott

(1966) to have distributions that favor deeper water, particularly among g

the older individuals. .ne silver hake is a predator whose distribution
_

is dependent primarily on the availability of prey.

The rainbow smelt and the winter flounder are primarily in-
shore species (Bigelow and Schroeder, 1953). As a result, their abun-

dance in New Hampshire d:oastal waters has been greatest at Transect 2, g
the most inshore sampling location (Table 4.1-1). These species will 5

be discussed in more detail as " indicator species" beJow.

I
Hake have consistently been one of the most abundant ground-

fish collected in nearshore New Hampshire waters in these studies. The
abundance of these species as indicated by the catch per unit effort has
been fairly stable from 1976 through 1978 (Table 4.1-1). Hake are

encountered from March through December, with maximum abundance during

the summer and early autumn (Figure 4.1-1) . Bigelow and Schroeder
(1953) and Musick (1974) report that the hakes tend to move offshore

during the winter to avoid water below 5'C; this is most likely the
cause of the seasonal abundance pattern observed near the Hampton-

I
I



35

I TABLE 4.1-1. CATCH PER UNIT OF OTTER TPAWL EFFORT FOR SIX FIrlFISH
SPECIES COLLECTED DURIllG 197', 1977 AND 1978. SEABROOK
FINFISH STUDIES,1978.

TRANSECTS
aTAXON YEAR 1 2 3

D
C/E % TOTAL C/E % TOTAL C/E % TOTAL

Li=anda ferrugir.ea i

1978 23.1 34.7 2.3 6.5 14.9 20.2

I 1977 28.5 40.2 3.0 12.7 12.8 22.8
1976 37.3 80.6 5.7 18.4 22.2 33.8

Csmerus mordax

1978 5.2 7.9 8.8 24.3 3.5 4.7
1977 1.4 2.0 2.1 8.8 1.8 3.3
1976 6.6 14.2 11.8 38.3 7.0 10.6

'Jrophycis spp.

(Urophycis 1978 14.7 22.2 6.3 17.3 12.9 17.6
chuss and 1977 21.3 30.2 4.6 19.5 17.0 30.5
U. tenuis) 1976 17.1 37.0 4.6 14.9 11.3 17.2

Merluccius bilinearls

I 1978 4.3 6.5 0.3 0.8 1.9 2.5
1977 2.2 3.1 0.6 2.7 1.7 3.3
1976 6.2 13.4 0.7 2.3 4.6 17.0

Gadus mothua

1978 5.9 8.9 1.9 5.2 17.3 23.5
1977 1.7 2.3 0.5 1.9 1.9 3.4
1976 2.7 5.9 0.4 1.2 4.2 6.3

Pseudopleuronectes
americanus

I 1978 2.9 4.4 9.7 2E.6 3.6 4.9
1977 3.5 4.9 6.4 26.7 1.9 3.4
1976 1. 6 3.4 5.1 16.6 1.6 2.4

I
#
Some tows in 1976 and 1977 only five minutes, but all data converted
to catch /10 min.

% Total by transect

I
I



36

I
1000 - TRAWLS ---

GILL NETS ..

/ \

o / - /_|
k, [

-\
/\g

/\ /g

Q .AI ! \/ \ .b.\|
' !\

\_ yu '0 0 - \ ,n | \ l \ !!q 't
_; \ I
4 \ i~! .\ j \ I-|

\I i '\ a
\ \ |o 'I \ -| \ - \ j \s

.\ | . I.

-

|
\

i i .I i i |'o -
\
1 I

\_

I
'

j k ki hiliid ks 3 k414 j j ih6 4 bj k Li4jlis h k 6j khik $ S i h6 k b
1975 1976 1977 1978

Figure 4.1-1 . Total monthly catch of hake, Urophycis spp., in otter trawls
and gill nets from 1975 through 1978. Seabrook Finfish
Studies, 1978.
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Figure 4.1-2. Total monthly catch of silver hake, .Verluccius bilinearis,
in otter trawls and gill nets from 1975 through 1978. Sea-
brook Finfish Studies,1978.
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t

Seabrook estuary. Richards (1963) has eported that U. chuss are

migratory, appearing in the spring and fall, but did not correlate this

movement with temperature. Both adult and juvenile hake are found in

the vicinity of the Hampton-Seabrook estuary from spring through autumn,,

I
' with juveniles (4.0 to 28 cm S.L.) captured primarily by seining and

trawling, and adults (29 to 57 cm) captured by trawling and gillnetting.

|

The silver hake is a summer migrant; both adults and juveniles

utilize New Hampshiru coastal waters for feeding from May through Novem-

ber (Figure 4.1-2). (In addition, silver hake eggs have been collected
in the study area consistently since 1975, suggesting near-shore spawn-

! ing during mid-summer; Bigelow and Schroeder (1953) report that spawning

occurs in coastal water less than 91 m (50 fm) deep. The absence of

silver hake during the winter and reduced abundance during mid-summer is

due to a temperature-dependent movement pattern in which this species

moves offshore to avoid temperature extremes (Bigelow and Schroeder,

1953; Richards, 1963). Sarnits and Sauskan (1967) observed that changes

in silver hake distribution on the Scotia Shelf and Georges Bank were

i; fluenced by annual hydrographic conditions, particularly water temp-

'I erature. Both gill net and otter trawl catches from 19'5 through 1978

indicated similar abundances among years (Figure 4.1-2), although otter

trawls captured smaller hake than the gill nets. The silver hake is

primarily a predatory groundfish, but since its distribution is gener-

ally determined by the distribution of its prey, it can be found through-

out the water column.

-I The yellowtail flounder is a dominant member of the groundfish

community along the New Hampshire coast. Although they are present in

the inshore regions throughout the year, yellowtail abundance tends to

be lowest in mid-winter (Figure 4.1-3) . percent of the total catch

at all transects and catch per effort at Transects 1 and 2 declined from

1976 to 1978 (Table 4.1-1), suggesting a possible decrease in population

size during that period. In 1978 yellowtail ranging from 3.0 to 48.5 cm

standard length were observed; mean length was 15.8 cm. Because yellow-

tail mature at 2) to 32 cm standard length (Royce et al. ,1959) , the

I
I

-
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Figure 4.1-3. Total monthly catch of yellowtail flounder, Limar.da ferrugirea,

in otter trawls from 1975 through 1978. Seabrook Finfish'. S tudi es , 1978.
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I 1978 catch statistics, as well as those of previous years (NAI, 1978),

indicate that most of the yellowtail collected in the inshore regions

are i::. mature. Bigelow and Schroeder (1953) have indicated that. adults

prefer deeper water (40-60 m) for general habitat and spawning. Clayton

et al. (1978) indicate that the general depth range for this species is

10 to 120 m, with most commercial catches occurring between 40 and 80 m.

I Atlantic cod inhabit the inshore regions throughout the year,

but seasonally varied with year type (Figure 4.1-4). Examination of

length data (NAI, 1977, 1979) indicates that during the fall and carly

winter and again in the spring the larger cod are caught in gill nets.

Over a broader seasonal period more cod are caught in the trawls, but

are smaller in size. Mean standard length for cod captured during 1978

was 16.1 cm with a range of 3.8 to 90.2 cm. Since cod mature at 64 cm

standard length, most of the individuals caught were immature. Immuture

cod have predominated in the finfish samples collected since 1975.

Bigelow and Schroeder (1953) report that small cod are somewhat less
stenothermal than larger cod, which is usually reflected by the abun-

dance of juveniles in shallow water throughout the summer. Adults are

usually found from 5 to 75 fathoms. This inshore preference of the

juveniles plus the inefficiency of otter trawls and gill nets in catch-

ing adult cod are likely responsible for the predominance of juveniles
in the inshore samples from 1975 to 1978. The abundance of Atlantic codI increased from 1976 to 1978 (Table 4.1-1), likely reflecting natural

changes in population size.

The rainbow smelt and winter flounder are primarily inshore

species, and will be discussed with the estuarine community (Section

4.1.3).

I
4.1.2 Pelagic Species

The principal pelagic species encountered along the New Hamp-
shire coast are the Atlantic herring, Atlantic mackerel, blueback

I
I
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herring, alewife and silver hake. The abundance of all these species

has been erratic among the sampling stations (Table 4.1-2). This spa-

tial variability is likely attributable to the pelagic, wandering

behavior of these species, their schooling nature, and the physical

similarity of the sa=pling stations. Atlantic mackerel, blueback her-

ring, and alewife were typically captured near the surface, silver hake W

were most often observed ir. gill nets set near the bottom, and Atlantic

herring distribution varied between the surface and bottom nets. These

finfish species prey on planktonic crustacea, and their depth distri-

bution is dependent primarily on the distribution of their food organ-

isms (Bigelow and Schroeder, 1953).

The Atlantic herring is the most abundant pelagic finfish

observed along the New Hampshire coast (Figure 4.1-5 Table 4.1-2).

This species is well known for its erratic and inconsistent abundance

both spatially and temporally (Bigelow and Schroeder, 1953), and this

characteristic has been observed in the Hampton-Seabrook study area from

1975 through 1978. One consistent feature, however, has been their

extremely low abundance in the inshore region during mid-summer (Figure

4.1-5) . Bigelow and Schroeder (1953) report that the regional abundance

of this species varies with location and age of the herring schools, but g
that young herring tend to leave the shallow regions when water temp- E

eratures are the highest. Most of the herring encountered in inshore

coastal regions were sub-adults, with a mean standard length of 18 cm

(range = 9.5 to 36 cm); this species matures when 27 to 30 cm long and 4

years old. Some juvenile herring (4 to 10 cm S.L. during 1978) also

enter the estuary luring the spring and fall, but not during the summer.

Thus, the inshore and estuarine portions of the Hampton-Seabrook region

appear to be most important as feeding and over-wintering grounds for

the i.~. ature Atlantic herring. Clayton et al. (1978) report that

Atlantic herring larvae first appear along the coast during the autumn,

with young herring (>40 em) appearing it. *he upper reaches of Massachu-.

setts estuaries during the winter and early spring. This pattern of

abundance has been observed along the New Hampshire coast since 1975 in

the present study.

I
I
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TABLE 4.1-2. CATCH PER UNIT OF GILL NET EFFORT (C/E = 3-DAY SET) FOR
FIVE FINFISH SPECIES COLLECTED DURING 1976, 1977 AND 1978.I SEAC200K FIMFISl! STUDIES,1973.

5TATI0N5

A B C

8
C/E % TOTAL C/E % TOTAL C/E % TOTAL

clerea .urer:guI 1978 5 90.7 82.7 27.7 62.5 75.7 62.1

B 60.9 91.4 67.1 71.0 72.4 77.3

197 S 68.0 64.8 53.7 68.7 56.6 46.0I B 16.1 36.2 19.5 39.1 17.6 27.3

1976 S 15.1 43.9 18.3 46.7 48.9 67.4
B 35.2 63.5 20.4 52.7 21.1 44.0

s:=r. der s:cmt~rus

1978 S 1.6 1.4 2.9 6.6 1.2 1.0
B 1.1 1.6 1.7 1.8 1.5 1.6

1977 5 11.7 11.2 7.1 9.1 7.2 7.1
B 1.1 2.4 0.9 1.8 0.9 3.3g

I 1976 5 7.3 21.3 10.7 27.3 12.9 17.8
B 0.6 1.1 1.5 4.1 1.2 2.4

I Aicsa aestivalis

1978 5 5.9 5.4 5.3 :2.0 35.4 29.4
B 1.6 2.3 18.1 19.2 9.4 10 5

I 1977 S 7.0 6.6 9.4 12.1 32.5 26.9
B 1.0 2.2 1.5 3.3 1.8 2.7

1976 S 8.5 19.4 1.7 4.3 2.9 4.0

II B 2.5 4.6 1.0 2.6 0.2 1.0

Alesa pse'Jdoharengus

I 1978 5 1.7 1.6 1.9 4.3 5.2 .3
B 0.2 0.2 0.1 <0.1 0.7 0.8

1977 S 1.5 1.4 2.4 3.0 1.6 1.3
B 0.3 0.8 1.0 2.0 0.8 1.2

|I 1976 S 0.5 1.4 1.5 3.8 0.2 0.2
B 0.5 0.9 0.5 1.3 0.5 1.0

Merlaccia bilinearts

1978 S 6.8 6.2 3.0 6.7 0.9 0.7

| B 0.4 0.6 0.5 0.5 0.9 1.0
!

| 1977 S 11.6 11.0 B.8 11.3 13.9 11.5
B 17.6 39.5 19.8 41.7 25.8 40.0

1976 S 3.5 10.2 6.5 16.7 7.0 9.6
|
| B 7.3 13.4 9.6 24.7 14.5 30.1

*0nly cr.e 24 hr set in Marebr weathered:out.

Percent of total catch by station and not depth.

I
I
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Figure 4.1-5. Total monthly catch of Atlantic herring, chge: 7:arengas,
in gill nets from 1975 through 1978. Seabrook Finfish
Studies, 1978.
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The Atlantic mackerel is a schooling, pelagic species that

winters in deep water (Bigelow and Schroeder, 1953) and utilizes the

inshore coastal waters as a feeding ground from June through November
(Figure , .1-6) . The abundance of this species decrea.,ed during 1978,

I but this is probably a result of natural population cycles; the mackerel

fishery is commonly dominated by strong year classes (Clayton et al.,
1978). Summer water temperatures were similar during 1976 and 1978
peaking at 16.7'C, but the seasonal pattern of mackerel abundance was
different (Figures 4.1-6; 4.2-3), suggesting that water temperature is
not the sole factor regulating mackerel abundance in the inshore region.
Bigelow and Schroeder (1953) and Recksick and McC1 cave (1973) reported

that 12 to 14*C is the preferred temperature range for Atlantic mack-
erel. Therefore, the water temperatures during 1976 and 1978 were
prrbably not gaat enough to cause exclusion of this species from theI inshore waters. Mackerel caught along the New Hampshire coast are
mostly adults (17 to 45 cm; mean = 33 cm in 1978), although a few juve-
niles are also captured. This has been consistent since 1975, but is,

in part, due to the selective nature of the sampling gear.

I
The alewife and blueback herring are anadromous clupeids,

collectively called river herring. They enter freshwater to spawn fromI March through May, and return to the ocean in mid summer. Javeniles

remain in fresh or brackish water throughout their first summer,
migrating downstream from late summer through autumn. While in the
marine environment, river herring are pelagic and are usually found near
the surface (Table 4.1-2). Most of the river herring captured in

inshore coastal waters were subadults; blueback herring were generally
caught throughout the year, while alewife were captured primarily from

= March through November (Figure 4.1-7). During 1978 adult blueback

herring (> 2 0 cm S .L. ) were captured inshore from late May through
October. Young of the year blueback were observed within the estuary
during September and October. No adult alewives (>25 cm) were observed

inshore, but subadult alewives were present in the Hampton-Seabrook
estuary from May through October. Blueback have been more abundant than

alewife from 1976 through 1978 (Table 4.1-2), and the catch per unit of

I
I
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seining and gill net effort for these species indicates that both

populations have ger.erally increased from 1976 through 1978 (Figure 4.1-

7) , likely reflecting natural population size fluctuations.

I 4.1.3 Eltuarine Species

The more abundant resident finfish of the Hampton-Seabrook

estuary are the Atlantic silversides and killifish. Other species that

are dependent en the estuary include tue American sand lance, winter

flounder and rainbow smelt.

I The Atlantic silverside is a small, schooling species that

inhabits shallow regions with sandy (; Jravelly substrates eitherI inshore or in brackish water (Bige2cw and Schroeder, 1953; Leim and

Scott, 1966). In the Hampton-Seabrook estuary this species appears to

be most abundant at Station S3 (Table 4.1-3). It is not clear why abun-

dances are higher at S3 (mouth of Seabrook Harbor); the steeper channel

profile (and greater water depth) and higher salinities are the only

observed differences at this station. Rainbow smelt were also most
abundant at Station S3 during all three years although smelt abundanceI was extremely low in 1978. Killifish, in contrast, tend to be least

abundant at Station S3. Although killifish are euryhaline, they prefer

brackish water, and are therefore found in greater abundance within the

tidal creekt,. The spatial distribution of both winter flounder and

American sand lance varied cong years, suggesting no station preference

for either species. Catch per unit of effort was more variable for sand

I lance than winter flounder, however.

Atlantic silverside was the most abundant estuarine species

captured from 1976 through 1978 (Table 4.1-4) , although the catch per

unit of effort varied considerably among years (Table 4.1-3, Figure 4.1-

8). This variation in catch may be due to natural population fluctua-

tion as well as the inherent variability in sampling populations with a

heterogeneous distribution. Although silversides are present in the

I
I
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TABLE 4.1-3. CATCH PEi UNIT OF SEINING EFFORT (TWO HAULS) FOR FIVE
FINFISH SPECIES COLLECTED DURING 1976, 1977 AND 1978.
SEABROOK FINFISH STUDIES, 1978.

'

S1 S2 S3

C/E % TOTA 6 C/E % TOTAL C/E % TOTAL

Menidia cenidia
1978 125.6 63.6 338.9 67.5 416.5 87.3
1977 93.2 28.7 162.5 42.8 398.0 80.7
1976 332.6 74.7 185.6 44.4 1049.9 82.8

I

| A. :: cdytes americanus
! 1978 0.0 0.0 87.3 17.4 1.3 0.2
| 1977 88.4 27.2 13.8 3.6 0.0 0.0j 1976 0.1 <0.1 0.C 0.0 53.1 4.2
|

Fundulus spp.
1978 47.4 9.9 8.0 1.6 0.1 <0.1 =
1977 97.6 30.0 175.3 46.2 0.2 <0.1
1976 104.7 23.5 215.3 51.5 0.0 0.0

| Pseudopleuronectes
americanus

1978 20.0 1.0 4.8 0.9 13.3 2.8
i 1977 7.4 2.3 3.8 1.0 11.9 2.4
1 1976 2.5 0.5 4.3 0.1 5.7 0.4
i

|Osmerus mordax E1978 0.0 0.0 0.2 <0.1 0.4 <0.1
1977 0.1 <0.1 0.1 <0.1 56.2 11.4 g1976 1.9 0.4 3.9 1.0 82.5 6.5 g

#
Percent of total catch per station per year

I
.

I
,

,

i I
I
I

- - __- _ _ _ - _ - _ _ _ _ _ . _ _ . ._ _ . __
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TABLE 4.1-4 SUMMARY OF BIOLO31 CAL INDEX VALUES FOR DOMINANT FISH
SPECIES COLLEClED IN SEINED, 1976-1978. SEABROOK
FINFISH STUDIES, 1978.

I *
BIOLOGICAL INDEX VALUES

1976 1977 1978

.Yanidia menidia 68 67 TO

I Pseudopleuronectes americar s 61 64 64
Fundulus spp. 53 39 38
Gasterosteus aculeatus 28 37 54
Pungitsus pungitius 29 25 31I lu~codytes americanus 14 30 39
Osmerus mordax 28 37 15
Alosa aestivalls 13 34 13

I iicpsetta putnami 0 26 46
Urophycis spp. 18 26 22
Alosa pseudoharengus 20 14 11
Clapea narengus 3 8 25I

I
I
'I
.I
|

1

* *

Maximum value is 80

I'

,

I
!

I.

!I
:

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



48

estuary throughout the year, they are most abundant from August through

November (Appendix Tables 7.3-1 to 7.3-3). Studies have indir ated that

silversides inhabit the upper partions of the estuary during the early

summer spawning period (NAI, 19.'9; Jerome et al., 1965; 1968), and move

into deeper water throughout the winter (Clayton et al., 1978). A few

Atlantic silversides have also been captured inshore each year in the

otter trawl samples.

American sand lance abundance was highly variable bo -h spa-

tially and temporally (Table 4.1-3), although the biological index value a
for sand lance increased each year from 1976 through 1978 (Table 4.1-4).

Bigelow and Schroeder (1953) and Leim and Scott (1966) both report that

the adults likely move offshore to spawn in deeper water (10 fathoms)

during late autumn and winter. Sand lance larvae appear in the inshore

regions during the following spring. This temporal movement pattern

agrees with that observed along the New Hampshire coast. The adults

have been observed in the estuaries during summer and autumn, and at the

inshore otter trawling stations from fall through spring (Figure 4.1-9) .

I
Killifish are year-round residents of the Hampton-Seabrook

estuary. They have a high biological index value (Table 4.1-4) because

they are found during all months from late spring through November, with

maximum abundance during the summer (Figure 4.1-10; Appendix Tables 7.3-

1 to 7. 3-3) . The catch per unit of seining effort was stable during =

1976 and 1977, but decreased during 1978 (Table 4.1-3).

I
The winter flounder is an inshore euryhaline species that is

seasonally abundant in estuaries. Abundance of flounder along the coast

was fairly stable from 1976 through 1978 (Table 4.1-1). Winter flounder

were captured year-round in the near-shore regions, with maximum abun-

dance observed during early summer and early fall. High mid-summer

water temperatures appear to cause a temporary offshore movement during

July and August (Figure 4.1-11). Both mature ( > 21 cm S . L . ) and immature

winter flounder inhabit the inshore regions; during 1978 the mean stand-

ard length for winter flounder from otter trawl samples was 18.0 cm,

I
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with a range of 2.5 to 40.6 cm. Primarily juveniles are observed within

the estuary; mean standard length for flounder from estuarine samples
was 6.7 cm, with a range of 1.5 to 26.1 cm. Winter flounder have beenI seined within the Hampton-Seabrook estuary from April through November.
Estuarine sampling in 1973-1974 (NAI, 1974) recovered very few winter
flounder from December through March; none were collected in trawls,
seven in seines and 13 specimens in fyke nets over this period. Finfish

surveys in the Merrimack River estuary and plum Island Sound (Jerome et
al., 1965; 1968) indicate that this species may be present in some
estuaries throughout the winter.

The rainbow smelt is a~. anadremous salmonid that inhabits the

inshore coastal waters during most of the year. In summer, adults are

found outside the bays and estuaries. Bigelow and Schroeder (1953)
report that they remain within a mile of shore in water less than 3 fm

(6 m) deep. It is apparent from these studies, howetrer, that in this

area, at least, smelt are very low in numbers within a mile of shorc and

in water up to 5 fm (9 m) during the warmer months (NAT 1974). In late

fall and winter they are found in greater nunbers in the nearshore areasI and in water more than 10 fm (18 m) deep about 2 mi offshore (NAI, 1973,
1979). As the water temperature decreases in the winter, smelt gather
in the estuaries, and subsequently ascend to fresh water to spawn
during the late winter. The eggs develop within freshwater, but the

larvae and juveniles develop within the estuary. Both immature (< 17 cm
standard length) and adult smelt are abundant along the New Hampshire

I coast from late autumn through spring (Figure 4.1-12). In the 1973-1974

survey, only one smelt was captured from January through April within
the Hampton-Seabrook estuary. The presence of young-of-the-year within
the Hampton-Seabrook Estuary each summer (Figure 4.1-12) indicates

successful spawning in the tributaries. The abundance of young-of-the-

year within the estuary (Tables 4.1-3 and 4.1-4) as well as immature and

adult smelt along the coast (Table 4.1-1) have been variable since 1975.

The smelt is well-known for its extreme fluctuation in population size,

which in turn influences the annual success of tl.e winter sport fishery
(Bigelow and Schroeder,1953; Jerome et al . ,1968) .
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4.1.4 Indicator Species

Seven finfish species were chosen in conjunction with Region I

EPA as indicator species for a FWPCA Section 316(a) demonstration; empha-

sis during the selection was placed on species with con, 1 or sport

fishery value. The following seven species were chosen:

Coho salmon Oncorhynchus kisucch
Atlantic menhaden Brevoortia tyrannus
Alewife Alosa pseudoharengus
Winter ?1ounder Pseudopleuronectes americanus
Rainbow smelc Osmerus mordax
Atlantic mackerel Scomber secmbrus
Po11ock Pollachius virens

The cunner, Tautogolabrus adspersus, has also been included as an 'por-.

tant species; it is a dominant member of the finfish community inhabi-

ting rocky areas, and growth characteristics for this species provide an

indicator of sublethal effects that cannot be determined solely from

changes in abundance.

I
Temporal and spatial distributions of these species are

summarized in Table 4.1-5. Additional information relevant to the dis-

tribution or importance of these species along the New Hampshire coast

is discussed below.

The coho salmon is the only indicator species that is not

endemic to New Hampshire coastal waters. This specieu is native to the

Pscific Ocean, and was introduced to the Gulf of Maine by the New Hamp-

shire Fish and Game Department during tae early 1970's in an attempt to

start a coastal salmonid fishery. This program was only marginally

successful, and few coho have been collected in the Hampton-Seabrook

region during recent years; four were captured in 1976 and two in 1978. 5

Of these, only one was mature; a 6-lb female coho salmon was captured in

a gill net daring June 1978 (Appendix Table 7-6). The other five were

captured within the Hampton-Seabrook estuary by seining and averaged

22 cm to al length.

'
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TABLE 4.1-5. TEMPORAL AND SPATIAL ABUNDANCE OF INDICATOR FINFISil SPECIES WITHIN THE ilAMPT0ll-SEABROOK
REGION. SEABROOK FINFISil STUDIES, 1978.

TEMP 0ML AND SPATIAL All!NDANCE WITHIN THE HAMPTON-SEABROOK REGION

SPECIES STAWNING EGGS tARVAE IMMATURE ADULTS C0tHENTS

LOCATi3N PER!OD LOCATION PERIOD LOCATION PERIOD LOCATION PERIOD LOCATION PERIOD

Groundfish hcud i- ottatu>se late *i/C , i nmNire s Apr-Jun inshores year-round inshore year-round hesident sjecies;
plcurua.cres Nial areas winter, demersal esutsty estuary year-rourut abundant
un r acas.us 6 a nst.> e spring

rau tw L.t,r u s inshore late instore May-Sep inshore Jun-Sep instore year-round innhore year-round Resident sreciesa
aJss asus springa abundant

early
sunmer

Pelagic D e marri., offshore Jun-Aug inshore & Jun-Aug instore & Jun-Aug N/C, inshore May-Nov tot usually
fish tu .nnus estuaries estuaries south of locally aburubnt;

New ruerthern r wpi

England I'*** {'
Sa vit=c offshore late inshore Apr-Jul inshore Jun-Jul inshore Jan-Dec instore Jun-bec
saaebru' spring,

,

early
sunaner

Maltachius inshore late inshore Oct-Jun instore Oc t-J un inshofes Apr-Dec offshore year-round
v i re,s autumn, estuary

early
winter

Anadromous wur Naru.hus fresh- October N/C, N/C, estuary Novetaber inshore & winter, Introduced
Atsurch water freshwater freshwater offshore spring salmonid; not

abundant
a lo s.n
pseudoh.s r en iu s fre h- spring N/C3 N/C, inshores surnmer estualf; siring

water freshwater freshwater estuary summer inshore

w = r us fresh- early N/cs estuary May-Jun estuary Jul-Nov inshore & Winter
**"#" water spring freshwater freshwater

N/C indicates that this life stage has not been
collected in the llampton-Scabrook study
area for the reason listed.
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I
The Atlantic menhaden is a pelagic clupeid that migrates into

New Hampshire coastal waters during the late spring and sumer and

remains inshore through October (Figure 4.1-13). This species prefers

warmer waters, and is more common in southern New England. Consequently,
the catches of menhaden within the study area have been low, contribu- g

ting less than 1.5% of the annual gill net catch from 1976 through 1978.
The annual abundance of menhaden has fluctuated widely; they were most

abundant during 1977 when they were captured continuously from May
through October. During 1975, 1976 and 1978, however, menhaden abun-

dance was lower and they were captured only sporadically throughout the
summer (Figure 4.1-13). Bigelow and Schroeder (1953) have indicated

that the Gulf of Maine is the northern limit for menhaden distribution, 5

and that their abundance in the Gulf of Maine fluctuates tremendously
from year to year.

Alewives and blueback herring are anadromous clupeids common

along the New Hampshire coast. Alewives ascend into freshwater to spawn
in the spring, usually during April and May in New Hampshire. As the
alewife migration declines, the blueback herring start migrating into =

the rivers to spawn so that mixed schools of these species (collectively
called river herring) are present in the rivers. The adults return to

the ocean soon after spawning. Because both species spawn in fresh-
water, the eggs are not found within the estuary. Young-of-the-year of
both species, however, descend into the estuary during the summer,
forming large congeneric schools. These juveniles remain within the

estuary until winter when they move out to the inshore coastal waters.

Comparison of catch per unit gill net effort suggests that blueback

herring were more abundant than alewives along the coast from 1976 m
through 1978 (Table 4.1-2). In addition, juvenile blueback herring were

more abundant than alewives in the estuary (Table 4.1-4); the former
represented 11.9% of the 1975-1976 beach seine catch while alewives

represented 0.05% of the same catch. These data suggest that blueback

may be numerically more important than alewives, and that both species
should be considered either combined or separately, as indicator species.
The abundance of both species increased from 1976 through 1978, most
likely as a result of natural population size fluctuations.

I
I
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Figure 4.1-13. Total monthly catch of Atlantic menhaden, 3revoortia tyrannus,
in gill nets from 1975 through 1978. Seabrook Finfish
Studi es , 1978.
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The winter flounder was the only resident finfish chosen as an

indicator species. It has been abundant in trawls and beach seines

during the past three years, and has been collected throughout the year

(Table 4.1-1, 4.1-3, 4.1-4; Appendix Tables 7-1 to 7-3 and 7-8 to 7-10).

Most of the winter flounder collected in the Hampton-Seabrook Estuary

were juveniles of approximately 10 cm standard length (NAI, 1976; 1978).

Both immature and adult flounder have been observed at the inshore

coastal locations. Winter flounder was the most frequently sought and

collected fish during the sport fisheries survey conducted inshore and

within the estuary (NAI, 1974; 1975; 1976; 1978); this species is also

ec=mercially important.

I
Rainbow smelt are anadromous, ascending into freshwater to

spawn in the early spring at water temperatures of 4.4 to 5.6*C.

Adults are first collected offshore during December, and catches decline

by late April when the population is largely in freshwater. Catch per

unit of, trawling effort varied from 1975 through 1978 (Figure 4.1-12),
reflecting the cyclic population size fluctustions that are character-

1stic of rainbow smelt. Smelt are a major fc x source for salmonids and

other piscivorous game fish, anc, also provide both sport and cornercial

fisheries along the New Hampshire coast.

The Atlantic mackerel is a pelagic, ocean migrant occurring in

| New Hampshire waters from late spring through December (Figure 4.1-6) .

Abundance as indicated by catch per unit of gill net effort varied among

| years, with lowest abundant.e in 1978 (Table 4.1-2) . This is not unusual,
|

however, because wide yearly fluctuations in population size are charac-

teristic of the mackerel (Bigelow and Schroeder, 1953). The Atlantic

mackerel supports a limited sport fishery along the New Hampshire coast.

i

| Pollock have been abundant in the Hampton-Seabrook region from
1

| 1975 through 1978, although the catch per unit of effort may not reflect

| true abundance. This is the result of their low susceptibility to the

sampling equipment. Observations by SCUBA divers during 1975 and 1976

indicated that juvenile pollock were common throughout the study area

i

!

,
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from April through November, with schools of as many as 800 individuals

commonly observed (NAI, 1976). However, gill nets and otter trawls

captured fewer pollock than would be expected from the diver observa-I tions (Figtre 4.1-14). Divers have observed pollock approach and avoid

gill nets, semetimes feeding on the previously captured fish. Gill net

and otter trawl sampling have shown that pollock are most abundant

during the spring and summer, but are present along the coast year-round

(Figure 4.4-2). All pollock caught nearshore have been immature,

ranging trom 7 to 42 cm; individuals captured within he estuary have

been even smaller, from 6 to 9 cm. Pollock mature when approximately 55

cm standard length. Bigelow and Schroeder (1953) report that small

harbor pollock (20-25 cm) are abundant inshore after early April, while

the larger individuals tend to remain farther offshore. This pattern

agrees with that observed along the New Hampshire coast. Thus, pollock

utilize the Hampton-Seabrook region primarily as a feeding area for

juveniles from April through December.

The cunner is an inshore resident species that lives among

rocks or sea grasses. For this reason, the cunner is difficult to sam-

I ple representative 1y using standard fishing equipment such as trawls and

gill nets. Therefore, the condition and age and growth characteristics

of the cunner may be a better indicator of sublethal effects or long-

term changes within the population than changes in abundance.

I
Table 4.1-6 presents total length at capture data for cunner

sampled from four locations between Connecticut and the Gulf of St.I Lawrence. Cunner collected in New Hampshire during 1977 and 1978 were

smaller at age than those collected in Massachusetts and Connecticut,

and fall within the range given by Johansen (1925) for Ages I and II.
,

The New Hampshire cunner may grow at a slower rate because of a shorter

growing season, genetic growth rate differences, or both.

Females from New Hampshire waters tend to be larger than males

at Ages II and III, but males are larger throughout the older age

classes (Table 3. 4-1) . Variable growth rates between the sexes have

I



TABLE 4.1-6. MEAN TOTAL LENGTil (nm) AT CAPTURE FOR CUNNER, TAuroaoLAsnus
ADSPERSUS, FROM FOUR LOCATIONS. SEABROOK FINFISil STUDIES, 1978.

SEABROOK, Nil WEWEANTIC RIVER, FISHER ISLAND GULF 0F
AGE MA SOUND, CT ST. LAWRENCE1977 1978

LENGTil N LENGTH N LENGTil N LENGTil N LENGTil

I 47.2 20 29.4 4 67.0 71 94.9 67 40-60
II 78.3 29 92.0 6 104.0 26 116. 35 80-110III 94.3 90 106.0 12 1.1.9 35 146.4 32 120-150IV 118.4 41 119.1 21 171.6 31 183.9 8 150-180V 142.4 37 139.0 19 182.1 22 180-220VI 179.9 33 155.4 15 204.3 3

SOURCE: t1AI , 1979 Present Study Serchuk and Dew (1976) Johansen
Cole (1974) (1925)
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also been described for other cunner populations. Johansen (1925) found

that males >150 mm (total length) were smaller than females of the same

age, while males frca Connecticut were larger at age than females (Dew,I 1976).

Johansen (1925) reported that onset of maturity in Nuv0

Scotia cunne- occurred at Age II; Dew (1976) found 50% of Age 0 and 100%

of Age I specimens in Connecticut had attained maturity. New Hampshire

cunner mature at Age II (NAI, 1976) suggesting an onset of maturity

midway between that determined for Nova Scotia and Connecticut popula-I tions. Differences in maturation between Nova Scotia and New Hampshire

cunner and those from Connecticut is likely related to the length of

the growing season and the observed growth rate. Fish that grow quickly

tend to nature earlier than those from slow-growing populations.

Cunner males tended to be longer than the females at all ages

I (Taale 3.4-1). Calculated lengths at age are similar to the observed

lengths at capture, which tends to confirm the validity of the back-cal-

culation assumptions. Table 4.1-7 compares calculated lengths for three ;

cunner populations in New England. Coastal New Hampshire cunner were

smaller at age than either of the other two populations. In Connecticut

(Dew, 1976) and Massachuset*.s (Serchuk and Cole, 1974), cunner attained

180 mm by Age IV or V, but in New Hampshire Age V fish were 130 mm.

This indicates a slow-growing New Hampshire cunner population.

<

4.2 ICHTHY 0 PLANKTON

The ichthyoplankton assemblage in the Hampton-Seabrook area

during 1978 differed little, in terms of species composition, dominants

and general seasonal periodicity, from previous characterizations of the

assemblage (NAI, 1979). Groundfish (e.g. , sand lance, plaice, cod,

hakes) predominated, while pelagic species such as herring and mackerel

were transitory. Estuarine-dependent species, such as Atlantic tomcod

were rare. Of interest was the reduced numbers of gadids and herring
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TABLE 4.1-7. BACK-CALCULATED TOTAL LENGTHS AT ANNULUS FORMATION FOR
CUNNER, TAUTOG0!.ASRUS ADSFERSUS, FROM THREE LOCATIONS.
SEABROOK FINFISH ST'JDIES,1978.

,

i SEABROOK, WEWEANTIC RIVER, FISHER ISLAND SOUND
ANNULUS NH MA CT

1977 1978 ; MALES FEMALES

1 40.9 50.0 46.5 57.4 45.4

2 63.7 72.3 88.3 97.5 87.3
| 3 84.9 92.3 124.8 135.4 120.6 =

4 109.0 110.5 153.1 177.9 145.6

5 134.1 129.4 176.5
'

6 164.0 145.9

NAI, Present Serchuk and Dew (1976)
SCURCE: 1979 Study Cole (1974)

I

i

!

l

|

|

|

|
'

II

-. _ _ _ . .. . . _



61

collected during the fall of 1978 compared with 1975-1977. Seasonal

changes in species richness were also similar to previous years, al-

though 1978, like 1977, saw a fall increase in the number of egg species

collected (NAI, 1979).

I During 1978, both fish eggs and larvae were generally more

abundant at the Intake and South transects than at the .>ischarge tran-

sect. These transect differencas varied by species (e.g., Labrid/Limanda

and Urophycis spp. eggs) and, often, by sample period. On an annual

basis, species composition was generally similar at all transects,

although the Discharge transect was somewhat less similar becaus1 of the

lower densities of cunner and sand lance larvae.I
The spatial and temporal distributions of 14 ichthyoplankton

species and groups was evaluated for their periods vf occurrence during

1978 and compared with 1975-1977 data. Species selected were indicator

species, numerical dominants and those which are of recreational and

ccmmercial value. All species showed marked seasonality (Appendix

Tables 7-14 and 7-15). Species whose early life stages were most per-I sistent over time were cod / haddock, plaice and Labrid/Limanda eggs and

sand lance and cod larvae. Seasonal periodicity was generally similar

for each species over the years, although start and end dates for pres-

ences in samples generally varied from one to two months from year to

year.

Changes in spatial distribution between years was auggested

for Labrid/Limancia, mackerel, plaice and hake eggs and sand lance,

yellowtail flounder, silver hake and mackerel larvae (Appendix Tables 7-I 14 and 7-15). Mean densities of Labrid/Limanda eggs were noticeably

lower in 1976 at two transects (20 times lower at the south transect)
but were more sirilar between years at the discharge. Densities were

lower at the discharge in 1978, a trend different from 1976 and 1977.

Mackerel eggs were evenly distributed and occurred in low numbers

during 1976; noticeably lower numbers were recorded at the south tran-

sect in 1977 and at the intake in 1978 (Figi re 4.2-1). Hake eggs were

._ _
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Figure 4.2-1. Mean abundance of selected species of fish eggs by transectIa

1976-1978. Seabrook Finfish Studies,1978.
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higher at the discharge site in 1977 while in the other two years they
were lowest in abundance at that site.

Sand lance larvae underwent a reduction at the Discharge and
South transects in 1978 compared with 1977, with the greatest decreaseI at the Discharge (E'igure 4. 2-2) . Yellowtail flounder larvae were similar

between years at the Discharge and South transects; at Boar's !!ead abun-

dances were about five times lower in 1976 while they were about five
times higher in 1977 and 1978. Silver hake larvae were relatively rare
during 1978 at the Discharge and South transects compared with 1977,
whereas less dramatic differences were observ;d among transects during
previous years. Mackerel larvae were low in abundance at the DischargeI in 1978 (a= they were at all sites in 1976), and showed a different spa-

tial relationship compared with the other two years.

Of the indicator species not mentioned in the above discussion

(Appendix Tables 7-14 and 7-15), merhaden (eggs and larvae) and smelt

larvae were too rare to evaluate. Pollock eggs were generally more

abundant at the Boar's Head transect during 1975-1977 and at ti;e Dis-

charge and South transects during 1977-1978; larvae were collected in

low densities at all transects during all years. Except for 1978,

' inter flounder larvae were collected during each year at similar den-

sities at each transect; durir.7 1978 they were somewhat nore abundant at

the South transect.

At this stage, these trends have only been examined qualita-

tively. Inclusion of the 1979 studies will yield a four year data base

from which appropriate analyses should be able to discern whether any ofI these changes in spatial distribution are, in fact, significant, or

merely attributable to the variability inherent in p1.ankton sampling.

I

I
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4.3 IMPACT OF CONSTRUCTION

Offshore drilling for the discharge structures took place from
October 1977 to September 1978 and from October 1978 to March 1979 for

the intake structures. The locations of the intake and dischargeI structures are shown in Figure 2.1-1. The discharge was close to gill

net station B and otter trawl transect 2. The intake was between gill

net stations B and C and trawl transects 2 and 3. The drilling did not

appear to affect the catches of juvenile and adult finfish within the

study area. The catch per unit of effort for winter flounder, Atlantic

cod, rainbow smelt and hake all increased during 1978 (Table 4.1-1).

I Gill net catches fluctuated in typical fashion, with increased Atlantic

he. ng and alewife catches during 1978 (Table 4.2-1).

To aid thi offshore drilling, a barge facility was constructed

during 1977 and 1978 near beach seine station S3 (Figure 2.1-1). The

catch per unit of effort at this station increased for most species

during 1977 and 1978 (Table 4.3-1). Sand lance catches, however

decreased after 1976, but this is most likely due to its extreme spatial
heterogeneity within the estuary rathe. than construction impacts.

I Seabrook Station has an on-site settling pond that treats

wastewater from the plant and returns it t; the Brown's River. The

discharged water from this settling pond has been within permit require-
ments for all parameters except turbidity (Table 4.3-1) . During the
fall and winter of 1978, turbidity exceeded the 10 JTU allowable maxi-

mum, but never exceeded 31 JTU. This level of turbidity would not be

I expected to exert a detrimental influence on the finfish community of
the Brown's River during this season. The closest beach seine station

to the settling pond was S2, approximately 0.5 mile down Brown's River
from the plant (Figure 2.1-1) . The catch per unit of effort for winter

flounder, sand lance and Atlantic silversides all increased at S2 over

the three years (Table 4.3-1). Fundulus spp. catches decreased during

1978, but this occurred at all stations, and was probably the result of
typical population fluctuation.

I



TABLE 4.3-1. WATER QUALITY OF Tile SEABROOK WASTEWATER SETTLING POND DURING 1978. SEf4BR00K FINFISil
STUDIES, 1978.

1

4

__

DISCllARGE TOTAL SUSPENDED OIL Af4D
(Til0VSANDS OF SOLIDS GREASE TURBIDITY

! SAMPLING PERIOD GALLONS PER DAY) (mg/l) (mg/1) (JTU) pil

May-June Mean: 201 8.4 4.1 8.0 6.9 ,

Range: 36-533 6.4-10.4 4.1-4.1 3.5-17 6.9-6.9

July-September Mean: 16 48,1 6.5 9.2 7.1
Range: 0-209 28-72 <5-11.7 5.3-14 6.8-7.6

October-December Mean: 159 76.2 <5 10.2 6.8
Range: 0-789 13-322 <5-8 2.1-31.0 6.5-7.2

Permit Require- Mean: none 30 15.0 none 6.5-8.0
ments" Max: 45,000 100 20.0 10.0

___

~

a
EPA NPDES Permit

E E E E E E E E E E E E E E E E
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At this point, data do not suggest that the ongoing plant

construction has adversely influenced the juvanile or adult finfish

populations either offshore or in the estuary.
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5.0 SUMMARY

5.1 OTTER TRAWLS

7imanda ferruginea continued to be the dominant species (com-

prising 23% of the total catch). Other major species, Urophycis spp.,

G. rorhua, O. mcrdax, P. americanus and Myoxceephalus octodecemspinosus

all ranked high durir.g previous years as well. The catch / effort for

the major species either remained stable or, in the case of cod and g
smelt, showed a slight increase from 1977. 5

I
5.2 GILL NETS

Gill net catches showed seme fluctuations in abundances and

dominance over the two year period (July 1975-June 1977) . Clupea har-

engus continued to rank first in abundance and A. aestivalis ranked 5

second. The remaining 22 species comprised <12% of the total catch.

Catch / effort for herring increased during 1978, was essentially un-

changed for blueback herring, and declined for mackerel.

5.3 BEACH SEINE

1

Menidia menidia comprised 75% of the beach seine catch during

| 1978, a similar percentage as that found during 1975-1977. Catch / effort

was somew'lat highe than that found during 1977, but was less than 1976.

Catch / effort of both Fundulus and sand lance declined; smelt showed a

| marked decline only at S3, a station at which it had historically been

abundant.

5.4 ICHTHYOPLANKTON

During 1978, ichthyoplankton assemblages in the vicinity of

i Seabrook, New Hampshire were found to be quantitatively and qualita-

I
I

l
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tively similar to that found during 1975-1977. Fish egg abundance was
greatest during summer and late spring when Labrid/I.imanda were domi-
nant, but Gadid spawning during the fall months showed a decline from

earlier years. Fish larvae showed spring and summer maxima due to A.

I americanus (April) and cunner (July). Both the eggs and larval assem-
blages were affected by season. More species were represented by eggs
in spring and fall and larvae in spring and summer with fewer in late

fall-early spring. Fish eggs and larvae were ger ly less abundant at i

the Discharge transect than the Intake and South transects during 1978.
Certain of the more abundant species showed a decline in absolute and

relative numbers at the Discharge during 1978 when compared with 1976-
1977 data; aburdances at the Discharge were still within ranged reported
in previous years except for silver hake and sand lance.
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APPENDIX TABLE 7-1. MONTHLY CATCll (TOTAL OF FOUR REPLICATES) 0F FISil COLLECTED BY OTTER TRAWL
AT TRANSECT 1 0FF llAMPTON-SEABROOK. SEABROOK FINFISH STUDIES, 1978.

JAN FEB MAR APR IIAY JUL JUL AUG SEP OCT NOV DEC TOTAL
SAMPLING DATE 23 16 23 18 31 7 27 30 28 30 20 4

Raja binoculata 2 4 2 8
Raja crinacea 1 3 1 3 2 1 11
Raja radiata 1 2 3
Raja spp. 2 1 4 1 8
Osmerus mordax 134 44 45 5 2 9 21 252
Lophius americanus 1 1

Gadus norhua 4 7 1 2 15 2 32 22 46 47 51 55 284
Morlucclus bilinearis 2 8 49 128 5 15 207
Microgadus tomcod 1 2 1 4
Pollachius virons 2 7 4 1 14
Encholyopus cimbrius, 3 1 1 2 7
Urophycis chuss 13 110 106 111 8 2 350
Urophycis tenuis 12 22 3 1 38
Urophycis spp. 3 27 1 107 130 52 320 g
Macrozoarcos americanus 1 1 5 2 27 16 3 3 6 13 '7

Monidia menidia 1 1

Archosargus probatocephalus 1 1
Tautogolabrus adspersus 3 3
Pholis gunnellus 1 2
Anathichas lupus: 2 2
Ammodytes americanus 1 2 1 4
Hemitripterus americanus 1 2 1 1 1 3 2 6 1 18
Myoxocephalus acncus 1 2 3
Myoxocephalus octodccemspinosus 1 9 5 48 32 31 4 14 30 29 12 215
Myoxocephalus scorpius 1 1 2
Aspidophoroides monopterygius 1 1 2
Liparis atlanticus 1 1 1 1 4
Paralichthys oblongus 2 7 2 5 1 1 3 21
Scophthalmus aquosus 3 1 5 9 2 4 8 13 45
Glyptocephalus cynoglossus 2 5 14 21
Hippoglossoides platessoides 1 10 11
Limanda ferruginea 141 23 21 36 155 96 108 64 50 87 137 191 1109

g Pseudopleuronectes americanus 15 6 14 6 14 16 16 9 11 18 7 10 142

M M M M M M M M M M M M M M M M M M M
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APPErlDIX TABLE 7-2. MONTilLY CATCli (TOTAL OF FOUR REPLICATES) 0F FISil COLLECTED BY OTTER TMWL
AT TRANSECT 2 0FF llAMPTON-SEABROOK. SEABROOK FINFISil STUDIES,1978.

SAMPLING DATE JAll FEB ltAR APR i:AY JUL JUL AUG SEP OCT NOV DEC TOTAL
23 16 23 18 1 7 27 29 28 30 20 4

Raja binoculata
1 1

Raja orinacca 1 4 1 2 3 11
Raja radiata 1 1
Raja spp. 5 2 2 9
Alosa pseudolarengus 1 2 4 7
Alosa sapidissina

1 1
Clupea lurongus h. 2 1 3
Osmerus mordax 88 69 39 59 4 1 9 67 17 71 424
Gadus morhua 3 3 4 3 5 1 8 20 26 18 91
Merluccius bilinearis 5 5 2 2 14
Microgadus tcmcod 3 3
Pollachius virens 2 7 11 28 40

: Urophycis chuss 5 35 50 46 6 8 150
Urophycis tenuis 25 4 9 4 42
Urophycis spp. 2 71 33 4 110 d
Macrozoa r americanus 2 2 1 17 35 7 3 2 9 78
Monidia nidia 1 1 1 1 4
Syngna tto ss fuscus 1 1 2
Archosargus prointocephalus 4 4
Tautogalabrus adspersus 1 1 2
Lumpenus lumpretact~ormia 1 1
Pholis gunnollus 1 7 8
Anunodytes americanus 1 1 2
Hemitripterus americanus 1 3 3 1 2 2 3 4 7 26
Myoxocephalus acncus 1 6 2 9
Myoxocephalus octodocemspinosus 14 14 2 9 5 7 8 3 62
Myoxocephalus scorpius 3 3
Cyclopterus lumpus 1 1 1 3
Liparis atlanticus 5 1 1 2 9
Liparis liparis 1 1 2
Paralichthys oblongus 1 1 2,

Scopttulmus aquosus 2 3 8 9 5 1 3 2 1 34.

Linunda ferruginea 10 6 3 9 5 3 1 22 10 14 30 113
Psaudopleuronectos americanus 2 35 69 52 40 18 20 7 85 44 35 8 465

.__________-
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APPENDIX TABLE 7-3. MONTilLY CATCil (TOTAL OF FOUR REPLICATES) 0F FISil COLLECTED BY OTTER TRAWL AT
TRANSECT 3 0FF llAMPTON-SEABROOK. SEABROOK FINFISil STUDIES,1978.

JAN FEB HAR APR HAY JUL JUL AUG SEP OCT NOV OEC TOTAL
SAMPLING DATE 23 16 23 18 30 6 26 29 28 30 20 4

Raja binoculata 2 2 1 2 2 3 12
Raja crinacea 12 6 3 7 1 9 5 10 17 70
Raja radiata 3 3 6 1 7 20
Raja spp. 12 4 20 36
Osmerus mordax 45 8 96 8 10 167
Inphius americanus 1 1 1 1 4
Gadus morhua 7 6 4 11 60 35 23 134 226 116 93 116 831
Melanogrammus aeglefinis 1 1 2
Merluccius bilinearls 16 41 2 12 14 5 90
Microgaddus tomcod 2 2 45 49
Pollachius virens 1 1 1 2 5
Enchelyopus cimbrius 1 1 1 3
Urophycis chuss 119 r33 20 1 223
Urophycis tenuis 2 6 15 3 1 1 28 a

*Urophycis spp. 113 7 96 34 77 40 4 371
Macrozoarces americanus 2 5 3 11 66 22 11 2 7 5 134
Sygnathus fuscus 1 1 2
Centropristis stria ta 1 1

Archosargus prolutoceJ>tulus 1 1

Ulvaria subbifurcata 1 1

Hemitripterus americanus 1 1 2 3 3 1 1 12
Myoxoceplulus octodecemspinosus 4 43 90 34 44 52 50 54 93 24 488
Triglops murrayi 1 1

Aspidophoroides monopterygius 3 4 6 7 20
Liparis atlanticus 2 1 3
Liparis liparis 1 1

Paralacthys oblongus 3 1 1 1 1 7
Scophthalmus aquosus 4 1 3 4 1 6 8 5 32
Glyptocephalus cynoglossus 6 5 11
Hippoglossus hiproglossus 1 1

Hippoglossoides platesscides 5 1 3 1 1 3 14
Limanda ferruginea 62 19 70 26 108 50 43 25 54 52 77 122 716
Pseudopleuronectes americanus 19 5 44 12 21 9 13 12 13 8 12 7 175

W M M M M M M M M M M M M M M M M f



M
j

M
2 2 0 0 0 0 0 0 0 0K 3

O .

O D 6 6 0 * 0 2 0 0 0 0 0 0
R
B

_A
E _

0 0 0 0 0 0 0 0 0 02S
.

3 S C 0 6 0 * 0 0 0 0 0 0 0 0

M
E.

8 T T
7 C A
9 E C

8 0 0 0 0 0 0 0 0 0 01 S I

N L
G A P B 3 0 0 * 0 0 0 0 0 0 0 0

M
N R E
I T R
R
U
D 0 0 0 0 0 0 0 0 0 0 0

S A 0 0 0 * 0 0 0 0 0 0 0 0

M
W
O
T

7 9 3 9 9 9 9 55 1L 2
W . ..

A D 4 4 8 * 8 7 7 9 4 8 8 9

M
R 1 1 1 3 3 6 1 1
T 1 1

R
2 9 4 6 1 3 4 9 7 9 2E

T
T 2 S C 4 8 0 * 2 4 7 8 7 5 8 1

M
O E 1 1 8 4 4 4 2 3 7 1 2

T T
N C A
I E C

9 3 2 3 4 2 92 3 5S I 2
D N L . . . .

E A P B 5 7 7 * 1 5 7 8 6 7 7 9

M
T R E 8 3 4 3 2 0 2 6 4 3
C T R 3 1
E
L

5 8 8 9 6 8 9 71 ~,L
O . .

2 8 4 6 8 3C A 9 J 6 * 8 L

M
1 9 9, 1 27 5 9

E 2
A
G .

9 0 0 0 0 0 0 0 0 0L8 2
A7 .

9 D 6 7 0 * 0 0 0 0 0 0 0 0

M
F1 3
0

,

)S
8 0 0 0 0 0 0 0 0 0SE 5

RI .

ED 1 S C 9 8 0 * 0 0 0 0 0 0 0 0

M
TU E 0
I T T T 1
LS C A

E C(l S I 5i 9 0 0 0 0 0 0 0 0 0
ES N L . dMl A P B 9 8 0 * 0 0 0 0 0 0 0 0

M
eUf R E 1 dLN T R rOI oVF c9 8 0 0 5 0 0 0 0 0 9 e
rA 8 7 0 * 0 9 0 0 0 0 0 8

M
.

4 1 2 1 t- 1 o7
-

n_

E _ eL m

M
B 8 uA 6 2 0 l
T 3 1 1 2 o2 9 r 3 4 vX E y 3 8 2 e r
I T y r 2 1 7 b r e y lD A r a 1 7 2 t m e b r a

M
N D a u h l 3 s e b m a gE u r c i y y u t o e u lP n b r r y l l. g p t v n AP a e a p a u e u e c o a
A J F M A M J J A S O N J *

M

M

M
[ iI1 )' || ;I; I! : ;i~ :! : ||1|i!1 | ;' iii



.

78

APPENDIX TABLE 7-5. FISH SPECIES COLLECTED IN GILL NETS AT TRANSECT A.
SEABROOK FINFISH STUDIES, 1978.

,

' JAN FEB MAR APR ?!AY JUN JUL AUG SEP OCT NOV DEC TOTAL
'

24* 22 30 18 23 13 11 15 12 10 _ 14 6

Alosa aestivalis 1$
B 1 1 1 13 2 1 19

Alosa pseudoharengus #
,

Alosa sapidissima
y

S 2 1 5 8Bravoortia tyrannus g

5 30 6 102 10 12 707 176 30 16 1089*' #*"*"
B 10 1 54 6 38f 7 218 50 731

Cadas norhua
B 1 2 3

Merluccius bilinearls

Myozocephalus octodecemspinosus

8Osmerus mordaz 1 1 6 2 10B
1 1 2

SPeptilus triacanthus 3 3 y

Pollachius virens y y

Pom,xtomus saltatrix $

Prionotus carolinus ly

Pseudopleuronectes americanus
y

Scomber s:ombrus ' O 1

Urophycis chuss y y

S
Urophycis sp.

B 1 4 5

*

Sampling date is the first of three consecutive sampling days

I
I
I
I
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APPENDIX TABLE 7-6. FISH SPECIES COLLECTED IN GILL NETS AT TRANSECT B.I SEABROOK FINFISH STUDIES, 1978.

'I
I JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV CEC TOGLI 24 22 30 18 23 13 11 15 12 10 14 6

S 4 19 2 1 3 9 7 12 6 1 64Mosa aestivalis
B 1 6 3 2 205 1 218

S 1 1I Mosa mediocris y

5 9 4 6 1 1 2 23Mosa pseudoharengus y 3 g

I S 1 1Mosa sapidissina g 1 1

S 3 2 5Brevoortia tyrannus y g g

-I 5 41 4 70 15 5 49 19 56 65 333Clu;ea harengus
B 10 88 149 16 2 311 32 189 8 805

S
Cadus morhua

B 1 5 1 1 8

|I S 1 1Hemitripterus americanus y 1 1
i

S 36 36| Merluccius bilinearls y 4 2 6
Ig S 1 1 2- Myoxocephalus octodecenspinosus y 2 2

Cncorhynchus kisucch y .

S 1 1 2Csmerus mordax y g 3 3 4 z g 33

Peptilus triacanthus
y

Pollachius virens
B 4 ; 1 2 1 4 4 1

Pomatomus saltatrix g

5
Pseudopleuronectes americanus

I y 7 3

5 22 1 12 35Scomber scombrus
B 3 2 1 6 8 20

S 1 1I Scophthalmus aquosus y

S
Squalus acanthias y 1 g

Syngnathus fuscus y

S
*autogolabrus adspersus g 1 7

utophycis chuss y 4 3 33 39

Urophycis tenuis
y 7 3

urophycis spp.
1 1

I Sa:"ple date is the first of three consecutive sampling days.

I
-
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APPENDIX TABLE 7-7. FISH SPECIES COLLECTED IN GILL NETS AT TRANSECT C.
SEABROOK FINFISH STUDIES,1978.

I
JAN FEB MAR APR PAY JUN JUL AUG SEP OCT NOV DEC TOTAL |
21 12 30 18 23 13 11 15 12 10 14 6 g

S 22 99 238 4 6 5 4 37 9 1 425
Alosa aestivalls

B 6 28 4 6 59 8 1 113

S 14 6 42 1 6.1
Alosa pseudobarengus , 3 2 1 3 9 m

S 1 1 1 1 4
Alosa sapidissina y

S 4 1 4 1 10 g
Bravoortin tyrannus y 3 g

5 14 71 424 59 2 1 127 30 87 94 909
# "P*' M #' * * B 17 2 75 83 8 2 342 129 174 37 869

Gadus erhua
B 1 7 1 1 5 15

Mac:czoarces americanus y 3 g

5 11 11
Marluccius bilinearis y 4 $ 2 11

Myotocephalus octodecemspinosus y g g 3 3 4

S 12 2 14
Osmerus mordat

B 1 2 4 2 9

5 1 2 3
Pollachius virens y y 3 gg g 9 $ gg m

S 3 1 4
Ponatomus saltatrix y

S 1 5 6 m
Peptilus triacanthus y 3 7

Pseudopleuronectes americanus g

S 7 1 1 5 14
Scomber scombrus y 9 7 3 3 $ gg

Squalus acanthias
B 1 10 11

Tautogolabrus adspersus
1 4 $g

Urophycis chuss y 3 2 $

S 1 1
Clupeidae

B 8 1 9

e g
Sample date is the first of three consecutive sampling days.

I
I
I
I
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APPENDIX TABLE 7-8. TOTAL M0flTitLY FINFISil CATCil AT BEACil SEINING STATION 1. SEABROOK FINFISil
STUDIES, 1978.

APR f1AY JUfl JUL AUG SEP OCT NOV TOTAL
j __ __

; Alosa aestivalis 17 133 150
Alosa pseudoharonqus 1 1

! Clupea harengus 1 5 6
Salmo gairdneri 2 1 3'

'

| Salvelinus fontinalis 1 1

| Urophycis chuss 1 1

| Fundulus heteroclitus 1 7 525 1 534
I Fundulus nujalis 2 1 218 221
: Fundulus spp. 1 2 3

Menidia menidia 6 1 34 22 333 873 554 187 2010
. Gasterosteus aculeatus 2 4 17 3 26
'

Pungitius pungitius 20 52 44 11 121
Syngnathus fuscus 1 1 2
Liopsetta putnami 5 4 8 6 14 3 1 41 m '

! Pseudopleuronectes americanus 1 9 6 1 6 6 2 1 32

_

'

Sampling dates: April 4,28; May 11,26; June 8,23; July 17,31; August 11,24; September 11,22;
j October 6,20; November 3,17

1

,

o

_ _ - - - . _ _ _ _ - - . _ _ - -
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APPENDIX TABLE 7-9. TOTAL MONTilLY FINFISit CATCil AT BEACil SEINING STATION 2. SEABROOK FINFISil
STUDIES, 1978.

APR MAY JUN JUL AUG SEP OCT NOV TOTAL

Alosa aestivalis 1 5 1 7
Alosa pseudoharcngus 1 1

Clupaa harengus 839 8 39
Salmo gairdneri 3 3
Osmerus mordax 2 2 4
Urophycis chuss 2 1 3
Urophycis spp. 4 1 1 6
Fundulus hotoraclitus 16 2 9 1 1 29
Fundulus unjalls 5 85 1 91
Fundulus spp. 1 5 2 8
Menidia menidia 1 10 38 23 440 1315 1717 1871 5423
Gasterostcus aculcatus 7 23 54 5 2 91
Pungitius [>ungitius 4 1 1 1 1 8
Syngna thus fuscus 1 1 2 ?
Ammodytes americanus 3 2 23 311 1058 1397
Myoxocephalus acnaeus 1 1

Myoxocephalus octodccomspinosus 15 15
Scophthalmus aquosus 1 1

Liopsetta putnami 2 10 6 2 1 21
Pscudop1curonectos americanus 1 28 8 9 5 6 12 8 77

Sampling dates: April 4,28; May 11,26; June 8,23; July 17.31; August 11,24; September 11,22;,

! October 6,20; Noverrhe r 3,17
!

!

!

I
l

,

|

!

|____ _____ ____-__________ - ____ _-
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APPENDIX TABLE 7-10. TOTAL HONTilLY FINFISH CATCil AT BEACil SEINING STATION 3. SEABROOK FINFISil
STUDIES, 1978.

; _ __

j APR MAY JUN JUL AUG SEP OCT NOV TOTAL

Alosa aestivalis 1 1
Alosa pseudoharengus 1 2 1 a

Clupea harengus 159 18 1 '1
Anchoa hepsetus 1 1

Oncorhynchus kisutch 1 1

Salmo trutta 30 27 57
Osmerus mordax 1 3 3 7
Microgadus tomcod 4 4
Pollachius virens 218 1 219
Urophycis chuss 5 2 7
Urophycis tenuis 1 1
Urophycis spp. 17 3 1 21 m
Fundulus majalis 1 1 2
Menidia menidia 3 1 3141 1269 1299 951 6664
Gasterosteus aculeatus 1 11 90 1 2 8 7 120
Pungitius pungi tius 65 1 1 2 69
Syngnathus t^uscus 1 1 2
Tautogalabrus adsparsus 1 3 4
Ammodytes amoricanus 2n 1 21
Myoxocephalus octodecemspinosus 5 1 6
Scophthalmus aquosus 1 1 2
Liopsetta putnami 3 7 4 4 2 2 3 2 27
Pseudopleuronectes americanus 6 15 34 24 42 48 31 13 213

._

Sampling dates: April 11, 28; May 11, 26; June 8, 23; July 17, 31; August 11, 24; September 11, 22;
October 6, 20; tiovember 3, 17.

_________- -__- _ ______ -



84

APPENDIX TABLE 7-11. BRAY-CURTIS SIMILARITY OF ICHTHYOPLANKTON TRANSECTS
BASED UPON MEAN ANNUAL (1978) ABUNDANCEa 0F ALL SPE-
CIES. SEABROOK FINFISH STUDIES, 1978.

I
SIMILARITY

FISH EGGS FISr8 LARVAE
NOT NOT

b
TRANSFORMED TRANSFORMED TRANSFORMED TRANSFORMED

Intake vs. Discharge 96 86 84 51

Intake vs. South 94 78 85 70

South vs. Discharge 95 71 77 44

I
I
I

* Based upon 15 comparable sample periods

log n + 1 transformation

I
.

I
I

. . - - -
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3APPENDIX 7-12. MEAN ABUNDANCEa (N0./100 m ) 0F FISH EGGS IN C0ASTAL NEW'

HAMPSHIRE ICHTHYOPLANKTON COLLECTIONS. SEABROOK FINFISH
! STUDIES, 1973.
1 56'C C i r i. ;e JAN : f;5 d taa %R 2) MA R 16 A;p

'.A *C 5 2 ALPS 12 hFPS 4 8'PS 84 hfp% 4 Otp% 32 arP5

)

)'
D DP 3 00D f l e f w p A NNu% 0.040 0.000 f.000 0.000 0.000 n.oanEGGS UNIUtNT 18 th u u. coo 0.oun 0.000 0.000 0.300 3. set

i 9405p4 *WJ5pr 0 000 0.000 0.000 0.000 0 000 0.000'

PCLL 4CH I US w 18 * NO 14.009 0.009 0.000 0.167 0.J00 2.4h%Pt P41 LUS f R ! a C a N T HuS G.000 0.000 0 000 0.non 0 0A0 0.390r.Lverettenatus CyNo(Lussos 0 000 3.n00 0.000 0.0Jo 0.000 0.009I E = C= ELCpu t C I med t us o.000 0.000 0.000 conoo 0 000 0.600'

SCndHfMALuuS a0vo%us 0.000 0.000 0.000 n.000 0.000 0.0C0'

C ADuS/ut L ANarA a mmu% 15.LA% 11.043 83.3m3 6 %. 10 5 90 22 F M31.467j "I PPO6L O9 4714t s PL 4 f 7 5%G I Dr 5 0.JF2 6.40F 12.n F6 2 2 4. F25 074.494 3217.%551 *totuCC ius SIL I NF au l% 0.000 0.000 0.003 0.000 0 000 0.000LComest 4 SCO**WuS 0.000 0.000 0.000 0.000 0 000 0.000]I uuden.f 15 SF. J.000 0.600 n.oeJ 0.000 0.000 0.00nL auw t C/L 3 ma%34 0 000 0.000 0 0e0 0.Fn2 t.J44 333.959
4 C OL . TOTALS 14.014 17.450 26.260 292.140 2 A%. F9 8 4234.023 *

I 24 AIR d *M1 2. vM 3 JLN ..,",y 13 JCL| nd kt v , I2 WF D5 1.' *w. t/ ut P% IJ etv5 s2 wePs
i

BkE v Don f 14 freahhus 0.000 0.000 0.000 0.000 0.000 c.00044Gb ums bE Nf lF it G 2.28h 2.336 4.3F7 I .d FJ 0.0u0 v. AS F
9405mE bW 05 mE 0.000 0.6Ad 7. F 4 2 46.9AI 4 F . SO F 0 000POLL aCM !v5 V t Wt N5 9.600 3.ucQ 0.000 0.u00 0.000 0.000PEPettu5 TalaCANTsuS 0.nuo 0.000 .00S u.udo BJ4.194 J7.460GL V P f 0C E DMALs5 C Y NnGL d 5 5u5 0.000 0.000 4F.646 63.495 509.582 J4F.732i

E NCm ELQwu S C l 404 8 uS (J9.3we 3.010 295.4F1 40.5m6 FF3.344 Jf.409j S COpH T H AL *WS a C uu 5u s 0.000 0.see 194.250 4 98.5 F5 508.5J6 100sewA2 L1 G a Du s/mEL a wyca s amus Fg. g 30 779.F13 gF3.FJI 1050.77% 350.406 FS.J30 l
1 nippcGLO5 sos 0E% pl a f F 550 4 U( 5 361.90s 924.J64 266.939 4md.326 101.229 MJ.mFF
, mLGLuCClub ulLIM Apl% 0.000 0.546 1.062 0.vtJ FO.JJ9 4IPO.02J
4 SCo=AE4 SCDuusu5 0.000 0.Ue0 9F.F53 430.Fm2 6773.484 75.640uwopHvCES Sp. 0.J00 0.000 4. F2 m 5 018..a 3 1080M.I*5 te557.950

L aod t yf L i ma gia 254.%56 416.456 1493 148 16223.56J L20.2.031 $74Jt.FF3
:

4 CisL . Til f ALS A37.944 ts27.dF4 2941.Fe0 19F97.422 F345m.604 40528 313

}
1 *;6 ;L iAt il ALG n 5tf 5 .q; 2 goy) * ht p5 ad etW5 * mt p5 42 wt p5 Id et>5 82 RE PSa

|
RREvDORilA TTWANNuS 0.000 0 000 0.000 0.000 0.s99 0.000; LGGS UNIDENFIFito 57.3*e 0.000 9.569 0.469 0.e94 0.000L j pa NOa F E REuGl hE A 0.000 0 000 0.000 0.voo 0.000 0.000I BdO5mE uR G 5 mE 0.000 0 000 0.000 0.000 0.n00 0.000
POLLACMaus ufwENS 0.000 0 000 0.000 0 000 3.g38 7.465

:

} PE PH I Lu S TAJACANfMuS 0.000 0.000 0.000 2.72e 0.714 0.u00
[ GL vp f uCt PH ALu S CvhOuLD55us 229 644 10.F33 0.000 3 504 7.350 0 902
i ENCu tLOpuS C imne tus 391.469 50 838 16.e42 10.6A6 102.290 0.252

I SCOPHfHALuus A0VOSUS 2444.62F 136.L90 8271.4F3 F5.011 47.334 0.000
gadus /*tLANOCHammus 339.471 84 523 13 209 J.458 20.345 64 476
MsPPOuluss01DC5 PL L'C 550t DE S 0.000 0.000 0 000 0.860 0.640 0.000
*E kLUCClu5 SILINCaRIS 12985.125 34.*62 0 000 0.389 206.98t 0.698( 5Com0ER 5COpmGuS 24143.172 0.000 0.000 0.000 0.000 0.000

) URopevC15 SP. 40533.469 1792F.046 8787.375 88 7.6R 3 6F4.344 0.F44
| L agw t u/L l wakua 2FF52.325 3693.098 5J5.988 6t .44 J 139.5dt 0. F F2

|3 C OL . ru i .L 5 iO5,24.43e JiPe). 79 idi64.4 5 iO45.99J ii.F.O.4 74 64
i CC; 26 CEO

12 hEPS 4 wf p5 !
|I 86E w DOH T i a fvaaNNv5 0.000 0.000

EGG 5 UNICENf!FIEu 0.268 0.000 I

LimaNOA Ft RwuG E NF A 0.000 0.000
SN05ME SHO5mE 0.000 0.000
POL L A CM t us v l WE N% 536.340 3.50%I PE PR I LU S TRIACANfMuS 0.000 0.000
GL vP f 0CtDHaLuS C Y NOGL O S SUS 0.000 0.000
E N C= E LDeu S CI mMe l us 0.000 0.000
SCCParnaLuus AQuosus 0.000 0.000
G AOuS/MEL A NOGua mmus 53.556 6.200

I M .ppO CL U5 50 t C 5 5 PLa fF 550 t Dr 5 0.9F0 0.000
mEaLuCC lus ulL 1=F Ao IS 0. 70 3 0.000
SCOm8ER SCnmn4us 0.000 0.000 '

| UROPHYCE5 SP. 0.104 0.000
LaOMID/LImANDA 0.000 0.000,

| |
| C UL . TOraL5 191.981 4.005 |

#*ean of al. transects 4 T rar.s ec t '( Ir ts u i ar.ly ar.aiyzed cr. 8, 4 sur;% ;6 .a ;) Aag ;6 Le.

!11
,

I

|

11
..

_- - - - _ _ . . .. - . - - _ ___ ,. --- _ _ _ _ , - _ _ _ _ _ - . . - , - -- __
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3APPENDIX 7-13. NEAN ABUNDANCEa (N0./1000 m ) 0F FISH LARVAE IN C0ASTAL NEW
HAMPSHIRE ICHTHYOPLANKTON COLLECTIONS. SEABROOK FINFISH
STUDIES, 1978.

26 JIT 9 AUG 23 AUG 6 SEP 5 OCT 2 psov
4 kEMS 92 atp5 4 WEPS #2 mEpS 32 rep 5 32 ma rs

mEntola htN4Cla .%' 0.wuo 0.400 0.010 e.000 C.000
f.a 5 f E dQ5 f f uS AC sL E n f us 9. V 0.003 P.000 0.m 0 0.000 0.000
stCwoQauus TChC2O P.)s" J . 0 Ps f.300 0. 0 .0 0.000 0.000
fauf3Ga ONift1 .*w> 0.90c t.524 0.000 0.000 0.000
maC=0ZJasCES ==CatCaNws e* J.Cco 0.909 0.000 0.000 0.000

O.I*0 0.000 0.000 0.000 0 000'swC5ak ads 54' v.

mv0ac(EpMALos cCicceCEv5pg.s5ss C . )b 's 0.C00 0.000 0.000 0.000 0.000
LOPMIUS ahChtCawuS C.000 3.996 1.0ti 0 900 0.000 0 000
05=Eews mosDaa 0.000 0.J06 0.000 0.000 0.003 0.000
SykGhafMUS FUSCUS 4.*e4 0.d34 9.062 0.404 0.268 0.000
CTCLCPT&4ul Lw=pu1 ". 4 F4 0 0 0 'J 0.488 0.000 0.000 0.000

udOPMvCIS 57 0.4t2 9.C94 2.822 0.000 4.4e9 0.000
CLupEA naaENGw5 C.300 0.000 0.000 0.000 0.000 0 000
mv0aQCEpMALW5 AENatw5 c.0a0 0.000 0.000 0.000 0.000 0.000
A5plDw8.mJdG8045 wuNJpf.=vGluS 3.0wa 0.000 0.000 0.000 0.000 0.000
SEsa5fE5 maw!NuS f.0JO 33.99: 0.900 0.000 0.000 0.000
SCGPwfMALuuS 40uG50$ 1 7ee 1*.02? 6.59* 2.609 0.562 0.000
LaAwas UNIDthf 1P IEJa= Villa f EJ 4.*s* t.512 0.000 0.000 0.2ee 0.202
POLLaCMiuS WIkiN5 0.090 0.003 0.000 0.000 0.000 0.776
#EL ANwGna. Hews at GL. P ! hv5 0. % 0 0.425 0.000 0.000 0.000 0.000

SCQuSEd Sc3ereUS 2.. 4 e 33 6*3 0.000 0.000 0.000 0.000
p.Gols bur.NELLUS ?.000 0 030 0.000 0.000 0.000 0.000
a.E n ACCIJS etLINTaels 33.aJ? 344.6?? 6.000 0.000 0.748 0.565

L i m* Wa * E G auG I NE A 0.is2 te.tno 0.000 0.000 0.328 0.260
E mCN ELOpu s C t =ca t us t a s .20 3 f.S e s t % 0.4e9 0 359 7. 30S 0.423
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APPENDIX 7-13. (Continued)
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3 dAPPENDIX TABLE 7-14. MEAN ABUNDANCE (N0./1000 m ), BY TRANSECT AND SAMPLE PERIOD , OF SELECTED SPECIES OF
FISH EGGS, 1975-1978. SEABROOK FINFISH STUDIES, 1978.

BOAR'S
dSPECIES DATES PRESENT HEADd INTAKE DISCHAPEE SOUTH

Indicator Species

Brevoortia tyrannus 28 Oct 75 0 --- 2 0
(Menhaden) 3 Aug-7 Sep 77 --- 13 0 16

1 Oct 78 --- 2 4 0

Iabrid/Limanda 24 Jul-28 Oct 7'S 1,121 --- 849 1,351
(Cunner /Yellowtail) 5 Feb-29 Sep 76 1,532 13,507 457---

26 Jan-4 Oct 77 7,181 --- 18,057 9,271
20 Mar-2 Nov 78 --- 8,128 6,152 9,045

Pollachius virens 28 Oct-15 Dec 75 129 --- 85 54
(Pollock) 27 Oct 76-26 Jan 77 182 --- 59 69

15 Dec 77-16 Jan 78 --- 30 123 112 g
Scamber scombrus 24 Jul 75 0 --- 7 0

(Mackerel) 18 May-20 Jul 76 208 --- 313 286
3 May-23 Aug 77 9,872 --- 9,194 3,996

24 May-13 Jul 78 --- 1,223 2,944 2,857

Groundfish

Gadus /Melanogrammus 27 Aug 75-15 Jun 76 460 --- 373 444
(Cod /IIaddock) 18 Aug 76-23 Aug 77 191 --- 376 171

7 Sep 77-23 Aug 78 --- 170 172 333
6 Sep 78-5 Dec 78 18 41 46---

Hippoglossoides platessoides 5 Feb-20 Jul 16 933 --- 120 1,224
(Plaice) 2 Mar-23 Aug 77 394 --- 264 433

16 Mar-13 Jul 78 847 455 398---

(Continued)
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APPENDIX TABLE 7-14. (Continued)

BOAR'S
d

SPECIES DATES PRESENT llEADd INTAKE DISCHARGE SOUTil
_ __

Groundfish (Continued)
Urophycis spp. 24 Jul -28 Oct 75 429 --- 238 523

(llake) 15 Jun-27 Sep 76 3,606 --- 1,259 4,984
3 May-1 Nov 77 --- 6,661 10,587 6,096

24 May-2 Nov 78 --- 10,812 3,531 4,062

Pelagic Species

Merluccius bilinearis 27 Aug-28 Oct 75 12 --- 221 164
(Silver IIake) 15 Jun-27 Sep 76 1,070 --- 986 1,339

15 Jun-15 Dec 77 --- 5,303 4,843 5,723
10 May-5 Dec 78 --- 217 102 128

___ . _ _ _ _ _ _

m
o

#
Mean based on number of consecutive sample periods a species was present at one or more transects

L
Sampling commcnced on this date at these transects

Pollachius virens eggs collected during spring months of 1976-1978 have been reexamined and found to
be Gadus /Melanogrammus

d
Boar's llead transect sampled through 15 Jun 77; Intake sampling commenced 6 Jul 77. Where sample

periods overlap these dates, means are listed in the column for the transect at which the majority
of the eggs were collected even though means re over both transects.



3APPENDIX TABLE 7-15. MEAN ABUNDANCE (N0./1000 m ) BY TRANSECT AND SAMPLE PERIOD *, 0F SELECTED SPECIES / GROUPS
OF FISH LARVAE, 1975-1978. SEABROOK FINFISH STUDIES, 1978.

BOAR'S
dSPECIES - DKiES PRESENT HEADd INTAKE DISCHARGE SOUTH

Indicator Species

Brevoortia tyrannus 24 Jul 75 76 --- 99 66
(Menhaden) 20 Jul 76 20 --- 5 0

Osmerus nordar 19 Nov-15 Dec 75 0 --- O 14
(Smelt) 18 May-5 Jun 76 0 --- 5 5

3 May-24 May 77 4 --- 16 90
10 May-9 Aug 78 --- 2 1 <1

Pollachius virens 19 Nov 75-23 Mar 76 11 --- 29 70
(Pollock) 27 Oct 76-26 Jan 77 20 --- 14 18

1 Nov 77-16 Jan 78 --- 39 43 19

Pseudopleuronectes americanus 24 Jal 75 0 -~~ 2 0 g
(Winter flounder) 20 Apr-15 Jun 76 48 67 32---

7 Apr-6 Jul 77 55 --- 62 30
26 Apr-13 Jul 78 --- 58 62 191

,

Scomber scombrus 15 Jun-20 Jul 76 18 '' 4---

(Mackerel) 15 Jun-7 Sep 77 --- 63 134 31
22 Jun-9 Aug 78 --- 62 7 62

Tautogolabrus adspersus 24 Jul -29 Sep 75 476 --- 80 49
(Cunner) 5 Jun-29 Sep 76 133 68 36---

15 Jun-4 Oct 77 --- 295 160 330
13 Jul-6 Sep 78 --- 591 96 982

(Continued)
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APPENDIX TABLE 7-15. (Continued)
,

4

1

BOAR'g dSPECIES DATES PRESENT HEAD INTAKE DISCHARGE SOUTH
_

Groundfish

Ammodytes americanus 5 Feb-15 Jun 76 288 --- 725 444
(Sand lance) 2 Jan-3 Aug 77 401 --- 1050 1028

15 Dec 77-13 Jul 78 --- 429 113 418

Gadus morhua# 19 Nov 75-23 Mer 76 3 --- 2 3

(Cod) 16 Nov 76-26 Jan 77 1 --- 2 2
1 tiov 77-16 Jan 78 --- 3 6 2

20 Apr-15 Jun 76 10 --- 19 30
24 May-23 Aug 77 24 --- 20 24
12 Apr-9 Aug 78 --- 109 106 41

Hippoglossoides platessoides 24 Jul 75 14 --- 4 2

(Plaice) 25 Feb-15 Jun 76 98 --- 77 180 e
"3 May-23 Aug 77 711 --- 60 384

12 Apr-9 Aug 78 --- 330 132 59

Limanda ferrugiaea 24 Jul -29 Sep 75 1 --- 3 2

(Yellowtail flounder) 18 tiay-29 Sep 76 5 --- 30 14
24 May-7 Sep 77 116 --- 20 22
10 May-2 Nov 78 --- 95 21 17

Melanogrammus aeglefinis 23 Mar-15 Jun 76 11 --- 6 4

(Itaddock) 24 tiay-6 Jul 77 4 --- 6 5
26 Apr-9 Aug 78 --- 10 20 9

Urophycis spp. 27 Aug-29 Sep 75 22 --- 23 17
(IIake) 20 Jul-27 Oct 76 1 --- <1 2

20 Jul-1 Nov 77 --- 46 2d 29
13 Jul-5 Oct 78- --- 5 2 6

(Continued)



APPENDIX TABLE 7-15. (Continued)

r-
BOAR'S

d
SPECIES DATES PRESENT llEADd INTAKE DISCHARGE SOUTil

_

Pelagic Species

Clupea harengus 28 Oct 75-23 Mar 76 332 --- 93 214
(llerring) 29 Sep 76-26 Jan 77 78 --- 184 82

4 Oct-27 Dec 77 --- 355 206 124
5 Dec 78 --- 16 19 10

7 Apr .'4 May 77 <1 --- 2 1
26 Apr 78 --- 3 1 0

.4erluccius bilinearis 24 Jul -28 Oct 75 12 --- 23 35
(Silver hake) 15 Jun-27 Oct 76 34 --- 16 11

6 Jul-4 Oct 77 --- 146 128 102
24 May-2 Nov 78 --- 131 3 8

8

--- = Transect not sampled

#
Mean based on number of consecutive sample periods a species was present at one or more transects.

b
Sampling commenced on this date at these transects

P. virens larvae collected during May/ June 1976 have been reexamined and found to be Gadus morhua
d

Boar's llead transect sampled through 15 Jun 77; Intake sampling commenced 6 Jul 77. Where sample
periods overlap, mean is of both transects, but placed under transect at which the majority of
larvae were collected.
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