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2.0 METHODS AND MATERIALS
2.1 LARVAE TOWS

To monitor temporal distribution of Mya arenaria larvae in the
vicinity of the Seabrook Station cooling water intake (Figure 1),
duplicate, two minute, oblique net tows were made approximately twice
weekly, from 1l June to 22 © ‘" wcekly tows were taken from 16 April
through 4 June and during the las. week of October when larvae were
found to be scarce or absent A 0.5 m diameter No. 20 (73 um) mesh net,
with a 10 1b. depressor attached, was towed at approximately 1/2 knot.
The net was lowered to a depth of approximately 13 m (43 feet), in the
first minute and returned to the surface after a second minute had
elapsed ending the tow. A General Oceanics flow meter was used to
record the volume of water passing through the net; in practice, this
volume ranged from 4 to 1l m3 per tow, typically averaging 7 m3 per tow,
Upon recovery, net contents were thoroughly rinsed into a 1/2-gallon
glass jar. The live material was transported immediately to the Piscataqua

Marine Laboratory, Portsmouth for analysis.

To separate the live bivalve larvae from the bulk of the
plankton, the sample was transferred to 1000 ml dispensing burettes and
the contents allowed to settle for 5-12 minutes. The relatively high
density of the shells allowed the bivalves to rapi. ly accumulate at the
bottom of the burette column, and to be withdrawn for identification and
enumeration. The entire sample concentrate containing the bivalves was
enumerated for umboned (length 145-320 um) Mya arrnaria larvae except
when this species was particularly abundant. In this event, the bivalve
larvae were concentrated by a swirling motion, into the center of a
round, 100 mm diameter, plastic culture dish. The resulting concentration
of larvae was carefully d‘vided into visually equal quadrants using a
camel's hair probe, viewing the operation through a dissecting microscope

at approximately 30x; two diagonally opposed quadrants were then enumerated.
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2.2 SPAT SURVEYS

To compare population densities cf spat and seed clams, periodic
surveys were conducted on Hampton Harbor Flats (Figure 1 and Table 1)
and on flats in five adjacent estuarics, in New Hampshire, northern
Massachusetts and scuthern Maine (Figure 2 and Table 1). With t.e
exception of the November survey, the stations were fixed; once established
(on the basis of preliminary evidence of high productivity), the same
general locality was resampled with each survey. Using a section of PVC
plastic pipe, three sediment cores four inches in diameter, and four
inches deep, were extracted at each fixed collection site. Sediments from
these core samples were washed through a 1 mm mesh screen and the 4.
arenaria spat picked from the screen with forceps. After transfer to
small fingerbowls, the spat from each core sample were enume.ated and

measured to the nearest 1 mm.

Spat samples were also obtained, as described above, during
the annual Hampton-Seabroock clam flat survey in November; however, the
stations (Table 1) were chosen at random from a larger set of stations
designated for sampling adult clam populations. While the fixed station

program, with emphasis on high yield locations, gave re itive estimates

L)

of temporal and geographical distribution, the random sampling program
in November provided the best estimate of actual spat density over a

particular flat, including portions less favorable for spat settlement.

2.3 ADULT SURVEYS

As in past years, the five largest harbor flats were each
surveyed in November for adult clams; additional surveys were conuucted

on Flat #2 in April and August (Figure 1 and Table 2).

L
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Aerial photogr-rhs, taken on 1l August 1978 at mean low water,
were used to construct sampling charts as in previous (1977, 1978)
surveys. Acreage measurements were provided by the aerial survey con-
tractor, employing the "stereotemplate la: iown" procedure which is
standard for the preparation of tax base maps. The maximum error in
computed flat acreage has been estimated by the contractor to be approxi-

mately 2-3%.

Sampling procedures were employe¢ which minimized unproductive
digging in extremely depopulated areas of the flats. Evidence of breath-
ing or siphon holes was used as an indicator of the presence, and conversely
the absence, of clams. If, after determining the position of a sampling
station, the investigator observed what was thought to be clam siphon
holes, a two-square-foot area was dug thoroughly for clams. On the
other hand, if nc sign of siphun holes was detected within the two
square foot sampling area, the investigator in most cases simply noted
this fact on a field card and p.oceeded to the next sampling station.
Several stations on each flat which showed no sign of clam holes were
randomly” selected and dug thoroughly to estimate clar abundan.e and
standing crop for those areas exhibiting no visible evidence of clams.
Previous experience (NAI 1977, 1978, 1979) has shown that large, deeply
burrowed clams are occasionally present in such areas and :an substantially

influence coverall estimates of standing crop.

To establish the location of sampling stations, rectangular

(x,y) coordinates were

e

lotted on charts of each flat and nodes, or inter-
secting puints, chosen at random (using a table of random numbers) until
the final quota of stations (Table 2) was attained. In the field,
statiuns were _ocated by compass bearing and distance from a predetermined
central reference point. To delineate the samrle area, a two-square-foot
frame was placed on the substrate, with the left-hand corner of the

frame at the investigator's right foot. The sukstrate surface outlined

by the inner edges of the frame was carefully inspected for evidence of

n

iphon hcles. If a sample was to be taken because siphon holes were
evident, or if a random subsample of a "no-hole" station was required,

the sediment cutlined by the frame was dug to a depth of about 16 inches.
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3.0 RESULTS
3.1 PLANKTONIC LARVAE
3.1.1 Spatial Distribution

Three factorial analyses of variance (Appent.. 7.1) were run
on M, arenaria larval density data (Table 4); all indicated significant
station variation (a = .05). Date of collection was also significant,
but station-date irteraction was not (a = ,05). Tuke''s procedure for
pairwise comparisons (Appendix 7.1) determined that, in general, inshore
stations, I, and I

2 4’
Station Ia farthest o”“shore; these procedures also showed that M.

had significantly greater abundances of larvae than
arenaria larvae were significantly more abundant during high slack tide

than at low slack in Hampton Harbor inlet, or at any of the open cocastal

("I") stations.

3.1.2 Temporal Distribution

In 1979, a sparse population of Mya arenaria umboned veligers
was first recorded off hampton Beach on 21 May; then, three weeks passed

until the species reoccurred in plankton samples taken on 1l June (Table

5). With the next three sample collections, M. arenaria larval population

densities progressively increased, peaking at approximately 480 larvae
per m3 on 2 July (Figure 3 and Table 5). A gradual decline followed the
early July peak, with mid-summer population levels generally fluctuating
between 2 and 20 larvae per m3.

The end of August marked the commencement of the late summer

larval peak (Figure 3). Larval swarming was particularly intense, from

[

000 to 3000 larvae per m3, during the second week of September (Table
5). After mid October, larvae populations declined below midsummer

levels (Figure 3). Evidence from current-meter records (Appendix 7.2)
suggest that the most prominent M. arenaria swarms follow a period of

northerly drifting surface water.




TABLE 4. DENSITY DISTRIBUTION (INDIVIDUALS PER mj) OF UMBONED MYA ARENARITA VELIGERS ALONG Th® ONSHORE-OFF-

SHORE INTAKE (1) TRANSECT, AND AT SELECTED TIDAL STAGES, IN THE INLET TO HAMPTON HARBOR (HH).
SEABROOK MYA ARENARIA STUDY, 1979,

STATION I STATION 14 STATION Tg STATION Ig
(1/2 NAUT. MILE (1 NAUT. MILE (1-1/2 NAUT. (2 NAUT. MILES HH @ OTHER
0FFSHORE P OFFSHORE )®  MILES OFFSHORE) OF FSHORE ) HH @ HIGH SLACK  TIDAL STAGE

DATE TOW #1 TOW #2 TOW #1 TOW #2 TOW #1 TOW #2 TOW #1 TOW #2 TOW #1 TOW #2 TOW #1 TOwWw #2

1-1/2 HRS AFTER
HIGH SLACK

2 Jul 3162 393 116 194 26 52 10 10 552 36l 792 626

7 Sep 268 332 197 202 177 174 130 283 5% 14 <1 <®
11 Sep 764 1954 830 1451 146 765 322 543 746 398 72 B8
O
17 Sep 918 437 546 580 398 248 145 249 616 55) 52 92
25 Sep 108 64 222 154 132 144 128 78 9 Lo 4 * 9

A s 2 R s
Sample heavily contaminated with suspended solid matter

b "
In July, larvae significantly more abundant at I2 and I, than at I( and IH; in September, larvae significantly
more abundant at I_ and I . than at IH (Tukey's test, a=.05). ! '

L
Significantly less abundant than at any "I" station or during high slack (Tukey's test, a=.05)
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3.1.3 Species Composition

Mya arenaria umbone veligers dc~inated the bivalve veliger
assemblage only on 24 September (Tabl . In general, mussels were the
dominant species, with Mytilus edulis predominating in early summer and
in the fall, and Modiolus modiolus predominating in mid to late summer.
Hiatella sp. overwhelmingly dominated the bivalve assemblage in spring.
Other bivalve mollusc species which exhibited seasonal prominence in-
cluded: Mya truncata (?) (late May), Anomia sp. and “risula solidissima
(mid September) and Macoma balthica {(October). Varying gquantities of

Ensis directus and Placopecten magellanicus larvae were also recorded

3.2 AREAWIDE SPAT AND JUVENILE CLAM SURVEYS

Cumpared to previous years, clam sets in 1979 were generally
modest in the six estuaries investigated (Appendix 7.3). In the April
survey, Hampton Harbor flats contained the largest concentration of
small clams. By October, however, Plum Island Sound flats had overtaken
the Hampton Harbor flats in terms of settling of small clams (Table 7).
Flats in both the Merrimack and Ogunguit Rivers retained modest spat and
juvenile ~lam resources througnout 1979; flats in the York River and
Little Harbor Channel, on the other hand, were relatively unsuccessful

-

in sustaining young soft-shell clams (Table 7).

33 HAMPTON HARBOR SOFTSHELL CLAM SURVEYS

9, clearly segregates clams less than 8-mm from those
ov=r 10-mm. Assuming this gap to represent the separation between
young-of-the-year spat and oclder clams, the average number of clams one

5
year and older is approximately 79 per ft®. In November 1978 the average
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Figure 4. 1 mm class length-frequency distribution of Mya arenaria collected in November
1979, Seabrook Mya arenaria study, 1979.



TABLE 6. PERCENT COMPOSITION OF BIVALVE UMBONED VELIGERS IN OBLIQUE NET TOWS AT 14 (INTAKE SITE).
SEABROOK MYA ARENARIA STUDY, 1979.
7 7
ACA;') \‘1\.\ A‘\j‘
¢ /. /8/ & )/ §/8/8/8) e
f o S/ 3 S ¥/ /& /&)L Q@' AVERAGE
S /8/ &/ & &/ 8/ &/ ¥/ 8/ & DENSITY
3 V/&/ & v/ X g A ~ ALL BIVALVES
¥ ¥ Y v % » R/ ¥ ¥ & < (NO. PER M)
16 April 0.0 2.8} 76.0}| 21.1 0.0 0.0 0.0 € ) 0.0 0.0 0.0 4
24 April 0.0 0.2] 97.0 2.5 0.0 0.0 0.2 0.0 0.0 0.0 0.0 21
30 April 0.0 0.0]100.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 42
7 May 0.0 0.1] 99.8 0.1 | <0.1 0.0 0.0 0.0 0.0 0.0 0.0 2,720
14 May 0.0 0.0}] 96.2 0.0 3.8 0.0 0.0 0.0 0.0 0.0 |<0.1 230
21 May 0.1 2.6 93.0 0.0 1.6 | <0.1 0.9 0.6 0.0 0.0 | % 594
28 May 0.0]10.7| 58.9 0.0 0.1 0.0 0.1.] 27.6 0.1 0.0 2.6 671
4 June 0.0]146.7| 42.4 0.0 0.8 0.0 <0.1 8.1 | <0.1 0.0 1.9 3,000
11 June 1.7 | 88.4 7.4 0.1 0.1} <0.1] <0.1 1.4 | <0.1 0.0 0.8 38,700
18 June 31.9 1 54.21 11.4 ;3 0.6 ]| <0.11] <0.1 0.1 |<0.1 0.0 1.4 89,800
25 June 21.8 | 62.2] 14.6 N.4 | <0.1 | <0.1 0.0 0.1 0.0 0.0 0.9 523,000 o

2 July 30.5 | 54.5] 11.1 2.2 0.1 0.2 0.0 0.1 0.0 0.0 1.4 235,000
9 July 18.9 { 64.3}| 11.7 2.4 0.9 0.1] <0.1 0.1 0.0 1<0.1 1.6 26,600
17 July 74.8 ] 15.5 25 4.9 0.1 0.1 0.0 0.1 00 0.0 2.2 17,100
23 July &42.1 1 32.5 5.6 15.6 | <0.1 | <0.1] <0.1 | <0.1 0.0 0.0 3.3 45,700
30 July $45.2 1 28.1 %) 117§ 11.% 0.2 ] <0.1 0.1 ] <0.1 O3 0.6 2.8 19,400
6 August 32.2 | 40.8 1.7 ] 16.0 1.0 | €0,1 ]| <0.1 ] 0,1 0.9 0.9 6.4 10,200
14 August 60.7 1 23.5 6.8 5.3 | <0.1 | <0.1 0.9 1] <0.1 0.6 0.3 1.8 20,100
20 August 71.7 1 10.0 3.1 1 32.5 0.0 ] <0.1 0.3 ] <0.1 1.2 0.2 0.9 1,760
27 August 30.9 1 34.8| 13.8 | 12.8 0.1 0.3 0.4 ] <0.1 4.4 0.1 3.3 1,020
4 September $3.0 1 114 1.8 1 10.2 3:9 2.2 1 <0.1 0.0 2:6 113.5 P 1,520
10 September 6.7 | 12.0 1.8 26.7 9.9116.5] <0.1 | <0.1 6.7 |16.7 2.9 2,600
17 September - P8 N O M 2:%:4 37.3% 6.4 3.5} <0.1 | <0.1 2.2 |14.8 0.8 3,470
24 Sentember 2.6 114.4 0.3 2.8 |11.0 | 36.8 0.2 0.0 2.7 |127.0 2.1 672
2 October 10.4 | 13.3 3.5 11.4 6.5 75 0.1 0.0 131.8 113.1 2.4 860
8 October 30.9 | 34.3 2:5 1 19.0 2.3 5.0 ] <0.1 0.0 2.4 2.3 1.2 380
15 October 3.0 | 28.4 1.0 6.1 7.5 0.3 2.3 | <0.1 |38.4 |11.0 1.9 1,310
22 October 2.6 | 26.8 &.28 2.7 5.4 0.1 2.3 } <0.1 §37.3 6.1 5.4 1,520
29 October 1.0 ] 50.1 2.0 6.9 5.2 1<0.1 | i | 0.0 | 25.7 5.4 2D 4,450




TABLE 7. YOUNG-OF-THE-YEAR (1-12 mm) AN JUVENILE (13 TO 43 mm) LOFT-SHELL CLAM DENSITIES (PER H"')
IN POTENTIALLY PRODUCTIVE AREAS OF SIX NORTHERN NEW ENGLAND ESTUARIES. SEABROOK MYA ARENARIA
STUDY, 1979,

APRII JULY OCTOBER
YOUNG-0F YOUNG-OF - YOUNG-0OF
ESTUARY THE YEAR JUVENILES THE-YEAR JUVENILES THE-YEAR JUVENILES
lum Isla
(1} N 1 ¢ B4 ) / ] 7
e Ma« 1 X
lowl X 1l L \A) L 3 11 3 34
A il
i DY H) 19 | ) | 4 14 107
| 8 |
Y wout {H ] 21 1 14
1 ’ | 3
] A AE ) 13 ) 1



density for clams of all ages was 213 per ft2 indicating an apparent
survivorship of 37%. Actual survivorship is almost certainly somewhat
lower as spat settling late in the fall of 1978 would have been less
than 1 mm wide (the screen mesh size), and, therefore, would not have

been counted.

The median shell size of clams one year and older was 20 mm,
compared to 15 mm in 1978. 1In 1978, fewer than 0.2 clams per ftzhad a
shell size greater than 42 mm (a category dassignated as "harvestable";
see Section 3.3.3). By 1979, however, an average of 1.8 clams per ft2
had attained a length of at least 43 mm, representing an order of magnitude
increase in number of harvestable clams. Because of the variety of
physical and bioclogical variables at work, individual clam growth is
difficult to infer from size-frequency distribution comparisons and
impossible to verify. The leading edge of the length-frequency slope,
however, appears to have moved ("grown cut") approximately 16 mm from an
inflection point in the vicinity of 39-40 mm in 1978 to a comparable
slope break in the vicinity of 55-56 mm in 1979 (Appendix Tables 7.3 and

Tad)

- B Population Density Trends by Shell Size Category

Size categories delineated in Table 8 are retained for continuity
with earlier surveys. The 50 mm limit refers to the former minimum
legally harvestable size (51 mm = 2 inches) abolished in 1976. The 25
limit may have been a convenient partitioning of previously sublegal
shell sizes, but also relates to the size at which clams generally

establish their first permanent burrows (Dow and Wallace, 1957).

On three of the five Hampton Harbor flats surveyed, population
densities of young clams, 26 to 50 mm, increased for the second yeai in
a row; population gains on Flats 1 and 4 broke all previous survey
lams over 50 mm exhibited modest increases in
density on all flats except Flat 5; while, a decline in clams less than

26 mm, continued in 1979 cn all flats except Flat 2 (Table 8). Similar



ABL E MM
SURY

MY -

~ .
<

& mm
18
+4
< f
*

——— S Ataie 1A
r - 4

LI1LIE, N

379

Fare i

CNOL Y 4
E F<
JYCINILE

.92
*
1

ML

MO CD

——
o

« 9
%



ULl

ntin

.

EAR
RE
)

(Ve

Rf
MM
CLE

« 9




population trends were evident from 5 mm size class comparisons of

present and past survey data (Appendix 7.6).

3.3.3 Biomass and Standing Crop

Substantial growth in the population of mid-sized clams,
between November 1978 and November 1979 (Figure 5), produced comparable
increases in estimates of biomass and standing crop (Figure 6 and Table
9). In NAI (1979), the term “"marketable" (here replaced by the term
"harvestable") was chosen to distinguish clams larger than 42 mm from
smaller clams. In November 1978 only 940 bushels (5.7 bushels per acre)
was estimated to be "harvestable"”: by November 1979, harvestable biomass
had increased by a factor of six (Figure 6). Similarly, biomass of soft-

shell clams of all sizes had quadrupled over the 12-month period.

Virtually all of the substantial 1972 gains in biomass and
standing crop occurred on Flats 1 and 4 (Tables 9 and 10). Only these
two flats held small aggregations of clams exceeding the equivalent of

250 bushels per acre (Table 10). Such high yields (equivalent to more

1
than ten 2-inch clams per ftz) are typical of commercially valuable
clamming areas in Maine and Massachusetts (based on examination of Maine
Department of Marine Resources and Massachusetts Division of Marine
Fisheries shellfish survey records). Sample yields equivalent to 40
bushels per acre (the equivalent of slightly less than two 2~inch clans
per ftzi may be regarded as the threshold between a marginal fislrery and
one with healthy potential for recreational digging. According to this
criterion, approximately 24% of the clam flat area in Hampton-Seabrock
estuary could readily suppcrt recreational digging as of November 1979.
An additional 38% of the flat area possessed marginal capacity to sustain
recreational ‘digging (cf, Tables 10 and 11). Only 38% of the total flat

area in Hampton Harbor was devoid of clams larger than 24 mm, an improvement

over the years 1975 through 1978 (Table 11).
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TABLE 9. RESULTS OF SOFT-SHELL CLAM STANDING STOCK ESTIMATES, HAMPTON-SEABROOK ESTUARY.

STUDY, 1979.

TOTAL NUMBER
NUMBER OF UNITS
SURFACE SAMPLING WITH

AREA UNITS BURROWS

LOCATION DATE (ACRES) (n) (”I)
Flat 1 1,8,21 Nov 54.91 72 8
Flat 2 8 Nov 24 .96 53 19

5 Apr 35 17

23 Aug 56 33
Flat 3 8 Nov 10.54 14 5
Flat 4 9821 Nov 51.05 67 19
Flat 5 1821 Nov 23.69 32 20
All Flats 1-21 Nov 165.15 218 111

Harvestable clams

NUMBER
BURROWLESS

UNITS
SUBSAMPLED

(n;)
11

t
)

(>43 mm)

MEAN BIOMASS
(BUSHELS PER ACKE)
NO COMBINED
BURROWS BURROWS  ESTIMATE

(x]) (x?) x STD EV.

462.9 92.7 236.6%40.9
54 .8 9.5 315.6% 8.9
23.0 19.6 22.2% 6.6

177.4 0.0 104.6%+31.0
48.9 0.0 17.5¢ 7.0

496.3 8.3 292.4+29.6
25.6 16.4% 9.7
307.3 40.3 175.7£19.2
58.4 8.9 34.3% 4.4

SEABROOK MYA ARENARIA

STANDING CROP
(BUSHELS)

x STD DEV

13,000£2240
888+ 222

530+ 164
2,610t 774

184¢ 74

N

14,900£1510 o
390+ 230
29,000+£3180
5,670 736



TABLE 1 ESTIMATES OF "HARVESTABLE"™ STANDING CROP SEABROOK MyA NA STUDY, 1979

TOTAL ESTIMATED OF SAMPLES OF SAMPLES
P

HARVESTABLE CROF OF SAMPLE® YIELDING EQUIVALENT YIELDING EQUIVALENT
(BUSHELS) YIELDING HARVESTABLE OF > 40 BUSHELS OF =250 BUSHELS
FLAT NOV 19 NOV 1979 CLAMS, NOV 1979 PER ACRE, NOV 1979 PER ACRE, NOV 1979
'] 2. i l 1
| 14
| ¢ 11
! § .
: 1 p
| )4 ; ; 1 ; ~
AT wlit i 1 7
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Marginal Recreational Potential C ommercial
Potential Potential
)
- ' > « ' ’
| |
| |
| |
| |
|
| |
| |
| (
: ; * 25 April 1979 (~5 weeks prior to closing) |
: | |
: I |
l |
|
' |
| |
: 23 AugustI979 ~2weeks prior 10 opening) :
§ .:... * 1 . . - - - - - - . -
: | |
$ , |
: | |
' I
|
| |
| |
| |
| |
%, ! ; ** 8 November 1979 ~9 weeks after opening) |
: |
: |
| |
L 1 .
r T T T T et —
0 50 100 150 200 250 300

Equivalent bushels per acre, clams > 43 mm

figure 7. Scattergram of Flat 2 survey results illustrating harvesting impact on
harvestable biomass (each dot represents a sample plot dug). Hampton Harbor flats

were closed to clam digging from the first week in June to the first week in
September 1979. Seabrook Mya arenaria Study, 1679.
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TABLE 13 COMPARISON OF M. ARENARIA UMBONED LARVAL ABUNDANCE OFF HAMPTON BEACH WITH Y™'ING-OF -THE-YEAR
SPAT DENSITIES IN HAMPTON HARBOR. SEABROOK MyA ARENARIA STUDY, 1979.

LARVAL DENSITY

DAILY MEAN x DENSITY OF

PERIOD OVER WHICH MEAN St A‘J)N LENGTH YOUNG-OF -THE-YEAR
YEAR LARVAE WERE COLLECTED (per m’/day) (per m?) (Spat per ft4)
1974 ] 1l to e 1l days) 69 ¥
19 1 Aug t 143 da ) 31,4 3
19 3 ain t ] (113 da 158 17,80 {
| Jun to s {4 lays) 14 179
19 1a I t (163 days) ¢ 13,600
1979 1 Ma t ) & {1 la ) 1 3¢ , 00 3 9



3.5 TEMPORAL PATTERi OF GONAD DEVELOPMENT

Histological determinations in 1979 indicated a single annual
spawring cycle in Hampton Harbor soft-shell clam populations (Figure 9).
In what appears to be the typical pattern, yametogenesis had already
begun in the majority of ferales by mid March; while, all or most males
remained indifferent until late May. Throughout the late spring, however,
gonad development proceeded rapidly in both sexes, with the first evidence
of active spawning coming in mid to late June. The peak of spawning
activity appeared to be in July through early August, at a time when M.
arenaria larvae were not very abundant off the coast of Hampton Beach

gures 3 and 9). A few spawning females were found in late September

suggesting that small guantities of eggs may have continued to be released

after that date. No spawning males were found in late September, however,
a surprisingly large proportion of the sample appeared to be in the

early stages of gametogenesis, reminiscent of mid-spring conditions.
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Prior to 1978, densities in excess of 100 larvaes per m3 had
not been recorced in July. Onset of larval swarming appears subject to
year-to-year shifts, although environmental influences are not completely
understood. Biologically, these shifts are probably related to the
timing of spring spawning in northern Massachusetts soft-shell clam
populations which may be a source of the majority of M. arenaria larvae

present off Hampton Beach (NAI, 1979).

In contrast to the recent tendency for larvae to swarm later
in summer, Hampton Harbor soft-shell clams appear to have spawned slightly
earlier in 1979 than in 1978. Timing ¢f spawning in Hampton Harbor and
larval swarming off Hampton Beach was such that, in 1979, Hampton Harbor
reproductive activity could have contributed to both early summer and
late summer-early fall peaks. This was not the case in 1978, when
spawning did not begin until the latter half of July in Hampton Harbor
(NAI, 1979).

Evidence to support speculation, that the apparent increase in
midsummer "background" larval abundance, from 1978 to 1972, could be due
partly to larger Hampton Harbor breeding populations, comes from gonad
samples indicating spawning in Hampton Harbor throughout the interval

between swarms, both in 1978 (NAI, 197¢%) and in 1979 (Section 3.5). 1In

r

he interval between major swarms, from mid-July until the end of August
1378, larval densities at Station 14 averaged approximately 1.1 per m3;
whereas densities during a comparable period in 1979 averaged 8.9 larvae
per m3. Coincidentally, in 1979, there was a marked increase in the
abundance of clams with shell sizes larger than 40 mm, which Brousseau

(1978a, 1978b) determined to be the threshold of sexual maturity.

4.3 LARVAL ABUNDANCE AND SPAT FALL

In general, M. arenaria larvae were relatively abundant during
the 1979 season; however, the ensuing spat fall in Hampton Harbor was
relatively light (Table 13). Thus, further support is given to the

argument that year-to-year trends in larval abundance have little direct
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influence on the success of clam sets. Apparently crucial are the
little understood physical and biological forces occurring during

the period between larval swarming and spat settlement.

4.4 BIVALVE MOLLUSC LARVAE SPECIES COMPOSITION

General trends in species composition, described in previous
reports (NAI, 1978, 1979) cont'aued to prevail during 1979. A difference
perhaps worth mentioning was that larvae of the sea sca.lop, Placopecten
magellanicus, was scarce throughout 1978, but fairly common in the

latter half of October 1979,

Beginning in 1979, a bivalve mollusc veliger, identical in
size, shape and general appearance to M. arenaria at comparable stages
of development, has been identified and enumerated separately as M.
truncata. Despite a close resemblance with M. arenaria, experienced

planktologists at Normandeau Associates readily distinguished M. truncata

"

using f: or very recently preserved plankton samples and illuminating
the microscope stage by diffused light. Living or carefully preserved
specimens of M. arenaria are easily recognizable by distinctive pigment
characteristics described by several workers (Sullivan, 1948; Loosanoff
and Davis, 1963; Savage and Goldberg, 1976). 1In M. truncata, the only
strongly pigmented area is the visceral mass under the peak of the
umbone, which, as in M. arenaria, ranges in color from burnt orange to
*rown-black. The rest of M. truncata appears chalky-gray at lower
magnifications (25 to 30x); at slightly high magnification (40 to 60x)
the chalky effect is seen to be due to a network of fine gray-black

line This animal was designated as M. truncata in recognition of the
physical resemblance with M. arenaria and because specimens of adult M.
truncata have been collected by Normandeau Associates divers, in close
proximity to bivalve larvae sampling stations off Hampton 8each. These
M. truncata colonies had nestled, along with Hiatella sp., under clusters

of Modiolus modiolus.




Except for one or two weeks in late spring, M. truncata larvae

comprise a very small proportion of the total bivalve larvae assemblage.

Consegently, any effect on previous quantitative Mya data can be considered

negligible, especially since, prior tc 1978, collections typically began

in late June, following the principal swarming period of M. truncata.

4.5 PRZDATION IN HAMPTON HARBOR BY CARCINUS MAENAS

The previous report (NAI, 1979) considered the probability of
declining abundance of the chief non-human clam predator, Carcinus
maenas, based on trends in trap catches and winter water temperatures.
Winter temperatures appear to correlate well with relative abundance of
certain marine and estuarine species such as soft-snell clams and green

crabs (Welsh, 1969; Dow, 1977). Until 1979, winter water temperatures

- o

green crab abundance. The 1979 trap data, however, showed a return, in
October, to green crab catches reminiscent of summer 1977 levels.
Correspondingly, water temperature minima during the previous winter
showed the beginnings of an upward trend (Fiiure 10). Such signs,
combined with expected renewed public interest in clam digging, suggest
that intermediate sized soft-shell clams (lengths: 10-40mm) may become

increasingly scarce, eventually affecting the standing crop of harvestable

clams (Table 14).

ad been declining (Figure 10), consistent with the assumption of declining

s SN N N NS == =
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APPENDIX 7.3. SHELL SIZE DISTRIBUTION (NUMBER PER FT™) OF YOUNG MYA ARENARIA COLLECTED FROM FIXED
STATIONS IN SELECTED NORTHERN NEW ENGLAND ESTUARIES, 1976 THROUGH 1979. SEABROOK
YA A 1 STUDY, 1979.

A

PLUM ISLAND SOUND
MIDDLE GROUND

SIZE 19 21 17 28 11 11 8 ) 19 6 4 13 11 12 3 17 11
CLASS APR JUN AUG OCT "8 APR JUN AUG OCT JAN APR JUN AUG OCT APR JuL OCT
(mm) 1976 1976 1976 1976 1 1977 1977 1977 1977 1978 1978 1978 1978 1978 1979 1979 1979

11 208 101 149 327 I 625 )1 127 il L9 114 44 24 18
1 8 10 14 13 : ¢ () 69 7 ) 7 13 14
1 ] | ] £ 13 19 29 ] £ 3 11 14 13 33 48
1 29 3 & 3 3 / 61 28 12 L 14
1 318 37 i1 33 14 ) 17 8 3

) | i £ 1 15 12 17 14 € a
2 i / f 14 12 17 12 3
4 3 ) 1 12 11 14
} 1 8 B 13 Lé
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APPENDI X (Continued)

PLUM ISLAND SOUND
EAGLE HILL RIVER AT NUT SHOAI

11 5 19 6 1 13 I } 17 I

| AS APR JUN AUG 0CT JAN APR JUN AUG APR JUL GCT
mim 1977 1977 1977 1977 1978 1978 1978 1978 1978 1979 19796 1979
14. )] 1 ) ] 534
£ 143 | ) ]
1 ! 3 } 61 !
{ 3 ¢ ] ) 17 ¢
| 19 3 ! ! 19
1 ] 4 ¢ ] l
' 11 ] 7
1 [ L1 L1 13 ]
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APPENDIX 7.3. (Continued)
HAMPTON HARBOR
FLAT #/
SIZE 1 21 18 16 21 11 14 | 17 4 5 9 14 Y 5 11 9

CLASS MAR APR JUN AUG OCT JAN APR JUN AUG OCT JAN APR JUN AUG OCT /\"é JuL OCT
(mm) 1976 1976 1976 1976 1976 1977 1977 1977 1977 1977 1978 1978 1978 1978 1978 1979 1979 1979

68 11 18 30 1284 612 691 93 219 118 157 42 24 106 37 93 103

! 1 104 119 H ) 38 13 > ) 40 1

] 9 19 ! 69 y 17 ) 10 17 3
1 1 1 3 64 61 19 1 3

3¢ ol ) 17 {

18 21 10
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ENDIX 7.3 (Continued

YORK RIVER
FLAT AT ROUTE 103 BRIDGE

g 'G 14 W 9 9 2 17 3 14 10 I 4 18 12

CLA AP JUN AUG OCT JAN APR JUN AUG 0OC1 JAN APR JUN AUG OCT APR JUL OCT
™ 1976 1976 1976 1976 1977 1977 1977 1977 1977 1978 1978 1978 1978 1978 1979 1979 1979
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APPENDI X
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