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1.0 INTRODUCTION

Soft-shell clam investigations at Hampton-Seabrook Estuary
(Normandeau Associates, Inc., 1973, 1974a, 1975a, 1976a, 1977) have
provided ample documentation of severe adnlt stock depletion. By 1976,
recreational clam diggers had removed approximately 87% of the harvest-
abl: clams that had existed in 1971, leaving only an estimated 11.7
bushels per acre remaining (NAI, 1977). This loss might be expected to
severely restrict reproductive potential, and, hence, the possibility of
repopulating the flats. However, since it has been observed that the
planktonic larval stage has a life span of from 2 to 4 weeks (Stickney,
1964; Savage a2nd Goldberg, 1977), it would appear that given favorable
hydrographic conditions, it is probable that breeding stocks in estua-
ries up to 25 miles away (cf. Ayers, 1956) can repopulate the Hampton-
Seabrook clam flats. The high flushing rate which characterizes the
estyary also leads to the conclusion that Hampton-Seabrook depends

heavily on the coastal drift of planktonic larvae for recruitment (NAI,

1972, 1973).

W

Planktonic surveys (NAI, 1973, 1974b, 1%75b, 1976b, 1977) have
shown that, in some years, several hundred to a few thousand soft-shell
clam larvae per cubic meter &ppear immediately offshore, in the vicinity
of Hampton-seabrook Estuary for brief periods, ranging from several days
to one or two weeks. These short-lived occurrences have been primarily
concentrated in late summer, from the end of July to mid-September,
concurring with other reports of the period of peak spawning activity in
this region of New England (Ropes and Stickney, 1965; NAI, 1971; Savage

and Goldberg, 1377).
Occurrence of high planktonic larval population densities near

to be a totally reliable predictor of spatfall (i.e., primary settling
of very young metamorphosed clams) within the estuary itself. For

. 3 :
example, high larval densities (averzging 532 per m ) were observed in

the entrance to Hampton-Seabrook Estuary has, however, not always proved
. 2 |
late summer of 1975; however, spatfall densities (37 per ft~) were




(1952) theorized that the species may have been introduced via the
bilges of fishing vessel:s, during a period of expanding trade in lob-
sters and sardines. Welch (1969, 1975) has demonstrated a positive
correlation between yreen crab abundance in ‘"aine waters and yearly
fluctuations in ocean water temperature. His data i.licate that the
present green crab population boom began about 1970 and had been pre-
ceded by an earlier, similar, boom between 1948 and 1954. Clam growth
is enhanced by a prolonged growing season generally associated with a
rise in sea temperature; however, survival declines drastically under
such conditions. The observed inverse relationship between sea temp-
erature and soft-shell clam harvests has been attributed to increased
predation pressure from expanding green crab populations (Dow, 1977), as

warmer winters also enhance the reproductive success of the green crabs.

The present report continues along the lines of investigation
established in previous reports. Notable methodological changes from
the previous report (NAI, 1977) include: 1) exclusive use of oblique
tows to monitor temporal (seasonal) and spatial (horizontal) larval
distributions off Hampton Beach, (2) utilization of aerial photography
to enhance precision with which estimates of standing stock can be made,
and (3) sampling of intertidal flat sediments to establish grain-size

distributions characteristic of clam propagation areas.




2.0 METHODS AND MATERIALS
2.1 LARVAE TOWS
To monitor temporil dist. - of Mya arenaria larvae in the

vicinity of the Sea.:o00k Station cuol.g water intake (Figure 1), dupli-
cate, two minute, oblique net tow: wer< made approximately twice weekly,
from 27 June to 27 October. A 0.5 m 7 ameter No. 20 (73 um) mesh net,
with a 10 lb. 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 Dynamics flow meter was used to
record the volume of water passing through the net; in practice, this
volume ranged from 4 to 11l 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 Piscatagua Marine Laboratory, Portsmouth,

where it was temporarily stored in a refrigerator.

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 rapidly 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) M. arenaria larvae except
when this species was particularly abundant; whereupon, the bivalve
larvae were concentrated by a swirling motion, into the center of a
round, 100 mm diameter, plastic culture dish. The resulting concen-
tration of larvae was carefully divided into visually equal quadrants
using a camels hair probe, viewing the operation through a dissecting
microscope at approximately 30x; two diagonally opposed quadrants were

then enumerated.
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Figure 1. Soft-shell clam, Mya arenaria, sampling stations.
Seabrook Mya arenaria Study, 1977
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The same splitting technigue was also used to reduce the
amount of larvae, representing other bivalve species, to sample frac-
tions containing a total of 200 to 600 individuals. Depending on ori=-
ginal (i.e., field) populaticn dunsities, this required from cne to four
successive operations consisting of concentrating the larvae into the
center of the dish and then separating and extracting a gquadrant. In
all cases, two sample fractions were enumerated from each sample, each
fraction having originated as one of two diagonally c»posite guadrants
in the initial (whole sample) larvae concentration. Principal refer-
ences . ' 2d as aids in identifying larvae to species were: Sullivan
(1948) , de Schvenitz and Lutz (1976) and Savage and Goldberg (1976).
With few exceptions, only umboned veligers were identified and enumer-
ated. Enumeration of M. arenaria straight hinge veligers was carried
out only when their identity was reasonably obvious because of the large
numbers involved and the paucity of straight hinge veligers cf other

species.

From 27 June to 28 July, a second larvae monitoring station
was maintained at a site which, prior to July 1975, had been designated
as the intake site. Collection, identification, and enumeration proce-
dures were as described above for the presently designated intake loca-

tion.

On those dates when the M. arenaria umbone veliger population

3 : . ;
density was found to exceed 50 per m”, a special towing program was carried

out to define the onshore/offshore M. arenaria larval density Jistribu-
tion in the intake vicinity. Oblique tows were made at 1/2 nautical
mile intervals along a transect running east to west through the intake

site (Figure 1). Data collection procedures were as described above.

Sel SPAT SURVEYS

To compare population densities of seed clams (shell length:

1.5 to 25 mm) periodic surveys were conducted on Hampton Harbor Flat No.



AV SIE N N NN N N aE - .. -

2 (Figure 1 and Table 1) and on flats in five adjacent estuaries, in New
Hampshire, northern Massachusetts and southern Maine (Figure 2 and Table
2). With the exception of the November survey, the stations were fixed
in that once established (on the basis of preliminary evidence of high
productivity), the same general locality was resampled with each survey.
At each fixed collection site, sediment cores three or four inches in
diameter, and four inches deep, were extracted in triplicate, using a
section of PVC plastic pipe. Sediments from these core samples were
washed through a 1 mm mesh screen and the M. arenaria spat picked from
the screen with forceps. After transfer to small fingerbowls, the spat

from each core sample were enumerated and measured to the nearest 1 mm.

Spat samples were also obtained, as described above, during
the annual Hampton-Seabrook clam flat survey in November; however, the
November stations (Table 1) were chosen at random from a larger set of
stations designated for sampling adult clam populations. Whereas the
fixed station program, with emphasis on high yield locations, facili-
tated determination of temporal and relative geographical distribution,
the utilization of randomly determined stations in November provided the
best estimate of actual spai 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 (Figure 1)
were each surveyed in November 1977 tor adult clams. Additional surveys

were conducted on Flat #2 in May and August 1977.

In preparation for the actual collection of sa. ples, flats
were mapped and contoured. To determine the various dimensions, beach
profiles were surveyed using a transit, dumpy level and stadia rod.
Transects were laid out in five directions from a central point on the
flat. Stadia rod readings were made with the level at one hundred foot

intervals. Observed water levels were refexranced toc mean low water. To
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TABLE 2. FIXED STATION CLAM SPAT SAMPLING EFFORT, SELECTED ESTUARIES
ADJACENT TO HAMPTON-SEABROOK ESTUARY. SEABROOK MYA ARENARIA
STUDY, 1977.
| NO. OF
[ LOCATION STATIONS DATES
i Plum Island Sound, MA
1 Middle Ground 5 11 Feb 11 Apr 8 Jun 5 Aug 19 Oct
‘! Neck Cove 5 11 Feb === o e -
{ Lufkins Flat 3 = 11 2>r 8 Jun 5 Aug 19 Oct
{ Nut Shoal 2 -= 11 Apr 8 Jun S Aug 19 Oct
!
| Merrimack River, MA
i Salisbury Flat 3 5 28 Jan 13 Apr 6 Jun 2 Aug 18 Oct
E Ball's Flat 1 5 27 Jan 13 Apr 6 Jun 2 Aug 18 Oct
i Little Harbor Channel, NH
|
1 Clam Pit Island 5 12 Jan 15 Apr 13 Jun 10 Aug 10 Oct
; Flat, opposite side 1 12 Jan 15 Apr 13 Jun 10 Aug 10 Oct
I
4
i Southern Maine
l York River 5 14 Jan 12 Apr 9 Jun 9 Aug 21 Oct
1 Ogunguit Beach 6 14 Jan 12 Apr 9 Jun 9 Aug 21 Oct
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aid in interpretation of horizontal dimensions given by the transect lengths,
important topographic details of the flat were sketched in the field by the

survey crew. From these, charts were constructed of each flat surveyed.

Preparation of sampling charts for Flats 1, 2, 4 and 5 was greatly
facilitated by the use of aerial photography, which was initiated with the
November 1977 annual survey to more accurately measure lat acreage and to
provide permanent records of existing flat configuration. Photographic
were made on 18 October 1977 at mean low water and at intervals of approx-
imately 1.2 m water-depth ircrements on the flood tide, making projection
of topographic contours possible (Appendix 7.4). Acreage measurements were
provided by the aerial survey contractor, employing the "stereotemplate
laydown" procedure which is standard for the preparation of tax base maps.
The maximum error in computed flat acreage has been estimated by the con-
tractor to be approximately 2-3%. Flats 1, 2, 4 and 5 were done this way;
due to difficulties encountered in the overflights; Flat 3 was not fully

photographed. Areal estimates were done as in the past for this flat.

Random sampling procedures were employed which minimized unpro-
ductive digging in extremely depopulated areas of the flats. Evidence of
breathing or siphon holes was used as an indicator of the presence, and
conversely the absence, of clams. If, after determining the location 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 no sign of siphon holes was detected within the two square
foot sampling area, the investigator in most cases simply noted this fact
on a field card and proceeded tc the next sampling station. Several stations
on each flat which showed no sign of clam holes were randomly selected and
dug thoroughly as a check on the effectiveness of establishing the absence

of clams by the absence of siphon holes (Table 3).

Total number of samples to be observed for evidence of siphon
holes was roughly determined by the surface area of the flat above mean
low tide (Table 3). To establish sampling stations, randomly generated

rectangular (x, y) coordinates were plotted on charts of each flat.
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TABLE 3 ADUL CLAM SAMPLING EFFORT, HAMPTON-SEABROOK ESTUARY. SEABROOK
: T4 STUDY, 1977.
ITOTAL NO. NO. OF NO. OF
I SURFACE ‘ SAMPLE POTENTIALLY POTENTIALLY
' AREA STATIONS | BARREN STATIONS PRODUCTIVE
[ LOCATION (ACRES) | OBSERVED SUBSAMPLED STATIONS DUG
|
] lat 2 25 27 4 7
Flat 2 25.5 27 4 8
Flat 2 | November 25.5 33 3 1
Flat 1 55.0 66 13 13
Flat 3 11.6 24 4 5
Flat 4 50.6 51 6 2
Flat S 23.9 38 5 11
| All Flats 166.6 | 212 36 32
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Random coordinates were generated until the full quota of stations was
attained for the flat. In the field, stations were located by compass
bearing and distance from the central reference point established during
the beach profile survey. To delineate the sample area, a two-square
foot frame was placed on the substrate, with the left hand corne:r of the
frame at the investigator's right foot. The substrate surface outlined
by the inner edges of the frame was carefully inspected for evidence of
siphon holes. 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 outlined by the frame was dug to a depth of about 16 inches.
Adult soft-shell clames found during excavation, or in the spoil, were
picked out and placed in a plasti~ bag along with a tag identifying the
station and flat number. In the laboratory, clams were tallied and

measured for shell length to the nearest 0.1 mm.

Individual sample counts and shell measurements were converted
to biomass estimates (bushels per acre) using a table of clam volumes
provided in Belding (1931). The overall biomass estimate for each flat
was obtained using the following formula:

X = X, 4+ == X_~
n 1 n 2

n n,

where: n = total number of sampling stations observed
n., = number of stations where siphon holes were observed

n, = n-n, = number of stations where no siphon holes were observed
-
X = average biomass (bushels per acre) estimate for the entire
flat

X, = average biomass from n. samples

1

|
-

S BN

= average biomass from a subset of samples (n7‘) representing
stations where no siphon holes were observed.

To express results in terms of standing crop (bushels of harvestable
clams on the entire flat), the biomass estimate was multiplied by flat

surface area (acres). Variance and standard error of biomass estimates

were calculated approximately, using Iormulae given in Hanson et al.,
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1953. To obtain a rough approximation of 95 percent confidence inter-
vals, standard errors were multiplied Ly two, as suggested by Hanson et

al., 1953.

z.4 SEDIMENT SURVE:S

Clam flats 2 and 4 were each surveyed five times, as shown in
Table 4. On Flat 2, sediment sampling stations were randomly distributed
and, therefore, were in different positions for each of the five sur-
veys. On Flat 4, fourteen fixed stations were established, and resur-

veyed each subsequent time.

Either 63 mm or 34 mm, inside diameter, coring tubes were used
to extract two approximately 10 cm long sediment cores at each station.
The two cores from each station were mixed together in a sealable plas-
tic bag and transported to the Normandeau Associates' Analy*tical Lab-

oratory for grain-size distribution analysis.

Methods employed for sediment grain-size distribution analysis
followed procedures described in Folk (1968) and Carver (1971) including
the use of empirically established particle settling velocities (applying
Stoke's Law) to determine the proportional representation of p. rticles
finer than sand. Particle dispersion was first assured by vigorously
shaking a subsample of each field sample with distilled water and sodium
hexametaphosphate (dispersing agent). The silt and clay fraction was
then separated from the coarser-grained particles by passing the sub-

sample slurry through a 62.5 um mesh sieve.

Upon sepavation, the silt-clay fraction was again thoroughly
mixed with dispersant and put into a graduated cylinder. At times and
to depths determined oy formulae prescribed in Folk (1968) and Carver
(1971), 20 ml volumes were withdrawn from the cylinder by pipette.
These sample aligquots were oven dried and weighed to an accuracy of 1

mg. The coarse particle portion (principally sand) was washed, oven







dried and sieved through a U.S. Standard

350, 177, 88 and 44 um. Each of

an accuracy of 10 mg.

"

Weights of the wvarious

tions, representing each

(adapted from Kane and Hubert, 1963)

particle distribution curve for each sample.

<

Sieve

these sieve

16

Series, at intervals

fractions was weighted to

sieve and pipetted fine-grain frac-
sample, were submitted to a computer program

which produced an extrapolated

For presentation, and to

facilitate interpretation, the graphic mean and graphic standard devi-
ation were calculated for each sample, according to the following
formula:
Graphic Mean (Mz)
" + 450 + #8
M = $16 $30 $ 84
z 3
Inclusive Graphic Standard Deviation (o)
4
$84 - ¢16 95 - ¢5
3 = r
I 4 6.6
The value ¢ is the base 2 logarithm of the reciprocal of grain
size (in fractions of a mm), such that a 1 mm grain of sand has a ¢
value of 0.0, a 1/2 mm sand grain has a ¢ value of 1.0, and 1/4 mm sand
grain has a ¢ value of 2.0, etc. Numbers next to the symbol ¢, in the
above formulae, specify the percentile, e.g., $16 means the value of ¢
in the 1l6th percentile of the grain-size distribution curve.



3.0 RESULTS

3.1 BIVALVE LARVAE: SPECIES COMPOSITION AND ABUNDANCE

Results of twice weekly net tows are presented in Tables 5 and
6 and in Figure 3. Details pertaining to population density estimates
for the more abundant bivalve mollusc species, other than M. ar:« ria,
are tabulated in Appendix I. Throughout the sampling period, M o=
naria umboned veligers never appeared in densities greater than 15 per m3,
with one exception. That excepticn was on 22 August, when the average
M. arenaria umboned veliger density, for the two replicat-. tows, approached
100 per m3 (Table 5). For the 102 day period from 27 June to 6 October,

7

; : - . : 3
the M. arenaria umbone veliger density averaged only 7.0 per m™.

Table 7, below, displays the results of the only horizontal

distribution tow study conducted:

TABLE 7. DISTRIBUTION OF UMBONED ». ARENARIA VELIGERS ALONG THE EAST-TO-
WEST INTAKE TRANSECT, 22 AUGUST 1977.

STATION I Iy Ig Ig
REPLICATE 1 2 1 2 1 2 1 2
Sample volume
(m?) 6.9 7.3| 10.0 7.4 9.7 8.2 8.1 9.5
Total count 1506.0 [1978.0 1092.0 | 964.0|2357.0(2065.0 | 347.0 | 146.0
Mya Veligers
(per m?) 218.3| 271.0] 109.0 |130.0| 243.0| 252.0] 43.0]| 47.0
L

3ince this study was not repeated, there being no other date at which M.
arenaria umbone veligers were present in sufficient abundance, no basis
for statistical treatment existed. Umbone veliger total abundance and

species composition, on 22 August, is presented ir composite for each of
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DENSITIES (/M37 OF UMBONED ¥4 ARENARIA ELIGER LARVAE COLLECTED
BY OBLIQUE NET TOW.

m
wn

TABL

INTAKE SITE PROPOSED
PRESENT INTAKE PRIOR TO 1975

REPLICATE REPLICATE B REPLICATE REPLICATE _

DATE | 2 X 1 2 X

27 Jun 0.8 0.7 0.8 4.9 2.4 3.5

30 Jun 1.4 0.7 1.0 <.1 <.l <.1

S Jul 0.3 0.6 0.4 11.6 3.9 7.8

8 Jul 14.1 id.1 13.1 8.2 10.5 9.4

11 Jul B 0.7 1.0 1.4 M 253

14 Jul 0.4 - P 1.3 0.7 0.6 0.6

18 Jul 9s7 0.2 0.4 0.6 0.6 0.6

21 Jul 0.5 0.7 0.6 ). 5 0.7 0.6

28 Jul 0.1 . 0.1 L %.3 0.0 0.1 <.1
1 Aug . 314(33) <,.1(50) 7Y
4 Aug 13.0 15.0 14.0
8 Aug 1.0 0.4 ). 7
| 11 Aug 2.1 s 1.9 » 2.0
| 15 Aug 4.4(5.4) 2.0(2.4) 3.2
18 Aug 4.7 8.1 6.4
i 22 Aug 129.0 67.0 98.0
I 25 Aug 1.3 13.8 12.4
29 Aug 3.9 1.4 2.6
1 Segp 1.7 10.0 10.8
& Sep Ued 0.4 0.4
8 Sep J.0 0.1 €.l
12 Sep 0.6 0.9 0.8
15 Sep 23 . 2.8
19 Sep 14.4 13.8 14.1
22 Sep Dy ¥ 1.0 0.8
29 Sep 0.2 0.2 0.2
6 Oct 0.8 0.5 0.6
10 Oct 0.0 0.0 0.0
13 Oct 0.0 0.0 0.0
20 Oct 0.0 0.0 0.0
27 Oct 0.0 0.0 0.0

avg. density: 27 June to 6 October (102 days)
7.0 larvae per m~

-
numbers in parentheses represent straight hinge larval densities






mE S B SN G MR Y B AW BN S G EE - N BN B aw .

” h,“““h.hll”"”“ln.l |'

JULY AUGUST SEPTEMBER OCTOBER

Figure 3. Abundance of veligers of bivalve mollusc species collected in the vicinity of the intake
site off Hampton Beach, New Hampshire Seabrook Mya arenaria Study, 1977.
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3.8 CLAM SPAT: ABUNDANCE, DISTRIBUTION AND GROWTH

Spat densities recorded for fixed stations in six New England
estuaries are presented in Table 8; further detail pertaining to the
fixed station survey can be found in Appendix II. Both the Plum Island
Sound and Hampton Harbor flats exhibited reascnably good retention cf
the 1976 spat set, which, as shown in Table 9, represented the highest
spatfall density in seven years of study at Hampton-Seabrook Estuary (=
Hampton Harbor,. Retention was also reasonably high at Ogunquit Beach
until October 1977 when densities fell to approximately one gquarter of
the maximum observed densities. Attrition of the 1976 spat set was
almost complete in the Merrimark River estuary, Little Harbor channel,
and the York River estuary. Spatfall was relatively modest in 1977 at
all of the estuaries studied, except Plum Island Sound, where the 1977

spatfall was even higher than in the previous year.

Shell length data, obtained from the fixed station program,
are represented in Figure 5. Shell growth was most rapid at the Plum
Island flats. Shell growth at Ogurquit Beach was initially compara-
tively slow, but later accelerated, particularly between samplings in
June and August. By October, 1977, a wide gap was evident between the
shell size ranges of the 1976 and 1977 vear classes, at both Plum Island
Sound and Ogunquit Beach, as Figure 5 clearly shows. To minimize clut-
ter, size-frequency characteristics of the 1977 set were not included in
Figure 5 for the October, 1977, Hampton Harbor collection, but were
essentially the same as depicted for the same month in the Merrimack
River. 1In October 1977, 1976 year class spat were virtually non-exist-

ent in the Merrimack River (Table 8).

Results of the 1976 and 1977 annual spat collections at random
stations, are summarized for the five principal flats, collectively, in
Figures 6 and 7. These data indicate that median shell size has increased
only 6 mm, from 3 to 9 mm, in the 12 month period between surveys.
However, clams in the upper 97.5 percentile of shell size have grown

approximately 11 mm, from € mm to 17 mm, between the two surveys (Figure



TABLE 8. SEED CLAM DENSITIES (FT ?) FOR SIX NORTHERN NEW ENGLAND ESTUARIES. (VALUES DO NOT INCLUDE SPAT
LESS THAN 1.5 mm MAXIMUM WIDTH). SEABROOK MYA ARENARIA STUDY, 1977.

JAN-
APR JUN AUG 0CT FEB APR JUN AUG OCTOBER
SAMPLE PERIOD 1976 1976 1976 1976 1977 1977 1977 1977 1977

YEAR CLASSES
LOCATION 1976 1977
Plum Island Sound, MA 63 2 17 178 112 212 136 156 101 572
Merrimack River Estuary, MA 33 14 23 228 164 227 149 25 <1 52
Hampton Harbor, NH 113 15 96 1283 614 692 615 363 254 717
Little Harbor, NH 69 19 L&} 105 85 176 200 60 2 il
York River, ME 181 277 92 105 119 92 46 108 <] 75
Ogungnit Beach, ME 37 2 8 57 101 63 102 108 24 25




5
TABLE 9. SUMMARY OF MYA ARENARIA PULATION DENSITIES, ANNUAL NOVEMBER
SURVEY. SEABROOK m¥4 .4?? ARIA STUDY, 1977.
POPULATION DENSITY (#/SQ. FT.)
NUMBER OF
SAMPLES
COLLECTED STAT ADULTS ADULTS
LOCATION YEAR ADULTS SPAT |[(>1 TO 25 mm) (25 TO 50 mm) {(>50 mm)
Flat 1 1971 18 18 48 6.8 as1
197 18 18 110 8.1 r, P
1973 36 18 44 - le3
197 40 18 2.6 2.8 3.0
1975 35 18 56 0.4 -
1976 63 18 1084 0.12 0.53
1977 66 14 819 0.04 0.15
Flat 2 1971 9 9 I1 4.8 3.8
1972 9 9 152 - {5 1.4
1273 9 S 136 3.8 1.3
1974 21 9 0.0 Red 1.9
1275 21 9 9.1 0.0 0.5
1976 24 9 351 0.0 0.21
1977 33 7 86 0.0 0.08
Flat 3 1971 6 6 74 4.7 4.6
1972 6 6 39 1.6 0.4
1973 12 6 8 3.6 - 5
197 12 6 0.6 . P F 1
1975 12 6 y G | 0.0 0.6
1976 24 5 560 0.07 0.23
1977 24 [ 75 0.12 0.04
Flat 4 1971 2 12 106 17.6 2.8
1972 12 2 138 10.6 - P
1973 24 12 18 3.8 0.6
1974 29 12 ey | 2.8 1.8
1975 2 12 68 0.3 0.7
1976 81 18 843 0.04 0.16
1977 51 11 436 0.09 0.01
Flat S 1971 9 9 176 53 1.6
1972 9 9 196 3.8 2.3
1973 21 11 23 3.0 0.4
1974 17 11 2.4 0.0 0.1
1975 9 11 7.5 0.0 0.01
1976 24 12 549 .0 0.14
1977 114 0.08 0.03
{(Continued)
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Figure 7. Spat size-freruency distributions for juvernile soft-shell clams
from Hampton Harbor, November 1976 and 1977.
Seabrook Mya arenarta Study, 1977.
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6). As of November 1977, approximately 2.5% of all spat were between 17
and 25 mm long (Figures 6 and 7); whereas, there were no spat larger

than 12 mm in November 1976 (Figure 7).

Data pertaining to spat density estimates for each of the five
principal Hampton Harbor flats is summarized in Table 9. Further details
are presented in Appendix 7.3. Flat 1 appears to have retained much of
the spat observed a year earlier, in November 1976. Between the 1976
and 1977 annual surveys, densities on Flat 4 have been reduced by
approximately one half; while, attrition has been substantially greater

on the other three flats.

3.3 ADULT CLAMS: DISTRIBUTION AND ABUNDANCE

Results of Hampton Harbor adult clam surveys conducted through-~
out 1977 are summarized in Table 10. Considering the entire five-flat
area, totaling 167 acres, there has been a 45% reduction in biomass
since November 1976 and an 88% reduction since November 1974 (Figure 8).
Large declines from the previous year are indicated by the biomass and
standing crop values for the individual flats (Table 10), except for
Flat 2 which appears to have maintained a fairly stable, albeit sparse,
soft-shell clam population for the past two years. As indicated by the
relatively large number of stations on Flat 1 where burrows were evi-
dent, and the high vield at these stations (see Column fl; Table 10),
Flat 1 remains an important soft-shell clam propagation area in Hampton

Harbor.

Estimates of the percentage of flat area no longer bearing
soft-shell clams continued to increase, from 1376 to 1977 (Table 11).
By November 1977, 8l% of the 167 acres on the five largest flats had
become non-productive. The smallest proportion of non-productive area

(68%) was found on Flat 3.



TABLE 10. RESULTS OF SOFT-SHELL CLAM (MYA ARENARIA) ESTIMATES, HAMPTON-SEABROOK ESTUARY.
MYA ARENARIA STUDY, 1977.
r TOTAL NUMBER NUMBER MEAN BIOMASS STANDING CROP
NUMBER OF UNITS NUMBER BURROWLESS (BUSHELS/ACRE ) (BUSHELS)
SURFACE SAMPL ING BURROWS | unITS WITH UNITS BURROWS NO BURROWS COMBINED
AREA UNITS OBSERVED NO BURROWS | SUBSAMPLED OBSERVED OBSERVED ESTIMATE ESTIMATED
LOCATION DATE (ACRES) (n) (n‘) (n?) (n,;) (l‘) (XZ‘) X STD DEV X STD DEV
Flat 2 May 25.95 27 7 20 4 31.00 0.0 8.04 ¢ 3.72 205 ¢ 95
Flat 2 August 5.5 27 8 19 4 27.88 28.0 27.96 t 12.51 712 ¢+ 118
Flat 2 Novembe r 25.4 33 1 32 8 67.00 6.98 8.79 + 6.76 224 + 172
Flat 1 November 55.0 66 13 53 13 45.92 1.0 9.05 ¢+ 2.01 498 ¢ 111
Flat 3 November 11.6 24 5 19 4 13.04 1.08 3.57 2 1.76 41 ¢+ 20
Flat 4 November S0.¢ 51 2 49 6 16.15 1.15 3«73 2 1.15% 88 + 58
Flat S November ’3.9 1% 21 27 5 5.77 1.10 2.45 ¢+ 2.94 59 ¢t 2
TOTAL
ALL PLATS November 166.6 212 32 180 36 25.78 2.92 6.37 ¢+ 1.64 1061 ¢ 273
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TABLE 11. ESTIMATES OF NON-PRODUCTIVE CLAM FLAT, HAMPTON-SEABROOK
ESTUARY. SEABROOK MYA ARENARIA STUDY, 1977.
ESTIMATED % OF
AREA WHICH WAS
% OF v OF UNPRODUCTIVE
n, STATIONS n: STATIONS
LOCATION MONTH | DEVOID OF CLAMS|DEVOID OF CLAMS| 1977 1976 1975 1974
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Length-frequency distributions of clams, collected from the
five major Hampton Harbor flats during the past three November surveys,
are presented in Figure 9. Compared to the previous year there was an
increase in 35 mm size-class density, and a reappearance of clams in the
40 mm size-class. On the cther hand, there were no longer any individ-
uals in the 30 mm class, in 1977; a reasonable explanation is that clams
in this group (probably representing the 1975 year class) were recruited
to the next larger size classes of 35 and 40 mm. From the 45 mm size
class upwards, densities declined from 1976 values; this was most marked
in the mid-range of harvestable adult clam sizes (size classes 55 to 65
mm). Size frequency records, dating from November 1971, are presented

for each of the five principal flats in Appendix 7.3.

3.4 SEDIMENT GRAIN-SIZE DISTRIBUTION CHARACTERISTICS OF FLAT 2 AND 4

Graphic means (Mz) and standard deviations (:I) of ¢ values
are presented for Flat 2, in Table 12, and for Flat 4, in Table 13.
There was little evidence of substantial change in sediment character-
istics with time, indicating that large portions of these flats are

sedimentologically stable.

Approximately 79% of Flat 2 was composed of fine to very fine
sand (MZ: = 2.7 to 3.2). Two localities which departed substantially
from general Flat 2 characteristics are idoentified, in Figure 10, as
regions of fine sand (Mz: = 2,2 to 2.5) and medium sand (Mzt = 1.4 to
1.9), respectively. These two areas also tended to be less well sorted

than the rest of Flat 2 (Table 12).

Flat 4 exhibited a somewhat more complex sedimentological
structure than Flat 2 (Figure l1l1). The northwestern corner of Flat 4,
north of the mussel bed area, was characterized as a medium sand area
(M ¢ = 1.1 to 2.0). Medium sand also prevailed on landward portions of
Flat 4 (Mz: = 0.9 to 2.3). Sediments associated with the mussel heds

and the drainage away from the beds (Figure 11), tended to be the finest







TABLE 12. GRAPHIC MEANS (M,) AND STANDARD DEVIATION (o) OF GRAIN SIZE (¢) VALUES FOR FLAT 2.
SFABROOK MyA AREfARIA STUDY, 1977.

NOVEMBER 1975 | FEBRUARY 1976 AUGUST 1976 NOVEMBER 1976 | DECEMBER 1977
GRID LOCATION
(see Figure 10) STA Mz 8 STA Mz Iy STA MZ oy STA MZ o1 STA MZ o
— L
Al b M5 2.5 0.8
sk el ikt H8 2.9 | ra 2.7 0.7] M7 2.9 0.6 |
M5 2.5 S
B2 L3 2.7 5 .- 2.2 1.0
o 8 3.0 0.5
C1 H6 3.1 0.6
C2 HS 2.9 L1 3.1 0.8
H1 2.9
L7 2.8
L8 2.9
D1 4 3.0 0.46 Hl 32 O 4 3.2'8.7
D2 3 3.0 0.4
6 2.9 0.4
E2 3 2.9 0.33 H7 3.0 0.5
E3 2 3.0 0.5
F2 H1 3.0 0.5 9 3.0 0.5
F3 2 3.8 0.48 | M4 2.8 LS 1.9 1.1 | M 1.9 1.0 1 LB 5
1 1.4 1.08
F4 L1 2.7 0.6
N a0
32 M9 2.9 M3 2.9 0.5 7 .7 0.5
L6 2.9 Fo SN
% W B -

(Continued)
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TABLE

12.

(Continued)

KEY (INTERPRETATION):

.~

s

e

GRAPHIC MEAN (M{) OF ¢

()

i

PARTICLE DIAMETER (MM)

- .- e

0.500 Medium sand
0.35%0

0.250

0.177 Fine sand
0.125

0.088 Very fine sand

0.0625

1

+392 to .50
31 o .70
+ 71 2o 1.00
1.01 to 2.00 -

GRAPHIC STANDARD DEVIATION (‘I) OF ¢ W

‘-vubll'/ sorted

- well sorted
moderately well sorted
Hv:-’e’n.llt'l“,’ sorted
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4.1.2 Planktonic Larvae nf QOther Bivalve Mollusc Species

So far as is known, the present study of bivalve larval abun-
dance and species distribution is unique; no other studies have been
identified with which the data presented here can be compared. Bivalve
mollusc larvae are usually among the most abundant forms in the mero-
plankton, and have been enumerated as a generic group (e.g., McAlice,
1972; Lee, 1974); only qualitative species composition information has
been given, however. Total densities reported by McAlice (1972) and Lee
(1974) averaged one or two orders of magnitude lower than densities

reported here.

Species composition off Hampton Beach appears to reflect
relative abundance and proximity of adult bivalve mollusc populations
inhabiting the study area. The two mussel species are dominants and
principal habitat formers on nearby rocky outcroppings. The nestling
clam, Hiatella sp. is quite frequently found with the M. modiolus habi-
tat. Anomia sgquamula are frequently recovered from benthic dredge
samples. Many bivalve mollusc species common to the study area were
poorly represented in the plankt)on samples or not found at all. This
may be due to a larval demersal habit, or because larvae of certain
species tend to remain in the brood chambers of the adults until they
are almost ready to settle as spat; the clams Gemma gemma and Nucula

spp. are primary examples of the latter habit.

Data presented in Figure 4 tend to suggest that a density
decrease with distance seaward, as hypothesized for M. arenaria, may not
hold for larvae of other bivalve mollusc species, particularly Anomia
sp. As was the case with M. arenaria spatial distribution (Section
4.1.1), general inferences drawn from a single collection date cannot be

evaluated as to reliability.

4.2 SOFT-SHELL CLAM SPAT

The high density of the 1976 spatfall has provided an excel-

lent opportunity to compare soft-shell clam growth and survival in
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Figure 13. One factor which was not anticipated by the Figure 13 pro-
jections was the extremely crowded conditions existing on the relatively
"undisturbed" substrate areas, particularly in Hampton Harbor. Data
presented in Figure 14 indicate an inverse relationship between shell

growth and population density.

Causes of the observed interval of several years between
highly successful spatfalls at Hampton Harbor (Table 9) remain largely
obscure. It is apparent, however, that seasonal planktonic larval
abundance was a relatively poor predictor of spatfall success during

1977 (Tables 9 and 14).

4.3 STATUS OF ADULT SOFT-SHELL CLAM STOCKS IN HAMPTON HARBOR

In addition to considerably reducing the uncertainty of clam
flat acreage estimates, delineation of natura. flat boundaries using
aerial photography resulted in the incorporation of about 25% more flat
area than would have been practical using ground survey methods des-
cribed in Section 2.3. (which depend on line-of-sight and therefore
cannot include "blind" area obscured behind salt marsh). This increase
of 30 to 40 acres to the study area as of November 1977, not included in
previcus surveys, should be kept in mind when referring to historical

standing crop values presented in Tables 15 and 16.

Correcting for the acreage added in 1977, it has been esti-
mated that approximately 950 bushels of harvestable clams were taken
from the five principal clam flats in the interval between November 1976
and November 1977; this amounted to approximately 46% of the standing
crop as of November 1976. In contrast, approximately 3600 bushels (73%
of the Novemper 1975 standing crop) were harvested in the previous 12
month interval (NAI, 1977). Some of the reduction in proportion of
harvested to unharvested clams reflects an increasingly diminishing
return for digging effort; but much is also due to the fact that the

Hampton Harbor flats were closed to clam digging throughout the summer
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Figure 13. Estimated shell growth rate of soft-shell clam, Mya arenaria, with
approximate 95% confidence intervals. Seasonal dips in the curve
suggest slowing of growth in the late fall and early winter (NAI,
1977). Seabrook Mya arenaria Study, 1977.
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TABLE 1
IN HAMPTON HARBOR.

RECENT HISTORY OF THE STANNDING CROP OF LEGAL SIZE MYA ARENARIA
SEABROOK MY4 ARENARIA S

49

ESTIMATED BUSHEL

TOTAL ESTIMATED NUMBER

DATE PER ACRE OF BUSHELS
] = o | ., |
l November 1967 152 23,400
|
July 1969 103 15,840
November 1971 84 13,020
| November 1972 58 8,920
|
| November 1973 41 6,310
{ November 1974 56 8,690
|
November 1975 | 29 4,945
|
|
i November 1976 11 1,350
| November 1977 6 1,060

(from Ayer, 1968)



16. RECENT HISTORY OF THE STANDING CROP OF MYA ARENARIA (>50 mm LONG)

ON FLAT #2.

SEABROOK MYA ARENARIA

STUDY, 1977.

ESTIMATED BUSHELS

TOTAL ESTIMATED NUMBER

DATE PER ACRE OF BUSHELS
e | P |

November 1967 220 5,500
July 1969 119 2,970
November 1971 139 3,480
April 1972 118 2,960
July 1972 6l 1,530
November 1972 55 1,380
February 1973 39 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>