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TABLE 3.1-1. TOTAL NET PHYTOPLANKTON ABUNDANCE (CELLS/LITER) MEANS OF FOUR REPLICATES,
EACH STATION AND DEPTH. SEABROOK ENVIRONMENTAL STUDIES, 1976 - 1977.

Station 1: Surface 80 1750 5940 492 178 1560 48 266 470 i 211 120
Bottom 134 1180 6060 335 249 1500 36 136 454 836 114 76
Station 2: Surface 76 843 5560 357 264 1710 52 34 340 471 74 172
Bottom 131 922 3050 128 61 1085 37 67 208 161 2 223
Station 5: Surface 162 2770 7260 508 234 923 34 38 536 2050 95 177
Bottom 89 1240 836 505 71 1498 69 36 327 99 12 50

Percentage Representa-
tion of Annual Total
Count 1.1 14:.7 48,5 4.1 1.8 14.8 0.5 1.0 3.9 7.4 0.9 1.4

Bottom = 15 m below the surface

11






TABLE 3.1-2. ABUNDANCE, RANK, ANNUAL PERCENTAGE COMPOSITION AND FREQUENCY OF OCCURRENCE OF NET PHYTO-
PLANKTERS COLLECTED IN THE VICINITY OF HAMPTON, NEW HAMPSHIRE, JULY 1976 THROUGH JUNE
1977. SEABROOK ENVIRONMENTAL STUDIES, 1976 - 1977.

% COLLECTION DATES WHEN

TAXON RANK COMPOSITION ORGANISM WAS PRESENT
Chaetoceros spp. (see section 3.1.2) 1 26.0 all, except 7 July and 8 February
Ceratium tripos 2 16.8 all 12
Skeletonema costatum 3 10.8 except 13 April through 9 June
Chaetoceros affinis 4 9.7 7 July, 9 Sept. through 6 Dec., 17 “nril
Chaetoceros debilis 5 6.8 all, except 8 February
Coscinodiscus spp. 6 4.3 all 12
Nitzschia seriata 7 3.3 3 August through 6 December
Rhizosolenia alata 8 2.9 except 3 January through 21 March
Chaetoceros decipiens 9 2.8 all, except 3 January and 8 February
Ceratium longipes 10 ) all, except 8 February
Chaetoceros didymus 11 1.4 7 July, 9 Sept. through 6 Dec., 21 March
Fragilaria spp. 12 3.} all, except 9 September
Guinardia flaccida 13 1.0 3 August throua® 7 October, 6 December
Thalassiosira rotula 14 0.8 13 March and 21 April, only
Chaetoceros brevis 15 Q.7 except 3 Aug., 7 Oct., 8 Feb. and 9 Jun
Chaetoceros teres 16 0.6 9 September through 6 December, only
Chaetoceros laciniosus 17 0.6 7 dates, but mostly fall and winter
Detonula confervacea 18 0.5 21 March and 4 May, only
Other Pennales 19 0.5 all, except 3 August
Cerataulina pelagica 20 0.5 4 dates, but mostly 9 Sept. and 21 March
Rhizosolenia delicatula 21 0.5 5 dates, but mostly in fall and 21 March
Ceratium bucephalum 22 0.5 7 July through 6 December
Nitzschia delicatissima 23 0.4 9 sSeptember and 7 October
Peridinium depressum 24 0.4 all, except 6 December and 8 February
Thalassiosira nordenskioldii 25 0.4 3 dates, but wmostly 21 March and 13 April
Chaetoceros lorenzianus 26 0.4 6 dates, but mostly 9 September
Biddulphia aurita 27 0.4 all 12
Rhizosolenia spp. (other than above) 28 0.4 7 July through 6 December

(Continued)
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Figure 3.1-6. Chlorophyll a2 concentration .means and standard deviations)

at Stations 1, 2 and 5. Seabrook Environmental Studies,
1976 - 1977.



TABLE 3.1-4, PRIMARY PRODUCTIVITY, RATIO OF PRODUCTIVITY TO BIOMASS AND CARBON SPECIFIC PHYTOPLANKTON
GROWTH RATES AT STATION 5. SEABROOK ENVIRONMENTAL STUDIES, 1976 - 1977.

PRIMARY
PRODUCTIVITY RATIO OF
(ngC/m ¥/ hr) BIOMASS : PRODUCTIVITY | CARBON SPECIFIC
TEHPERATURE SABINITY REPLICATE REPLICATE|CHLOROPHYLL a TO BIOMASS GROWTH RATEa
DATE (°c) ("/00) | 2 (mg/m 3) (C/CHL/HR) | (DOUBLINGS/DAY®)
8 Jul 76 15.9 31.0-31.5| 0.46 0.59 —
5 Aug 76 16.1 31.1-31.6] 2.26 1.78 N—
7 Sep 76 10.6 50.8-32.2] 3.65 4.65 2.1+0.5 1.98 1.4
5 Oct 76 12.9 32.5-32.8| 2.20 2.80 2.5+ .1 1.00 0.8
8 Nov 76 9.0 32.7-33.2| 2.31 1.98 1.5+ .3 1.43 1.1
6 Dec 76 6.2 31.6-31.9| 0.66 0.82 0.8+ .2 0.92 0.8
4 Jar 77 3.0 33.5-33.7| 0.58 0.57 0.4+ .1 1.44 Wy
7 Feb 77 0.5 34.0-34.4| 0.50 -— 0.2+ .02 2.50 1.6
21 Mar 77 1.9 32.2-32.4| 2.29 2.27 2.5¢ 1.0 0.91 0.8
14 Apr 77 4.4 30.7 4.11 3.80 1.9+ .05 2.08 1.4
4 May 77 9.2 29.9-30.9| 2.36 2.59 0.5¢ .2 4.95 2.3
9 Jun 77 9.2 30.7-31.6| 5.68 5.47 1.4t .2 3.98 2.1

. Calculated using the expression 3.32 loq1 (30 + C:Chl)/30; 30:1 is assumed to be the ratio of carbon
to chlorophyll a in a normal phytoplangton cell (Maione, 1977).

b Chlorophyll a samples not collected concurrently with primary productivity (See Appendix Table 7.1-2)

€T
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TABLE 3.1-5. PLANT NUTRIENT CONCENTRATIONS BY STATION AND SAMPLING DATE.
SEABROOK ENVIRONMENTAL STUDIES, 1976-1977.
. TOTAL
= ORTHOPHOSPHATE | PHOSPHORUS NITRATE NITRITE| AMMONIA
= PO,-P TOTAL P NO 2-N NO, =N NH ;=N
& (wa/1) (19/1) (wa/1) | (g/1) | (ug/1)
July
7 1 30 66 5 2 39
2 12 27 <1 1 NA
3 € 20 <1 1 NA
4 7 21 <1 <1 NA
5 10 25 <1 1 NA
August
3 1 a 24 <1 ) | <10
2 2 e <1 1 <10
5 2 21 <1 1 <10
September
- 1 13 35 5 2 239
2 9 33 <1 1 NA
5 10 35 <1 3 16
October
1 1 11 43 10 -3 14
2 9 51 5 4 16
5 7 51 2 3 10
November
9 1 28 - ¥ | 108 2 NA
2 17 40 66 2 NA
5 22 40 92 3 NA
December
) 1 2 34 55 6 NA
2 12 35 62 4 NA
5 8 32 34 3 NA
January
3 1 20 29 8 <l NA
2 23 42 S <l NA
5 38 53 6 <1 NA

(Continued)



TABLE 3.1-5.- (Continued)
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= TOTAL
= ORTHOPHOSPHATE | PHOSPHORUS NITRATE | NITRITE | AMMONIA
= PO -P TOTAL P NO :-N NO2 -N NH 5 =N
& (ug/1) (ug/1) (ug/1) (ug/1) (ug/1)
February
8 | 21 44 21 16 NA
2 17 38 12 <1l NA
— 18 30 17 <l NA
March
21 1 15 20 11 3 NA
2 12 19 8 2 NA
5 19 24 12 4 NA
April
13 1 14 20 8 3 NA
2 18 21 8 3 NA
5 18 26 10 4 NA
May
4 1 13 16 : <1l NA
2 15 16 2 <1 NA
5 10 16 1 <]l N
June
9 | 12 11 13 ; NA
2 7 10 8 1 NA
5 8 13 6 - NA

NA = Water sample not analyzed for ammonia
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tion values exceeded 15 ug/l only during late fall and winter (November
through February) with peak values recorded for 9 November 1976. During
the summer months, values were usually below detectable limits. Nitrite
concentrations exceeded 5 ug/l only at Station 1, on 6 December 1976 and
8 February 1977. Analyses for ammonia were not routinely carried out
until July 1977.

Lowest total phosphorus concentrations were recorded for 9
June 1977, coinciding with highest primary productivity levels observed
(see Section 3.2.6). The highest total phosphorus levels (66 ug/l) were
recorded for Station 1, on 7 July 1976. In general, however, total
phosphorus concentrations tended to be higher by a factor of 2 or 3
during the fall and winter months than during the summer or spring
months. Ortnophosphate (the most rapidly assimilable form of phos-
phorus) followed a similar seasonal pattern although differences between
warmer and colder months were not as pronounced as in the case of total
phosphorus. With one exception, orthophosphate values were 15 ug/l or
less from 7 July through 7 October 1976 and on 4 May and 9 June 1977.
The one exception was an orthophosphate concentration value of 30 ug/l
recorded for Station 1 on 7 July 1976. Often, concentrations of most of
the nutrients investigated were higher at Station 1 than at either
Station 2 or Station 5 (Table 3.1-5), suggesting contributions from anthro-

pogenic sources (e.g., sewage effluent, septic tank leachate, etc.).

3.2 ZOOPLANK™ "N
Sl Species Composition

Approximately 73 zooplankton taxa were designated and enumer-
ated during the 12 month study period from July 1976 through June 1977.
| The 27 most prominent taxa are shown in Table 3.2-1. All taxa are
| listed systematically in Appendix Table 7.1-3. Overall, the numerically
most important taxa included: copepod nauplii, Oithona spp., Pseudo-

calanus spp., bivalve veligers, Eurytemora spp. and Centropages Spp.




TABLE 3.2-1. ABUNDANCE, RANK, ANNUAL PERCENTAGE COMPOSITION AND FREQUENCY OF OCCURRENCE OF ZOOPLANKTERS
COLLECTED IN THE VICINITY OF HAMPTON, NEW HAMPSHIRE, JULY 1976 THROUGH JUNE 1977.
SEABROOK ENVIRONMENTAL STUDIES, 1976 - 1977.

% COLLECTION DATES WHEN

TAXON RANK COMPOSITION ORGANISM WAS PRESENT
Copepod nauplii (predominantly Ca) 1 34.6 all 12
Oithona spp. (Cy) 2 29.8 all 12
Pseudocalanus spp. (Ca)* 3 10.8 all 12
Bivalve veligers 1 7.6 all 12
Eurytemora spp. (Ca) 5 1 all, except 3 Jan
Centropages spp. (Ca) 6 2.4 all, except 4 May
Gastropod veligers 7 1.9 all 12
Cirripedia (Barnacle) larvae 8 e except 6 Dec through 8 Feb
Microsetella norvegica (H) 9 1.4 all 12
Acartia spp. (Ca) 10 | 9 | all 12
Polychaete nectochaete larvae 11 1.0 all 12
Temora longicornis (Ca) 12 0.7 all 12
Bryozoan cyphonautes larvae 13 0.7 7 July through 6 Dec
Calanus finmarchicus (Ca) 14 0.5 all 12
Harpacticoida 15 0.5 all 12
Polychaete eggs 16 0.4 6 (principally Spring and Fall)
Paracalanus parvus (Ca) 17 0.3 except 8 Feb through 9 Jun
Gastropod eggs 18 0.2 except 6 Dec and 3 Jan
Metridia spp. (Ca) 19 0.2 all 12
Evadne spp. (Cl) 20 0.2 except 9 Nov through 8 Feb
Podon spp. (C1) 21 0.2 except 6 Dec through 13 Apr
Echinoderm larvae 22 0.2 6 (principally Spring and Fall)
Nematodes 23 0.1 all 12
Tortanus discaudatus (Ca) 24 0.1 all 12
Rotifera 25 0.1 6 (principally irn Spring)
Paracalanus crassirostris (Ca) 26 0.1 9 Nov through 3 Jan
Brachyuran (Crab) larvae 27 0.1 except 9 Nov through 13 Apr

All others less than 0.1%
* includes individuals identified as P. minutus and Pseudocalanus “Type A"
Holoplankton Codes: Ca Calanoid copepod

Cl = Cladoceran
Cy = Cyclopoid copepod
H = Pelagic harpacticoid copepod

Lz
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Together these six taxonomic catngories comprised approximately 88% of
the total number of organisms enumerated. The Copepoda accounted for
approximately 85% of the total number of organisms.

3.2.2 Seasonal Distribution

3.2.2.1 General

Resul“s of the two ccllection methods (76 um pump samples and
333 um net tows) are presented in terms of mean total zooplankton den-
sity (per m3) py collection date in Figure 3.2-1 and Appendix Table 7.1~
4. Animals collected by pumping seawater into a 76 um mesh net far
outnumbered larger forms captured by the 333 um mesh bongoc net. énor-
mous numbers of horse mussel (Modiolus modioclus) straight-hinge veligers
(less than 48 hours old) were enumerated from the 7 October 1976 pump
samples. For reasons explained in more detail in the discussion (Sec~
tion 4.0), it was considered appropriate to regard the occurrence of
these early veligers as a chance ancmaly when considering overall pat-
terns of seasonal abundance of total zooplankton. Discounting the
straight-hinge M. modiolus, both microzooplankton and mesozcoplankton
collections exhibited peak densities on 9 June 1977 (44,100/m3 and
3660/m3, respectively). Second highest levels of abundance (30,40()/1::'3
for microzooplankton; 1280/m3 for mesozooplankton) were also recorded
for the same date (7 July 1976). The highest late summer/fall densities
occurred on 9 September 1976, for the microzooplankton (28,600/m3) and
on 9 Noverber 1976, for the mesozooplankton (1160/m3).

Of the three categories based on zooplankton life style,
noloplankters contributed by far the greatest porcentage to total num-
bers collected and tychoplankters the smallest percentage (Figure 3.2-
2). Mean abundances by life style category are shown for each collec-

tion date in Appendix Table 7.1-4b. Highest densities cf holoplankters

were recorded on 7 July, 3 August and 9 September 1976, and 9 June 1977,
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each collection exceeding a mean density of 20.000/m3. Highest den-
sities of meroplankters occurred on 7 July, 9 September and 7 October,
1276, each collection exceeding a mean density of 6000/m3. Tychoplank=-
ton mean densities exceeded 200/!3 in collections from 7 July 1976 and 4
May and 9 June 1977.

3.2.2.2 Holoplankton

#dost of the holoplankters listed in Table 3.2-1 were repre-
sented throughout the study period or were absent only during some of
the colder months. A few exceptions were Centropages spp., which were
absent in spring and Paracalanus parvus, which was not present in

collections after 8 February 1977.

Copepod nauplii were most abundant on 9 September 1976
(12,300/m3). and 9 Jrne 1977 (21,940/m3) (Appendix Table 7.1-4c).
Lowest densities were racorded for 3 January and 8 February 1977 (1980
and 1930/m3, respectively). These nauplii represent the earliest post
embryonic life stages of calanoid (Ca) copepod species listed in Table
3.2~1. Seasonal abundances of the next major developmental stage, the
copepodite stage, are represented in Figure 3.2-3 for the six principal
calanoid species present. Further detail regarding seasonal distribu-
tion characteristics can be seen in Figures 3.2-4 and 3.2-5 for cope-
podites and adult males and females of the two most abundant calanoid

species, Pseudocalanus minutus and Eurytemora herdmani.

With the exception of copepod nauplii, cyclopoid copepods of
Qithona spp. were the most abundant of all taxa. Although it was
possible to distinguish Oithona spp. from any other copepod genus at all
life stages, only adult females could be unequivocally identified as
belonging to one of two congeneric species, O. similis or 0. plumifera.
On the basis of the ratio observed among the adult females, 0. similis
was about 20 times as abundint in the collections as O. plumifera.

pistributional characteristics of Oithona spp. nauplii, copepodites,
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males and females are given in Figure 3.2-6. A similar pattern of
gradual decline in abundance, from summer 1976 to spring 1977, followed
by a relatively rapid increase by late spring, appeared to apply to all

four life stages.

3.2.2.3 Meroplankton

Invertebrate taxa at the suborder level or above which were
generally well-represented in the meroplankton are listed in Table 3.2~
2. Collecti'ely these eight groups comprised approximately 14% of the
total zooplankton collected (76% if the 7 October 1976 count of M.
modiolus straight-hinge larvae were included), and all but a fraction of
a percent of the meroplankton. Bivalve veligers, the most abundant
meroplankton component, exhibited densities in excess of 1500/m3 on 7
July, 9 September, 7 October and 9 November 1976. Overall, bivalve
larvae densities were much higher in the last half of 1976 than in the
first half of 1977 (Table 3.2-2). Gastropod embryonic and larval forms
exhibited a similar trend. The highest density of polychaete embryos
and larvae was recorded for 9 September 1976 (1310/m3); an apparent
secondary peak (668/m3) occurred on 4 May 1977. Cirripedes (i.e.,
barnacles) were most abundant in early spring, with the apparent peak
(2390/m3) occurring with the 4 May 1977 collection. Bryozoan larvae
were present only in the 1976 collections, with peak density values
recorded for 9 September and 7 October. Both decapod and echinoderm
larvae exhibited seasonal patterns of abundance, with the former agroup
appearing to favor the summer months, and the latter group exhibiting
bimodality centering on the September-October 1976, and April-May 1977
collections. Isopoda (epicaridean larvae) occurred sporadically in the

collections, with the apparent peak density recorded for 7 July 1976.
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TABLE 3.2-2. MEAN ABUNDANCE (PER M3) OF TIMPORTANT INVERTEBRATE TAXONOMIC GROUPS IN THE MEROPLANKTON,
BY COLLECTION DATE. SEABROOK ENVIRONMENTAL STUDIES, 1976 - 1977.

SROUPS
4 §
§ / & N
N $ & & g / & § / §
) oS S N N Q S S
gr A A Q- jp CT S Q
S P S & & G 3 S
COLLECTION DATE @ & <& < Q S & ~
7 July 1976 5,650 1,110 108 65 15 68 0 20
3 August 1976 328 957 129 16 4 89 0 1
9 September 1976 42680 1,270 1,310 32 796 16 119 1
7 October 1976 p 54020 374 287 4 637 1 115 6
556,000
9 November 1376 1,800 97 13 3 42 2 0 1
6 December 1976 165 38 16 4 9 0 2 1
3 January 1977 147 7 1 0 0 1 0 1
8 February 1977 128 8 4 0 0 1 0 3
21 March 1977 9 39 144 568 0 1 5 1
13 April 1977 139 103 157 100 0 0 40 0
4 May 1977 77 128 668 2,390 0 2 44 0
9 June 1977 354 458 223 40 0 73 n 3
Percentage repre- "
sentation of total
meroplankton, on
an annual basis 43.2: 21.9 13.1 14.4 3.0 1.2 1.2 1.5
94.9

" excluding straight hinge veligers of M. modiolus
including straight hinge veligers of M. modiolus
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L Ft- Spatial Distribution

Graphic representations of taxonomic mean density spatial
distributions (all collection dates combined) are shown in Figures 3.2-7
through 3.2-9. Several of the taxa listed appeared to exhibit a distri-
butional pattern consisting of an affinity for surface waters in the
open coastal area (Stations 2 and 5) and dispersal (i.e., no depth
affinity) within Hampton Harbor (Station 1). This distributional pat-
tern was best exemplified by bivalve veligers and barnacle larvae (Fig-
ure 3.2-8), and by Oithona spp. copepodites and nauplii (Figure 3.2-9).
Adult Oithona spp. appeared to be associated more strongly with surface
waters whatever the station location (Figure 3.2-9). Acartia hudsonica
(= A. clausi) and Eurytemora herdmani exhibited evidence of an affinity
for harbor waters; Pseudocalanus minutus, Calanus finmarchicus cope-
podites, Centropages typicus, Metridia spp. copepcdites, Podon spp.,
Temora longicornis and Tortanus discaudatus exhibited affinities for
open coastal waters (Figures 3.2-7 and 3.2-8). Figures 3.2-7 and 3.2-8
suggest that inshore/offshore distribution trends tended to be more

demonstrable for sexually mature than for sexually immature individuals.

Gastropod veligers and the pelagic harpacticoid, Microsetella
norvegica, appeared to be well dispersed throughout the study area
(i.e., no depth or station affinities indicated). Polychaete larvae
appeared to be concentrated in the surface waters of Hampton Harbor.
The only taxon exhibiting indication of bottom water affinities was

Temora longicornis copepodites (Figure 3.2-8).

3.2.4 Biomass

Results of mesozooplankton biomass measurements from obligue
bongc net tow collections are presented in Figure 3.2-10a, and Appendix
Table 7.1-5. Seasonal and spatial distribution trends appear similar to
trends exhibited by the numerical abundance data (Figure 3.2-10b) with a

few notable exceptions. These exceptions relate to the difficulty of
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Figure 3.2-7. Mean densities by station of 11 zooplunkters in bongo net
tows from the vicinity of Hampton Beach, New Hampshire.
Data represent sexually mature adults except where other-
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accounting for the moderately high biomass values shown for Stations 2
and 5 on 9 November, 1976, and 21 March 1977. Numerical abundances
(Figure 3.2-10b) recorded for those same dates were not of comparable
value, particularly on 21 March 1977. The most plausible explanation is
that, on those dates, the bongo nets captured substantial masses of
organisms not enumerated for the purposes of this particular study.
Cursory re-examination of the collections indicated that these organisms
were various life stages of myside (opposum shrimps), euphausiids

(krill) and, to a lesser extent, cumaceans.
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4.0 DISCUSSION
4.1 PHYTOPLANKTON
50 General

During the present study period (July 1976 through June 1977),
total net phytoplankton cell densities were usually found to be less
than 2000/liter, even during the spring (Table 3.1-1). Such values
appear remarkably low with respect to observations from previous studies
(NAI, 1973; 1974; 1975; 1977a) which recorded cell concentrations in
excess of los/liter éuring spring blooms. The implication is that the
1976-1977 period was one of relatively sparse phytoplankton density.
This supposition is supported by the historical record of chlorophyll a
measurements (Table 4.1-1) which shows that chlorophyll a concentration
values for collection dates from October 1976 through May 1977 esta-
blished new monthly low records. Over that same period of time, how-
ever, primary productivity (as measured by Carbon 14 uptake) was not
substantially lower than on comparable sampling dates one year earlier
(Table 4.1-2).

Historical records of nutrient availability (Table 4.1-3)
indicate much lower concentrations of nitrate in the early mcnths (Jan-
uary through April) of 1977 than in previous years. This might have
adversely affected the development of a "normal" spring bloom by making
it more difficult for larger (net collectible) species, with their low
surface-to-volume ratios, to assimilate nitrate at rates sufficient to
produce large populations. Such a relationship between phytoplankton
cell size and nutrient uptake has been reported by Parsons and Takahashi
(1973).

" Indicator Species

Species considered representative of the New Hampshire coastal

phytoplankton assemblage were not very abundant relative to densities




TABLE 4.1-1. MONTHLY CHLOROPHYLL a CONCENTRATION DATA (mg/mb) FROM VARIOUS PERIODS OF STUDY IN THE

VICINITY OF THE PROPOSED INTAKE SITE FOR SEABROOK STATION. SEABROOK ENVIRONMENTAL
STUDIES, 1976 - 1977.

YEAR | JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC
1977 | 0.3 2 1.8 1.1 0.0 1.4

1976 | 1.1 0.6 7.8 RS 3.9 0.9 -— 1.4 4.9 1.1 1.0 0.8
1975 | 0.5 3 10.6 2.3 4.9 - 1.2 1.2 2.0 3.5 1.8 3.3
1974 | 1.2 1.2 2.3-5.8 2,3-2.8 2.3 0.4 1:3 5.7 7.0 2.5 7.0 1.4
1973 | 0.4 - ——= —— === 0.8-1.3 0.7-2.2 1.0-2.8 0.6 4.5 1.4 1.3-2.5

TABLE 4.1-2. ]4C UPTAKE MEASUREMENTS (mgC/mS/hr) IN THE VICINITY OF THE PROPOSED DISCHARGE SITE.
SEABROOK ENVIRONMENTAL STUDIES, 1976 - 1977.

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

1977 0.5 0.5 2.3 4.0 2:5 5.6
1976 0.3 2.2 2.3 9.% 4.2 2.1 0:7
1975 4.5 0.7 1.4 9.8 0.7
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TABLE 4.1-3.

MONTHLY NUTRIENT DATA FROM VARIOUS PERIODS OF STUDY IN

THE VICINITY OF THE PROPOSED INTAKE SITE FOR SEABROOK

STATION.

a. ORTHOPHOSPHATE (ug P/1)

SEABROOK ENVIRONMENTAL STUDIES, 1976-1977.

YEAR | J F M A M J J A S 0 N D
1977 | 23 17 12 18 15 7

1976 7 7 2 13 9 8 12 2 9 9 17 12
1975 | 34 27 16 16 5 - 13 9 12 20 15 34
1974 | 29 30 20-29 7-14 7 4 9 5 20 12 21 31
1973 | 30 - - —— - 9-12 6-8 5-~9 12 17 15-28 24-34

b. TOTAL PHOSPHATE (ng P/1)

YEAR | J F M A M J J A S 0 N D
1977 | 4< 38 19 21 16 10

1976 | 33 40 10 =5 30 12 27 27 33 51 40 35
1975 | 49 36 23 24 17 - 21 17 22 27 22 40
1974 | 31 == 23=29 15-22 27 7 18 : 1 43 16 40 37
1973 | 32 --- - - -== 10-14 7-12 9-19 18 <5 25-32 33-36

¢. NITRATE (ug N/1)

YEAR | J £ ¥ A M J J A S 0 N D
1977 5 12 8 8 2 3

1976 | 85 20 -— 24 <1l <1l <1l <1 <1l 5 66 62
1975 |47 57 7 14 6 - 5 4 3 17 11 125
1374 | 44 56 25-39 10-17 1 8 10 17 8 Bl 23 45
1973 | 39 - - - - 4-6 2=-4 2 16 27 30 41-82

d. NITRITE (ug N/1)

YEAR | J £ M A v J J A S 0 N D
1977 | <1 <1 2 3 <l 1

1976 4 ) - 3 2 <l 1 1 ) ¥ 4 2 4
1975 3 2 2 3 1 - <1l <1 2 3 2 6
1974 2 1 1-2 0=-1 0 <l <] <l 3 1 5 3
1973 2 - - —— i <l <]l 2 20 3 3




recorded for previous years (Table 4.1-4). Maximum densities recorded

in 1977 for Chaetoceros debilis, historically most abundant in New
Hampshire coastal waters from March through May, were less than 1000
cells per liter, less than previously recorded peak.. Skeletonema
costatum was barely evident in samples collected after the December 1976
bloom. Population densities of Ceratium longipes, usually most abundant
from May through August, appeared least reduced compared to previous

records.

Monitoring the larger (net) plankton since 1972 has produced a
data set which is of primary use in describing long term changes regard-
ing taxa such as Chaetoceros and Ceratium which consistently have
larger cells. Because of the large sample volumes, the historical
presences of rarer species have also been monitored. With respect %o
short term fluctuations and population changes which affect the smaller-
celled organisms, however, the cell count data is of limited use.
General historical perspective on changes affecting the community as
a whole can be obtained from the chlorophyll a data which constitute

a measure of total phytoplankton biomass.

In July 1977 the phytoplankton program was augmented to include
whole water sampling and weekly sampling frequency; frequency of labora-
tory analysis has been made contingent on the occurrence of short-lived
"blooms". Results from these program additions should be of increased

benefit in assessment of power plant impact.

4.2 ZOOPLANKTON
4.2.1 General

Unlike net phytoplankton cell densities, total zooplankton
abundance did not appear to be substantially reduced from densities
recorded for the previous 12 month study period (NAI, 1977a). Dis-

regarding enumeration of Modiolus modiolus strai¢ht-hinge veligers on 7
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TABLE 4.2-6. MONTHLY DATA ON CALANUS FINMARCEICUS COPEPODITE NUMERICAL
DENSITY (INDIVIDUALS/m3) IN THE VICINITY OF THE PROPOSED
INTAKE SITE FOR SEABROOK STATION. SEABROOK ENVIRONMENTAL
STUDIES, 1976 - 1977,

YEAR 1JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV  DEC

1977 3 3 8 5 84 137

1976 1 <l 2 3 9 157 97 272 8 1 10 2
1975 0 0 0 44 157 - 194 44 48 16 5 3
1974 1 8 17 1416 72 0 2753 148 0 1 0 0
1973 | === sharm - ems 24340 650 850 1740 48 90 B 40

1972 8 3l 10 - 9 sma 0 ey 1
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5.0 SUMMARY

This report has presented results of plankton surveys under-
taken a: part of the second annual preoperational monitoring program for
Seabrook Station. Specifically investigated were seasonal cycles of
abundance and species composition of net phytoplankton, and macro- and
microzooplankton, collected monthly from three coastal New Hampshire
sampling stations, from July 1976 through June 1977. The study also in-
cluded monitoving of 14C uptake (primary productivity), chlorophyll a
concentration, and concentrations of the plani nutrients: orthophos-

phate, total phosphorus, nitrate, nitrite and ammonia.

A total of 107 phytoplankton taxa were identified from water
pumped through 76 um mesh nets. In general, total net phytoplankton
cell densities were found to be unusually low (seldom exceeding 2000
cells per liter) compared to previcus years. Chlorophyll a concentra-
tions were alsc found to be relatively low, exceeding 2 mg/m3 only during
a Chaetcceros spp. bloom which occurred in early September 1976.

Nitrate levels which in previous years have ranged from 20 to 85 ug/
liter during early winter ranged from 8 to 17 ug/liter in January and
February, 1977, raising the possibility that a scarcity of this nutrient
may have inhibited the full development of the spring bloom. Carbon 14
uptake ranged from 0.5 mg C/m3/hr in mid winter to 5.7 mg C/m3/hr

during blooms, and did not appear appreciably lower than rates reported

in previous years.

Approximately 73 zooplankton taxa were identifiea from pump
and bongo net collections. As in previous years, holoplankters were
chiefly represinted by copepods ¢f which the most important were 0Oithona
spp., Pseudocalanus spp., Eurytemora herdmani, Centropages spp. and
Microsetella norvegica. Bivalve and gastropod veligers and barnacle and
polychaete larvae were the most numerous reoresenta*ives of the mero-
plankton. On 7 October 1976, straight-hinge veligers of the horse
mussel, Modiolus modiolus, a principal habitat former on subtidal hard
substrates in the immediate vicinity of the plankton sampling stations,

was collected in densities averaging more than half a million per m3.
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Of seven planktonic species given special attention as "in-
dicator" organisms, two diatoms, Skeletomema costatum and Chaetoceros
debilis, exhibited evidence of population decline from the previous
annual preoperational monitoring period, while an armored dinoflag-
ellate, Ceratium longipes, and three copepods, Oithona spp., Pseudo-
calanus minutus, and Calanus finmarchicus appeared to have maintained
reasonably stable populations. A fourth "indicator" copepod, Eurytemora
herdmani, appeared to be returning to a level of abundance not observed

since 1973,
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7.0 APPENDICES



TABLE 7.1-1. TAXONOMIC LIST OF NET PHYTOPLANKTON IDENTIFIED FROM 73 um
PLANKTON PUMP SAMPLES JULY 1975-JUNE 1976. SEABROOK

ENVIRONMENTAL STUDIES, 1976-1977.

CLASS: BACILLARIOPHYCEAE

ORDER: Centrales

Actinoptychus spp.
Biddulphia alternans
Biddulphia aurita
Biddulphia spp.

Cerataulina
Cerataulina
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros
Chaetoceros

SpPp.
pelagica
affinis
atlanticus
borealis
brevis
compressus
concavicornis
convolutus
danicus
debilis
decipiens
diadema
didymus
furcellatus
gracilis
laciniosus
lorenzianus
lorenzianus f. forceps
socialis
teres

SpPp.

Corethron hystrix
Coscinodiscus centralis
Coscinodiscus spp.
Ditylum brightwellili
Detonula confervacea
Guinardia flaccida
Guinardia spp.
Leptocylindrus danicus
Leptocylindrus minimus

(Contin. e )



TABLE 7.1-1. (Continued)

CLASS: BACILLARIOPHYCEA:. (Continued)
ORDER: Centrales (Cuantinued)

Melo:ira moniliformis
Melosira nummuloides
Melosira spp.

Paralia sulcata
Rhizosolenia alata
Rhizosolenia delicatula
Rhizosolenia fragilissima
Rhizosolenia hebetata
Rhizosolenia setigera
Rhizosolenia spp.
Skeletonema costatum
Stephanopyxis spp.
Thalassiosira nordenskioldii
Thalassiosira rotula
Thalassiosira spp.

ORDER: Pennales

Achnanthes spp.

Amphora spp.
Asterionella formosa
Asterionella glacialis
Campylodiscus echineis
Campylodiscus spp.
Cocconeis scutellum
Cylindrotheca closterium
Fragilaria oceanica
Fragilaria spp.
Grammatophora angulc-a
Grammatophora marina
Gyrosigma balticum
Gyrosigma fascicla
Gyrosigma/Pleurosigma spp.
Isthmia nervosa
Licmophora abbreviata
Licmophora flabellata
Licmophora spp.
Navicula crucigera
Navicula cf. interrupta
Navicula spp.

Nitzschia delicatissima

(Continued)



TABLE 7.1-1. (Continued)

CLASS: BACILLARIOPHYCEAE (Continued)
ORDER: Pennales (Continued)

Nitzschia seriata

Nitzschia spp.

Rhabdonema arcuatum
Rhabdonema spp.

Striatella spp.

Surirella spp.

Synedra spp.

Thalassionema nitzschioides
Thalassionema spp.
Thalassiothrix frauenfeldii

CLASS: CHRYSOPHYCEAE
ORDER: Dictyochales

Dichtyocha fibula
Distephanus speculum
Ebria tripartita

ClisSS: DINOPHYCEAE
ORDER: Prorocentrales

Ceratium arcticum
Ceratium bucephalum
Ceratium fnsus
Ceratium horridurm
Ceratium . lneatu
Ceratiunr longipes
Ceratium macroceros
Ceratium tripos
Ceratium spp.
Peridinium depressum
Peridinium ovatum
Peridinium spp.
Prorocentrum micans
Prorocentrum sSpp.

{Continued)




TABLE 7.1-1. (Continued)

CLASS: DINOPHYCEAE (Continued)
ORDER: Dinopi.ysiales

Dinophysis norvegica

CLASS: CHLOROPHYCEAE
ORDER: Chlorococcales
Pediastrum spp.
Scenedesmus spp.
CLASS: CRYPTOPHYCEAE
ORDER: Cryptomonadales

Cryptomonadaceae

CLASS: CYANOPHYCEAE
ORDER: Chroococcales

Merismopedia (Agmenellum) SpPp.

ORDER: Oscillatoriales

Spirulina subsalsa

INCERTAE SEDIS:

Polyasterias problematica



TABLE 7.1-2. CHLOROPHYLL a VALUES (mg/m3) AT STATIONS IN THE VICINITY

OF HAMPTON BEACH, NEW HAMPSHIRE.

MEANS AND STANDARD

DEVIATIONS REPRESENT FOUR REPLICATES EXCEPT WHEN OTHER-

WISE INDICATED.

SEABROOK ENVIRONMENTAL STUDIES, 1976 -

1977.
PERCENTAGE OF _ '
STATION 1 STATION 2 STATION 5 11 MONTH TOTAL

7 Jul 76 - - "

2 Aug 76 1.9 %.1 1.4 £.1 1.8 +.1 11.4
R b

? Sep 76 2.1 £.08

9 Sep 76 5.1 £.7 4.9 £.3 5.3 £.2 34.2
5 Oct 76 2.5 +.1

7 Oct 76 1.6 .2 1.1 *.3 1.4 .4 9.2
8 Nov 76 1.5 +.3

9 Nov 76 1.4 2.2 1.0 .2 1.4 £.1 8.5
& Dec 76 1.0 £.2 0.8 £.1 0.8 £.2 5.8
3 Jan 77 0.3 .03 0.3 .05 0.2 .02 1.8
4 Jan 77 0.4 .1

7 Feb 77 0.2 +.02

8 Feb 77 0.4 £.02 0.2 .02 0.2 t.1 1.8
21 Mar 77 2+ 21:0
22 Mar 77 0.8 £.05 1.8 £.1 1.1 +.06 8.3
13 Apr 77 0.8 £.1 13X 2.3 il Eu 2 6.7
14 Apr 77 1.9 .05

4 May 77 0.6 £.02 0.6 £.06 0.5 %.2 3.8
? Jun 77 1.0 .95 1.4 £.1 1.4 £.2 8.5

a ; ; v ;
values not reported due to suspected contamination during handling

b '
mean & std. dev. of two replicates

¢ . .
computed only for dates when all tiiree stations were sampled.



TABLE 7.1-3.  TAXONOMIC LIST OF SPECIES OR TYPES OF ZOOPLANKTON IDENTIFIED
FROM OBLINUE 333 um BONGO TOWS (2) AND 76 um PLANKTON PUMP
SAMPLES (*), JULY 1976-JUNE 1977. SEABROOK ENVIRONMENTAL
STUDIES, 1976-1977.

KEY: = Microplankton
= Mesoplankton
Holoplanktonic
= Meroplanktonic

= Tychoplanktonic

S RED »

PHYLUM: PROTOZOA
SUBPHYLUM: CILIOPHORA
ORDER: TINTINNIDA

o
*

PHYLUM: ROTIFERA
Brachionus spp.
Notholea striata
Polyarthra spp.

» % % »

o o< i< S M

PHYLUM: NEMATODA

-3
»

PHYLUM: ANNELIDA
CLASS: POLYCHAETA
Polychaete eg s
Polychaete trochophore
Polychaete nectochaete larvae
Tomopteris spp. larvae

J % % =»

.
.

HEXX

PHYLUM: MOLLUSCA
CLASS: GASTROPODA
Gastropod egg
Gastropod veliger
SUBCLASS: OPISTHOBRANCHIA (VELIGER)
SUBCLASS: PROSOBRANCHIA
Littorina littorea eggs
CLASS: BIVALVIA
Bivalve veliger
Anomia spp. veliger
Ensis directus veliger
Modiolus modiolus veliger
Mytilus edulis veliger
Placopecten magellanicus veliger

TREX

=
*

* % % % % »

TXZIXER

(Continued)



TABLE 7.1-3. (Continu

PHYLUM: ARTHROPODA
CLASS: CRUSTACEA

ed)

SUBCLASS: BRANCHIOPODA
SUBORDER: CLADOCERA

Podon spp.
Evadne spp.
SUBCLASS: OSTRAC

CDA

SUBCLASS: COPEPODs

Copepoda na

ORDER: CALANOI

uplii

DA

Calanus finmarchicus copepodite
Calanus finmarchicus female
Calanus finmarchicus male

Paracalanus
Paracalanus
Paracalanus
Paracalanus
Paracalanus
Paracalanus
Pseudocalan
Pseudocalan
Pseudocalan
Pseudocalan
Pseudccalan
Pseudocalan
Rhincalanus
Aetideus ar

crassirostris copepodite
crassirostris female
crassirostris male
parvus copepodite
parvus female
parvus male

us minutus copepodite
us minutus female

us minutus male

us Type A copepodite
us Type A female

us Type A male
nasutus

matus copepodite

Aetideus armatus female
Aetideus armatus male
Euchaeta spp. copepodite

Centropages
Centropages
Centropages
Centropages
Centropages
Pseudodiapt
Pseudodiapt
Pseudodiapt
Temora spp.

spp. copepodite

typicus female

typicus male

hamatus female

hamatus male
omus coronatus copepodite
omus coronatus female
omus coronatus male

copepodite

Temora longicornis female
Temcra longicornis male

Eurytemora
Eurytemora
Eurytemora
Eurytemora

spp. copepodite
herdmani copepodite
herdmani male
herdmani female

mnmonn@nsnyadanInEondorxxEromXxogm;nncEnna:

(Continued)
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TABLE 7.1-3

(Continued)

ORDER: CALANOIDA (CONTINUED)

Eurytemora americana female
Eurytemora americana male
Eurytemora affinis female
Metridia spp. copepodite
Metridia lucens female
Metridia lucens male

Candacia armata copepod. e
Candacia armata female
Candacia armata male

Acartia spp. copepodite
Acartia tonsa

Acartia hudsonica (= clausi)
Acartia longiremis

Tortanus discaudatus copepodite
Tortanus discaudatus female
Tortanus discaudatus male
Anomalocera opalus copepodite

ORDER: HARPACTICOIDA

lteutha spp.
Clytemnestra spp.
Microsetella norvegica
Tegastidae

Tisbe (Idya) spp.

ORDER: CYCLOPOIDA

Cyclopoid copepodite
Aalicyclops spp. copepodite
Halicyclops spp. adult
Oithona spp. nauplii
Oithona spp. copepodite
Oithona similis male
Oithona similis female
Oithona plumifera female
Oithona plumifera male
Saphirella spp.

Oncaea spp.

Macrocheiron spp.

ORDER: MONSTRILLOIDA

Monstrillidae

SUBCLASS: CIRRIPEDIA

Cirripedia nauplii
Cirripedia cypris
Hansen's nauplii

HE I Do andxomnnn ;i nx

= IR i< e s ole e o« e il e iR of

=

=22 X

* % % % % X X X ® F % »

SUBCLASS: MALACOSTRACA
SUPER ORDER: PERACARIDA
ORDER: ISOPODA
Epicaridean larvae M

(Continued)



TABLE 7.1-3.  (Continued)

ORDER: AMPHIPODA
SUPER ORDER: Hyperiidea
SUPER ORDER: EUCARIDA
ORDER: EUPHAUSIACEA
Euphausid nauplii
Euphausid metanauplii
Calyptopis larva
Furcilia larva
ORDER: DECAPODA
Decapod megalopa
Caridea zoea
Crangon septemspinosa zoea
Crangon septemspinosa post larva
Brachyura zoea
Brachyura megalopa
Carcinus maenas zoea
Cancer spp. zoea
Pagurus spp. zoea

PHYLUM: BRYOZOA
Bryozoan cyphonautes larva

PHYLUM: ECHINODERMATA
Echinoderm larva

PHYLUM: CHORDATA
CLASS: LARVACEA
CLASS: ASCIDIACEA
Appendicularian type larvae

PHYLUM: CHAETOGNATHA
Sagitta spp.

Tom ;o

TEEZHNIEZEZETEAI

2000
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TABLE 7.1-4. MEAN ABUNDANCE (PER M3) OF SELECTED ZOOPLANKTON GROUPS BY COLLECTION DATE. SEABROOK
ENVIRONMENTAL STUDIES, 1976 - 1977.

1976 1977
JUL AUG SEP ocT NOV DEC | JAN FEB MAR  APR MAY JUN

Microzooplankton 30,400 24,600 28,900 15,700a 11,000 11,600}5,8€0 3,770 3,930 5,630 20,700 44,100
566,000 .
Mesozooplankton 1,280 1,120 892 777 1,160 420 274 364 155 118 1,280 3,660

b. HOLOPLANKTON, MEROPLANKTON AND TYCHOPLANKTON.

1976 1977
JUL AUG SEP ocT NOV DEC | JAN FEB MAR APR MAY JUN
Holoplankton 24,400 24,200 23,000 9,820 10,100 11,600[5,970 3,940 3,270 5,160 18,360 46,400
Meroplankton 7,040 1,520 6,220 6,450 1,960 313 154 145 767 540 3,310 1,150
557,000
Tychoplankton 247 44 108 186 75 65 10 49 43 41 257 267

c. COPEPOD NAUPLII.

1976 1977
JuL AUG SEP ocT NOV DEC | JAN FEB MAR  APR MAY JUN

7,590 6,630 12,300 4,240 3,490 6,64041,980 1,930 2,390 2,430 3,690 21,940

excluding straight hinge veligers of M. modiolus
including straight hinge veligers of M. modiolus



BEACH, NEW HAMPSHIRE.

SEABROOK ENVIRONMENTAL STUDIES, 1976 - 1977.

TABLE 7.1.-5. ZOOPLANKTON DRY WEIGHT BIOMASS (mg/m3) FROM 333um MESH PAIRED BONGO NET TOWS OFF : “ . 1ON

7 JULY 1976 B 3 AUGUST 1976 B 9 SEPTEMBER 1976
X & x & x &
SAMPLE REPLICATE STD. SAMPLE REPLICATE STD. SAMPLE REPLICATE STD.
STATION 1 2 3 4 DEV. 1 2 3 4 DEV. 1 2 3 4  DEV.
1 * 6.5 7.3 4.4 3.0 5.3 *
+2.0
2 20.7 10.0 27.7 23.5 20.5]21.0 18.8 24.5 25.2 A1 204 267 30,9 23:1 -31.5
+7.6 £3.0 +3.4
5 24.6 21.6 41.4 139.8 31.8| 91.9 103.9 58.2 65.9 80.0]30.2 18.8 32.9 36.4 29.6
+10.2 £21.5 +7.6
7 OCTOBER 1976  _ . 9 NOVEMBER 1976 _ 6 DECEMBER 1976 _
X x & x &
SAMPLE REPLICATE STD. SAMPLE REPLICATE STD. SAMPLE REPLICATE STD.
STATION 1 2 3 4 DEV. 1 2 3 4 DEV. 1 2 3 4 DEV.
1 * * *
2 24.4 24.6 15.2 17.6 20.4]55.0 59.7 54.3 56.9 56.5]13.3 14.8 11.8 12.6 13.1
+4.8 +2.4 *X.3
5 26.8 24.2 15.2 17.5 20.9}40.2 38.2 55.9 48.7 45.8 |26.4 30.4 22.6 29.4 27.2
$5.5 - 3.5




TABLE 7.1-5. (Continued)
3 JANUARY 1977 8 FEBRUARY 1977 _ 21 MARCH 1977
X & x & x &
SAMPLE REPLICATE STD. SAMPLE REPLICATE STD. SAMPLE REPLICATE STD.
STATION ] 2 3 4  DEV. 1 2 3 4 DEV, 1 2 3 4 DEV.
1 4.2 4.1 4.6 3.7 4.2 » *
0.4
2 9.5 7.5 5.8 4.9 6.9128.8 33.0 22.8 23.4 27.01]159.1 65.1 42.4 41.8 52.1
+2.0 4.8 £311.8
5 301 B.2 7sx 8.2 8.4115.3 19.1 13.6 19.7 16.9}141.4 37.6 21.3 23.0 30.8
o $3.0 *¥10.2
13 APRIL 1977 _ 4 MAY 1977 B 9 JUNE 1977 r
X & x & x &
SAMPLE REPLICATE STD. SAMPLE REPLICATE STD. SAMPLE REPLICATE STD.
STATION ] 2 3 4 DEV. 1 3 3 4 DEV. 1 2 3 4 DEV.
1 * 28.5 35,6  32.9 38.4 33.B}118.6 16.3 26.1 23.80 21.2
+4.2 4.5
2 11.5 12.0 13.5 10.4 11.8]128.4 42.5 43.5 39.1 38.4 ;23.5 116.9 95.1 98.3 108.4
+1.3 +6.9 £13.9
5 14.2 13.0 14.1 13.4 13.7133.2 37.0 45.9 44.6 40.2 174.0 ©64.9 82.7 95.4 79.2
+t0.6 6.1 $13.0

*

Samples heavily contaminated with silt




