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Figure 1.

INTRODUCTION

The National Marine Fisheries Service (NMFS) at Woods‘Hole began

sampling planktonic larval stages of lobsters, Homarus americanus, in

Buzzards Bay in May 1976. This effort has continued each year since then
with sampling beginning in early May, before the hatching of lobster eggs
begins, and ending in early August, after the larvae havg settled out

of the plankton. The sampling was begun as part of a joint study of the
distribution and abundance of lobster larvae in Cape Cod Bay, the Cape

Cod Caﬁal, and Buzzards Bay. We at NMFS, as our part of the study, sampled
the middle section of Buzzards Bay, an area which is close to our base

of operations at the Northeast Fisheries Center in Woods Hole (Figure 1).
Since this joint study has already been described in the initial report

of this volume (Collings and Lawton, 1980), we will not repeat the details

.here.

Buzzards Bay varies in depth from less than 5 m at the Cape Cod Canal
end to about 30 m at the bay mouth. Sediments consist largely of sand
and silt, although there are numerous areas of rocky bottom and, along
the northwest shore, rock ledge.

The bay, which lies entirely within Massachusetts territorial waters,
is closed by state law to fishing with trawls or nets. There are, however,
active commercial and recreational trap fisheries for lobsters from spiing
to late fall, as this species is relatively abundant. In these fisheries
lobsters caught that are less than 81 mm carapace length or are ovigerous

must be returned to the water. Precise lobster landings from Buzzards Bay



are not known, although catch reports filed to the state by lobster fisher-
men each year indicate that they are considerablel/. Based on these data
we suggest that an estimate of about one million pounds landed per year

from the bay probably is reasonable.

SAMPLING PROCEDURES
Nﬁmerous reports have indicated that planktonic lobster larvae are
positively phototactic and are found at or near the water surface during
daylight hours (Smith, 1873; Herrick, 1896; Templeman, 1937; Templeman and
| Tibbo, 1945; Sherman and Lewis, 1967). The gear that we used for sampling
therefore was a neuston net (1x2 m mouth, 9 m length). The mesh size of
the net was 0.97 mm, bar measure, which retainedkall sizes of lobster larvae
as well as many smaller animals. The net was towed with the mouth from one-
half to two-thirds submerged. The towing was done from a research vessel
12 m in length. The tows were made in a straightrline, and the point of
towing was the end of a boom extended 2.5 m outboard amidships over the
starboard rail. The net rode about 20 m astern of the towing vessel and,
for the most part, was out of the wake. The towing speed in 1976, based on
distance;covered, was estimated at 4.6-5.6 km/h (2.5-3.0 K); in 1977-79 it
was 6.0 km/h (3.25 K), and this was determined with an electronic log.
Except where there was significant net clogging, the tows were one-
half hou: in duration. At 6 km/h the estimated surfacg area sampled in a
one-half hour tow was 6,000 m2, and the estimated volume of water filtered
was 3,000 m3, assuming that the net sampled a surface layer of water 0.5 m
deep. At the lower towing speeds used in 1976 the estimated volume filtered

in a one-half hour tow ranged from 2,200-2,750 m®. The volume filtered may,
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of course, vary considerably depending on depth of the net in the water, extent
of clogging, and, as Scarratt (1973) pointed out, the amount of wind and wave
~action. The water volumes filtered that we have used therefore must be considered
approximate.

Where net clogging occurred due to algal blooms or concentrations of
ctenophores; the usual clogging organisms, the volume filtered was reduced.
Tows in which clogging was apparent were abbreviated; a few being of only 5
minutes duration because of this. Clogging often occurred from mid-July to
early August and it affected about 10% of the total tows in a season.

At the completion of a tow the catch was washed from the codend into one
or more plastic buckets. Floating weeds frequently occurring in catches we;e
rinsed free of organisms and discarded. The catch then was strained with a
sieve, placed in jars, and preserved in 2% formaldehyde. The lobster larvae
were sorted from these samples in the 1abqrétory.

The net was washed with a hose after each tow to clear blockéd meshes. If
it was badly fouled we turned it inside out and dragged it in the vessel's wake
at cruising speed for 5 or 10 minutes to clean it.

Weather pefmitting, all stations were sampled once each week during the
May-August sampling season. In 1977-79 we sampled six stations in two tran-
sécts, each of which was nine km in length (Figure 1). In 1976 we sampled only
the easternmost transect, which we divided into four stations (Figure 1). Sam-
pling usually began by about 0800 h (EST) and was completed by about 1400 h.

On one occasion, in 1976, we sampled during eariy evening hours and after dark.
The surface water temperature was recorded to the nearest 0.1°C at the
beginning of each tow, using a mercury thermometer. Surface to bottom tempera-

tures were obtained with an electronic probe in 1977 and part of 1978. Wind

and cloud cover observations were noted on each tow log.
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RESULTS

Over the four years sampled a total of 16,679 larval lobsters were caught,
for an average of 23,3 per1,000m3 of water filtered (Table 1). Numbers of
larvae varied considerably from year to year with totals ranging from 1,284 in
1976, when there were fewer stations, to 10,303 in 1979. The unusually high
numbers in 1979 resulted largely from high catches on a single sampling date.

There was a marked variation also in the composition of the catch by
stage of development, both within and between years (Table 1). Stage II pre-
dominated in 1976 and 1977; stage IV, in 1978; and stage III, inv1979.v The
large numbers of stage IV larvae in most years seemed unusual, even though
the longer life of this stage increases the chance of capture. In 1978, when
this was most pronounced, there were more than twice as many stage IV'is as
the other stages combined (Table 1).

Estimates of the abundance of larvae by éampling date for all stations
combined in each year in terms of éatch per 1,000 m3 of water filtered (Figure
2) show that the larvaefbegan to appear in the catch in the latter half of
May, reached peak numbers in mid to late June, and had completed pelagic
stages by early August. The surface water temperature when larvae first were
caught was about 13-15°C; the teﬁberature at the bottom usually wasll or 2

degrees lower than at the surface (Figure 2). The temperature at the peak of .

- larval production was about 19°C at the surface and 17°C at the bottom. These

temperatures for initiation of hatching and peak of larval production agree
rather closely with the findingé of Hughes and Matthiessen (1962). Water tem-
peratures as high as about 240C at the surfacebwere recorded in July and early
August (Figure 2).

There was no consistent pattern in total abundance by station, although

catches usually were higher at stations 1-3 than at station 4-~6, The largest



Figure 3

catches generally were made at station 3. The water temperature was higher by
about 1-2°C at stations 4-6, wherevthe depth was 10-12 m, than it was at sta-
tions 1-3, where the depth was about 15 m, but it was not clear if these tem-
perature or depth differences affected larval abundance.

The high numbers of larvae caught in 1979 were due largely to catches on
one sampling date (June 18) when 6,746 larvae were caught in the 5 tows (Table
1). The mean total catch per 1,000 m3 of water filtered for June 18 was 450
larvae (Figure 2). ' The year 1979 was, however, one of generally high abundance
in Buzzards Bay (Figure 2).

The abundance of lobster larvae by developmental stage for each year and
sampling date show the general progression of stages through the hatching sea-
son (Figure 3). The abundance of stage I larvae usually peaked around mid-
June and stage IV peaked in late June. Larvae were caught from late May to
early August, encompassing a périod of about 11 or 12 weeks. Generally there
was a small peak in abundance of stage I larvae in late May and well before
the seasonal peak in Mid-June (Figure 3); this has been noted previously by
Collings, et al. (1980)2/ in the northeastern part of Buzzards Bay.

In 1976 the pattern of larval abundanée by stage (Figure 3) showed early
stage larvae to be more abundant than late stage ones. In 1977 and, especially,
1978 the late stages were as abundant or more so than early ones. In 1979 the
very high numbers of all stages gaught on June 18 greatly altered the pattern
of abundance for that year.

In order to examine day-night differences in the larval catch, in 1976
we made 3 daylight and 3 night tows on the eyening of June 9 at stations 2, 3,
and 4 of the 1976 transect (Figure 1). Only the first 3 larval stages were

caught, as stage IV larvae had not yet appeared in catches (Figure 4). Station
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2, 1820-1850 h EST, yielded 257 larvae, the largest catch of the 1976 season.
At station 3, 1855-1925 h, 113 larvae were caught, and at station 4, 1930-2000 h,
31 larvae were taken. These were the 3 daylight tows, although the light was
fading through the last 2 of these. Sunset this date was 1921 h. For the
night tows the times and catches were: . station 4, 2025-2055 h, 45 larvae;
station 3, 2100-2130 h, 28 larvae; and station 2, 2135-2205 h, 17 larﬁae. As
these data show, the catch dropped rapidly as the light level decreased. Fur-
. - ther, the catch composition by stage changed greatly, with stage I larvae dém—
Fieure 4 inating during daylight and stage III larvée making up much of the catch after

"~ dark.

DISCUSSION

The results from this study and from those of Collings, et al. (op. cit,),
indicate that the numbers of lobster larvae caught in Buzzards Bay considerably
.exceed those caught in other New England areas, such as the Maine coast (Sherman
and Lewis, 1967), Cape Cod Bay (Anderson aﬁd Schotton,‘1978)§/, Vineyard Sound
(Herrick, 1896), Block Island Sound (Bibb and Hersey, 1979)5/, and Long Island
Sound (Lund and Stewart, 1970). Indeed, it appears, when Canadian studies are
considered as well, that the larvae are at least as numerous here as in any
other location.

The abundance of early stage larvae in an area depends on the numbers of
ovigerous lobsters present. Lobster fishermen of the Woods Hole area that we
have talked with have said that ovigerous lobsters are up to three to four
times more abundant in Buzzards Bay than in adjacént Vineyard Sound. In addi-
tion,. they reported that ovigerous lobsters in Buzzards Bay are smaller than
in Vineyard Sound, suggesting earlier maturation in the bay. Collings, et al.
(op, cit.) presented data which indicated that Buzzards Bay lobsters matured

at a younger age and smaller size than those in Cape Cod Bay, presumably due
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to lower water temperatues in the latter area. This is consistent with the
- results of Templeman (1936) who found indications that lobsters matured at
smaller sizes in the warmer water areas off Canada than colder ones.

The above would sugges£ that conditions are more favorable in Buzzards
Bay for the production of larvae than in adjacent waters. Buzzards Bay,
which is shallower than adjacent areas and has a slower flushing rate, is
warmer from spring to fall (the season of rapid growth) than either Vineyard
Sound (Summer, et al., 1913) or Cape Cod Bay (Collings, et al, op. cit.).

The high numbers of larvae caught in Buzzards Bay compared with the lower
numbers in Vineyard Sound (Herrick, 1896) and in Cape Cod Bay (Anderson and
Schotton, op. cit.), would appear to sﬁpport this suggestion.

| Collings, et al. (op. cit.) indicated that there appeared to be more
sublegal ovigerous lobsters in Buzzards Bay than in Cape Cod Bay.  In addition,
lobster fishermen have told us that sublegal ovigerous lobsters are more com-
mon in Buzzards Bay than in adjacent areas. Thus more female lobsters in
Buzzards Bay may spawn at least once before they are caﬁght as legal lobsters,
increasing larval production there. This may be an important factor in the
apparent high larval production in this bay.

The results in several larval lobster studies have shown that stage I
larvae dominated catches, although this varied somewhat depending on when in
the pelagic phase the sampling was done (Templeman, 1937; Templeman and Tibbo,
1945; Scarratt, 1964; Sherman and Lewis, 1967; Lund and Stewart, 1970; Scarratt,
1873). If the larvae are evenly distributed horizontally and vertically one
might expect this patterh, because of a likely high mortality through the
pelagic stages. The results from our sampling, however, as earlier.indicated,
showed stage II, III, and IV larvae dominating the catch in the four years
sampled (Table i, Figure 3), a pattern that was similar to that concurrently

obtained by Collings, et al. (dp. cit.) in northeast Buzzards Bay. A possible



reason for this apparent anomaly in Buzzards Bay is that it stemmed from dif-
ferences in vertical distribution of the various stages in relation to liéht
intensity. Templeman and Tibbo (1945) found that under bright sunlight con-
ditions stage I and II larvae moved down somewhat from the surface layer,
They concluded that, "sunlight tends to drive first and second stage larvae
at least below the surface but has less repelling effect on third and fourth
stages than on second and second than on first. The larvae are strongly at-
tracted to the surface by dull sunlight." Scarratt.(1973) also found consid-
erable numbers of stage I larvae in depths of 0.6-1.2 m on sunny days in the
Gulf of St. Lawrence.

Most of our sampling in Buzzards Bay was done under sunny conditions,
and it is therefore possible that some early stages were missed because they
had moved deeper than the 0.5 m level that our net sampled. Our data do not
cover enough light conditions, however, to draw any conclusions in this re-
gard.

The pfesence of the observed large numbers of stage IV larvae in 1978
may alsokbe partly explained by the results of Templeman and Tibbo (1945) and
quoted above. Another possible factor may be related to the life span of
stage IV larvae. Data from Herrick (1896) indicéte that athoods Hole stages
I and II molt within 5 days or, more ﬁsually, less, and stage III molts in
2-8 days. Stage IV larvae,:however, do not molt for 10-19 days and thus are
exposed to capture for a longer period than earlier stages.

Still another factor may be the effect of surface drift in dispersing
the larvae. Scarratt (1964) suggested that the levels of stage I abundance
reflected the location of the parent stock. Significant drift of the larvae

as they pass through pelagic stages could result in a somewhat different
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distribution of stage I compared with stage IV, and limited sampling, as was
the case in this study, could result in undersampling some stages.

High catches of larval lobsters in this study frequently coincided with
high catches of zoea and megalaps-stages of crabs. This has been noted also
by Templeman (1937). At the peak catches of lobster larvae in mid to late
June, we caught up to 2 liters of crab larvae in a one-half hour tow. These
all were smaller than the lobster larvae. Many were larvae of the rock crab

(Cancer irroratus); however, larvae of green crab (Carcinus maenas) and lady

crab (Ovalipes ocellatus) also were frequent components of the catch at this

time. Larvae of the porcelain crab (Porcellana spp.) were abundant through

much of July into early August. The significance of the>pre5ence of crab

larvae in relation to larval lobsters is unkown.
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Table 1.--Total numbers of tows, numbers of tows containing larval lobsters, total

numbers of lobster larvae of each stage, mean total numbers per 1,000 m~,

3

and percentage frequency by stage (in parentheses) for Buzzards Bay neuston

sampling in 1976-79 and all years combinéd.

Number of tows

Numbers of larvae of each stage Total Number per

Year “Total With larvae T I1I 111 IV number 1000 m3

1976 50 32 433 484 290 77 1,284 10.1
(33.7) (37.7) (22.6) (6.0) (100.0)

1977 80 56 706 1,064 759 932 3,461 18.8
(20.4) (30.8) (21.9) (26.9) (100.0)

1978 62 41 90 103 243 1,195 1,631 9.6
(5.5) (6.3) (14.9) (73.3) (100.0)

1979 | 88 56 2,413 2,640 3,962 1,288 10,303 43.7
1 (23.4) (25.6) (38.5) (12.5) ~ (100.0)

All years 280 185 3,642 4,291 5,254 3,492 16,679 23.3
| (21.8) (25.7) (31.5) (21.0) (100.0)
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Figure 1l.--Sampling stations for neuston tows in Buzzards Bay, Massachusetts,
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H | APPENDIX

Tables A-1 to A-15. Catch data by station for larval lobsters caught

in neuston tows in Buzzards Bay, Massachusetts in 1976-79.
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Table A-1 .--Larval lobster catches in numbers by stage, total numbers, and estimated

Table A-2 .--Larval lobster catches in numbers by stage, total numbers, and estimated

total numbers per 1,000 wd of water filtered for all Buzzards Bay

neuston stations combined, by sampling dates, in _1979 .
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Table A~5 .--Surface water temperature and larval lobster catches in numbers by stage, Table A-6 .--Surface water temperature and larval lobster catches in numbers by stage,
' total numbers, and estimated total numbers per 1,000 m” of water filtered total numbers, and estimated total numbers per 1,000 m” of water filtered
at Buzzards Bay neuston stations, by sampling date, in 1976 . at Buzzards Bay neuston stationms, by sampling date, in 1976 .
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Table A-7.-~Surface water temperature and larval lobster catches in numbers by stage,
total numbers, and estimated total numbers per 1,000 m3 og7v71atet filtered

at Buzzards Bay neuston stations, by sampling date in

total numbers, and estimated total numbers per 1,000 m

Table A-8 .--Surface water temperature and larval lobster catches in numbers by stage,

of water filtered

at Buzzards Bay neuston stations, by sampling date, in _ 1977 .
Stations 1 and 2. Stations 3 and 4.
Surface Numbers of larvae of each stage Total Numher per Surface Numbers of larvae of each stage Total Numher per
Date °c 1 - 111 v nambet 1,600 m3 Date °c I i1 111 ™ nunibet 1,000 w3
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Table A-9 .--Surface water temperature and larval lobster catches in numbers by stage,

total numbers, and estimated total numbers per 1,000 m~ of water filtered

Table A-10 .——Surface water temperature and larval lobster catches ip numbers by stage,

total numbers, and estimated total numbers per 1,000 m” of water filtered

at Buzzards Bay neuston stations, by sampling date, in _1977 . at Buzzards Bay neuston stations, by sampling date, in _1978 .
Stations 5 and 6. Stations 1 and 2.
Surface Numbers of larvae of each stage Total Numher per Surface Numbers of larvae of each stage Total Number pef
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total numbers, and estimated total numbers per 1,000 m
at Buzzards Bay neuston stations, by sampling date, in

Stations 3 and 4 .

Table A-1lL--Surface water temperature and larval lobster catches in numbers by stage,

of water filtered

Table A-12--Surface water temperature and larval lobster catches in numbers by stage,

total numbers, 'and estimated total numbers per 1,000 wd of water filtered
at Buzzards Bay neuston stations, by sampling date, in 1978

Stations 5 and 6.

Surface Numbers of larvae of each stage Total Numher per Surface Numbers of larvae of each stage Total Numher per
Date °c I i 111 v nusber 1,600 n3 Date °c I 11 11t v nunber 1,000 =3
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Table A-13 .--Surface water temperature and larval lobster catches ig numbers by stage,

total numbers, and estimated total numbers per 1,000 m~ of water filtered

Table A-14 .--Surface ﬁater temperature and larval lobster catches in numbers by stage,

total numbers, and estimated total numbers per 1,000 m” of water filtered

at Buzzards Bay neuston stations, by sampling date, in _1979 . at Buzzards Bay neuston stations, by sampling date, in _1979 _ .
Stations 1 and 2. Stations 3 and 4.
Surface Numbers of larvae of each stage Total Number per Surface Numbers of larvae of each stage Total Numbher per
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Table A-15.--Surface water temperature and larval lobster catches in numbers by stage,
total numbers, and estimated total numbers per 1,000 m” of water filtered

at Buzzards Bay neuston stations, by sampling date, in

Stations 5 and 6.

Surface Numbers of larvae of each stage Total Numher per
Date " °C 1 1T III v number 1,600 w3
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