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often occur in winter, when low light levels tend to limit phytoprlankton

growth (NAI, 1977a; 1978).

The zooplankton assemblage in the Hampton-Seabrook area is
composed principally of copepods; as holoplankters, these organisms
spend their entire life cycle in the plankton. Seasonal distribution of
copepods, which are mostly herbivores and omnivores, tends to follow
phytoplankton abundance peaks. Among the more abundant meroplankton,
which include floating developmental stages of the benthos and nekton,
are bivalve veliger larvae, Cancer spp. zoeae and barnacle nauplii.
Because meroplankton include the young of many economically important
shellfish including clams, mussels and decapod crustaceans, as well as
finfish eggs and larvae, it is given particular emphasis. Tychoplank-
ton, principally benthic/epibenthic invertebrates which have temporarily
migrated into the water column, are an important component in the diets
of demersal finfish. Abundant tychoplankters in the area include Neo-

mysis americana, Mysis mixta and Crangon septemspinosa.

Investigations of Homarus americanus (lobster) larvae distri-
butions in coastal waters north of Cape Cod have shown larvae to be rost
abundant during July and August (Wilder, 1953; Sherman and Lewis, 1967;
NAI, 19%74a; Mass. Div. Mar. Fish., unpubl. data, 1978). Lobster larvae
are most abundant in surface waters and during daylight hours (Temple-
man, 1937; Scarratt, 1973; Raytheon, 1977). Msteorological conditions
(wind direction and velocity) may also be important in affecting larval
distribution in neritic areas (Tampleman, 1937; Smith, 1939). HAI
(1974a) found that, during 1973, greatest numbers of larvae were col-
lected following a 2-3 day period of onshore winds; similarly, the
Massachusetts Division of Marine Fisheries (unpubl. data) found larvee
tc be more abundant in Cape Cod Bay when winds were either onshore or
alongshore. Squires (1970) collected an unusually large number of
larvae in Port au Port Bay, Newfoundland, following an ons' >Te northecast

gale.
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2.0 METHODS

Plankton samples were collected from January through December
1978 at the station locaticns shown in Figure 2.1-1; field and labora-
tory methods are presented in the following sections. Plankton programs
conduct«d crom July 1975 through the present study are summarized in

Figure 2.1-2.

2.1 FIELD COLLECTIONS

1.1 Pump Samples: Net Phvtoplankton and Microzooplankton

Collections were made twice monthly from March through Novem=
ber and monthly in January, February and December. On each date four
replicate submersible pump samples were collected durinc daylight hours
at the intake site (Station 2), 1 m below surface and 2 m above boctom
(Figure 2.1-1). Each pump discharged on deck into its own small, 0.076
mm mesh plankton net set into a specially designed stand that filled

with seawater to within 15 cm of the top of the net. Each net was

a)

itted with an 8-dram (33-ml) vial on its cod end. Pumping time was

recorded in order to calculate volume filtered based on predetermined
pumping rates. Volume filtered usually approximated 100 liters. Con-
tents were thoroughly rinsed from the nets after pumping and fixed in

borax-buffered 5% formalin.

Bil et Whole Water Sc 'ples: Phytoplankton, Chlorophyll a2, Nutrients
and Primary Productivity

Near-surface (1 m) and near-bottom (2 m above) water samples
were collected during daylight hours with either a submersible pump oz
water sampler at the intake site (Station 2); at the discharge site
(Station 5), only near-surface samples were collected. Collections were
made in conjunction with pump samples (Section 2.1.1); two additional

near-surface samples were obtained weekly at the intake site (phyto-
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through September and weekly through 18 October 1978. Collections were
made with a rectangular, 1 mm mesh net (dimensions: 1lm x 2m x Sm)
fitted vith a General Oceanics flowmeter: tow speeds of approximately

1 m/sec (2 kts) were maintained. Tow duration was 15 minutes from 9
June through 18 July, and was increased to 30 minutes from 21 July

through 18 October.

Neuston tows were made from the side of the boat in water
clear of the boat's wake; the bottom of the net mouth was 0.7 m below
surface. For mid-depth tows, the net was lowered vertically from the
side of the boat at rest, with the mouth opening facing up. Constant
depth (10 m) was maintained with the aid of a surface buoy, a depressor
(1 x 2m) and wire angle. At the end of the tow, a rope around the waist
of the net was cinched to prevent further material from entering.
Effective sampling area of the net was 1.0 m2 (neuston) and 2.0 m2 (mid-
depth) through July. This was reduced to 0.4 m2 and 1.0 mz, respect-
ively, from August through October as a consequence of reducing the wire
and mouth angle to 60° from the vertical. Sample volumes averaged 1420
m3 for neuston and 1941 m3 for mid-depth tows. Areas sampled by the
neuston averac d 1854 m2 for a 15-minute tow and 3708 m2 for a 30-minute

tow.

Upcn retrieval, the net was washed down from mouth to cod end
and the contents emptied into five-gallon buckets. All debris was
thoroughly rinsed before discarding. Larval Stages IV and older were

returned to the ocean after recording both total length and carapace

iength (mm). Larval Stages I chrough III were retained in the sample.

|
2.2 LABORATORY ANALYSES ‘
28 Net Phytoplankton and Microzooplankton

Net phytoplankton taxa from pump samples (2 field replicates
from each depth) were enumerated from two independent, one-ml subsamples

in a Sedgwick-Rafter counting cell. Each subsample was placed under a



compound microscope at 100X and three random passes across the width of
the Sedgwick-Rafter cell examined. Net phytoplankton cells were identi-
fied to species as far as practical, and abundances (cells/liter) were

computed.

Following net phytoplankton analysis, pump samples (four field
replicates from each depth) were analyzed for microzooplankton. The
sample volume was concentrated or diluted to a known volume, based upon
the relative settled volume of the plankton and detritus, which provided
an optimal working number of organisms (ca. 200 per one-ml subsample).
The sample was agitated with a calibrated bulb pipette in an attempt to
homogeneously distribute the contents. A one-ml subsample was quickly
removed, place = 1 a Sedgwick-Rafter cell and examined under a compound
nicroscope. Zooplankton taxa were identified using magnifications of
40X to 200X. Subsampling and enumeration continued until 300 to 400

. . 3 :
organisms had been counted, and abundances (no./m”) were computed.

2.2.2 whole Water Phytoplankton

Each whole water sample was reduced to 33 ml by decanting the
supernatent. liquid (seawater and Lugols) after the plankton settled.
The sample was placed in an 8-dram vial and mixed by inverting 30 times.
Two 0.l-ml subsamples were withdrawn and each placed in a Palmer-Maloney
counting cell. Each subsample was examined under a compound microscope
at 200x, and the entire contents counted and identified to the lowest

practical taxon. Abundances (cells/liter) were computed.

£.2.3 Chlorophyll 2 and Nutrients

Chlorophyll a2 water samples were divided into four 900-ml sub-

samples and filtered through a glass fiber filter. Near the end of

filtration, 2 ml of saturated MgCO, solution was added to retard sample




:

degradation. Glass fiber filters were frozen pending laboratory extrac-
tion of pigment. Extraction of plant pigment consisted of macerating
the filter in 90% agueous acetone and centrifuging. Following extrac-
tion, fluorescence was determined before and after acidification (with
5% HCl) using a Turner fluorometer which had been calibrated spectro-
photometrically (US EPA, 1973; Strickland and Parsons, 1972). Chloro-

phyll a and phaeophytin concentrations (mq/m3) were computed.

Water samples were also analyzed for the following series of
plant nutrients utilizing a Techni.on Autoanalyzer system and EFA
Methods (US EPA, 1973; 1974):

NUTRIENT

total phosphorus persulfate digestion in block digester
followed by automated colorimatric
ascorbic acid reduction

orthophosphate automated colorimetric ascorbic acid
reduction

nitrite automated cadmium reduction, without
cadmium column in place

nitrate av "omated cadmium reduction

ammonia automated idophenol blue

Concentrations were expressed as ug/l.

2.2.4 Primary Productivity

Samples were inoculated with five microcuries of 14C as sodium
bicarbonate as soon as they arrived at the laboratory and incubated for
four hours at ambient seawater temperature in a flow-through box with
1000-1100 lux fluorescent illumination. Samples were then fixed with
2 ml of 40% formalin, filtered through a 25 mm Millipore membrane filter
(C.45 um pore size) at about 15 psi, dried on a planchet in a desiccator
and counted using a Nuclear Chicago Model 186 gas flow scintillometer.
Primary productivity was calculated as mg C;ml/hr (Strickland and Par-
sons, 1972). Assimilation efficiency was computed as mg C/ma/hr divided

3
by mg chl a/m™.
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Macrozooplankton

-

Each sample to be analyzed™ was split, using a Folsom Plankton
Splitter, into fractions which provided counts of at least 30 individ-
uals of the selected species (see below); generally, no more than 1/4 of
the criginal sample was analyzed. Zooplankton taxa were enumerated by
species, and general life stage when practical, using a dissecting
microscope at magnifications between 6x and 150x. Selected taxa
(Crangon septemspinosa, Cancer spp., Neomysis americana and Euphau-
siacea) were identified to detailed developmental stage. Neomysis
americana only were identified as immature, male, female (ovigerous or
larvigerous); carapace length was measured to the nearest 0.1 mm and
brood pouch contents, if intact, were counted. If copepod taxa were
considered rare, they were sorted and counted (at least 30 of each
indicator species) from an appropriate split; if abundant, up to 3 one-
or two-ml aliguots were removed with a Stempel pipette from the recom-
bined sample of known volume. Abundances (individuals/1000 m3) were

computed.

2.2:8 Homarus americanus Larvae

Stage IV lobster larvae were sorted from the samples in the
field; total length and carapace length were measured (+ 0.1 mm) and the
larvae were released. 1In the laboratory, samples were completely sorted
for lobster larvae either by scanning the contents of the sample in a
white enamel pan or by examination under a stereoscopic dissecting
microscope at a magnificati n of 40X. All lobster larvae were staged
and any living Stage IV larvae missed during the field sorting were

measured and released.

[ V]

Three of the four field replicates from each station were randomly
selected for analysis fall four were previously sorted and
analyzed for ichthyoplankton, see Finfish Report (NAI, 1980)].
March 29, April 26, May 24, June 22, July 26, August 23 and
December 26 were selected as “"contingency" dates and only samples
from the intake site were analyzed.



An areal estimate of weekly production of lubster larvae was

calculated after Scarratt (1964):

"

Production = — x

~ -

Equation (1)

where:
2
= total week's catch (no./1000 m™)

0O
I

= number of tows/week (2)

(L N 2
I

= number of days (7)

e
[l

time between molts at a given mean weekly temperature
(from Templeman., 1936)

guation 1 recognizes that stage duration increases with succeeding stages
and is dependent upon temperature (Templeman, 1936). Areal estimates

were calculated to permit comparison with Scarratt's (1964; 1973) data.

| Survivorship between stages was calculated as:

' Production,
| (stage x)

Production,
(stage x+1)

x 100 Equation (2)

Percent composition by stage of lobster larvae in the Hampton-
Seabrook area was compared with data from other areas by calculating
percent similarity and presenting the results as a dendrogram using

group average clusterirg (Boesch, 1977).
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in surface waters than in near-bottom waters. Higher surface densities

of net phytoplankton were attributed largely to Chaetoceros species.

During the ten sample perinds in which samples from both

7]

tations 2 and 5 were analyzed, surface phytoplankton densities were
approximately two to five times higher at Station 2 on four dates but
higher (on the same order) at Staticn 5 on one date; on the remaining
dates densities were usually slightly higher at Station 5 (Table 3.1-2).
Station differences during the two spring peaks can be attributed to the
distribution of Phaeocystis poucheti, which was more abundant at Station
5 on April 12 (the first spring peak) and absent from Station 5 on May

24 (the second spring peak) (Appendix 6.3).

3.1.1.3 Indicator Species

Skeletonema costatum exhibited a spring bloom (March/early
April), an early summer bloom (June) and a major fall bloom (October
through early November) (Figure 3.1-1). 1In whole water samples, spring
and early summer bloom densities were 104 to 105 cells/liter whereas
densities during the fall bloom exceeded 106 cells/liter. Densities of

S. costatum in surface and near-bottom waters were generally comparable.

Chaetocercs debilis was primarily a spring-blooming diatom
with a minor pulse in November (Figure 3.1-2). The spring density
pattern was bimodal with the second and largest density peak occurring
in late May, just prior to the second spring density peak of S. costatum.
Densities during the first spring peak generally ranged between 103 and
104 cells/liter, whereas densities approached 106 cells/liter during the
second spring peak, Chaetoceros debilis was consistently more dense in

surface waters.

Ceratium longipes was collected in relatively low numbers
throughout much of the year; highest and most consistent density esti-

mates occurred in both whole water and net collections from July through
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The whole water phytoplankton method, initiated in July 1977,
collected larger numbers of smaller-celled species not effectively
sampled by the 0.076 mm mesh net and gave a better estimate of total
phytoplankton including Chaetoceros species. The dominant whole water
phytoplankter, Skele*onema custatum, represented only l1.4% of the mean
1978 annual net phytcplankton cell count; net density estimates were
rearly five orders of magnitude less than whole water estimates. Other
dominant whole water species, such as Rhizosolenia delicatula (2nd-
ranked) , Nitzschia delicatissima (3rd-ranked) and Thalassionema nitz-
schioides (4th ranked), comprised far less than 1% of the mean annual
cell count in pumped net samples, and the fifth-ranked whole water
species, Phaeocystis poucheti, was undetected in net samples. The most
dense bloom during 1978 (i.e., October/November), dominated by S. cos-
tatum, R. delicatula, T. nitzschioides, and N. delicatissima, was only

partially detected by net samples.

3.1.2.2 Seasonal and Spatial Discribution: Total Phytoplankton

Seasonal p;tterns of total (whcle water) phytoplankton densi-
ties and chlorophyll a have corresponded closely and have indicated
annual cycles of spring and fall maxima (Figure 3.1-4). Major phyto-
plankton blooms were recorded during fall 1977 and 1978 and a secondary
bimodal bloom during spring 1978. Dominant species during the 1978
spring bloom were Skeletonema costatum, Chaetoceros debilis and Phae ~
cystis poucheti. The largest chlorophyll a peak during spring ceourrad
in late March, when Skeletonema costatum was dominant; highest primary

production rates were also noted at this time.

During fall 1977, a succession of phytoplankton taxa was
evident: Peridinium trochoideum dominated during September, followed by
Skeletonema costatum for a brief period in early October, and by a major
bloom of Olisthodiscus luteus through mid-November (NAI, 197%a). During
fall 1978, Skeletonema costatum dominated from early October through

early November and was succeeded by Rhizosolenia delicatula during the
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TABLE 3.1-3. SEASONAL ABUNDANCE (Cells/Titer) OF PHYTOPLANKTON INDICATOR SPECIES FROM PUMPED NET
(JULY 1975-DECEMBER 1978) AND WHCLE WATER (JULY 1977-DECEMBER 1978) COLLECTIONS AT

STATION 2 IN THE VICINITY OF THE PROPOSED INTAKE SITE. SEABROOK ECOLOGICAL STUDIES, 1978.

A, NET PHYTOPLANKTON

R— — —_— - — — _— — —_— - —_—— —_—
CHAETOCEROS DEBILIS
JAN FEB MAR APR MAY JUN Ju ALG SEP oct NOV DEC
- e
1975 0 () 1 1 4 )
197% ) S 36, 700 N, 00 169,000 8 o 0 14 o 7 9
i 0 ) L 22 <1 10 0-0 0-0 -0 0-0 0-0 Q9
1978 2 L ) 169- 548 4,.89% -0 0-87,700 B-254 0-0 o9 0-0 42 0-22 o
SKELETONEMA COUSTATIN
197% o 18 1,620 s 1i4 i
197 0 & o <! 23 13% 0 2 “a 161 i) 1,154
1977 i 1 2 0 0 o 0-0 0-0 25~ 3% 152 50 0
1978 0 4 $3-109 0-0 0-0 1-5% 2-0 0-0 07 H6-421 S16-47 0
CEVATTUN LONGIPES
1275 e 32 3 ' “1 ’
9% 2 ] 2 0 2 9 I8 4 ¥) 1 1 i
197 <1 0 <1 | i3 6 I50-16% 14-1 428 892 18-40 i
1978 2 2 0-0 0-7 0-0 -0 22-3%9 1910 -5 11-2 1-0 0
. -
-
B. WHOLE WATER PHYTOPLANKTON
r CHAETOCEROS DERILIL
JAN FEB AN APR MAY JUN Jut AUG SEp ocr NOV OEC
" = o -
1977 0-0 0-0 -0 O-0 O-v o
1978 0 0 4,800 7,680 516-0 0-471,000 2060 0-0 0-0 0-0 0-0 0- 9 0
GKELETONEMA CUSTATUM
1977 s 125-5%3) 0-0 O-0 22,7T0-7170 220-0 1,980
1978 09 8, 460 47,700~ 0-2,420 Wi1-1,805 3,506 413-4,5% 773206 0-5,620 3,930,000-1,870,000 3,630
153,000 240, 000 2,260,000 134, 000
CERATIUM LONGIPES
]
1977 7,480-%4 165-0 0-5% 110-110 0~ O :
1978 0 0 0-0 0-0 0-0 0-0 103-464 206-52 52=52 o9 0-0 0 i
L . o e | N TSN - 4 Y - AL L -

Data represent mean densities (cells/]) across all replicates, surface and near-bottom,

Quring each sample period in cach msonth,

-
Sampling initiated July 1977
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3.1.2.4 Primary Productivity, Biomass and Plant Nutrients

The magnitude and timing of primary productivity and biomass
peaks have varied annually; however, the general seasonal cycle of
spring and fall maxima has been consistent (Figure 3.1-5). Productivity
and biomass cycles often showed poor correlation to net phyterlankton
cell densities. The better correlation between whole water densities
and productivity and biomass cycles observed in the July 1977 through
December 1978 data indicates that peaks in productivity and biomass are
often closely related to blooms of the smaller-celled taxa collected in

whole water samples.

During this and previous studies, concentrations of phyto-
plankton nutrients have shown an annual cycle with lowest concentrations
in summer and highest concentrations in winter (Figure 3.1-6). Nitrates
have typically exhibited the greatest seasonal variation with winter
values as high as two orders of magnitude grester than summer values.
Although a complete multi-year data base is lacking, amnonia also
appears to undergo relatively lérge seasonal variations with highest
concentrations during fall and winter. Increasing ammonia concentrations
during fall may be, to some degree, the result of increased nitrogen
recycling (as ammonia) by zooplankton (Parsons and Takahashi, 1973),
which are generally most dense in coastal New Hampshire waters during
su-.'er and early fall (NAI, 1978; 1979a). In the case of other nitrogen
and phosphorus compounds, winter maxima appear largely related to

decreased utilization due to phytoplankton growth limitations by low

water temperatures and sub-optimal light conditions.
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ivity | L uptake) of phytoplankton in the

and discharge (Station 5) sites from 1975-197
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TABLE 3.2-2. PERCENT COMPOSITION OF MACROZNOPLANKTON™ IN
HAMPTON-SEABROOK COASTAL WATERS™, FROM
OBLIQUE TOWS, JANUARY THROUGH DECEMBER 1978.
SEABROOK ECOLOGICAL STUDIES, 1978.

I

INTAKE SITE*

——

i

DISCHARGE SITE SOUTH

TAXA STATION 2 STATION 5 STATION 6
Calanus finmarchicus copepodites 37.37 44.05 56.47
Centropages typicus females $3.7% 13.57 7.46
Centropages typicus males 8.23 9.29 4.77
Cancer spp. zoeae 7.69 i 1.52 1.34
Cirripedia nauplii 4.96 ; 0.85 0.62
Pseudocalanus spp. females ; 2.78 | 2.14 1.95
Sagitta elegans 2.76 1.66 £357
Eualus pusioclus larvae 1.78 1.68 1.20
Crangon septemspinosa larvae 1.70
Cirripedia cypris 1.63
Metridia lucens copepodites 1.48 P 0.99
Meganyctiphanes norvegica furcilia 1.48 0.99 6.69
Calanus finmarchicus females 1.39 3.12 1.59
Tortanus discaudatus females 1,37
Tortanus discaudatus males 1.29
Euphausiacea larvae 0.95 0.87
Oikopleura spp. 0.91 0.94 £33
Temora longicornis females 0.82 1.14 0.92
Limacina retroversa 0.78 !

Centropages hamatus females 0.75 2.63 0.55
Centropages spp. copepodites | 2.03 | 2.05
Centrorages hamatus males { 2.01 0.77
Phialidium spp. By

Obelia spp. 1.01 v 2.95
Calanus finmarchicus males | 0.93 ! 0.88
Evadne spp. j 0.72 '
Thysanocessa spp. furcilia ' i E 0.77

A

Zooplankton collected in

0.505mm mesh nets, towed

~ See Figure 2.1-1 for station locations

*

Includes seven sample dates when only

&)
i

he intake site was sampled
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The June 7 peak in surface microzooplankton abundance (Figure
3.2-1, Table 3.2-3) was comprised principally of undifferentiated cope=-
pod nauplii (7.5 x 104/m3), 50% of the microzooplankton collected on
this date. Bottom microzooplankton exhibited bimodal abundance maxima
on June 21 and July 26 (Figure 3.2-1, Table 3.2-3). The first of these
peaks (June 21) was comprised principally of bivalve umbone veligers
(2.5 x 104/m3, 33%) and Pseudocalanus/Calanus nauplii (2.3 x 104/m3.
31%). The largest contribution to the July 26 peak was from bivalve
umbone veligers (4.5 x 104/m3), which comprised 43% of the microzoo-
plankton. The number of taxa/life stages identified was greater in
bottom than in surface collections (67 vs. 54); 19 taxa/life stages were
unigue to bottom collections, whereas only six taxa/life stages were
unique to surface collections. Total annual abundance of microzoo-
rlankton was higher in surface waters than in near-bottom waters (Table
3.2-3).

- Macrozooplankton abundance reached 105/1000 m3 in April and
maintained this order of magnictude through July (Figure 3.2-1). On
April 12, the largest contributions to the macrozooplankton were from
Calanus finmarchicus copepodites (32%) and barnacle nauplii (36%);
Oikopleura spp. ranked third (16%) (Appendix 6.8). On April 26, srecies
composition was basically the same; however, the major contribution
shifted from barnacle nauplii to barnacle cyprids (47%). In early May,
barnacle developmental stages settled out of the plankton and C. fin-
marchicus copepodites comprised 77% of the macrozooplankton. Sagitta
elegans (23%) and Cancer spp. zoeae (14%) were dominant in late May. In
June, there was a greater number of taxa comprising 1% or more of the
macrozooplankton, including several of the seasonally occurring wero-
plankters (Cancer spp. zoeae, C. septemspinosa larvae, E. pus.olus
larvae and hydromedusae); Cancer spp. zoeae comprised the largest por=-
tion of the macrozooi lankton (16%) on June 22. (. finmarchicus cope-
podites dominated the macrozooplankton in July; abundance of Cancer SpPp.

Zoeae, a secondary dominant, continued to increase (Appendix 6.8).









NUMBER OF TAXA/LIFE STAGES

TYPE INTAKE DISCHARGE SOUTH
Holoplankton 66 58 54
Meroplankton 75 70 70
Tychoplankton 130 101 23
TOTAL 271 229 217

Tychoplankton are principally those invertebrates which have
undergone diel migrations into the water column from their daytime
benthic/epibenthic habitat. Species comprising the tychoplankton
differed among sampling sites. Mysis mixta juveniles comprised the
majority of the March tychoplankton peak at the discharge (90%) and
south (65%) sites (Figure 3.2-2). The March peak at the intake site was
composed principally of Neomysis americana adults (60%); M. mixta juve-
niles (30%) were of secondary importance. The minor resurgence of
tychoplankton in November/December was dominated b, N. americana juve~-
niles at all three sites, in addition to Pseudoleptocuma minor (Cumacea)
at the discharge site, and C. septemspinmsa post-larvae at the south

site (Figure 3.2-2).

3.2.1.3 Indicator Species

Indicator species were selected based on their relative eco-
logical and commercial importance and include taxa that are essential to
the maintenance and productivity of the indigenous communities in Hamp~
ton-Seabrook coastal waters (NAI, 1974b; NAI, 1977b; NAI, 197%a).
Neomysis americana was also selected as an indicator species because it
comprised a major portion of the tychoplankton in the study area; it is
widely distributed in North American coastal waters from New England
south to Florida and its biology has been well-studied. Seven zoo-
plankton indicator species were examined for seasonal and spatial dis-
tribution patterns: Pseudocalanus spp., Eurytemora herdmani, Oithona
spp.., Calanus finm?rchzcus, Neomysis americana, Crangon septemspinosa

and Cancer spp.

Seasonal distribution of Pseudocalanus spp. adults was highly

variable in surface waters at the intake site (Figure 3.2-3); greatest
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abundances occurred in April, on the order of 200 individuals/mz.
Pseudocalanus spp. females were generally more abundant than males,
which were generally associated with fluctuations in female abundances.
In near-bottom waters, Pseudocalanus spp. females and males were present
in similar abundances; both exhibited well-defined patterns of seasonal
occurrence, with highest densities (103 individuals/m3, collectively) in
late July (Figure 3.2-3B). Pseudocalanus spp. developmental stages were
present in both surface and near-bottom waters throuchout the sampling
year (Figure 3.2-3). A bimodal abundance peak of Pseudocalanus spp.
developmental stages occurred in April and May in surface waters and in
June and July in near-bottom waters (Figure 3.2-3). Developmental
stages were generally one to two orders of magnitude more abundant than

the adults on any given sample date.

Eurytemora herdmani exhibited a bimodal, June/July, abundance
peak in surface waters at the intake site (Figure 3.2-4). Densities
during the June peak ranged from 100 individuals/m3 (females) to 104 in-
dividuals/m3 (copepodites) and were an order of magnitude lower during
the July peak. Adults and copepodites followed similar patterns of
seasonal occurrence. Seasonal distribution in near-bottom waters was

variable; abundances were generally lower (Figure 3.2-4).

Oithona spp. adults and developmental stages exhibited similar
patterns of seasonal occurrence in surface waters at the intake site
(Figure 3.2-5). Adults were most abundant in June (103 individuals/m3
and developmental stages were most abundant in late August (104 indi-
viduals/m3, collectively). In near-bottom waters, adults and copepodites

exhibited irregqular patterns of seasonal distribution (Figure 3.2-5).

Calanus finmarchicus was collected in relatively high numbers
and demonstrated similar seasonal distribution at all three sampling
sites (intake, discharge and south) (Figure 3.2-6). Copepcodites were
present throughout the year at all three sampling sites, reaching maxi-
mum abundance in May and July/August (105 individuals/1000 m3). Adults
were absent from the plankton at the intake and discharge sites just
prior to the May peak in copepodite abundance; throughout the remainder

of the year copepodites and adults co-occurred. At the south site,
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dix 6.8). Both the first appearance and seascnal peak of Cancer sSpp .
megalopa coincided on July 13, approximately 45 days after the first
zoeal pulse. Cancer spp. zoeae reached maximum abundance and were the
principal component of the meroplankton on August 9; due to the enormous
abundance of C. finmarchicus, they comprised only 4% of total macro-
zooplarkton. Abundance of both zoeae end megalops decreased progres-

sively from September through December.

e M- Discussion, 1975-1978

3.2.2.1 Species Composition

Since 1275, microzooplankton at the intake site have been
composed principally of the developmental stages of copepods and bivalves
(Table 3.2-4). The five top-ranking taxa in all study years were
undifferentiated copepod nauplii, Oithona spp. copepodites, bivalve

veliger larvae, Pseudocalanus spp. copepodites and Cithona epp. nauplii.

Mesozooplankton (collected in 0.333 mm mesh nets) were sampled
from July 1975 through June 1977. Calanoid copepods comprised approx-
imately 80% of the mesozoonlankton at the intake site; Pseudocalanus
spp. females ranked first in both study years (Table 3.2-5). 1In July
1977 macrozocplarkton sampling (0.505 mm mesh net) replaced mesozoo-
plankton sampling. Species composition changed with the new collection
method to include larger calanoid copepods and several meroplanktonic
species (Table 3.2-5). Calanus finmarchicus copepodites ranked first,
comprising approximately 40% of the macrozooplankton. Other top-ranking
taxa were Centropages typicus, Cancer spp. zoeae and barnacle nauplii and

cyprids.

3.2.2.2 Temporal and Spatial Distribution

Temporal and spatial distribution of microzooplankton in 1978

was similar to that observed in 1977 (Figure 3.2-10). In both years,
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TABLE 3.2-5. PERCENT COMPOSITION OF MESOZOOPLANKTON AND MACROZ0O-
4 PLANKTON AT THE INTAKE SITE, FROM OBLIQUE TOWS, JULY
l 1975 THROUGH DECEMBER 1978 4. SEABROOK ECOLOGICAL
STUDIES, 1978.
| 23 :
| MACROZ00- . d '
l | PLANKTONC MESOZOOPLANKTON
|| 9an- [oue 1976 | uL 1975-
' ‘ TAXA TYPE™ | DEC 1978 | JUN 1977 | Jun 1976
l Pseudocalanus spp. females H 2.78 38.50 19.53
Evadne spp. , H | 3.01 12.54
Temora longicornis males H 2.90 10.28
I Calanus finmarchicus copepodites H . ¥ T 5.30 7.16
Temora longicornis females H | | 1.93 7.14
Centropages typicus females H 12.75 ey 6.90
' Acartia tonsa adults H 3 ' 5.50
| Larvacea H | 4.93
Pseudocalanus spp. males H , 10.08 4.17
Centropages typicus males . H | 8.23 4.93 | 3.44
l Podon sp. | H | - 3.95 | 3.36
Metridia lucens copepodites | H 1.48 5.76 3.01
Acartia longiremus adults H { , 2.22
' | Tortanus discaudatus males 4 | 1.29 | 0.84 2.13
| Eurytemora herdmani females H | | 2.76 1.7}
Sagitta elegans f H 2.76 | 1.61
| | Centropages hamatus females H | 1.06
§ | Jentropages hamatus males H f | 0.96
| Tortanus discaudatus females | ® | 1.37 | 0.86 | 0.91 |
Acartia hudsonica adults ! H | 4.09
| Eurytemora herdmani males | H | 2.3%
| i Cancer spp. stage I | M { 5.59
| Cirripedia naupéiie : } f 4.96
3 | Eualus pusiolus " | M, T ; 1.78 } ‘
' Cirripedia cypris | M 1,63 |
| Meganyctiphanes norvegica furcilia® | H ; 1.47 i J |
| Calanus finmarchicus females : H 1.39
EEuphausxa:ea calyptopis {7 H } 0.95 |

—
——

Excluding July through December 1977; to provide results from
comparable l2-month periods when the sampling program changed
from a split-year schedule (Jul-Jun) to a calendar year (Jan-Dec).

H=Holoplankton, M=Meroplankton, T=Tychoplankton

O

Zooplankton collected in 0.505 mm mesh nets, towed.

Zooplankton collected in 0.333 mm mesh nets, towed.

Not enumerated in mesozocplankton samples.
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microzooplankton showed peaks in June, following May phytoplankton
blooms (see Figure 3.1-4). The minor resurgence in microzooplankton
abundance (principally copepod nauplii) in November 1978 (following the
fall phytoplankton bloom) was also observed in 1977 (Figure 3.2-10). 1In
1976 the fall peak, predominantly copepod nauplii, was much larger than
the early summer peak; during September 1976 densities were an order of
magnitude higher than recorded in any other yvear. Total annual abun-
dance of microzooplankton was higher in surface waters than in near=-

bottom waters during all study years.

Although the seasonal distribution of macrozooplankton (col-
lected in 0.505 mm mesh nets) was similar to that of mesozooplankton
(collected in 0.333 mm mesh nets), total annual densities were con-
siderably lower (Figure 3.2-10). The decrease in overall densities and
the sharp decline in densities in the fall and winter months reflect the
shift in percent composition, due to collection methods, to include the
larger and generally less abundant holoplankton and meroplankton (Table
3.2-5). Total annual abundances, in both mesozooplankton and macro-
zooplankton collections, were slightly higher at the discharge site than
at the intake site. At che south site, sampled from July 1977 through
December 1978, total abundance was higher than at the intake or dis-
charge sites; in 1978, total abundance was an order of magnitude higher
than at the intake or discharge sites. The generally high variation
across sample periods for both microzooplankton and macrozooplarkton, in
part, reflects the marked seasonal pulsations of the component taxa as
well as the distribution of life stages within these taxa. Variation
between stations was generally less than that observed between sample
periods. Interstation variation was greatest on December 6 (Table 3.2-
3) when C. typicus was particularly abundant at the discharge and south

sites and less abundant at the intake site.

3.2.2.3 Indicator Species

Abundances of indicator species have been examined since July

1975; some species were added to the list of indicator species more re-



cently and were not enumerated in earlier years. Since 1975, collection
methods have changed and a taxon may have been collected concurrently by
more than one method. Therefore, abundance data are presented select-
ively from collection methods that sampled an individual taxon (or life

stage) most effectively.

In the Gulf of Maine, Pseudocalanus spp. is widely distributed
in both neritic and offshore waters; it is second in importance only to
Calanus finmarchicus (Fish, 1936a). A dominant microzooplankter, Pseudo-
calanus spp. occurs throughout the year in near-shore waters. With
rising temperatures in April and May there is a general tendency to
leave shallow areas and surface waters (Bigelow, 1926; Figure 3.2-3).
Pseudocalanus spp. adults and copepodites at the intake site have exhi-
bited similar seasonal distribution since 1975, with highest densities
in summer and lowest densities in winter (Table 3.2-6). Both adults and
copepodites have ranked among the top five in percent composition of

microzooplankton during all study years (Table 3.2-4).

Eurytemora herdmani, usually associated with near-shore
waters, can tolerate a wide salinity range (Katona, 1971). This species
was generally low in abundance if present at all at the intake site
prior to May; highest abundances occurred in June and July (Table 3.2-
7). Both adults and copepodites were most abundant in 1978. Eurytemora
herdman. comprised less than 3% of the microzooplankton, and consid-
erably less of the macrozooplankton, during all study years (Tables 3.2-
4 and 3.2-5).

Oithons spp. is a euryhaline taxon dependen® on neritic
recruitment (Jeffries, 1967). Oithona spp. was collected at the intake
site throughout all study years. Overall abundance was similar among
years with highest densities generally occurring in summer and early
fall (Table 3.2-8). Oithona spp. copepodites have ranked second or

third in percent composition of microzooplankton since 1975.
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TABLE 3.2-9. MEAN ABUNDANCE OF CALANUS FINMARCEICUS (NO./.000 m3) N
HAMPTON-SEABROOK COASTAL WATERS, 1975 THROUGH 1978.
SEABROOK ECOLOGICAL STUDIES, 1978.

From macrozooplankton samples, 0.505mm mesh net (oblique tows), July 1977-December 1978,
and mesozooplankton samples, 0.333mm mesh bongo net, July 1975-June 1977.

ADULTS

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP oCcT NOV DEC

= 225 483 3,031 2,775 9,711 122,778 0

2,216 373 831 o 11,730 784 1,174 18,470 8,173 1,4%0 o 111

- 967 630 0

19 474 3,655 516 22 338 3,780 432 2,662 2,901 165 132 464

1976° | 107 0 381 0 134 0 634 425 0 0 0 0

' 197s% 2,345 113 228 0 0 0

COPEPODITES

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC

. - 26 106,002 406,469 45,168 403,584 1,665,805 1,674
» 3,993 179 1,420 67,500 16,954 23,119 180,506 191,014 19,290 9,146 2,260 483

P 23,639 124,721 1,445

A 3,220 2,454 24,905 14,234 472,974 125,98 80,962 137,098 189,288 34,832 4,180 2,829

1976° | 818 172 2,536 17,636 11,252 124,978 174,307 598,587 14,608 305 11,992 4,120

19752 282,813 48,672 101,034 10,102 8,823 2,220

a g K :
Intake site (Sta. 2), discharge site (Sta. 5) ané south (Sta. 6) combined; includes
seven datee when only the intake site was sampled.

Tanuary-June includes intake and discharge; July-December includes intale,
iischarge, and south
e, » . .
' Includes intake and discharge.
Collections for mesozooplankton were made routinely beginning in July 1975;

includes intake and discharage.

st

T™wo collecticon dates/month:

2nd
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ANCE (MO./1000m3)® OF STAGE
LIQUE MACROZOOPL ANKTON TOWS, JUNE-OCTOBER.
00K ECOLOGICAL STUDIES, 197

[ LOEC"P LARVAE

IJUD()

DATE STATION 2 STATION 5 STATION 6

11 R a 8
JUn o J J
. ~ - - 12 AT
ol “~ s NA NA
<1 3 - >
Jul 13 2.3 0 4.6
Jul 26 0 NA NA
Ay Q - 1 -
AUG b U ie
o a »
Aug 23 3.9 NA NA
Sep 6 0 0 0
| et 9 0 0
'l ;
2 = Maoarn ~nf 2 nlira+r
= Mean Ol J replilcates.
TR

NA = Samples not analyzed.



AN ABUNDAMNCE
DEPTH.

'”O./
SEABROOK

LARVAE,
S, 1978,

BY STAGE

Neuston

X OVER
ALL

DATES®

X

OVER

PERIOD LARVAE WERE PRESENT
0CT 3)

(JuL 7 -

Total Larvae 4.5 5.4
Stage I “d 0.4
Stage II 0.0 0.0
Stage III <0.1 <D.1
stage I 4.2 2.0
Mid-Depth
Total Larvae 0.2 ded
Stage I Dad 0.1
Stage II 0.0 0.0
Stage III sl 0.1
tage 1 k ¢ | D d
i
No mid-depth sample on June 28, 1978.
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Stage IV larvae from the Hampton-Seabrook area were generally

larger than those collected from Canadian and southern New England

waters (Table 3.3-5). Templeman (1948} noted that larvae collected in

the warmer waters of the Northumberland Strait were smaller than larvae
collected from cooler waters; however, he did not provide temperature
data. Templeman also suggested that cooler water temperatures may
permit greater growth between molts than warmer temperatures. Wilder
(1953) compared larval and juvenile growth in the cooler Bay of Fundy
with that in the southern Culf of St. Lawrence and made observations
similar to Templeman's. It may be then, that lobster larvae from rela-
tively cool waters of coastal New Hampshire grow considerably larger
between molts than their counterparts in southern New England and in

some Canadian waters.

Comparisons of meteorological data and presence of stage IV
larvae suggest that wind direction may be a factor affecting larval
distribution. Scarratt (1968) has suggested that both wind direction
and displacement by wind driven currents are factors affecting larval
distribution. However, relationship between larval occurrence and
metecrological conditions in the Hampton-Seabrook area require further

corroborative evidence.

The evidence to date, then, suggests that local recruitment of
lobster larvae is relatively unimportant. Presence of later-stage larvae
may be influenced by onshore winds, suggesting an offshore source of
larvae. Another factor affecting distribution is the presence of float-
ing algae and detritus, which offer a refuge and perhaps an abundant

food source from algal-associated organisms.

Further circumstantial evidence that local recruitment is un-
important is based on the low percentages of ovigerous females in the
Hampton-Seabrook area relative to other areas. Normandeau Associates,
Inc. (1974a) found that an average of 0.75% and 1.51% of the females in
the Hampton-Seabrook area were ovigerous during 1972 and 1973, respect-

ively, and less than 5% were ovigerous in the nearby Piscataqua River




TABLE 3.3-5. COMPARISON OF CARAPACE AND TOTAL LENGTH OF STAGE 1V
LOBSTER LARVAE FROM THE HAMPTON-SEABROOK AREA IN
1978 WITH LARVAE FROM OTHER AREAS.
SEABROOK ECOLOGICAL STUDIES, 1978.
T T
| CARAPACE LENGTH (mm) TOTAL LENGTH (mm) |
Hampton-Seabrook, 1978 8.16 (6.0 - 9.7) 16.84 (13.7 - 22.0)

Woods Hole (Herrick, 1896) -

Southern New England - Inshore 7 .66
(Rogers et al, 1968)

Southern New England - Offshore | 8.00
(Rogers et al, 1968)

New Brunswick,
(Templeman,

Nova Scotia (3.15 - 8.51)

1948a) ‘

12.6 (11 - 14)

15.64

b
w
.
w
.

Mean

- Data not available.

(Range)
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top-ranking microzooplankton taxa in all study years were undifferer -~
tiated copepod nauplii, Oithona spp. copepodites, bivalve veliger lar-
vae, Pseudocalanus spp. copepodites and Oit'iona spp. nauplii. Meso-
zooplankton samples (0.333 mm mesh net), collected from July 1975
through June 1977, were comprised almost exclusively of calanoid cope-
pods. Ma 'Jzooplanktor. sampling (0.505 mm mesh net) replaced meso-
zooplankton sampling in July 1977; species composition changed with the
new ccllection method to include larger calanoid copepods and several
meroplanktonic species. Calanus finmarchicus comprised the major por-
tion of the macrozooplankton; other top-ranking macrozooplankton included
Centropages spp., Cancer spp. zoeae, barnacle nauplii and cyprids,
Pseudocalanus spp. females, Sagitta elegans, and developmental stayes of

Eualus pusiolus, Crangon septemspinosa and Meganyctiphanes norvegica.

The temporal distribution of microzooplankton was most similar
in 1977 and 1978; June and VNevember peaks directly followed phytoplank-
ton blooms. Microzooplankton abundance and species composition differed
in surface and bottom collections. Total annual abundance of microzoo-
plankton was higher in surface waters than in near-bottom waters during
all study years. The number of taxa/life stages identified was greater

in bottom than in surface collections.

Although the seasonal distribution of macrozooplankton was
similar to mesozooplankton, totil annual densities were considerably
lower. The decrease in overall densities and the sharp decliae in
densities in the fall anc winter months reflect the shift in percent
composition, due to collection methods, to include the larger and
generally less abundant holoplankton and meroplankton. Macrozooplankton
abundance ir-"reased sharply in April and remained high through .1ly.
Species contributing to total macrozooplankton abundance varied season-
ally and spatially. Total annual abundances, in both mesozooplankton
and macrozooplankton collections, were slightly higher at the discharye
site than at the intake site. At the sor 1 site, sampled from July 1977

through December 1978, total abundance was higher than at the intake or
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