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PREFACE 

In this volume, surveys of the distribution and relative abundance of American lobster, 
Hornarus americanus, larvae conducted in New England during 1974-79 are described. The 
results of eight individual investigations, ranging from 1 to 4 yr in duration, conducted by 
members of an Ad Hoc Larval Lobster Working Group are provided. In addition, the relative 
sampling efficiency of neuston nets and Tucker trawls with respect to lobster larvae is ex- 
amined. 

As an introduction to this volume, factors influencing the diurnal, vertical, and spatial 
distribution of lobster larvae are reviewed, providing background for interpretation of the 
results of our investigations and obviating the need for extensive reviews within each paper. 
The results of these studies are then synthesized in an overview paper which precedes the in- 
dividual research reports in this volume. 

The National Marine Fisheries Service (NMFS) does not approve, rec- 
ommend or endorse any proprietary product or proprietary material 
mentioned in this publication. No reference shall be made to NMFS, or 
to this publication furnished by NMFS, in any advertising or sales pro- 
motion which would indicate or imply that NMFS approves, recommends 
or endorses any proprietary product or proprietary material mentioned 
herein, or which has as its purpose an intent to cause directly or indirectly 
the advertised product to be used or purchased because of this NMFS 
publication. 
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Distribution and Relative Abundance of American 
Lobster, Homarus americanus, Larvae: A Review 

MICHAEL J .  FOGARTY' 

INTRODUCTION 

The American lobster, Hornarus americanus, is among the 
most valuable fishery resources of the east coast of the United 
States. Preliminary U.S. landings of American lobster in 1980 
were 16,800 metric tons (t) with an estimated ex-vessel value of 
$75 million (National Marine Fisheries Service 1980). Intensive 
exploitation of this valuable resource has resulted in concern 
over possible impacts of increasing fishing mortality rates on 
yield and reproductive potential of inshore populations 
(Anthony and Caddy 1980). Despite large-scale research ef- 
forts to define the population dynamics of the American lob- 
ster, relatively little is known about the determinants of larval 
production, survival, and subsequent recruitment to the fish- 
eries. Observations on the occurrence of larval American 
lobsters have been documented since the latter part of the 19th 
century (Smith 1873; Herrick 1896); however, quantitative 
sampling programs have been undertaken only within the last 
30 yr. 

Larval development of the American lobster is characterized 
by four pelagic instars. A brief prezoeal stage precedes the first 
larval stage (Davis 1964). Hatching primarily occurs during 
late May-early June in New England (Hughes and Matthiessen 
1962) after a 10- I I mo incubation period. Larvae typically oc- 
cur in the plankton from late May to early September depend- 
ing on location. The larval phase is normally completed in 
25-35 d although stage duration is temperature dependent 
(Templeman 1936). Settlement occurs during the fourth larval 
stage (Scarratt 1973) and the postlarvae are benthic. 

In this review, the distribution and relative abundance of 
larval lobsters in relation to depth, hydrographic factors, and 
environmental variables are summariezed and additional in- 
formation on survival rates and stock-recruitment relation- 
ships examined. Phillips and Sastry (1980) reviewed aspects of 
larval lobster behavior, physiology, nutritional requirements, 
and ecology. Stasko (1980) and Fair (1980) provided sum- 
maries of Canadian and U.S. investigations on thedistribution 
of larval American lobsters in the northwest Atlantic. 

VERTICAL DISTRIBUTION 

Several studies have indicated that lobster larvae are concen- 
trated at the surface during daylight. Templeman (1937) re- 
ported that daytime catch rates at the surface were six-fold 
greater than at 0.2-4.5 m depth and no lobster larvae were 

'Rhode Island Department of Environmental Management, 150 Fowler 
Stmt. Wickford. R.I.; present address: Northeast Fisheries Center Woods Hole 
bboratory, National Marine Fisheries Service, NOAA, Woods Hole. MA 
02543. 

obtained at 5.5-1 1 m. Smith (1937 cited by Stasko 1980) 
reported catch rates of 10.0 larvae/tow in surface samples 
and 0.9 larvae/tow at subsurface depths; larvae in subsur- 
face hauls were primarily collected at night or at dawn. Tem- 
pleman and Tibbo (1945) concluded that larvae were primarily 
neustonic in the Gulf of St. Lawrence, however, ambient 
light levels were found to affect depth distribution and this 
effect varied with larval stage. In the Gulf of Maine, Sherman 
and Lewis (1967) reported that catches in surface tows ex- 
ceeded those in oblique hauls (0-20 m) by a factor of 2.4. 
Scarratt (1973) noted sharp differences in daytime catch rates 
between neuston and subsurface nets suspended at 0.6-1.2 m 
depth; in two series of  hauls (34 tows), 876 larvae were 
obtained in the upper net and 95 in the lower. Further samples 
taken at 4-18 m depth (13 tows) yielded 14 larvae and no larvae 
were obtained in tows with the net held 10 cm from the bot- 
tom. Stasko2 reported that few lobster larvae were taken in 
subsurface collections on the Scotian shelf. Harding et al. 
(1982) sampled the upper 110 cm of the water column with a 
three compartment net; 81.4, 14.1, and 4.5% of the larvae 
obtained were within the 0-30, 30-70, and 70-110 cm depth 
strata, respectively. 

LIGHT INTENSITY 

Ambient light intensity has been demonstrated to influence 
the vertical distribution of lobster larvae. Templeman (1937) 
concluded on the basis o f  field observations that first and 
second stage larvae react positively to low intensity light but 
respond negatively to increased light intensity. Templeman 
and Tibbo (1945) noted that third and fourth stage larvae are 
less sensitive to light levels than earlier stages. Diurnal vertical 
distribution was apparently related to light intensity and larvae 
tended to disperse from surface waters during night except 
under bright moonlight (Templeman 1939). Scarratt (1973) 
demonstrated significantly higher catch rates at the surface for 
stage I larvae during daylight, however, no significant dif- 
ferences between day and night samples were observed for 
second stage larvae. Positive phototaxis was noted for first and 
second stage larvae under experimental conditions, however, 
sustained phototactic behavior was not observed and later 
stage larvae were less responsive to  changes in light intensity 
(Ennis 1975). Harding et al. (1982) noted a dispersal from sur- 
face (0-30 cm) waters during bright sunlight, confirming the 
observations of Templeman and Tibbo (1945). 

Early observations under laboratory conditions indicated 
that phototactic responses differed among larval stages and, 

:Srasko. A .  B. 1977. Lobsrcr larvae on the Scotian Shelf. Can. Atl. Fish. 
Sci. Adv. Comm. Re. Doc. 77/31, l o p .  I 



to a lesscr eutent. wi~hin each larval vapc (Hadley 1905. IVOS). 
First and fourth stage larvae were initially positnely photo- 
tactic but reversed phototactic responses late in each stage. 
Second and third stage larvae tended to be negatively photo- 
tactic, however, response patterns were highly variable. 
Huntsman (1924) indicated that direct exposure to sunlight 
under experimental conditions could be lethal to first stage 
larvae. Templeman (1936) reported increased survival and 
growth rates for larvae cultured in darkness. These field and 
laboratory observations indicate that ambient light levels may 
directly affect availability of larval lobsters to  neuston nets, 
potentially affecting estimates of relative abundance and 
survival. 

Field investigations demonstrate a predominance of stage I 
larvae in daylight surface collections (Table 1). The progressive 
decline in successive stage densities is presumably due to the 
effects o f  mortality and behavioral factors, notably photo- 
taxis, which affea availability and catchability of larvae. 

Nonhumberland 
Strait 

Newfoundland 

Nonhumkrland 
Strait 

Nonhumberland 
Strait 

Gulf of Maine 

Ofhhore S. New 
England 

Long Island 
Sound 

Nova Scotia 

Nova Scotia 

Nova Scotia 

Scotian Shelf 

Nova Scotia 

Scarratt (1961) found no relationship between surface water 
temperature and production, relative abundance, and wrvival 
of larvae in Northumberland Strait during 1949-61. The period 
of larval production was, however, extended in cool years. 
Scarratt suggested that larvae produced in the latter part of the 
season may be unable to  successfully molt into fourth stage 
before winter. Caddy (1979) concluded that the cumulative 
temperature sum (degree-days) required for completion of the 
pelagic phase increases with decreasing water temperature and 
further suggested that larvae produced in the later part of the 
season (mid-late August) may not successfully molt if water 
temperatures decline more rapidly than the accretion of nec- 
essary degree-days. An apparent relationship between survival 
and mean surface water temperature from April through 
August inclusive was also indicated. Sherman and Lewis (1967) 
reported mean surface water temperatures of 13.7"-15.0°C 

Table l.-Summar) of published accounts of larval American lobster sampling program3 conducted from southern New England to Venfoundland in daylight surface tom.  
(Onl? dallight t o w  with complete catch composition data are included.) 

To\% To* 
Samplc Percent stage c o ~ ~ o s l t l o n  Total no NO speed duratlon 

Year Locat~on per~od I 11 111 I \  lar\.ic lo\\\ (Lmillr) (mm) Gear Source 

1936 Nota Scotla Jul>-Aug 95 R 3 0 0 6 0 6  324 - - 60 l m plankton Templeman I937 

Jul!-Aup 98 I I 6 0 7 O 721 50 - - l m plankton Smnh 1937 (at& 

by Stasko 1980) 

June-Sept 5 4 4  1 3 6  I X Y  131 2.017 - 

June-Sept 77 9 I3 X 1 7  7 h 298,872 - I 8 30 3.7 x 0.9 m Scarratt 1964 
neucton 

June-Sept 88 8 8 h 2 1 0 5 11.95s 348 1 8  30 3 7 x0.9 m Scarratt 1973 
neucton 

June-Sept RO 4 1 9 0 3 17 4 368 ?I8 7 4 1 1  1 I(F30 l m plankton Sherman and Lcm 
2 x l m neuaon 1967 

I x 0 5 m neuston 

June-Aug 47 9 14 1 28 6 Y 2 I I Y  96 5 6-6 5 30 l 5 m plankton Lund and SIWM 

June-Aug 34 7 23 8 23 6 17 Y 1,367 142 5 M 5 30 1.5 m plankton Lund and St 

July-Aug 94 9 4 4 0 4 0 3 1.984 100 I 8  30 3 7 x 0 9 rn Scarratt 1%8 
neucton 

July-Aug. 90 2 2.0 0 4 7 4 746 100 1 8  30 3 6 x O 9 m  Scarratt1969 
neuston 

June-Aug 91 7 7 8 0 5  0 193 - 7 4 I5 0 4 x O 4 m  H a r d ~ n g e & ^ ~ .  
neuston 

Aug. 8.5 8 5  197 6 3 4  142 - 4.69 3 15-30 
I m plankton footnote 

Issac+K~dd Trawl 

June-Aug '69.6 '22.6 ' 6  1 1 7 925 81 5 4-7 2 15-20 

4 



Hugh- and Matthiessen (1962) reported intensive hatching 
t a culture facility supplied 
arching occurred at tempcr- 

low as 9.4OC and peak hatching was noted at 20°C. 
m u i r e d  to reach the fourth larval stage varied in- 

. At 15°C approximalely 25 d wcrc nccdcd to 
larval stage while an increase to 20°C reduced 

o reach stage IV to 13 d. These data arc 
m d y  useful in correcting density estimates for intermoll 
-tion (Scarratt 1964, 1973). The graphical presentation 
d Templeman (1936) was therefore converted to a series of  

lating intermolt period to water tempera- 

- 2.-tmmnrtcr estimates and degree of fit index for the relationship /) = 
D and T * p a n t  stage duration (days) and temperature ( O C ) ,  re- 

e. Eqmtions derived from the graphical presentation of Templeman 
f ~ b y a k u b t i n g  #he difference between the cumulative limec required to reach 
rrmrhn lard napes and mgres5ing on temperature. 

1.123.542 2,510.476 2.745.043 7,492.1 17 
- 1.91255 -2.16334 - 2.07060 - 2.1 1708 

SALINITY 

Scarratt (1%8, 1969) noted a distinct onshore-offshorc 
salinity gradient during July-August off Nova Scoria; larval 
kbnn densities tended to be greater at higher salinity sam- 
p h g  locations. Scarratt and Raine (1967) reported that first 
sage larvae avoided salinities of  < 21.4 ppt in laboratory ex- 

iments. Templeman (1936) had earlier noted that survival 
adversely affected at salinities below 20 ppt. Above 

, neither survival nor time required to  reach fourth 
srlgc was significantly affected. 

SURFACE CIRCULATION 

ical distribution studies indicating low concentrations 
of Iobster larvae in subsurface waters have led to speculation 

nd-induced surface circulation patterns may influence 
ribution. Templeman (1937) concluded that offshore 
ult in dispersal of larvae in surface waters. Temple- 

and Tibbo (1945) integrated the results of drift bottle 
tigations, wind pattern observations, and larval lobster 

distribution studies and suggested that surface hydrography 
determined the spatial distribution of larvae. Scarratt (1964) 
considered surface circulation to be a primary determinant of 

SURVIVAL 

Estimates nf'wrvivi~l bctwccn S1;IgeS 1 and IV were derived 
by Scarratt (I%-!, 1973) i1t'lc.r mndardizing larval density 
estimates for s ~ ; ~ p e  cluraliot~ at prevailing Water temperatures. 
Estimated sur\i\al rates ratlgcd from 0.79% to 2.39% during 
1949-61 and aver;ycd 1.12%. Harding et al. (1982) estimated 
a survival rate o f  1.0%1 througll the pelagic phase after ad- 
justment for sr;~pe duratio~i i t1  St. Georges Bay, Nova Scotia, 
during 1978. Considerably higher estimates of survival 
(>50%) \yere calc.ulntcd by I.und and Stewart (1970) in Long 
Island Sound: hot~ever, no ;~ttcmpt was made to adjust for 
increased slspe drtr;~tii>ti d ;~vailability with successive larval 
stages. Ennis (1972) cnu~ioacd that differential response of  the 
larval stapes to v;~rying lieti1 levels may bias estimates o f  
survival bas& 011 wrface plilnkfon hauls. Correction for stage- 
specific larva1 response to ambient light levels should allow 
increased precision in cstil~~ates o f  larval lobster density and 
survival rates. hwevcr. thc confounding influence of within- 
stage variability in phototactic responses (Hadley 1908) greatly 
complica~es dt'\elopmenl of' an appropriate adjustment factor. 
Estimates of  survi\d bnscd on surface samples should be 
considered prelinlinnry until furl her information on the effects 
of light intensity. wind direction and velocity, and other 
environmentd variables on larval lobster distribution (vertical 
and horizontal) arc quantified. 



In an extensive series of observations. Scarratt (19fd. : ;-- 
examined the relationship between stage IV productic:. - 
Northun~berland Strait and subsequent stock size. StocL. - ,:: 
was lagged by 6 yr to account for the delay between spau:. - 1  
and recruitment (Wilder 1953). Stock estimates were b z . ~ :  
on tagging studies conducted off Miminigash. P.E.I. V, a: 
variability in growth rates may result in a single cohon -2- 

cruiting to the fishery over a 2-3 yr period (Wilder 1953,: 
accordingly, Scarratt (1973) related 3-yr running averagei r,: 

stage IV larval production and stock size. Scarratt concludrc 
that sampling variability prevented accurate prediction c,: 
stock size based on larval production estimates. 

Scarratt (1964, 1973) restricted consideration to a linebr 
relationship between larval production and subsequent sro~k 
size. However, density (stock) dependent effects may re\u!* 
in a nonlinear functional relationship between larval produc- 
tion and subsequent stock. To further examine this possibilil>. 
a modification of the Ricker stock-recruitment model (Saila 
and Lorda in press) was used to evaluate the relationship k- 
tween 3-yr running averages of stage 1V production ( P )  and 
stock size (5) lagged by 6 yr. The generalized model of 
Saila and Lorda (in press): 

was employed in this analysis. The derived curve provided a 
reasonable representation (r  = 0.87; df = 12) of the stage I V  
production-recruitment observations (Fig. 1). This model may 
assume either a nearly asymptotic or convex form and there- 
fore retains grcat tlesibility in evaluating \lock-rccrui1111~111 
relationships. 

Although the many sources of variability in esrimating stage 
IV density and stock size must be recognized, this analysis 
does provide an indication of a relationship between stage I V  
production and stock size which merits further investigation. 

Stock recruitment relationships have proven difficult to con- 
clusively demonstrate for marine species. Variable survival 

STAGE N PROWCTlON 

Figure 1.-Relalionship hetween slap I V  production (nd3.430 m') and wh- 
sequent slock size ( 1 0 . )  6 )r later. Three-)ear moving average emplojed for hwh 
variahles. 

CONCLUSIONS 

American lobster I-rvae have been collected most consis- " 

lently at the surface during daylight. Abundance apparently 
declines ~ i t h  increasing depth. Although laboratory observa- 
Ilons indicated clear photonegative responses during 
portions of  several larval stages, few larvae have been obtained 
In subsurface collections. The limited number of samples 
collected at nigh[ d o  not permit definitive conclusions but do 
suggest some disocrsal from surface Waters. -- 

T r a n s ~ ~ ~ ~  of  larvae in surface currents has been widely as- 
wmed (iempleman 1937, 1939; Templeman and Tibbo 1% 
Scarratt 1964, 1968, 1969. 1973; Rogers et al. 1967; L&- 
and Stemart 1970; Harding et al. 1979) and higher larval densi- 
ties along nlndward coasts tend to support this inference. 
Vcrtlcal migration has been implicated in position-keeping ht 
rc5ponse to wind-induced turbulence and surface drift (Squires 
1970; Caddy 1979), however direct evidence of a behavioral 
mechanism of  this type has not been observed. 

Prevailing winds along much of 
eastern coast o f  the United States may result in tr 
larvae from offshore locations to coastal sites. RO 
(1968) cited a coastnard transport of  up to 6.4 
wuthern New England, implying a possible dispers 
approximately 100-150 km during a 20-25 d dev 
period. Larval transport from offshore areas (which 
recently been exploited) may provide some degree 
recruitment to coastal populations. Fishing mortalit 



coa.;tal arcas arc extremely high and currcnt nl l r l l rnurn .I /e 

limits are below the mean size at maturity f o r  rn i t r i i  arc;l. 

(,4nthony and Caddy 198G). suggesting thac rccrl t trrncnt f r o m  

he3v;ly exploited areas may play an i m p c ~ r t a n t  role in 

sustaining coastal fisheries. 
A 1 5 - 1 ~  study of  stage IV density and subseq~rent \lock w e  

hdicllted a relationship between larval produc~ion and \lock 
sire 6 yr later. The derived function is similar in form to stock- 
m u i t m e n 1  relationships developed for Europcan brown 
*rimp(Boddeke 1981) and spiny lobster (Morgan ct al. 1982), 
m b l y  indicating a similarity in population regulatory 
d n i s r n s  among these crustacean species. 

In ;he context of  extremely high levels of fishing mortality 
(his species (Anthony and Caddy 1980). protection o f  

brood stock by setting minimum size limits to  the vicinity of  - size at maturity and prohibition on harvesting ovigerous 
f@ would appear prudent. Increases in minimum size 
limits m d  reduction in fishing mortality rates would also re- 
aJt in increased yield per recruit (Ennis 1980; Fogarty 1980), 
providing further incentive for increasing legal size limits. 
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An Overview of Larval American Lobster, 
Homarus amerhnus, Sampling Programs 

s. - 
&, +.- 

in New England During 1974-79 

2%. , MICHAEL J .  FOGARTY' anc 

-r Y* 

$%P INTRODUCTION 
s ,  

i ,A 

f& American lobster, Homarus americanus, has long 

m e d  intense interest, both for its significance to the 
?. > of the coastal New England States and Canadian 

Provinces, and its importance in the structure of 
Lplthir communities in the northwest Atlantic (Cobb and 
W w  ill pt-4. 

- ~goarn over the potential impact of proposed or operating 
, plurts on lobster populations in coastal locations in 
ulr Ermland Icd to several investigations of larval lobster 

sampling in several studies and for both surface and subsur- 
face hauls in one program (Table I ) .  Comparison trials be- 
tween I x 2 m neuston gear and a 2 x 2 m Tucker trawl towed 
at the surface indicated that both nets provided similar density 
estimates when expressed on an areal basis but neuston net 
density was approximately 2-4 times higher when expressed 
on a volumetric basis (Bibb et al. 1983b). These results sug- 
gest that larvae are concentrated in the upper 0.50-0.75 m of 
the water column and that the lower depth strata sampled by 
the Tucker trawl was nearly devoid of larvae. 

Sampling was primarily conducted during daylight hours, 
however, night samples were occasionally collected in two - Jliaikaion during the last decade. In addition, general studies 
studies and were consistently taken in Block Island Sound 
(Bibb et al. 1983a). 

program. A lack of adequate knowledge of the distri- 
of lobster larvae, factors affecting larval production, 

raw;ll variation in abundance were recognized as serious 
to understanding lobster recruitment patterns 

ting potential losses due to entrainment by power 

Tow speeds ranged from 1.8 to 5.6 km/h and were from 
12 to 30 min in duration (Table 1). Tows were often abbre- 
viated during periods of high ctenophore abundance when the 
filtration efficiency of the nets was reduced. Sampling periods 
spanned the known seasonal occurrence of larvae, ranging 

boc working group, comprised of scientists from both 
sectors, was formed during 1977 to 

going larval lobster research programs 
for the development of future studies. 
Its of larval lobster investigations in 

New Hampshire, Massachusetts, and Rhode Island by 
oup are summarized. Aspects of the 

istribution of larvae are described and 
on the diurnal and vertical distribu- 

annual variation in production is 

SAMPLING METHODS 

lobster sampling programs were initiated at several 
M locations throughout the New England region during 
1)2+79 (Fig. I). Prior studies indicated that lobster larvae 
s eo#ratrated in surface waters during daylight (Temple- 
t'!m Templeman and Tibbo 1945: Scarratt 1964- 19711 
*y, sampling effort was directed at the air-water 

nd D e ~ m m e n t  of  Environmental Management, I50 Fowler 
rb. R.I.: prrsent address: Northeast Fisheries Center Woods Hole 

p, Naiad Marine Fisheries Service. NOAA. Woods Hole. MA 

from May through October depending on year and area 
sampled (Table 1). 

I I L U X E T U ;  

Block hlond Soud COLLINGS ET .L 1 
I WEE ET 4L; F W T I  E l  IY I 

Fiure I.-Sampling localions for larval Amelinn lobster, Hornorus ~~rn'fanus. 
in New England during 197479. 



Area 

-- - - 

To- ~ U H  

Sample D~urnal y o  5pet.d durat~on 
Year per104 bear per~od tow? (kmjh) (mm) Sour~e 

Maine 1976 
Penobxot Bay 

New Hampshire 1978 
Hampton-Seabrook 

1979 

Massachuser!~ 1974 
Cape Cod Bay 

1975 

1976 

1977 

Cape Cod Bay 1974 

1975 

1976 

Cape Cod Bay 1976 

Caw Cod Canal 
Buzzards Bay 1977 

Buzzards Bay 1976 

1977 

1978 

1979 

Rhode /stand 
Block Island 

Sound 

Block Island 1978 

May- 
Sept . 

June- 
Oct. 
May- 
Sepr. 

May- 
Aug. 
May- 
Aug. 
June- 
Aug. 
May- 
Aug. 
June- 
Aug. 

June- 
Aug. 
June- 
Oct. 
May- 
Sept . 

May- 
Aug. 

May- 
Aug. 

May- 
Oct. 

May- 
Aug. 
May- 
Aug. 
May- 
Aug. 
May- 
Aug. 

May- 
Aug. 
May- 
Aug. 
May- 
June' 

May- 

0.9x3.7 m 
Ncuston 

I x ? m  
Newton 
I x 2  m 
Neuston 

1x2111 
Neuston 
1 x 1  m 
Neusrn 
1x2111 
Neuston 
1x2  m 
Neusron 
I x 1.5 m 
Tucker trawl 

l x Z m  
Neuston 
1x2111 
Neuston 
1x2111 
Neuston 
2 x 2  m 
Tucker trawl 

l x 2 m  
Neuaton 

l x 2  m 
Neus~on 
1 x 1 3  m 
Tucker trawl 
l x 2 m  
Neuslon 

l x 2 m  
Neuston 
1x2111 
Neuston 
l x 2 m  
Neuston 
l x 2 m  
Neuston 

2 x 2  m 
Tucker trawl 
2 x 2  m 
Tucker trawl 
l x 2 m  
Neuston 

1x2171 

Day 

Day 

Day 
(some night) 

Day 

3.6 15-30 Grabe et al. 
( 1983) 

3.6 30 

3.7 I2 Lawton et al. 
( 1983) 

3.54.6 I030 

4.05.5 30 Matthiessen and 
Scherer (1983) 

4.0-5.5 30 

88 4.6-5.6 30 Collings et al. 
(1983) 

Day 50 4.6-5.6 
(some night) 

Day 80 6.0 

Day 62 6.0 

Day 56 6.0 

Day and 107 3.6 
night 

Day and 132 3.6 
night 
Day 144 3.6 

30 Lux et al. (1983) 

30 

30 

30 

I2  Bibb et al. (1983a) 

I2 

I2 

20 Fogarty et al. 
Sound Sept. Neuston ( 1983) 

'Samples collected by holding posltton lnto current. 
'Sampling termmated. 

RELATIVE ABUNDANCE Consistently higher densities were recorded in south- 
England (Table 2). Reduced density within the * 

Distinctive differences in mean annual density of larvae were Bay-Gulf of Maine complex may reflect the influence bf 
evident between the Gulf of Maine-Cape Cod Bay region and vailing southwesterly winds during the period of btwd 
southern New England (Buzzards Bay-Block Island Sound). currence. Prevailing winds during summer are onsharr 



late lunc 

late Au8 
late July 

early Aug. 
early July 
late July 
late July 

July 
June 
June 

late June 
late June 
early July 

June 
June-July 
June 

mid-June 
mid-June 
mid-June 

late June 
late June 
late June 
late June 

mid-June 
early July 
early June 

late June 

nY.7 1.7 0.0 8.6 Greenstein et 
al. (19R3) 

2 0.0 1.1 86.4 Cirabe et al. 
70.8 2.5 1.7 25.0 (1983) 

4.0 0.0 0.0 96.0 Lawton et al. 
59.9 23.7 8.1 8.3 (1983) 
25.5 19.7 29.6 25.2 
55.2 16.9 5.3 22.6 

21.0 19.0 25.0 35.0 Matthiessen 
56.0 23.0 12.0 8.0 and Scherer 
52.0 20.0 16.0 12.0 (1983) 

68.1 2.1 6.4 23.4 Collings et 
81.0 4.5 3.4 11.2 al. (1983) 
52.2 5.2 9.6 33.0 

33.7 37.7 22.6 6.0 Lux er al. 
20.4 30.8 21.9 26.9 (1983) 
5.5 6.3 14.9 73.3 

23.4 25.6 38.5 12.5 

59.0 24.0 13.0 4.0 Bibbet al. 
23.0 14.0 11.0 52.0 (1983a) 

12.3 14.1 10.9 62.6 Fogarty et al. 
( 1983) 

dorimr~a multipled by a factor of 4 to approximate neuston net catches. 
- w e d  in June. 

E$rrP New England, but offshore in Cape Cod Bay. and 
h h e  or alongshore in northern New England. Advection 

m a e  in wind induced surface currents has been 

IS may result in reduced surface density. Increased 
fm during onshore winds were noted in several studies, 

rport to  the inference that lobster larvae are trans- * b9 M a c e  water circulation. Grabe et al. (1983) re- 
t 67% of stage IV larvae were collected off New 

PShirr when winds were on or alongshore. Similarly, 

Collings et al. (1983) collected 85% of larvae obtained in 
Buzzards Bay when winds were from the southwest while 
only 39070 of the larvae collected in Cape Cod Bay were ob- 
tained during southwest winds. Lawton et al. (1983) noted 
that 82% of the larvae in their collections were observed when 
winds were onshore, however, most sampling (73%) was 
conducted when winds were onshore. In Block Island Sound, 
most sampling dates during the period of  peak occurrence of  
larvae corresponded to periods of onshore winds and no 
significant wind direction effect could be demonstrated 
(Fogarty et al. 1983). 



Mean size at maturity of female lobsters is considerably 
lower in the warmer waters of southern New England (Van 
Engle 1980; Aiken and Waddy 1980). resulting in an increased 
probability of spawning prior to capture. Templeman (1936a) 
noted an inverse relationship between size at sexual maturity 
and water temperature in the Canadian Maritime Provinces. 
Higher brood stock levels may therefore contribute to higher 
larval lobster density in southern New England waters. It 
should be noted, however, that the primary source of lobster 
landings off the northeastern United States is within the Gulf 
of Main, implying adequate larval production or transport 
from other areas. 

An association between larval lobster abundance and the 
occurrence of cencentrations of detached macroalgae and 
marine vascular plants (primarily spartinu) was observed 
off New Hampshire (Grabe et al. 1983). Larvae may avoid 
predators by seeking refuge in windrows of drifting vegeta- 
tion. Wind speed and direction may indirectly influence larval 
lobster distribution by affecting the formation and distribu- 
tion of  windrows. Harding et al. (1982) reported a significant 
relationship between the occurrence of lobster larvae and 
floating vegetation in St. Georgcs Bay, Nova Scotia, Cobb and 
Wang (in press) have suggested the use of artificial scawcd 
collectors to monitor abundancc of Amcrican lobster larvac. 

A N N U A L  VARIATION IN ARUN1)ANCE 

Despite apparent differences bccwccn arcas in thc availahil- 
ity (catchability) of larvac, relalive dif'fcrcnccs in mean annual 
density were generally consistent in ycars for which compari- 
sons were possible (Fig. 2). Increased density in 1977 relative lo  
1976 and 1978 was noted by Collings et aL(1983) in Cape Cod 
Bay and Buzzards Bay and by Lux el al. (1983) in Buzzards 
Bay. Bibb et al. (1983a) reported decreased abundancc in 1978 
from 1977 density estimates. h~atthiccscn and Schcrer (1983) 

and L,aaton et 31. (1083) rcportcd ~ncreased relative abundance 
In 1976 over 1975 levcls. Lux  ct al. (1983) obscncd a  harp 
increase in mean dens~ty In 1979, although t h ~ s  increase was 
primarily due to several large catches of $[age I larvae. In con- 
trast, Grabe et al. (1983) reported slightly reduced larval den- 
sity in 1979 relative to the 1978 level, however, the number of 
larvae obtained was low, possibly obscuring trends in relative 
abundance. 

A striking increase in the proportion of stage IV larvae was 
observed in 1978 (Table 2). This shift in stage composition was 
accompanied by generally reduced density levels (Table 2). In- 
creased stage 1V composition may reflect an increase in sur- 
vival through the pelagic phase, accentuated by the longer in- 
termolt duration of fourth stage larvae and hence greater 
vulnerability to capture (Scarratt 1964, 1973). Positive 
phototactic responses in early stage 1V larvae (Hadley 1908; 
Templeman 1936b) may render this stage more accessible to  
capture by neuston gear. However, stage I larvae are also in- 
itially positively phototactic (Hadley 1908; Templeman 1937; 
Scarratt 1973). In addition, production estimates with explicit 
correction for stage duration still exhibited unexpectedly high 
stage IV densities (Bibb et al. 1983b; Fogarty et al. 1983). 
Transport of later stage (111 and IV) larvae toward inshore 
locations in wind-induced surface currents and favorable 
sampling conditions may also have contributed to increased 
proportions of stage IV larvae in 1978. 

In general, the proportion of  stage IV larvae in our studies 
exceeded those reported by Scarratt (1964, 1973) for North- 
umberland Strait where the average percentage o f  fourth stage 
larvae (uncorrected for stage duration) during 1948-63 was 
< 5 % .  It is possible that the higher towing speeds in many of 
the investigations in New England during 1974-79 resulted in 
the capture of proportionately more stage IV larvae. Increased 
development of swimming and escape responses in fourth 
stage larvae may allow avoidance of nets towed at low (<2 
km/h) speed. 

Figure 2.-Mean annual density (daytime surface tows) of American lobster Iawae in New England studies during 1974-79. 
Years of sampling indicated at base. Cape Cod Canal estimates not included since unusual hydrographic features of the 
Canal may result in biased estimates of density. 



TEMPERATURE 

1 Jcrnplentatt ; t t i c I  I i l l h l  Ie).lT). povibly explaining some of [he 
discrcpansio t11,lctl .~llcltc. 

2). Bottom water temperatures at peak SlJMMARY 
50-16.O0C in northern and 12.8"-17.O'C 

tions for production o f  lurvae in southern New England (lower 
mean size a! maturily), ~otlpled with the effects o f  prevailing 
southwesterly wirldh wlliCl1 COnCentrate larvae along windward 

results are cons;stent !he observa- distributions of lobslcr Iilrvac are, o f  course, not independent; 
937). Templeman and Tibbo (1945), however, the apparent concentration of larvae in surface 

seldom collected in dcnsc concentrations and factors resulting 

Scherer (1983) reported significantly in further dispersal o f  larvae should be considered in the 
3 m depth at the eastern end o f  the development o f  sanlpling strategies. 

' k l  were cited as possible factors influencing 
ribution within the Canal. 
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Figure 1.-Station locations in Block Island Sound. 

ANOVA with depth, time of day, station, and sample date as 
main effects. A three-way classification ANOVA was per- 
formed on 1977 and 1978 surface data from four stations 
with station, sample date, and time of day as main effects. 
One-way ANOVA was performed on 1979 data with station 
location as the main effect. 

RESULTS 

Seasonal Abundance 

In 1977, lobster larvae were first observed on 31 May, 
reached peak abundance in mid-June, and were no longer 
collected after 1 August (Fig. 2). In 1978, larvae were initially 
collected during the first week of June, and had disappeared 
by the end of August. In 1979, larvae were first observed on 23 
May. Bottom temperatures at station EB-B when stage I larvae 
were first observed were 13.3"C, 13.6"C, and 12.6"C during 
1977-79, respectively. 

Figure 2.-Mean surface day abundance at stations EB-B and W)-C and mean 
surface bottom temperature at station E B B  in Block Island Sound. Samples 
collected in 1977 and 1978 by Tucker net. in 1979 by neuston net. 
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Flpurc3.--Stage composition by mney. M a n  of .I1 stations, surlrcc and nar-bottom, dry and nlght samples. 

Stage I larvae were in the water column for a total of 10 
wk in 1977 and 8 in 1978 (Fig. 2). In 1977, the maximum 
abundance of stage I larvae corresponded to maximum total 
abundance, approximately 3 to 5 wk following the first oc- 
m c e  of larvae. During the period, mean daily surface 
.nd bottom temperatures at station EB-B ranged from 14.5 " 
to 17.5'C and 14.0" to 16.6"C, respectively. In 1978, peak 
stage 1 abundance occurred over a 3-wk 
to early July. Mean daily surface and 

period from late June 
bottom temperatures 

at EB-B during this period ranged from 14.5" to 15.g°C and 
tL8.to 14.8"C, respectively. 

appearance of later stage larvae in the water column 
annually (Fig. 3). Stage I1 larvae were typically found 
wk aher the frst appearance of stage I larvae. Stage 
IV were first collected 2 to 4 wk later. Stage I1 and I11 

when the bottom temperature at EBB was 
" 14OCandstageIVat 14"-lS°C. 

density in 1977 samples declined with each 
stage. In 1978, stage IV larvae, however, were 
bundant and were observed over a longer time 
in 1977. Stage IV larvae composed 52% of the 

in 1978, but only 4% of the 1977 total (Table I). 

Table 1.-Mean abundance (numbers per 1,000 ma i 95% confb 
dcncc limits) and p m n t  composlUon by stage of lobster lawme 
colk*ed off Eut Beach, Block Island Sound. 

- '1977 '1978 

Percent Percent 
Stage Abundance of total Abundance of total 

I 1.33 i0 .54  59 0.26i0.13 23 
I1 0.53 lt 0.26 24 0.16*0.10 14 
111 0.30*0.14 13 0.12*0.07 I I 
IV O.lOiO.06 4 0.59i0.38 52 

Total 2.26i0.83 100 1.13*0.48 100 

'107 sampling wcnts 31 May - 2 August 1977). 
'132 sampling wcnts(l5 June - 3OAugust 1978). 

Vertical and Die1 Distribution 

Four-way ANOVA indicated that mean surface density was 
significantly higher than near-bottom density at stations EB-B 
and EB-C in both 1977 and 1978 (Table 2). Relatively high 



Table 2.-F-value and mean of k-u - -a *rl trnc , ~ f  4.3 rnm 

four-way analysis of variance of WSRZ - - .*id .I \(s;uu* k H.R 
md EB-C using log& + 1) tnnd- -T 1.m m 

'1978 1 4.28** & 0.8- & I 1  0.W 0.08 
11 1.08 0 s  RW &95* 0.06 0.03 
111 4.98' - 3 .  1-81 0.04 0.03 
1V 104.39.. C~T 0.z I:.s?** 0.14 0.N 
Total 67.04.. 0 3  I :  6.9). 0.26 O.N 

*Means significantly different r y=, 
**Means significantly differ- x )?CI !ad. 
'14 June through 2 August. 
'15 June through 17 Augua. 

2 
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Figure 4.-Vertical and die1 distribution of lobster larvae. Mean and standard 
de*iation of dl suncys by station, depth, and time of day. 

Mean 

Year Stage F-value Day Night 

1977 1 2.18 0.26 0.23 
I I 32.78.. 0.19 0.11 
111 17.54.. 0.13 0.08 
IV 1.10 0.06 0.05 
Total 17.01°* 0.41 0.32 

:I978 1 0.13 0.10 0.11 
I I 4.02. 0.08 0.06 
lli  0.03 0.06 0.06 
IV 23.19** 0.06 0.14 
Total 15.37'' 0.39 0.28 

*Means significantly different at 95% level. 
"Means significantly different al99% level. 
'14 Junethrough 2 August. 
: I5  June through 17 August. 

Itlrv;~l densities were noted however in some near-bottom 
\amplcs (Fig. 4). Day-night differences show no consistent 
pnttcrn at these stations (Table 2). 

When surface density at all four stations was compared 
u\ins three-way ANOVA (Table 3), daytime density was 
qnificanlly greater than night abundance for all stages 
coli~bined. For the individual stages where significant dif- 
fercnces were noted, day abundances were consistently higher 
(Table 3). 

<;eographical Distribution 

Average surface abundance in 1977 and 1978 was greatest 
at the offshore stations for stages 1-111; and was approximately 
q u a 1  (1977) or greater (1978) at inshore stations for stage 
IV larvae as indicated by three-way ANOVA (Fig. 5). & 
tribution of stage IV larvae was patchy, with 41% of all sta* 
IV larvae collected in two samples from EB-A and ERB in 
1978. 

The 1979 study was designed t o  examine broader geographic 
distribution of lobster larvae in Block Island Sound. The meon 
abundance of stage I lobster larvae in this study was gen- 
higher along the Point Judith transect and decreased s- 
sively along each of the western transects (Fig. 6. Table 4).& 

A one-way ANOVA indicated that mean density of st&e I 
larvae was significantly different between stations at the 95% 
lekel (F = 2.78. df = 11, 108). Station abundance marrs 
Mere ranked and a Student-Newman-Keuls test performcd'to 
determine significant groups. Abundance of  stage 1 larvae ww 
significantly higher at stations in the eastern end of Biack 
Island Sound and at the offshore station ERE. From 1 p 11 
June (the last sampling date) the proportion of later $&age 
larvae steadily increased along all transects. Because 
was terminated in 1979 before the later stages woul 
peak, no further conclusions can be drawn with 
their distribution. However, the proportion of 01 
was greater along western transects while the p r o p  
stage I larvae remained higher along the eastern tr 
(Table 4). 



Flgure 5.-Distribution of lobster Ianae between stages by station in 
1977 and 1978. 
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Figure 6.-Relative abundance of stage I lobster larvae by station in 1979. 



Table 4.-Mean density and stnew c, , 
-cr 

larvae by staue collected a b q  fw -, . -,, ,,, 
during Hay and June 1979. 

- 
Transect --- 

Mean 52 A*/ ; Jz- -- -- Ve.7 SP 
Weekapaug 2.9 - -  . -  - - - - 
East Beach Cl - .  .- 

4.9 -2 . - ; 0 
Nebraska 

Shoals 7.7 8 I 
Pomt Judith ' : ; 3 0 

16.4 2 ? C  - A .. : , J :  0 

Observations on surface cur:?- 3--,-,j kdIaze uat\\drj 

surface currents from the Pmr- :,+-- 
, ~ i ~ .  7. rusest- ing transport of larvae to the 

Production 

I { . r ~ r f r ~ i ~ c  n.1, . r i y - . r ~ ~ ~ r t l \  complete by early August in both 
I S J "  .llr,l IQ-$ .  ?;r.~,cc I \  Ixwe wcre obserked from mid-June 
, 1 1 1 ~ 1 ~  , I \ C  1 . ~ 1  \ \cA , \I  \ \ ISLI \~  in 1978, but only from late Juix 
\ l l l , , \  ~1~~ 1'11,t \\'yk 01' . \ L I ~ I S I  1977. 

I ,.lrq&-t\u~r (IQW. Scnrratt ( 1973), and Sherman and Lewis 
( I Q ~ H , ' )  C,b';er\cui htphcst wrface concentrations of lobster 
ltll J \ ~ r i l l ~  d;tqlight. Our results generally confirm these 
,,p,cl\;l(iollh. On occasion. considerable numbers of stage I 

\ \ C ~ C  c;rllpht in near-bottom waters during both day and 
nipl~t. 

1.h~ distribution of lobster larvae observed in 1977 and 
197s s u ~ c s t ~  ;\ hatching area near stations EB-C and EB-D. 
I,ervac which hatch in this area may be transported westward 

col~ccted at stations EB-C and EB-D. 
<'urrc.nts in Block lsland Sound are primarily tidal, with 

Lr.ccl~tl.ic. elliptic patterns generally parallel to the shore (east- 
VcIocities arc moderate to strong (0.15 to 0.30 m/s). 

KrsiJ\lul drift is strongly influenced by local winds with strong 
scnsoll;\l variability (Snooks and Jacobson footnote 5). Sur- 
l;l<r- Jriftcrs released at stations off East Beach and other 
t)lock Island stations in July 1977 were all recovered along 
lhL. shore to the west of the release point except for 
those released just off Block Island; some of these were re- 
,o\r.rt.d off Block Island and Long Island (Fig. 7). 

~ 1 1 ~  1979 study was designed to identify hatching sites in 
l{lo<h Island Sound and their potential contribution to lobster 
populalio~~s off East Beach. However, the 1979 results are of 
lilllit'd use in identifying hatching areas because the sampling 
priocI \\as abbreviated. Nevertheless, several factors point 
10 il lllajor hatching area near Point Judith. Surface drifters 
in j i~a l r  transport to the west during summer. Stage I lan~&i~; 
\\err 1110re abundant in this area (PJ and NS transects). The*:' 
broporti~n of stage 1 larvae was highest along these transects, 
;\ith higher proportions of stage I1 and I11 larvae observed 
more westerly tranSeCtS. 

,ter larvae for 

.- ~ 

. 1978, stage I through 111 larvae maintained this 
~ I I I  .crane IV larvae were more abundant inshore. In 

. ~ 

lll~rkable differencu among the years of observations, 

A summary of observations on lobs 
through 1979 off East Beach in Block Island Sound is 
,~llt& in Table 6. The time of peak abundance was ]at 
1978, re t l~ t ing a slower rise in bottom temperature. Av- 
\klrf.\c.r. abunQn~- of larvae at its maximum showed consie 

* 

\ariahilit,. eben allowing a factor of two to four for t d  
jiffr.ren~v in abundance estimates between neuston @f 1 
Tucker net umples (Bibb et al. 1983). Abundance 
Idr\ac for ail stages was higher at offshore stations in 

"". ----- 
qnges \\ere more abundant at the inshore station. T 
~bunJance of stage lv  larvae in 1978 is perhaps the 

mulling from transport from adjacent areas or differe 
sur\ it al or sampling efficiency. 
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Tahle 5.-Seawnrl produmon 
(number per I.WO m' per 
*awn) of lob.iter larvae COI- 
kcted of1 k h t  Bench cnkulated 
using technique of Snrmtt 
(1960. 

Year 

Stage 1917 1978 

I 22.8 4.7 
I1 4.8 1.7 
111 2.0 1.3 
IV 0.4 2.3 

Total 30.0 10.0 

Table 6.-Comparison of lobster larvae observations from 1976 through 1979 
along a transeet in Block Island Sound. 

- 

Parameter ' 1976 1977 1978 '1979 

First larvae 
observed 27 May' 31 May 6 June 

Highest station 
value observed 
(/I ,000 m') 65.7 20.81 21.42 

Peak larval 
abundance 
(/I ,000 m') 
average of all 
stations, 
surface 37.2 7.79 4.78 

Date of peak 
larval 
abundance 18 June' 14, 28 June 5. I2 July 

Relative 
abundance by 
sage (over 
season) 1 l > I > I V ~ l l l  I>II>III>1V IV>I>II>III 

Highest station 
I nearshore offshore offshore 
11 nearshore offshore offshore 
111 nearshore offshore offshore 
1V nearshore offshore nearshore 
Total nearshore offshore offshore 

Highest time 
of day night day day 

Collection 
method neuston Tucker Tucker 

23 May 

21.3 

offshore 
offshore 
offshore 
not seen 
offshore 

not 
sampled 

neuston 

'Marine Research Inc. 1977. Charlestown site study. Five month report. 
April-August 1976. Vol. 2. Submitted to New England Power Co.. 20 
Turnpike Rd., Watborough. MAOI58I. 

3ampling discontinued 1 l June 1979. 
'Observed in ichthyoplankton samples. 
'First sampling date. 

BIRD. B. G.. R. I.. Ht:RSFY. ~ n d  K. A. MARCELLO. Jr 
19x3. A comparlwn uilob5ter larbac wmplmp uvng neu\ton and rucler net<. 

U.S. Dep. Commer. NOA.4 Tcrh. Rep. NMFS SSRF-775:63-64. 
CASSlt. R. %I. 

1968. Samplingde\lgn. In D. J .  Trantncr (c'd~tor). Reb~ew on zooplankton 
\ampling methodr. p. 105- 121. UNESCO Prcw, Park. 

HERRICK. F. H. 
1911. Natural hittory of the American lobster. Bull. (U.S.1 Bur. Fish. 

29: 149-408. 
HOPKINS, T. L..  R. C. BAIRD. and D. M. MILLIKEN. 

1973. A messenger-operated closing trawl. Llmnol. Oceanogr. 18:488- 
490. 

HUGHES, J. T., andG. C. MATTHIESSEN. 
1%2. Observations on the biology of the American lobster. Hornorus 

americonus. Limnol. Oceanogr. 7:414-421. 
SCARRATT, D. J. 

1%4. Abundance and distribution of lobster larvae (Hornorus ornericonus) 
in Northumbcrland Strait. J. Fish. Res. Board Can. 21:661-680. 

1973. Abundance, wrvival, and vertical and diurnal distribution of lobster 
larvae in Northumberland Strait. 1%2-63, and their relationships with 
commercial stocks. J. Fish. Res. Board Can. 30: 1819-1 824. 

SHERMAN. K., and R. D. LEWIS. 
IY67. Seasonal occurrence of larval lobsters in coastal waters of central 

Maine. Proc. Natl. Shellfish. Assoc. 57:27-30. 
TEMPLEMAN, W. 

1936. The influence of temperature, salinity, light and food conditions on : 
the survival and growth of the larvae of the lobster (Hornarusarnericonus). ; 
J. Biol. Board Can. 2:485-497. 

1939. Investigations into the life history of the lobster (Hornorus omeri- 
conus) on the west coast of Newfoundland. 1938. Newfoundland Dep. 
Nat. Resour. Res. Bull. (Fish) 7.52 p. 

TEMPLEMAN, W., and S. N. TIBBO. 
1945. Lobster investiaations in Newfoundland 1938 to 1941. Newfound- 

land Dcp. Nat. Resour. Res. Bull. (Fish) 16:60-98 



Distribution, Relative Abundance, and Seasonal 
Production of American Lobster, Homarus arnericanus, 

Larvae in Block Island Sound in 1978 
MICHAEL J. FOGARTY, MARTIN A. HYMAN,2 GEORGE F. JOHNSON,J 

and CLEMENT A. GRISCOM4 

ABSTRACT 

Neuaton samples were collected at eight slation sites in Block lsland Sound at approximately wnkly 
intervals from 3 May through I September 19%. and sorted for IobSer (Homarus amcricanus) larvae. Larvae 
were collected between 1 June and 22 Augu~I. Fourth s t a r  larvae were numerically dominant, comprising 63% 
of  the 1,030 Iarvae collected in  this survey. Total production of stav I Iarvae in Rhode lsland Statistical A R ~  4 
estimated from survey data was 2.514 X 10' larvae. A minimum estimate of  potential stage I production in  Awa 
J based on populatlon size determined by cohort analysis and relative population fecundity indicated that at k ~ s t  
3.232 X 10' Iarvae could have been produced. Stepwisp multipk regression analysis of  hydrographic and 
climatological variables on total larval density demonstrated that water temperature and wind velocity 
explained 61.5Qo of  the observed variance. 

INTRODUCTION 

The American lobster, fiotnarus atnericanus, is among the 
mo\t valuable commercially exploited species in Rhode Island. 
fprcliminary commercial landings in 1980 were 1,100 t with an 
rn imted  value of $5.6 million. Due to the importance of this 
~ i a  to the economy of Rhode Island, investigations into 
Icveral aspects of lobster population dynamics were initiated in 
1974. These studies provided information on growth and 
m a l i t y  (Russell et at.'), local movements and migratory 

. behavior (Fogarty et al. 1980), gear selectivity (Fogarty and 
''&& 1980), trawl induced injury and mortality (Ganzb), and 
@&mcrcial catch statistics (Simon7). 

' Dc?\pite the recent attention devoted to the behavior, ecolo- 
F e, population biology of juvenile and adult American l o b  

urn, relatively little is known of the pelagic larval stages. The 
v t  study was designed to investigate the seasonal and 
rptd distribution of lobster larvae in Block Island Sound. 
We derived a preliminary estimate of larval production in the 

m6- Il.bri Mrine Firheria Scrvrce, N O M ,  Woods Hole, MA W 4 3 .  
i t *  School of  Oceanography. Drnsion of  Marine Resources. Umvers~ty of  

&& *LnQ Nuraganxct, R.1.; present address: Graduate School of  Ocean* 
k. Caran Tunle Asmsrnent Proqm. Unrverstty o f  Rhode Island, 
-RIQZB82. 
'L' School o f  Oceanography, University of Rhode Island. Narragansett, 

kbod o f  Oaanography, Division of Marine Resources, University of 
-1, RJ 02882. 

survey area using stage I density adjusted for development 
time and mortality. For comparsion, potential egg production 
was calculated using information on population structure, sex 
ratios, size at maturity (Russell et a]. footnote S), and relative 
population fecundity (SaDa et al. 1969). 

MATERIALS AND METHODS 

Neuston samples were collected at approximately weekly in- 
tervals from 3 May through 1 September 1978 at eight stations 
in Block lsland Sound (Fig. I) and sorted for lobster larvae. 
Replicate samples were collected with paired neuston nets (I 
m x 2 m opening; 0.946 mm mesh) deployed from two side 
booms aboard a 20 m research vessel. When sampling, the nets 
were positioned forward of the stern wake and outside of the 
bow wake to ensure an undisturbed sample. The position of 
the nets was adjusted to sample the upper 0.5 m of the water 
column. Standard tows were of 20 min duration at approxi- 
mately 3.7 km/h. During periods of high ctenophore abun- 
dance, when the filtration efficiency of the nets was reduced, 

Figure 1.-Lmatioa o f  sampk s i te  i n  Block Island Sound, 1978. Shaded area 
indicates Rhode Island Statistical Area 4. 



I \ , w \ I ~ \  C \ I I I ~ I , I ~ C \  tor tach ucrv ; o r r c ~ ~ c d  for ~ t a g c  

,lttr.tl I,W I . \  J i \ d i ~ y  b!: helopmcnt timc clt pretadinp water 
iL.tl~l*cr:riurc\ ( Ic~liplcrrtan 1937) tbr each ample period. Dally 
I ~ r , r k l ~ ~ L . t ~ o ~ ~  c\titii'itc\ Here iumnicd wcr the entire umpling 
,c.\\,rll t,r pro\ id~ an c\tin~atc of annual larval production per 
I JIlIl) m'. 

RESULTS AND DtSCUSSlON 

Seasonal Distribution 

Due to the relatively short duration of the first larval stage, i 
the occurrence of stage I lobster larvae is indicative of recent 
tlrttzhing activity. We initially noted stage I larvae on 1 June 
and first stage larvae were observed through the beginning of 
~ugus t ,  indicating that the hatching period in 1978 spanned 
dpproximately 2 mo (Fig. 2). Peak abundance of first stage 
larvae occurred in late June at a mean density of 10.82 larvae/ 
1,000 mJ. The mean seasonal density of stage I larvae was 
I .YS/l,OOO m'. 

Second and third stage larvae were first observed in the U) 
June collections and the highest densities for both stages were 
noted in samples collected in late June (Fig. 2). Stage I1 larvae 
\rere collected through the end of July while third stage larvae 
Isere observed through mid-August. The mean seasonal den- 
sity was 3.1 1/1,000 mJ and I .80/1,000 m' for second and 
third stage larvae, respectively. 

Fourth smge larvae were mitially collected in the 27 June 
\,\lllplc.\ and were dominant for the remainder of the season. 
rile highest mean weekly density of stage IV larvae (26.W 
1.000 mi) was noted in mid-July and fourth stage larvae were 
c.ollec~ed through the end of August (Fig. 2). Of the 
lar\ac. collected during this survey, 645 (62.6%) were f- 
\[age. In contrast, the first through third larval stages cga- 
prlsed 12.340, 14.1 %, and 10.9% of the samples, respectivgtr. 
r)lc dominance of fourth stage larvae is particularly st&& 
\lncz previous investigators observed relatively low d 
tor this stage (Templeman 1937; Templeman and 
Scarrat1 1964, 1973; Sherman and Lewis 1967). 
(1983) also noted a high proportion (52%) of stage 
1978 in Block Island Sound, in marked contrast 
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( (md~t~onal d~btr~but~on of the non-zero catches was 
.l~pro.c~marely log-normal for each larval stage (Fig. 3). Con- , 
tWOll\ dlmbutlon patterns have been consistly noted in' 

mrrU nn&y photolactc. ~nd~ratlny 1I1:il i h c ~  '13W ncu\lon nets separated by 215 m were observed (Wilcoxon 
be more vulnerable to surface gear. Smcc Prcvlou\ re- palred rank sum test; P>O.O5). 

ws,Yherq, similar gear. obtained relat~vcly low IV 

lack 01 slgnlficant differences in stage I densities between 
\tat ions does not permit inference regarding possible spawning 
locat~ons; however, the area surveyed was relatively small and 
tramport of larvae ~ t h  prevailing currents may have ob- 

LARVAL STAGE 
scurred source areas. Significant differences (PC 0.005) were 
noted, however, between slatlons for stage IV larvae (Kruskal- 
Wallis test; X' = 20.91; df = 7). Stage IV densities tended to 
be highest in the western segment of the study area (Table I), 
however, relatively high stage IV density was noted at station 1 
in the eastern section of the survey area. 

Tabk I.-Mean larval densities (no./1,000 m') for 
stages I- IV over the entire sampling s e w n .  

II Larval stage 
Srat~on I 11 111 IV 

I 2.208 4.197 2.560 9.852 
2 1 071 2.456 1.995 2.242 
3 0.559 0.938 0.331 0.891 
4 3.585 9.339 2.099 0.699 
5 3.383 5.857 1.035 12.990 
6 1.231 1.633 3.957 12.166 
7 0.207 0.560 1.533 10.816 
8 0.310 1.540 0.790 1.969 

m 
Seasonal Production 

Seasonal production curves wcre constructed based on stan- 
dardized daily production estimates (Fig. 4); annual larval 
production was then determined by integration. Estimated 
annual production for stages I-IV was 22.72, 19.80, 12.20, and 
32.33 larvae/1,000 m', respectively. The high production esti- 
mate for fourth stage larvae, despite correction for stage dura- 
tion, is indicative of the unusually high abundance of stage 

IY IV larvae in 1978. The adjusted estimates of stage IV produc- 
tion are conservative since settlement occurs approximately 
midway through the fourth stage and the larvae are no longer 
vulnerable to the gear (Scarratt 1973). Scarratt (1964) provided 
stage I seasonal production values for Northumberland Strait 

0 1 2 3 4 5  which considerably exceeded our estimates. 
Stage I density was expanded to provide an estimate of 

2.514 x lo6 stage I larvae produced in Rhode Island Statistical 
Area 4 (Fig. 1). The statistical area encompasses 165.01 km2 
and it was assumed that larvae were confined to the upper 0.5 
m of the water column. The stage I total production estimate 
was corrected for an instantaneous daily mortality rate of 

stage. Due to the many variables influencing the catchability 



LARVAL STAGE 

I 

3.0 ,- of lobter  lanac. this must be considered a prclim~nar! 
est imatc. 

For cornparafive purposes, a minimum estimate o f  potential 
2.0 - s t a ~ e  I production in Statistical Area 4 was dcrived using pop- 

ulation size determined by cohort analysis (Jones 1974). size 
at sexual maturity (Russell et al. footnote 5), and fecundity 

1.0 - (Saila et al. 1969). Commercial catch data (B. Simon9) for Sep- 
tember 1977 to 30 July 1978 were employed in this analysis; 

0' this interval spans the egg bearing period for lobsters which 
would release larvae in 1978. It is implicitly assumed that the 
catchability of ovigerous females is not altered. Size groupings 
were arbitrarily defined based on molt increment data using 
the minimum legal size at the time of this study (78 mm cara- 
pace length) as a starting point. Terminal fishing mortality 
(Ft = 1.2) was determined from tag return data (Russell et al. 
footnote 5 )  adjusted for the seasonal pattern of catches. Fe- 
cundity for each molt class was calculated using the relation- 
ship 

F= 0.02502 C L ~ " ~ '  

where F is fecundity and CL is the carapace length (mm) (Saila 
et al. 1969). Estimated potential egg production for Statistical 
Area 4 was 3.323 x 10' (Table 2). No estimate of the repro- 
ductive contribution of females <78 mm CL was made, how- 
ever ovigerous females composed < 1% of the 68-77 mm CL 
female size class in research catches. The expanded survey 
estmate of stage I production apparently underestimated 
potential production by an order of magnitude. Nichols and 
L a ~ t o n  (1978) noted discrepancies between estimated larval 
density of H. gammarus and potential production. Larvae are 

1.5 - not entirely confined to the surface layer (Scarratt 1973) 
accounting, in part, for this discrepancy. The contagious 
distribution pattern and behavioral responses to  environ- I 

1.0 - mental conditions (light intensity, wind factors, etc.) which 
alter availability compound the difficulty in estimating larval b' 
abundance. 

0.5 - 
a E 

Environmental Effects 
I 

0- I I 1 The influence of several hydrographic and climatological 
JUNE JULY AUG factors on larval density was examined using stepwise multiple 11 

$ 1  

Figure 4.-Daily production (no./1.000 m') estimates of stage I-IV lobster larvae 
during period of l a n d  oecurrenw (1 June-22 August). 

'B. Simon, Rhode Island Department of Environmental Management, 
Fowler St., Wickford, R102852, pers. commun. 

Tabk 2.-Arbitrary size classes (carapace length, mm); proportion of each size class, proportion female, and proportion ovigerous in 
research catches; estimated number of females in commercial catch from I September 1977 to 30 July 1978 in statistical area 4; popu- 
lation size of females based on cohort analysis; estimated numbers of ovigerous females in population; and average fecundity. 

Size Proportion of Proportion Proportion Est. no. females Est. no. females Average 
class catch' female' ovigerous' in catch in population1 No. spawners fecundity' 

'Russell et al. (text footnote 5). 
'Parameters for cohort analyses by length groups (Jones 1974): K = 0.0%6. L ,  = 184.58, M = 0. IS, F, = 1.2 (Russell et al. text foot- 

note 5). 
'Average fecundity for each size class using mean carapace length of each group and fecundity relationship of Saila et al. (1x9). 



rcgrcs\iorl. Indcpcriclcnt \;~r~atllcs ~ncluded rnean ~ceLly Hater 
rcmpcraturc. nlcari \\ind qvcd and directicln on the \ampling 
date, and wind speed and dircctiotl averaged over the ampling 
date and the previous 2 d. Wind direction was trcated ah a 
categorical variable with two classes (onshore and offshore). 
Wind speed and direction data were obtained from the Na- 
tional Weather Service Station at Warwick. R.I. Larval densi- 
ty, water temperature, wind speed, and averaged wind speed 
were transformed to natural logarithms prior to analysis. Two 
variables, water temperature and wind speed on the sampling 
date, were sufficient to provide a significant regression equa- 
tion (Table 3) with multiple correlation coefficient of R = 
0.784. Examination of the squared multiple correlation coeffi- 
cient indicated that 61.5% of the variance was explained by the 
derived equation. Inspection of the standardized residuals 
revealed no departure from the assumption of normality and a 
Durbin-Watson test (Neter and Wasserman 1974) indicated no 
significant autocorrelation in the residuals. 

Figure 5.-Vector plot of wind-induced surface drift during20 June28 July 1W. 
Circkd figures represent larval densities on sampling dates. Dates provided at 5-d 
intervals for reference. 

Table 3.-Coefficients and associated standard errors (SE). 
F ratios (dl  = 2,9), and multiple correlation cuefficients (H) for 
stepwise regression model relating larval density to wind speed 
and temperature. 

Variable Coefficient SE F R 

Wind speed 3.0907 0.8507 i3.199** 0.649 
Temperature 5.4328 2.5675 4.477' ,783 
(Constant) - 19.6808 

**Significant at P<0.01. 
'Significant at P<O.O5. 

The lack of a significant wind direction effect was surprising 
since a positive relationship between onshore winds and larval 
abundance has been previously noted (Templeman and Tibbo 
1945; Squires 1970; Stasko 1980). In the present study, the 
highest larval densities were generally obtained when winds 
were onshore. However. low larval densities at the beginning 
and end of the season, despite onshore winds, tended to 
obscure this relationship. A vector plot of surface transport 
was constructed for the period of high larval abundance, 20 
June to 28 July, assuming surface drift to be 3.0% of the resul- 
tant wind speed and at an angle of 15" to the right of wind 
direction (Fig. 5). Prevailing winds for the period were 
southwesterly, however, variable offshore winds dominated 
from 27 June through 5 July, culminating in reduced larval 

The contribution of wind speed to the regression equation 
may reflect wind-induced advection currents which 
presumably served to transport larvae into the study area. 
Wind velocities on sample dates were relatively moderate and 
apparently did not reach levels at which surface turbulence 
would result in reduced densities (Squires 1970). 

CONCLUSIONS 

.- 

QtChes on this date (Fig. 5). High larval densities on 12 July, 
despite 2 d of offshore winds, do not conform to the general 
pattern although the effects of strong onshore winds from 6 
through 10 July may account, in part, for this result. 

The inclusion of surface water temperature in the model 
&ts the increasing contribution of fourth stage larvae later 
ia the season when water temperatures were also increasing. 
takrter larvae were collected in surface water temperatures 

" to 25°C. Modal temperatures at peak larval 
es I and 11 were 14"-16°C and 17°C for third 
.6). Stage IV larvae were abundant at surface ACKNOWLEDGMENTS 

temperatures over 17°C. Lund and Stewart (1970) 
lobster larvae in surface waters ranging from 12.5" to We would like to express our appreciation to R. Wood, T. 

ong Island Sound. Surface water temperatures Lynch, A. Ganz, and J. Hoenig for assistance in the field and 
13.7" to 15°C during peak larval concentrations to J. Hoenig for sorting samples. We are grateful to M. Penn- 

of Maine (Sherman and Lewis 1967). ington for bringing the Delta distribution method to our atten- 
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High fourth stage larval lobster densities were obtained in 
Block Island Sound in 1978. Adjustment for probability of 
capture based on developmental times for each larval stage 
did not eliminate the dominance of stage IV larvae in these 
collections. Although first and fourth stage larvae may be 
more vulnerable to surface gear (Templeman and Tibbo 1945). 
high mortality rates during the pelagic larval stages (Scarratt 
1964, 1973) should result in relatively low numbers of stage 
IV larvae if recruitment is strictly localized. Prevailing winds 
during the period of larval occurrence are onshore, possibly 
resulting in a net transport of larvae from continental shelf 
waters. Larval recruitment from offshore locations may 
assume particular importance in maintaining inshore popu- 
lations which are subjected to extremely high fishing mortality 
rates. 

Stage I larval production in Rhode Island Statistical Area 4 
was estimated to be 2.514 x 1 P  larvae based on expansion 
of corrected larval densities. A minimum estimate of hypo- 
thetical larval production based on population size determined 
by cohort analysis, sex ratio, maturity, and fecundity indicated 
that at least 3.323 x 10' larvae could have been produced. 
Nichols and Lawton (1978) reported similar underestimates of 
larval production of Homarus americanus based on neuston 
samples. 

Larval density was significantly correlated with wind speed 
on the day of sampling and surface water temperature. 
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I 
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TEMP ( " C )  
Figure 6.-Frequency distribution of stage I-IV lobster larvae collected at prevail- 

ing surface water tempemturn. 

tion. The critical reviews of M. Sissenwine and S. Saila were 
very helpful. 
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Distribution and A bundance of Larval Lobsters 
(Homarus americnnus) in Buzzards Bay, 

Massachusetts, During 1976-79 
FRED E. LUX, GEORGE F. KELLY, and CHARLES L. WHEELER' 

ABSTRACT 

I n  280 neuston tows during 1976-79 in  Buzzards Bay. Mm., 16,679 larval lobsters (stages I-IV) were 
collected. The larvae began to appear in catches in late May in each year, reached peak numben in midJune, and 
disappeared from the plankton by early August. The buttom temperature was approximately 13'C when larvae 
first were caught and about l l ° C  at the peak of  larval production. The mean number of larvae caught per 1.000 
m' of water filtered ranged from 9.6 in  1978 to 43.7 in 1979. Largest catches wcre obtained on 18 June 1979 
when 6,746 larvae were caught in five 0.5-h tows. The catch of late stage larvae was unusually high in 1978 when 
stage IV  larvae were twice as numerous as the other stages combined. The sampling results indicated that Buz- 
zards Bay is an area of  high production o f  larval lobsters. 

INTRODUCTION 

me National Marine Fisheries Service (NMFS) at Woods 
began sampling planktonic larval stages of lobsters 

~ m o r u s  urtiericun~rs) in Buzzards Bay, Mass.. in May 1976. 
&%lcffon has continued each year ivith wnqding bcgmning tn 

May prior to the hatching of lobster eggs and ending in 
~ u g u s t  after the larvae have settled out of the plankton. 

& W r y e Y  was begun as part o f  a joint study ~ i t h  the 
& a t s  Division of Marine Fisheries of the distribution 

= r ~ u & n c e  of lobster larvae in Cape Cod Bay, the Cape 
A, and Buzzards Bay. We sampled the middle section 
d s  Bay (Fig. 1). This paper reports the results from 

in 1976-79. A general summary of information on 
abundance o f  lobster larkae has been pre- 
(1983) and therefore IS omitted here. 

&Bay varies in depth from < 5 m at the Cape Cod 
about 30 m at the bay mouth. Sediments con- 

and silt, although there are numerous areas 
d ,  along the northwest shore, rock ledge. 
ies entirely within Massachusetts territorial 
y State law to fishing with trawls o r  nets. ' 

. %)rmer, act ive commercial and recreational trap ra bbsters from spring to late fall. Lobsters <81 mm 
:-h and all ovigerous females must be returned to 
r. Bffise lobster landings from Buzzards Bay are not 

&@I a t c h  reports filed to the State by lobster 
that an estimated 500 tons may be landed 

METHODS 

Numerous reports have demonstrated that planktonic 
lobster larvae are positively phototactic and are found at or 
near the warer surface during daylight (Fogarty 1983). There- 
fore a neuston net (1 x 2 m mouth, 9 m length) with a mesh 
size of 0.97 mm was used for sampling. The net was towed 
from the end of a boom extending 2.5 m out from the star- 
board side of a 12 m research vessel. Tows were made in a 
straight line with the net approximately 20 m astern of the 
vessel and out of the wake; the net mouth was from one-half to 
two-thirds submerged. Towing speed in 1976, based on dis- 
tance covered, was estimated at 4.6-5.6 km/h (2.5-3.0 kn) and 

figure 1.-sampling slations forneuston tows in Buzzards Bay, Mm., 1976-79. In  
1976, stations A-D (upper transerr) were sampled; i n  1977-79, stations 1-6 (lower 
and upper transerts) were sampled. 

r 



RESU 1,I'S 

Over the 4 yr sampled, 16,679 larval I(,biters \\ere caught. 
averaging 23.3/1,000 m' o f  watcr filtered (Table 1 ). Sumberz 
o f  larvae varied considerably from year to year ~ i l h  rotalc 

,.\\lg~t\[ (Fig. 2). 
-rhcl.c \\as no consistent pattern in total abundance by sta- 

, I ( ~ ~ ~ ~ ~ ~ ~ g I 1  the largest catches generally were made at 
,tatic,n 3 (Fig. I). The water temperature was higher by about 
1 '-:'.(- at qntions 4-6 (A-D), where the depth was 10-12 m, 
th,lll a[ q,ulons 1-3, \\here the depth was about IS m, but it 

llc)l clear if these temperature o r  depth diffe- 
fcclcJ tar\ al abundance. 
l-1,~ high numbers of larvae caught in 1979 were due large 
c;ltchr.c on one sampling date (18 June) when 6.746 Ian 

{rcrc ~ . l ~ p h l  in the five tows (Table I). The mean total cat 
per 1,000 nl' of water filtered for 18 June was 450 larvae 1 

- '  

3. T ~ C  \.ear 1979 was, however, one of generally high 
in Buzzards Bay (Fig. 2). ^k  

~ t l c  ,thundanc.e of lobster larvae by developmental staged 
ellzll !c.lr and sampling date show the general progressio 
,t,,g~., through the hatching season (Fig. 3). The a b u n d a w  

.t,lpr. I larkae usually peaked around mid-June and sta 
I Y  in late June. Larvae were caught from late 4 1 
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Figure 4.-Percent frequency distributions o f  lobster larval stages 
six day-night neuston tows in Buzzards Bay, 9 June 1976. (The -3 
EST at the to* midpoints; numbers above each graph are r r t d  fnp;l 
larvae caught; the lop three graphs are for the daylight tows. the WQ 
those after dark.) 

' 8  

o\lpt.rous lobsters in Burzards Bay than in SI 

natcrs, powblq Increasing the larval production. 
In Long Island Sound, \\here physical conditions 

in many respects to Buzzards Bay, Lund et al.: S 
Br~ggs and Mushacke (1979) found that a high prc 
wblegal ternale lobsters were sexually mature, wl 
south ot Long I4and (Bnggs and Mushacke 1980) 
twn \\as Ion. A\ Lund and Stewart (1970) M 
numbers of larbal lobsters are found in-t 
numbers, south of Long Island. 

All ot the above suggem that conditions are 
In Buzzardr Bay for the product~on of larvae 
cent haters. T h ~ s  bay, which IS shallower th% 
and has a slower flushmg rate, is warmer f- 

'Lund, W. A., Jr., L. L. Stewart, and C. J. i 
the lobster. Complet~on Rept. for Connecticut Prow 

Kqx lor Connecr~~ut Project 3-253-R-1 Comm. 1 
Conn Dep~ Emuon Protect.. SrateOff i~~Bkk-. j  

. 
Figure 3.-Numbers, b> development stage, of- 

of water filtered for each sampling d.1+ hl 





The Spatio-Temporal Distribution of 
American Lobster, Homnrus nmericanus, 

Larvae in the Cape Cod Canal and Approaches 

W. S T E P H E N  COLLINGS, '  C H R I S T I N E  COOPER-SHEEHAN, '  
SALLY C. HUGHES, '  and J A M E S  L. BUCKLEY' 

ABSTRACT 

The spatial and temporal distribution of lawal lobsters in  northern Buzzards Bay. the Cape Cod Canal, m d  
southwestern Cape Cod Bay was examined during 1976-78. Hatching generally began in late May when bottom 
water temperalum approximated IO°C. Most larvae had settled out of the water column by mid-August, but 
larvae were occasionally collecled as late as October. Larvae were concentrated at nearshore stations by on- 
shore winds in Buzzards Bay and Cape Cod Bay. A higher percentage (71%) of the total larvae were collected 
when cloud cover was 25% or less. Lnwae were collected in water ranging in temperature from 10JO to 25.S°C. 
Salinities ranged from 23.3 to 35.S0/oo. Percent stage composition was comparable with that found in southern 
Buzzards Bay. The density of lobster larvae in the Cape Cod Canal was similar at all depths, but larvae were 
associated with the surface water Ia)er in Buzzards Bay and Cape Cod Bay. I n  1976, 1977, and 1978, an estimated 
13.S. 26.0. and 9.2 million Iawae, respectively, were deposited from the Cape Cod Canal into Cape Cod Bay. 

INTRODUCTION 

Preliminary larval lobster distribution studies carried out in 
Cape Cod Bay by the Massachusetts Division of Marine Fish- 
eries prior to 1974, and intensive efforts by both the Division 
and a private contractor (Marine Research, Inc.) from 1974 to 
1977, revealed few larvae in Cape Cod Bay. A large commer- 
cia1 fishery exists in Cape Cod Bay and concentrations of egg- 
bearing female lobsters are occasionally observed in the Cape 
Cod Canal and Buzzards Bay; accordingly the possible impor- 
tance of larval transport to Cape Cod Bay and the effects of an 
additional fossil-fueled electrical generating station on the 
Cape Cod Canal were investigated. A 3-yr study of the spatial 
and temporal distribution of larval lobsters in northern Buz- 
zards Bay, the Cape Cod Canal, and southwestern Cape Cod 
Bay was initiated in the spring of 1976. 

STUDY AREA 

Buzzards Bay is a marine embayment approximately 46 km 
kng by 19 km wide (Fig. 1) with a maximum depth of 41 m 

Cape Cod Bay is a nearly circular embayment of the Atlan- 
tic Ocean with water depths reaching 91.5 m but with an aver- 
age depth of 25 m (Parsons 1918; Anraku 1964). Surface sa- 
linities range between 29.0 and 36.0°/0~, and while surface 
water temperatures can exceed 20°C in the summer, bottom 
temperatures rarely exceed 15°C. Currents in both bays are 
weak, seldom exceeding 1.1 km/h (Collings et al. footnote 4). 

The Cape Cod Canal is a sea level passage connecting Cape 
Cod Bay with Buzzards Bay. With a mean tidal range in Cape 
Cod Bay of 2.8 m and of I .2 m in Buzzards Bay, the difference 
in phase and amplitude of the tides produce changes in the 
slope of the water in the Canal. Consequently, there is a 
regular reversal in current at approximately 6 h intervals. Cur- 
rents have an average speed of 6.5 km/h in midchannel, but 
during spring tides increase to about 7.4 km/h (Anraku 1964). 
Surface salinity varies from 28.0 to  34.0°/00 (Callings et al. 
footnote 4). and water temperatures range from - 1 " to  25°C. 
The lack of thermal stratification in the Canal is due to  the 
strong currents and turbulence (Fairbanks et al.'). 

METHODS AND MATERIALS 
& U)(i an average depth of 1 1 m (Anraku 1964; Gilbert et al. '). 

b! upper Buzzards Bay. the salinity varies from 26.0 to  
35.5"/00 with surface water temperatures ranglng from - 1 " 
to 28.0°C and bottom temDeratures from - I " to 25 "C 
(Collings et al.'). 

'Canmonwealth Energy. Canal Electr~c Company, Cranberr) H~ghuay. 

Neuston samples were collected at 7 stations during 1976, 16 
in 1977, and 10 in 1978 (Fig. 2). Stations were sampled on a 
weekly basis from the first week in May until lobster larvae 
were no longer obtained in neuston samples. Factors that pre- 
vented sampling were rough seas and high concentrations of 
ctenophores (Mnemiopsis leidy~) or crab larvae. 

effects of power generation on some of the living marine resources o f  the Cape 
Cod Canal and approaches. Massachusetts Department o f  Fisheries, Wildlife, 
and Recreational Vehicles. Div. Mar. Fish.. 100 Cambridge Street. Boston. 
Mass.. 212 p. + appendices. 

'Fairbanks, R. B., W. S. Collings, and W. T. Sides. 1971. An assessment of the 
effects o f  electrical power generation on marine resources in  the Cape Cod Canal. 
Mass. Dep. Nat. Resour.. Div. Mar. Fish.. 48 p. + appendix. 



Figure 1.-Map of study area. 

Figure 2.-Lobster larvae sampling locations. 197678. 
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Surf,~c.c ik) \ s \  ncrc n ~ d c  \\ i th  , I  I - 2 111 Ilcu\lon nc.1 \\ 11h .I 

mesh sire ot 1.05 mm. All tom5 were tn;tdc Jurtng Ja>light 
tlours at a \peed 01'4.6-5.6 km/h uith tlw top 20 cm ot'rhc nct 
breaking the \\ater \urfacc. Tow duratio:: ma\ 30  mln and 
volumetric mcawrcments uere calculated I'rom I1oumetr.r 
readings obtained I'rom a Gencral Occanics" model S 2030 K 
tlowmeter in the net mouth. The average volume of water 
strained per tow was 2.793 mJ.  This volume per tow decreased 
over the 3 yr as a result of high ctenophore and larval crab con- 
centrations. The numbers of ctenophores and crab larvae in- 
creased rapidly and reached such high densities in 1976, it 
became impossible to tow for more than 5 min. By mid- 
August, sampling had to be terminated. While concentrations 
remained high enough in 1977 and 1978 to prevent full 30-min 
tows, shorter tows were possible at many stations. 

A I x 1.5 m opening and closing Tucker trawl with 1.05 
mm mesh similar in design to that described by Clark (1969) 
and Hopkins et al. (1973) was utilized for discrete depth samp- 
ling. The net was designed to be fished at a 45" wire angle, 
presenting an effective opening of I m'. The net was towed at 
5.6 km/h for 20 min. 

After completion of a neuston or Tucker trawl tow, samples 
were washed into a pair of nesting sieves with mesh sizes of 
1.05 mm and 6.35 mm. Sample concentrate was preserved in a 
5% Formalin-95% seawater solution buffered with sodium 
borate (Na?B,O, 10H20). Samples were returned to the lab- 
oratory where all lobster larvae were removed and staged 
according to the descriptions of Herrick (191 1). 

Neuston TOWS 

Four hundred fifty-nine tows were made during 1976-78; 
9,631 larvae were collected for an average density of 9.9 lar- 
vae/1,000 mJ or water filtered (Table I). The maximum num- 
ber and density of larvae collected was 746 (266.2/ 1,000 mJ) at 
Station F in Buzzards Bay on 21 June 1977. Mean annual den- 
sities were highest in Buzzards Bay during 1977 and 1978 and 
highest in the Cape Cod Canal during 1976 (Table 1). Highest 
mean density (12.8 larvae/1,000 m') over all years was ob- 
served in Buzzards Bay. 

Abundance and Temporal Distribution 

Hatching in Buzzards Bay commenced during the third week 
in May and stage I larvae generally disappeared from the water 
column by mid-July. The peak of stage I abundance in mid- 
June corresponded to the peak of total larval abundance. An 
initial small peak of hatching was evident during the last week 
of May. This peak was consistently observed and may be due 
to earlier hatching of eggs extruded during summer; ova ex- 
truded during autumn appear to hatch later in the season (Per- 
kins 1972). Second stage larvae first appeared in samples by 
the end of the third week in May and peaked in abundance in 
mid-June. Stage 111 larvae were usually found in samples by 
the first of June and peaked in mid-June. Fourth stage larvae 
were initially collected by the first week of June, peaked in 
abundance by 1 July, and could, as in 1978, continue to be col- 
lected into September. 

Larval abundance patterns in the Cape Cod Canal were 
quite similar to those found in Buzzards Bay, although a bi- 

'Reference to trade names does not imply endorsement by the National Marine 
Fisheries Service, NOAA. 

Table I.-Lobster larval tow data for lhree areas for 197678. 

Area 

Total Volume 
Number of number of  water Number of  Average Number Mean larval 

stations of sampled tows with volume larvae density 
sampled tows (m') larvae (mJ) collected (no./l.Oa) m') 

Buzzards Bay 
Cape Cod Canal 
Cape Cod Bay 

Buzzards Bay 
Cape Cod Canal 
Cape Cod Bay 

1976 

Buzzards Bay 
Cape Cod Canal 
Cape Cod Bay 

All years 

Buzzards Bay 
Cape Cod Canal 
Cape Cod Bay 



modal peak o f  stage I aburidnticc \\a\ not as e \ i d c t ~ ~  as In 
Buzzards Bay. The period ol' c \ ~ t  hatching in lhc <'.111al \\as 
possibly mahked by advectinn of Ru//arJs 133). larbae into the 
Canal with reversal of the tidal ?!.clt'. 

Cape Cod Bay larval abundance pattern\ were miilar 10 

those of Buzzards Bay, but occurred several week5 later. Stag. 
I abundance was greatest by the last week of June and stages' 
11, Ill, and IV were not collected until the second week of 
June. Larval occurrence extended into September in Cape Cod 
Bay and stage 111 and IV larvae were collected as late as 
October. 

Percent stage composition of larval catches varied both 
annually and geographically (Table 2). We noted an increased 
percentage of fourth stage larvae over the 3-yr study period. 
Similar patterns in stage IV abundance during 1976-78 were 
noted by Bibb et al. (1983) and Lux et al. (1983). Ctenophore 
abundance was relatively high in 1976 and subsequently de- 
creased over the next 2 yr. Lund and Stewart (1970) found 
that when ctenophore densities peaked, samples were almost 
devoid of fish or crustacean larvae. 

The number of lobster larvae collected is dependent, in part. 
on the number of ovigerous females within the area. The niean 
carapace lengths (CL) of ovigerous females in Burzards Bay 
and Cape Cod Bay were 81 mm and 97 mm, respectively, 
(Fair') and the proportion of ovigerous females in research 
trap catches was higher in Buzzards Bay. Ovigerous females 
composed up to 14% of the catch in Buzzards Bay but < 1.0% 
in Cape Cod Bay. Higher larval densities in Buzzards Bay may 
reflect higher spawning stock levels. Templeman (1936a) sug- 
gested that the American lobster attains maturity at a size 

'James J. Fa~r ,  Ass~stant D~rector, Massachusett\ Dlblrlon of Marme F15h- 
eries, 100 Cambr~dge Street. Boiton. MA 02202, pers. commun. 4 September 
1978. 

whtch bane5 tn\crscly w ~ t h  temperature. h1hc.n and .dd) 
(1976) \t.ited that temale lobqer\ matured at a smaller w e  In 
the \harmer Gulf of St. Laurence than otf wuthern NOLJ 
Scot la. 

Effects of Surface Currents on Spatial Distribution 

During the months of May-September, winds in the study 
area were generally southwest and monthly average speeds 
ranged from 17.7 to 24.1 km/h (I 1-15 mph) (U.S. Army Corps 
of Engineers". Scarratt (1973) noted that winds in excess of 
24.1-29.0 km/h (15-18 mph) tend to prevent efficient 
sampling. Our sampling trips were rescheduled if strong winds 
were forecast; exposed stations were not sampled if winds in- 
creased appreciably during any sampling day. 

Wind records for the 24-h period prior to  sampling revealed 
that 68.0% of all tows and 76.4% of the tows containing 
larvae in Buzzards Bay were made when winds were from the 
southwest. A total of 85.2% of the larvae was found in sam- 
ples collected when winds were onshore. 

In Cape Cod Bay, 72% of all tows and 73% of all tows 
containing larvae were made when winds were from the south- 
west quadrant, however, only 39% of the larvae were collected 
during offshore winds. When winds were from the northeast- 
northwest (on or alongshore) 56.8% of the larvae collected in 
Cape Cod Bay were obtained in 10 tows. 

Throughout 1976, the continued occurrence of stage I larvae 
at Stations 3 and 5 suggests that these sites were primary 
hatching areas. Large numbers of late stage larvae collected 
at Stations 1, 2, E, and G were possibly due to larval trans- 

"U.S. Army Corps of Engineers Division. New England. 1973. Final environ- 
mental \tatemem, addition of Unit No. 2, Canal Plant. 2.1, 12 p. U.S. Army 
Gorp\ of Engineers. Trapello Road. Waltham, Mass. 

Table 2.-Percenl stage composition of lobster larvae for lhree areas for 191678. 

Stage I Stage I1 Stage 111 Stage I All 

Area No. Percent No. Percent No. Percent No. Percent stages 
-- - 

1978 
Buzzards Bay 575 36.8 237 I5 2 233 14.9 518 33.1 1.563 
Cape Cod 

Canal 207 48.1 44 10.2 69 16.0 110 25.6 430 
115 1 1  9.6 )8 33.0 - 6 5.2 - 60 52.2 - Cape Cod Bay - 

842 39.9 287 13.6 313 14.8 666 31.6 2,108 
* 1977 

Buzzards Bay 1.161 28.8 888 22.0 1.040 25.8 946 23.4 4.035 
Cape Cod 

Canal 310 47.4 89 13.6 60 9.2 195 29.8 654 
672 544 81.0 3 0  4.5 2 3.4 2 11.2 - Cape Cod Bay - 

2,015 37.6 1.007 18.8 1,123 20.9 1.216 22.7 5,361 
1976 
Buzzards Bay 389 56.6 110 16.0 123 17.9 65 9.5 687 
Cape Cod 

Canal 498 34 9 308 21.6 477 33.4 145 10.2 1,428 
i 

-.-. ,-...a n- . 7.1 LO I 7 I 1 L A  1 1  7 1 A  A7 ~ a p c  LUU nay J L  0 0 . 1  I - - - L. l - ".- . . -#.- 7. - 
919 42.5 419 19.4 603 27.9 221 10.2 2.162 

All vears 
"--, - . . -- - - . - . . - - - 

Cape Cod 
r -nr l  I nts M A  MI 17 6 M6 24.1 450 17.9 2.512 .,.... -. .,".- . . .. . . .- -.. - . 

A A 17 A d  174 I d 9  R I A  



port c;~u\cd hy \\in4 dri\cn (uiicnts nnd ~enr.r;tlly iountcr- 
i lock\r ls~ tidal currcntj in Burrard\ Bay (.L\nraku 1964). 1-hc 
prexncc ot' both m g e  I and \tcigc IV l a r ~ a r  at Station li \\as 
an indication of hatching in the vicinity o f  the entrance ul' 

the Canal and possible recruitment of larvae from an arca 
north of the Canal. 

I t  appeared that onshore winds concentrated lobster larvae 
at nearshore stations. This was substantiated by the higher 
densities of late stage larvae found in northern Buzzards Bay 
following southwest winds and at nearshore stations in Cape 
Cod Bay following northeast winds. 

Effects of Cloud Cover 

A total of 65.7% of  our tows was made when cloud cover 
was 25% or less and 71% of  the total larvae were collected 
when cloud cover was minimal (25% or less). The average den- 
sity of larvae collected under clear skies, hazy, 25% cover, 
50% cover, and 75 To cover was 7.3, 8.2,7.1, 10.5, and 8.4 lar- 
vae/1,000 m', respectively. Under completely overcast condi- 
tions, the average density decreased dramatically (2.8 larvae/ 
1,000 m3). Only 6.4% of the larvae collected were obtained 
when cloud cover was 100%. 

Water Temperature, Larval Hatching, 
and Intermolt Periods 

Stage 1 larvae were collected in Buzzards Bay waters ranging 
in temperature from 14.0" to 25.0°C. Stages 11, 111, and IV 
were collected at temperatures ranging from 16.5' to  25S°C. 
Larvae collected in the Cape Cod Canal were found in water 
ranging in temperature from 12.5" to 233°C. First stage larvae 
were collected at 12.5"-22.0°C, second stage were collected at 
14.5"-22.5"C, third stage at 16.5"-22.5"C, and fourth stage in 
temperatures ranging from 17.0" to 233°C. Larvae were col- 
lected in Cape Cod Bay at the following surface water temper- 
atures: Stage I, 10.3°-21.10C, stage 11, 14.0'-20.0°C, stage 111, 
14.0"-20.0°C, and stage IV, 14.5"-205°C. The highest water 
temperature at which larvae were collected was 2 5 3 ° C  and the 
lowest water temperature recorded when larvae were collected 
was 10.3"C. 

Estimated average larval intermolt period was determined 
from the number of days between initial collection of a given 
stage and first collection of the succeeding stage. Buzzards 
Bay larvae took an average of 23.2 d to molt from stage I into 
stage 1V in water temperatures ranging from 14.0°to 22.0°C. 
Templeman (1936b) reported development times of 11-26.5 d 
for larvae to molt into stage iV at this temperature range. 
Cape Cod Canal larvae required an average of  25 d to  reach 
stage 1V at temperatures ranging from 12.5" to 22.5 "C. Based 
on Templeman's data it would take 10.5-78 d for larvae to 
complete their third molt when held at these temperatures. 
Cape Cod Bay larvae averaged 35 d to molt into stage IV at 
10.3'-20°C; predicted development times under laboratory 
conditions were 12-49 d (Templeman 1936b). 

IXscrete Depth Sampling 

Sixty-jiu Jiwctc: Jcpth toss  ucrc made at nine stations in 
1977. Four depths (surface, 3, 6, and 9 m) were sampled. A 
two-way analysis of variance (ANOVA) (Snedecor and Coch- 
ran 1967) was performed on data grouped into two categories: 
Canal stations (4, 5, and 6) and open water stations (Stations 
1, 2. 3, F, H, and K). Results showed that at the Canal stations 
there was no significant difference with depth at the 5% level 
(F = 1.04; df = 3, 9); the probability of capturing larvae was 
uniform at all depths due to mixing in the Canal (Callings et al. 
footnote 4). However, at open water stations, significantly 
higher surface densities were obtained (F = 6.74; df = 3, 9; P 
< 0.05). 

Scarratt (1973) reported significatly higher catch rates for 
stage I larvae in surface waters. Bibb et al. (1983) obtained 
similar results in Block Island Sound in 1977 and 1978. 

Larval Deposition in Cape Cod Bay 

Tidal patterns in the study area result in transport of signifi- 
cant numbers of larvae hatched in Buzzards Bay and the Cape 
Cod Canal into Cape Cod Bay. It was conservatively estimated 
that canal water flows into Cape Cod Bay for 3 h per tidal cy- 
cle at  a rate of 2,095.4 m3/s. The average Cape Cod Canal lar- 
val density for each year was multiplied by the total volume of 
water flowing into Cape Cod Bay during each larval season. 
Estimates of the numbers of larvae entering Cape Cod Bay for 
the years 1976, 1977, and 1978 were 13.5 million, 26.0 million, 
and 9.2 million, respectively. 

Matthiessen and Scherer (1983) calculated that approxi- 
mately 7.3 million larvae were deposited in Cape Cod Bay dur- 
ing the period 7-20 June 1976. Our estimate for the same 
period was 9.2 million larvae. 
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Observations on the Seasonal Occurrence, Abundance, 
and Distribution of Larval Lobsters 

(Homarus americanus) in Cape Cod Bay 
GEORGE C. MATTHIESSEN and MICHAEL D. SCHERER1 

ABSTRACT 

The seasonal occurrence, abundance. and distribution of the lawae of the American lobster, Homarus 
americanus, in Cape Cod Bay were studied over a Syr period (1974-76). Although larvae were obsewed durlng 
the months of May-September, the great majority were found to occur during June. July, and August. In  the 
neuston net collections, mean larval densities for these 3 mo avenged 3.1, 3.2, and 1.6 lawae/1,000 m', respeo 
tively. However, densities as high as 62.3 larvae/1,000 m' were observed in Tucker net collections near the east 
end of Cape Cod Canal. 

The seasonal occurrence, pattern of distribution, and relative abundance of first-stage lawae near the 
east end of Cape Cod Canal during June suggest the likelihood that the Canal may contribute significant numbers 
of larvae to Cape Cod Bay. 

INTRODUCTION 

Despite the economic significance of the lobster (Homams 
americanus) fishery in New England, very little is known of 
the origin and dispersal of larval lobsters and therefore of 
the primary sources of recruitment to localized stocks. 

The increasing number of electric generating plants along 
the New England coast prompted a series of investigations of 
the seasonal abundance and distribution of larval lobsters 
during the 1970's. The primary objective of many of these 
investigations was to estimate the potential losses of larvae 
resulting from their entrainment in the power plant's cooling 
water, the relationship of the numbers of entrained larvae to 
the population as a whole, and the resultant potential impact 
upon the local or regional fishery. 

The Pilgrim Nuclear Power Station, located in Plymouth, 
Mass., on the west side of Cape Cod Bay, draws its cooling 
water from an area that supports a valuable and intensive 
lobster fishery. The investigation described in this report was 
initiated to compare the numbers of larvae occurring in the 
vicinity of the station, and therefore potentially vulnerable 
to entrainment, with larval abundance in other areas of Cape 
Cod Bay, and to determine the seasonal occurrence and dura- 
tion of the larval period in this area. 

METHODS 

Surface Sampling 

Larval lobster were sampled at Stations I-VIII (Fig. 1) bi- 
weekly from 20 June through 19 August in 1974; weekly at 
Stations I-VIII from 5 June through 8 October in 1975; and 
weekly at Stations I-X from 4 May through 1 September 1976. 

Sampling gear consisted of a 1 mm mesh neuston net 
measuring I m x 2 m at the mouth and 10 m in length. The 
@p edge of the net was held just above the surface by large 

floats. Tows were made at 4-5.5 km/h for approximately 
30 min off the side of 12 m (1975 and 1976) and 20 m (1974) 
vessels. Filtration volumes, estimated with a General Oceanics 
20302 flowmeter mounted in the mouth of the net, averaged 
about 3,000 m3/tow. Surface temperature and salinity were 
recorded at each station using a Beckman RSS-3 salinometer. 

In 1974 duplicate tows were made irregularly at various 
stations as time and weather permitted. Single tows were taken 
at each station in 1975. In 1976 two vessels were used, towing 
in parallel, to collect duplicate tows at each stat~on. 

Vertical Sampling 

In 1976 samples were taken at 0, 3,6,9, and 12 m (near bot- 
tom) at Station A located just off the easterly end of Cape Cod 
Canal (Fig. 1). Samples were taken on easterly tides by holding 
position into the current which averages about 6.5 or 7.4 km/h 
on spring tides (Anraku 1964). One sample was taken at each 
depth during daylight, and in most cases during darkness with- 
in the same 12-h period, on a weekly basis 7 June through 8 Ju- 
ly. 

Gear consisted of a messenger-operated 1 mm mesh Tucker 
net (Tucker 195 1; Clarke 1969) with a mouth measuring 2 m x 
2 m. Filtration volumes averaged 3,000-4.000 m3. 

All samples were preserved in 10% Formalin and returned 
to the laboratory for analysis. Lobster larvae were enumerated 
and staged following Herrick (191 1). 

RESULTS 

Seasonal Occurrence and Distribution 

During the 1974-76 sampling seasons, lobster larvae were 
found in Cape Cod Bay as early as 11 May (1976) and as late as 
28 September (1975). Stage I larvae were found from 11 May 

Inc., , 141 Falmouth Heights Road, Falmouth, MA02540. 
'Reference to trade names does not imply endorsement by the National 

Marine Fisheries Service, NOAA. 



Station A). 

(1976) to  2 Ser (1976). stage I I  larvae fro111 3 J u l ~  
(1976) to  2 September (1976). stage [I[ larvae frotn 3 June 
(1976) t o  17 September (1975). and stape 1V larvae fro111 
18 June (1976) to  28 September (1975). Larvae wcrc nlmt 
a h n d a n t  during the months of  June, July, and August (Table 
1). Surface water temperatures recorded when larvae \wrc mi- 
lected ranged between 10.S°C (May 1976) and 21.4"C (July 
1 974). 

Early in the season, highest concentrations of lobster I m a e  
were found in the southern section of  Cape Cod Bay (Table 2). 
A highly significant difference ( ~ ~ 0 . 0 1 )  was found h t w w n  
mean densities at  stations I-IV and stations V-VIII ( X )  over all 
June sampling dates based on a Mann-Whitney Lr test (Zar 
1974). NO significant difference (p>O.OS) was detected for the 

Tabk 1.-Cape Cod Bay brvd lobster collcctlons by month. 1974-76. 

Mean n u m b  
Year(s) Number Total of hrbae 

Month sampled of tows larvae per 1.000 m' SD 

May 1976 62 61 0.30 0.83 
June 1974-76 142 2,005 3.6R 5.67 
July 1974-76 147 2,340 3.82 4.86 
Aug. 1974-76 141 735 1.65 2.84 
Sept. 1975, 1976 52 28 0.17 0.26 

'1974 1975 1976 - Stations d ji s n x s n ? 5 

June I-IV 4 0.82 0.69 16 2.82 2.73 20 1.78 2.06 
v-VIII(X) 2 1.53 0.38 16 6.14 9.80 30 4.80 6.33 

July I-IV 8 2.60 2.09 20 1.09 2.30 16 7.10 5.95 
v-VIll(X) 8 2.39 1.93 20 2.66 5.16 30 3.65 4.30 

Aug. I-IV 8 0.87 0.90 16 1.17 1.82 16 1.55 1.79 
v-VIII(X) 8 1.01 0.81 16 2.31 3.29 24 2.03 3.54 

'Although included. little data were available for June 1974 sine? sampling 
did not begin until 20 June and Stations VII and Vlll were not sampkd until 
July. 

' n  = number of samples not including replicate tows which a b e m d  
within dates for each station. 

lllo~lths of July and August. Although collections were made 
in May of 1976, few larvae were taken during that period 
(Tnblc I). Those that were collected were found in both north- 
ern and southern areas of the Bay. Small numbers of larvae 
wcrc also taken in September 1975 (Table 1); most were found 
in the northern section of the Bay. 

Annual Variations in Abundance 

Average larval densities were compared by month for each 
year, 1974-76, to determine if any clear differences in abun- 
dance occurred between years. T o  make this comparison more 
valid, stations IX -nd X, sampled only in 1976, were excluded. 
Comparisons were based on unadjusted mean densities and on  
mean densities calculated after dividing each density estimate 
by the temperature-related stage duration for each larval stage 
obtained from Templeman (1936). Both the unadjusted and 
adjusted mean densities suggested that larvae were less abun- 
dant in 1974 thaii in 1975 and 1976 (Table 3). The differences 

d able 3.-Mean monlhly densities of lobster larvae, per 1,000 m' of water, over 
Stations I-VIII, for June, July, and August, 194-76. Mean denu'ties are 
shown b a d  on data adjusted for variations in stage dumlion (see text). &tween- 
station s tmdud deviation in parenthe-. 

Month 
Year June July August June-August 

1974 No. sampling I 2 2 5 
periods 

Mead1.000 I.l(O.7) 241.4) 0.q0.6) l.S(l.2) 
m ' 

Adjusted 0.2(0.1) 0.q0.3) O.l(O.04) 0.3(0.3) 
mean 

1975 No. sampling 4 5 4 13 
periods 

Mead1.000 4.5t4.2) 1 . 3  1 . 0 )  2.7(2.8) 
m ' 

Adjusted 0.8(0.6) 040.3) 0.3(0.2) 0.q0.4) 
mean 

1976 No. sampling 5 5 5 I5 
periods 

Mead  1,000 3.K2.5) 5.8(3.6) 1.3(0.9) 3. J(3.1) 
mJ 

Adjusted 040.4) 1.2(0.8) 0.3(0.2) 0.7(0.7) 
mean 



1951-61 was I?.Z°C.' The occurrence of stage 111 and IV larvae mav be exaggerated, however, by the fact that the Bay was 
sampled only once in June of 1974. 

Distribution by Larval Stage 

During the early part of the larval season, in both 1975 and 
1976 the distribution of larval lobster in Cape Cod Bay a p  
peared to be related to stage of development. Not only the 
highest densities of larvae but also the highest percentage of 
stage I larvae were found in the southwest section of the Bay 
(Fig. 2). A great percentage of larvae collected in the north- 
west section (Station I) early in the season were also stage I lar- 
vae; however, the numbers collected were low in comparison 
with the southwest collections. 

No consistent distributional pattern could be detected 
among total larvae densities in July and August of each year. 
No pattern was apparent among stage I1 or stage 1V larvae 
during these months. In 1974, stage 111 larvae were most abun- 
dant at Station IV on each sampling date of July and August 
except the last (19 August) when this station ranked second. 
In 1975 and 1976, however, no pattern among stage 111 larvae 
was apparent. 

Paired Tows 

During 1976, when two vessels, towing in parallel, collected 
simultaneous neuston samples at each station, a total of 164 
paired samples were collected. The mean number of larvae per 
individual tow was 3.11/1,000 m3, with a standard deviation 
of 5.21. The mean of the variation between tows was 1 . W  
1,000 m3, with a standard deviation of 2.28. Comparing the 
catch of the two vessels by means of a Wilcoxon paired sample 
test indicated that no significant difference (P>O.OS) 
occurred. 

Vertical Distribution 

Results of vertical sampling at the easterly end of Cape Cod 
Canal from 7 June to 8 July 1976 indicated that highest con- 
centrations of larvae were generally found at a depth of 3 m 
(Table 4). An analysis of these data using Friedman's test (Zar 
1974) indicated a highly significant difference (P<0.01) be- 
tween depths of collection. 

The data also indicate that the highest concentrations of lar- 
vae tend to occur during periods of darkness (Table 4). How- 
ever, when the data for dates which included both day and 
night (1 h after sunset to 1 h before sunrise) sampling within a 
2441 period were analyzed using the Mann-Whitney U test (Zar 
1974), the results indicated no significant difference in larval 
density occurred between day and night. 

Approximately 96% of the larvae captured in the Tucker net 
were stage I. This is consistent with the June 1976 data for the 
nearby neuston stations (Stations VIII, IX, and X) (Fig. 2). 

DISCUSSION 

It was concluded on the basis of 10 yr of records maintained 
at the Massachusetts State Lobster Hatchery that hatching of 
Homarus americanus eggs usually begins when water tempera- 
tures have risen to 15 "C and is most intensive when tempera- 
tures approximate 20°C (Hughes and Matthiessen 1%2). The 
lowest temperature at which hatching was recorded during 

in the 20 June 1974 collections was therefore somewhat sur- 
prising in relation to both the Massachusetts State Lobster 
Hatchery data and observations by Sherman and Lewis (1967) 
and Lund and Stewart (1970) relative to the onset of hatching 
at 13.7°-15.00C and 14.0°C in Maine and Connecticut, 
respectively. Surface water temperatures averaged 16. I "C 
on 20 June 1974. At this temperature, the time required to 
reach the third and fourth larval stages is approximately 10 
and 20 d, respectively (Templeman 1936). Bottom water 
temperatures in Cape Cod Bay 14 d prior to 20 June averaged 
only 7.7"C (based on 51 ichthyoplankton stations).' 

In 1975 high concentrations of larvae were found in the col- 
lections on the first sampling date (5 June), primarily in the 
southwest sector of the Bay (Fig. 2). Although the great ma- 
jority of these were stage I larvae (Fig. 2). bottom water tem- 
peratures in Cape Cod Bay at this time, gathered at 18 ichthyo- 
plankton stations on 3-4 June (MR15), averaged only 9°C. 
Despite these low temperatures, it was evident from the large 
numbers of stage I larvae, and moderate numbers of stage 11, 
in the collections that hatching must have been well underway 
by 1 June. 

Cape Cod Canal water temperature records maintained by 
the New England Gas and Electric Generating Station in 
Sandwich, Mass., indicate that water temperatures may vary 
by S°C or more in the Canal during a tidal cycle, depending 
upon whether the water originates from Cape Cod Bay or 
from the much warmer Buzzards Bay. Stations IX and X and 
the Tucker net sampling station were added in 1976 for the 
purpose of establishing whether the large number of larvae 
found in the southwest area of the Bay in early June samples 
might originate from Cape Cod Canal, or perhaps Buzzards 
Bay, where temperatures at that time would be more condu- 
cive to hatching. 

The June distribution of larvae in the Bay at Stations I-IX 
(Fig. 2) and the abundance of larvae at vertical sampling sta- 
tion A in 1976 (Table 4) raises the possibility that Cape Cod 
Canal may contribute large numbers of larvae during June. 
Data reported by the U.S. Army Corps of Engineers (1973) in- 
dicated that water enters Cape Cod Bay via Cape Cod Canal at 
an average rate of 2,060 m3/s during an easterly tide, and that 
most of this water does not return to the Canal during the ebb- 
ing (westerly) tide. It is estimated, therefore, that an average of 
95.8 x 106 m3 of water flows into Cape Cod Bay from the 
Canal each day. 

For the period 7-30 June 1976 the mean density of larvae in 
the water column at the mouth of the Canal was computed for 
each day or ~ u c ~ e r  net sampling. Densities for replicate or 
dayhight tows taken during the same 24-h period were aver- 
aged. The total number entering the Bay each sampling day 
was then estimated by multiplying mean larval density by daily 
flow. By plotting the numbers of larvae introduced into Cape 
Cod Bay on each sampling day against time, and computing 

'This information, in fact, was the basis for the decision not to initiate the 
1974 sampling program until the latter part of June since the data collected 
during previous ichthyoplankton surveys of the Bay (MRL 1974; see footnote 4) 
indicated temperatures of Cape Cod Bay rarely exceeded 15°C before this 
time. 

'MRI (Marine Research, Inc.). 1974. Cape Cod Bay Study Quarterly 
Progress Report. March-May 1974.6 p. + appendix. 

'MRI (Marine Research, Inc.). 1975. Cape Cod Bay Study Quarterly 
Progress Report. June-August 1975.7 p. + appendix. 



Figure 2.-Distribution of mean monthly larval lobster densitla, per 1,000 m' of water. by station in Cape Cod Bay. 197476. Dark anrs withinach circle represent pcmnt of the m a n  repmcnted b) stage I Iarvae. Numburs heude rut h 

circle indkate (from top to bottom) the percent stage 11,111, and I V  larvae. 



Tuhle 1.-l.oh8ter Innae denvlm Inurnher per 1.lMM) m ' l  la v r n ~ ~ u l l )  \trnt~fied 
Tucker net wnples. 

Depth (rnl 

Date Tlnie Surface 3 6 9 I? Clean 

7 June 1437-1700 

8 June 0055-0240 

03 10-0500 

10 June 1605-1750 

1810-2000 

I1 June 0425-0615 

0715-0850 

19 June 2345-0100 

0135-0355 

1105-1240 

1330-1515 

23 June 0215-0410 

0458-0645 

1430-1635 

17m1835 

30 June 0720- 1020 

1050- 1230 

1940-2135 

2155-2345 

7 July 1355-1538 

1605-1740 

8 July 01 15-0255 

0320-9505 

Mean 

SD 

the area under the curve by trapezoidal integration, it was 
estimated that approximately 7.3 million larvae entered the 
Bay from the Canal during this 24-d period alone. 

Although the fate of these larvae upon entering the Bay is 
unknown, information on the hydrography of Cape Cod Bay 
combined with the available field data for 1974-76 suggest 
the possibility that many of these larvae entering from the 
Canal may eventually settle in the area of Provincetown or 
perhaps pass out of the Bay completely before terminating 
their pelagic period. Drift bottle studies described by Bigelow 
(1924) indicate a counterclockwise direction to the Bay surface 
currents, which, according to Ayers (1956). have an average 
speed of 1.9 n.mi./d. At this rate, it might require a period 
of 10 d for stage I larvae originating at the Canal mouth to 
arrive in the area of Provincetown. Although the duration 
of the larval period varies strongly and inversely with tempera- 
ture (Templeman 1936; Hughes and Matthiessen 1962). the 
fact that 22 d may be required for a newly hatched larva to 
attain stage IV at lS°C (Sherman and Lewis 1%7) indicates 
that most of these larvae would not have settled out prior to 
reaching Provincetown. 

Assuming a counterclockwise drift of the larvae, their pro- 
jected path from the Canal mouth should pass near Stations 
VI and then IV prior to passage from the Bay or settlement in 
the vicinity of Provincetown. This route is suggested by the 
data in Figure 2 for 1975 and 1976, during which the percent- 
age of stage I larvae in the samples steadily dropped in a north- 

easterly direction, it.., bctwecn Stations X and VI and between 
Stnrions VI and IV. This might cxplain why stngc I11 larvae 
here most abundant at Station IV in 1974. 

There is some evidence from the 1976 data that a counter- 
clockwise current as described by Bigelow (1924) may also 
serve to transport larvae from the northwest section of the Bay 
(Station I) into the southwest sector, notably during the month 
of July. Large concentrations of early stage larvae found at 
Station I in 1976 were followed by high concentrations of lar- 
vae of later stages at Station VII later during the month (Fig. 
2). 

The observed vertical distribution of larvae near the mouth 
of Cape Cod Canal is interesting since most previous efforts 
to sample larvae have generally relied upon neuston nets in the 
belief that larvae tend to concentrate at the surface (Lund 
and Stewart 1970; Scarratt 1973). We suspect, however, that 
the strong turbulence apparently characteristic of Cape Cod 
Canal may influence the vertical distribution of the larvae in 
this area. 
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Distribution and Abundance of Larval 
American Lobsters, Homarus nmericnnus Milne-Edwards, 

in the Western Inshore Region of 
Cape Cod Bay, Massachusetts 

ROBERT LAWTON,' ELIZABETH KOULOHERAS,2 PHILLIPS BRADY,' 
WENDELL SIDES,' and MANDO BORGATTI' 

ABSTRACT 

Larval lobster (Homarus americanus) abundance and distribution in the western inshore region of Cape Cod 
Bay, Mass.. from I974 to 1977 are reported. Lobster hatching generally began in mid-June, and the period of 
larval occurrence ranged from 46 to 62 d over the time and area studied. Maximum densities of larvae were 
collected in surface waters in July. Considerably more stage I V  than stage I larvae were collected. Densities of 
lobster larvae were similar to levels obtained in several other New England investigations with lhe notable ex- 
ception of Buzzards Bay where halching was substantially greater. 

INTRODUCTION 

The American lobster, Homarus americanus Milne- 
Edwards, is the most valuable commercial resource harvested 
in Massachusett's territorial waters. An intensive lobster fish- 
ery occurs off Plymouth (Fig. 1) from March to November. 
The lobster catch reported for Plymouth County amounted to 
348 t and was valued at $1.1 million in 1974 (Beals and 
Phelan4). By 1980, landings increased to 918 t, valued at $4.0 
million (Anderson et al.'). 

Inshore lobstering in Plymouth is concentrated within a 5.6 
km radius of Pilgrim Nuclear Power Station, located on the 
western shore of Cape Cod Bay (Fig. 1). Because of the 
economic value and proximity of this fishery to the power 
plant and lack of information on site-specific larval ecology, 
the Massachusetts Division of Marine Fisheries examined the 
temporal and spatial distribution of lobster larvae from 
1974 to 1977. This undertaking was part of an overall ecolog- 
ical investigation to determine plant-related impact on marine 
resources in Cape Cod Bay. 

Our objectives were to determine location of hatching areas, 
density, and distribution of lobster larvae in the vicinity of 
the power plant. Work conducted in 1974 was preliminary. We 
expanded our inquiry in 1975 to investigate effects of wind on 
larval distribution and to examine the occurrence and density 

of larvae in shallow water. In 1976, we increased sampling 
frequency and concentrated efforts from Rocky Point north- 
ward to Brant Rock (Fig. 1). Our intent in 1977 was to obtain 
information on distribution of larvae at depth and further 
definition of hatching and nursery areas. 

METHODS 

Study Area 

Cape Cod Bay, located at the southern extremity of the Gulf 
of Maine, is a broad open water body bounded by the land- 
form of the eastward and northward extension of Cape Cod. 
The substrate in the overall study area, which included sta- 
tions from Brant Rock to Scorton Ledge (Fig. I), is primarily 
smooth sand interrupted by submerged ledges. This habitat 
may support high lobster densities (Cobb 1971). 

Hatching, distribution, and density of larvae are influenced 
by an interaction of water temperature, salinity, and current 
patterns. Annual surface and bottom water temperatures 
generally range from - 1 OC in February to 23 OC in August and 
from - 1 OC in February to 21 "C in September, respectively 
(Lawton et al.'). The water column is stratified from June to 
November with a thermocline evident between 5 and 10 m 
(Doret et al.'). Surface salinities, ranging primarily from 
28 to 35O0, are influenced by both the ocean and, to a lesser 
degree, drainage from watersheds. The overall water move- 

'Massachusetts Deoartment of Fisheries, Wildlife, and Recreational Vehicles, 
Division of Marine ~isheries, 100 Cambridge St., Boston, MA 02202. 

'Massachusetts Department of Fisheries, Wildlife, and Recreational Vehicles, 
Division of Marine ~Lheries, 100Cambridge St., Boston, Mass.; present address: 
Department of Quality Engineering, Lakeville Hospital, Lakeville, MA 02346. 

'Massachusetts Department of  Fisheries, Wildlife, and Recreational Vehicles, 
Division of Marine Fisheries, 100 Cambridge St., Boston, Mass.; present 
address: I I4 Gilson St., Scituate, MA 02066. 

'Beak R. W., and J. J. Phelan. 1976. Massachusetts coastal lobster fishery 
Statistics. Mass. Div. Mar. Fish. Tech. Rep. 10, 19 p. 

'Anderson, C. 0.. Jr., C. B. Kellogg, and G. Nash. 1980. 1980 Massachusetts 
lobster fishery statistics. Mass. Div. Mar. Fish. Tech. Ser. IS, 20p. 

'Lawton, R. P., W. T. Sides, E. A. Kouloheras. R. B. Fairbanks, M. 
Borgatti, and W. S. Collings. 1978. Final report on the assessment of possible 
effects of Pilgrim Nuclear Power Station on the marine environment. Project 
Report No. 24 (1970-1977). Massachusetts Division of Marine Fisheries. In: 
Marine ecology studies related to operation of Pilgrim Station. Final Report, 
July 1%9-December 1977. Vol. 1, sect. 111.9, 19 p. Nuclear Engineering 
Department, Boston Edison Company, 800 Boylston St., Boston, MA 02199. 

'Doret, S. C., D. R. F. Harleman, A. T. Ippen, and B. R. Pearce. 1973. 
Characteristics of condenser water discharge on the sea surface. R. M. Parsons 
Laboratory for Water Resources and Hydrodynamics. Department of Civil 
Engineering, Massachusetts Institute of Technology, Boston. Mass., 156 P. 



Figure I.-Lobster larvae sampling stations in western Cape Cod 
Bay. 1974-77. 
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ment in Cape Cod Bay is a result of geostrophic, tidal, and 
longshore currents which have a net effect of producing a flow 
parallel to the coast toward the southeast (E G and G Environ- 
mental Consultants8). Movement of surface water nearshore is 
most influenced by wind-induced currents which are variable 
in direction (O'Hagan9). 

Sampling Gear Specifications and Procedures 

Division of Marine Fisheries research vessels, RV F.C. 
Wilbour and RV J.  J. Sullivan, were employed for surface tow- 
ing. Sampling gear consisted of a 1 m x 2 m neuston net, a p  
proximately 3 m in length and constructed of 1.05 mm nylon 
mesh. Net frame was constructed of 12.7 mm steel rod with 
four floats for buoyancy. Based on knowledge of diurnal 
lobster larvae distribution (Templeman and Tibbo 1945), 

'E G and G Environmental Consultants. 1975. Preliminary Phase 11 Final 
Report. In Forecasting Power Plant Effects on the Coastal Zone, 187 p. E G and 
G Environmental Consultants, 1% Beak Hill Road., Waltham, MA 02154. 

'O'Hagan. R. M. 1974. Analysis of 1972-1973 ocean current measurements 
near Pilgrim Station. In Marine ecology studies related to operation of 
Pilgrim Station, Semi-Annual Report No. 4, sect. 111, 38 p. Boston Edison 
Company, Boston, MA 02199. 

we sampled only in the daytime and primarily at the surface 
from 1974 to 1977. In 1975, we also conducted surface tows 
at shoal stations employing two 1 m x 1 m neuston nets. 
These were suspended amidships from a horizontal boom on 
each side of a 5.5 m skiff to avoid propeller wash. 

A General Oceanics Model S 2030 R flowmeterlo attached to 
,the mouth of the neuston net was used to determine the 
volumes of water sampled (Table 1). Overall, surface collec- 
tions averaged 3,522 m' of water sampled per tow. We towed 
the neuston net breaking the water's surface. The vessel was 
maneuvered to keep the net out of the propeller wash. 

In 1977, we conducted subsurface tows aboard the F.C. 
Wilbour using a 1 m x 1.5 m Tucker trawl, approximately 
5 m long with 1 .OS mm mesh as described by Clarke (1969) and 
Hopkins et al. (1973). The trawl fished at an angle of 45 O pro- 
ducing a net opening of 1 m'. 

Upon completion of each surface and subsurface tow, net 
contents were washed into the cod end, emptied into a nested 
set of sieves (6.35 mm and 1.05 mm size mesh), and rinsed. 
Material retained in the 6.35 mm mesh sieve was rinsed again, 

'@Reference to trade names does not imply endorsement by the National 
Marine Fisheries Service, NOAA. 



Table I.-khedulc. rtation-. year Ope. and procedures for lobster larvae wmpling in western Cape 
Cod Bay. 1974-77. 

Star~on .i Tow ?Volume of ,? Tow 
Sampling locat~ons duration water $am- speed 

Year dates (Fig. I )  Gear type (rnin) pled (m') (km/h) 

1974 5/24-8/20 7-10 I x 3 m  11.5 - 3.7 

neuston net 

1975 5/23-8/5 3, 5, 11, 12, 13 I x 2 m 30 3.774 4.6 

neuston net 

6/20-8/14 A-D two 1 x l m 10 1.4Oo 3.5 

neuston nets 

1976 6/4 -8/11 1-6 l x 2 m  30 3,271 4.6 

neuston net 

1977 5/5 -8/10 1-6 I x 2 m  30 3,001 4.6 

neuston net 

6/9 -8/1 5-6 1 x 1.5m 20 1,301 5.6 

Tucker trawl 

examined for larvae, and discarded. If large amounts of algae, 
and/or eelgrass, Zostera marina, were present, a third rinse 
was performed to assure complete removal of larvae. Contents 
washed into the 1.05 mm sieve were transferred into labeled 1 
litre jars containing a preservative of 5% buffered Formalin- 
seawater solution. Samples were sorted in the laboratory, and 
lobster larvae were identified and enumerated by molt stage 
according to Herrick (191 1). 

Sampling Stations, Schedule, and Data Analysis 

Location of sampling stations is presented in Figure I .  We 
conducted neuston sampling on a biweekly basis in 1974 and 
1975 (Table 1). Weekly collections were made in 1976. Bi- 
weekly sampling in May and June 1977 was intensified to 
several days each week in July and August during peak hatch- 
ing. In June 1977, we initiated biweekly subsurface towing 
at stations 5 and 6 at depths of 3.0 m, 5.5 m, and 7.6 m. In 
July and August, we increased the frequency of sampling to 
weekly intervals. We collected data until ctenophore abun- 
dance precluded successful net operations in early August. 

The effect of local wind conditions on the concentration 
of lobster larvae was examined in 1975 and 1976. Mean weekly 
wind speed, direction, and duration at Pilgrim Station were 
determined from data provided by Boston Edison Company. 
Data were grouped into 16 wind directions and by 8.0 km/h 

4% wind speed increments. 
t' Density estimates for each larval stage were corrected for 

stage duration according to Templeman (1936) for each 
sampling date. Differences in stage I and stage IV density 

(no./1,000 m3) by station were examined by Kruskal-Wallis 
tests (Sokal and Rohlf 1969). 

RESULTS 

1974 Sampling 

We collected only 25 lobster larvae in 1974 (Table 2) in the 
vicinity of the power plant (Fig. 1). Only nine tows contained 
larvae. The first larva was obtained on 2 July and was in the 
fourth stage. Only one first stage larva was found, with other 
collections consisting exclusively of stage IV individuals. The 
maximum number (7) captured in one tow was collected at 
station 7 on 7 August. 

1975 Sampling 

Expanded spatial coverage in 1975 yielded a total of 177 
lobster larvae (excluding shoal water stations A-D). Larvae 
were first collected on 10 June at stations 12 and 13 (Fig. 1). 
All were first stage, indicating that hatching had just com- 
menced. On this date, water temperatures in western Cape 
Cod Bay averaged 14.8OC at the surface and 12.7OC on the 
bottom (Fig. 2). As determined by the presence of stage I 
larvae in our catch, the hatching period extended from 10 June 
into the first week of August, or approximately 56 d. Densi- 
ties of all stages peaked in early July when a total of 137 larvae 
(65% stages I and 11) was captured on one sampling date. The 
largest number of larvae was collected at station 3 on 8 July. 

Tabk 2.-Land catch, mean densities, and percent composition for stages I-IV collected in neuston t o m  in 
western Cape Cod Bay, 397477. 

Percent catch 
Bottom composition Avg. 

No. temperature by molt stage density Total larval 
Year tows range ("C) I I1 111 IV (No./1,000 mJ) catch 

1974 20 - 4.0 96.0 - 25 
1975 27 7.7-14.8 59.9 23.7 8.1 8.3 2.05 177 
1976 60 5.5-16.5 25.5 19.7 29.6 25.2 4.44 87 1 
1977 78 5.5-15.0 55.2 16.9 5.3 22.6 1.26 206 



Figure 2.-Temporal distributions of mean lobster larvae pooled 
density (stations) by molt slage collected in neuston tows, and mean 
water temsentures in western Case Cod Bay. 1975-77. 

Average density per tow for combined molt stages over the 
study for all stations was 2.05 larvae/ 1,000 m' (Table 2). 

Percent composition of total larval catch for 1975 was: stage 
I - 59.9070, stage 11 - 23.7%, stage 111 - 8.1%, and stage IV - 
8.3%. Catches at stations 3 and 13 were dominated by tirst 
stage larvae which composed 66% and 82%, respectively, of 
station totals. 

At shoal water stations A-D (Fig. l), we sampled on five 
dates but collected only eight larvae in 20 tows. Seven larvae 
were fourth stage, six of which were captured on 25 July. 

1976 Sampling 

The largest number of lobster larvae was collected in 1976, 
when we captured 871 larvae (Table 2). Hatching began in 
June and terminated in August (Fig. 2). Only one larva (stage 
11) was collected in the first week of June when water tempera- 
tures measured 13.7 "C at the surface and 9.5 'C on the bottom 
(Fig. 2). Ninety-two percent (801) of the total larval catch 

August. By 11 August, with one exception, 
sisted exclusively of stage IV larvae. Percent 

mental stage was: stage I - 25.5%. 11 - 19.7%. I11 - 29.6% d 
IV - 25.2% (Table 2). Catch at all stations contained dddY - 
large numbers of late stage larvae. Mean density per ty. 
4.44 larvae/ 1,000 m3. 

Stations 5 and 6 ranked first and second, res 
total number of larval lobsters collected (Fig. 3 
bined catch of these stations was 451 larvae, or 
total catch for 1976, consisting of 22.2Vo stage 1. 
11, 35.3qo stage 111, and 19.3% stage IV larvae. 

stage 1V. Thirty percent (31 lar 
(105) were captured at station 1. 

caught at stations 5 and 6 combined. 

I 
I I I I I 

XM J U Y  A& M M Y  &IS 
1V76 W77 . . 

xf 

was taken from 14 July to 3 August at surface water t e m p  
tures ranging from 9.5' to 16.S°C. Catch distribution 
bimodal with peak densities occurring on 14 July rrnd 3 



Effect of Wind Conditions 

Analysis of wind data for the spring and summer of 1975 
1976 indicated that offshore winds from the southwest 

4 uluth-southwnt prevailed. However, an inspection of 
rfad direction for rcwective sampling days revealed that 
Qring the period of peak larval abundance the majority of 
-piing trips coincided with onshore or alongshore winds. 
S m y - t h r e e  pacent of the tows were made during onshore 

and 82% of the larvae were collected when winds were 
&e. Con.scqumtly, we could not statistically compare the 
##& of onshorcdongshore winds versus offshore winds or 

:"& &penion and resultant concentration of lobster larvae 

and Temporal Distribution 
fA 

kutlral-Walli: u s r  indicated no significant difference 

> 0.201 in dm5:ry of stage IV larvae between stations for 

dktributi~i of mean pooled lobster larvae densi- 

in rhe *as column ranged from 46 to 62 d over the 
Figure 3.-Lobster larvae density by molt stage collecled in newton tows in 

weslern Cape Cod Bay, 1976-77. 



DISCUSSION 

According to Scarratt (1%). the period of lobster hatching 
and location of hatching areas may be determined by examin- 
ing the temporal and spatial presence of stage I larvae. A 
comparison of station densities in 1975 revealed that sub- 
stantially more stage I individuals were collected at stations 
3 and 13. In 1976, stage I larval densities were relatively high 
at stations 1, 5, and 6. Our results agreed with those obtained 
by Marine Research, Inc.," indicating peak larval densities 
in the environs of Rocky Point. Again in 1977, stage I larval 
density was highest at station 1. Forty-nine percent of the 
first stage larvae we collected that year were captured at this 
site. In contrast to our 1976 findings, the total catch of stage 
I larvae was less at stations 5 and 6 in 1977. 

The relatively high percentage of fourth stage larvae ob- 
tained in our study may be due to differential availabilty to 
capture by molt stage (Herrick 1896; Templeman and Tibbo 
1945; Scarratt 1973). Alternatively, high catches of fourth 
stage larvae may represent transport by currents from other 
hatching areas. With the existence of a net counterclockwise 
advection in Cape Cod Bay (O'Hagen footnote 9), late stage 
larvae may be recruited from areas north and offshore from 
those studied. In late July 1976, prevailing south-southwest 
winds with concomitant decline in surface water temperature 
probably produced an offshore movement of surface water 
with a possible transport of lobster larvae. A similar situation 
existed in 1977 during a period of reduced larval density. 

Our limited sampling indicated there was minimal depth 
stratification of larvae during the daylight. Templeman (1937), 
Templeman and Tibbo (1945), Sherman and Lewis(1%7), and 
Scarratt (1973) reported that the majority of lobster larvae 
during the daytime are collected at the surface. 

Hatching initiated in mid-June at water temperatures of 
approximately 14°C (surface) and 849°C (bottom) and ter- 
minated by mid-August. The period of occurrence of larvae in 
the water column ranged from 46 to 62 d. There was consider- 
able variability between years in seasonal larval densities and 
percent composition of molt stages. Maximum abundance of 
lobster larvae in daytime occurred in surface waters in July. 
Sampling at shoal water stations yielded few larvae whereas 
the areas of Brant Rock (Stations 1 and 2), High Pine Ledge 
(Station 3), and from the mouth of Plymouth Bay to Rocky 
Point (Stations 5 and 6) produced greatest numbers of total 
larvae. Higher numbers of stage IV larvae were collected than 
were expected relative to the number of stage I larvae obtained 
and considering the expected mortality between stages I-1V. 

Wind-generated currents may be an important transport 
mechanism affecting dispersion of lobster larvae and ultimate 
distribution in surface waters (Templeman 1937; Templeman 
and Tibbo 1945; Squires 1969; Caddy"). We observed on 
several occasions over the 4 yr that when a sampling trip was 
preceded by several consecutive days of offshore winds, e.g., 

"Marine Research. Inc. 1976. Entrainment investigations and Cape Cod 
Bay ichthyoplankton studies. In Marine ecology studies related to operation 
of Pilgrim Station. Semi-Annual Report No. 9, sect. 1II.C.2, p. 95-104. 
Boston Edison Company. Boston. MA 02199. 

"Caddy, J. F. 1976. The influence of variations in the seasonal tempera- 
ture regime on survival of larval stages of the American lobster (Homarus 
americanus) in the southern Gulf of St. Lawrence. ICES Special meeting on 
population assessments of shellfish stocks. Paper No. 10.46 p. 

from the southwest. we nored that our catch was comprised o f  
atypically f e ~ e r  lobster larvae, wbstantially less crab larbac, 
and abnormally large numbers of terrestrial flying insects. 
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New Hampshire Lobster Larvae Studies 
STEPHEN A. GRABE,' J O H N  W. SHIPMAN,2 and  WELDON S. BOSWORTH1 

ABSTRACT 

Lobster larvae, which were collected in coastal New Hampshire waten between mid-July and early October 
1978 and early June through mid-August 1979, reached maximum abundance in late August in 1978 and lateJuly 
in 1979. Stage composition was heavily weighted towards stage IV larvae in 1978, and stage I larvae in 1979. 
The sizes of larvae at all stages were generally larger than those reported in other studies. 

larity (Boesch 1977), was constructed for each combination 
of sites. Group average clustering (Boesch 1977) was then 
applied to organize these sites into larger groups based on the 
similarity of larval stage composition. 

INTRODUCTION 

The only quantitative investigations of lobster larvae in 
New Hampshire waters have been conducted as part of the 
preoperational ecological studies for Seabrook Station (Public 
Service Co. of New Hampshire). Preliminary sampling was 
undertaken during the summer of 1973 (Normandeau Asso- 
ciates, Inc.'); formal preoperational studies, described below, 
were initiated during 1978. Primary questions concerned the 
seasonal distribution and abundance of lobster larvae in the 
vicinity of the offshore intake and discharge structures for 
Seabrook Station. 

RESULTS 

Seasonality and Abundance 

Lobster larvae were first collected in neuston tows on 21 
July 1978 and 8 June 1979. Stage I larvae were present from 
late July through mid-August 1978 and from early June 
through early August 1979 (Fig. 2). There was no distinct sea- 
sonal peak of stage I larvae during 1978; the collection of 53 
individuals on 24 July 1979 was coincident with the collection 
of large amounts of macroalgae. Few stage 11 (n = 3) and 111 
(n = 3) larvae were collected during 1978-79. Stage IV larvae 
were collected from 21 July to  3 October 1978 and 17 July 
to 10 August 1979 (Fig. 3). Peak densities of stage 1V larvae 

MATERIALS AND METHODS 

A neuston net (1 m x 2 m x 8 m; 1.0 mm mesh) was towed 
during daylight hours along a north-south transect about 1,850 
m offshore from Hampton Beach, N.H. (Fig. 1). Samples 
were collected from 9 June to 18 October 1978 and 15 May to 
20 September 1979. Collections were made weekly until the 
first larvae were collected, twice-weekly when larvae were 
present, and weekly again for a few weeks after larvae were no 
longer collected. Thirty-four collections were made during 
1978,30 during 1979. 

Tow duration was 15 min through 18 July 1978 and was 
increased to 30 min thereafter; tow speed was 1 1 m/s. Tows 
were made from the side of the boat outside of the wake. The 
net bottom was 0.5 m below the surface to  give an effective 
sampling area of 1.0 ml. Sample volumes, measured by a digi- 
tal flowmeter, averaged 1,475 m3 for 15-min tows and 1,868 m' 
for 30-min tows. If flowmeter readings were suspect (fouled 
with algae), the average volume calculated for similar tow 
characteristics (duration and net area) was applied. 

Samples were sorted for all lobster larvae in the laboratory, 
staged after Herrick (1896) and Templeman (1948a), and 
measured (stage IV only during 1978). 

Numerical classification (Boesch 1977) was used to compare 
the stage composition from New Hampshire with that of other 
New England areas. A similarity matrix, using percent simi- 

'Normandeau Associates, Inc., 25 Nashua Road, Bedford, N H  03102. 
'Normandeau Associates Inc., 25 Nashua Road, Bedford, NH; present address: 

Dunes and Moore, IS5 N.E. 100th St.. Seattle. W A  98125. 
03I02. 

'Nomandeau Associates, Inc. 1974. Studies on the American lobster, Hornarus 
-nus, in the vicinity of Hampton Beach, New Hampshire, Tech. Rep. V-I. 
22 P. Prepared for Public Service Co. of New Hampshire. Figure I.-Lobster larvae sampling station off Hampton, N.H. 



Figure 2.-.4bundmcr o f  stage I lobster larvae in neuston collections off  Hampton. N.H., 1978-79. 

Figure 3.-Abundance of stage IV lobster larvae in neuston collertions off  Hampton, N.H.. 1978-79. 

occurred during late August 1978 and late July 1979 and were 
coincident with large quantities of macroalgae. During 1978, 
stage IV larvae were collected somewhat more frequently 
when winds were onshore (Table 1). A total of 169 (1978) and 
120 (1979) larvae were collected. 

Lobster larvae were also collected during discrete depth 
plankton sampling conducted in 1978 by Normandeau Assoc., 
Inc.' A third-stage larva was collected in a mid-depth tow on 7 
July 1978 indicating that hatching considerably predated the 
first occurrence of larvae in neuston tows. 

'Normandeau Associates. Inc., 1981. Plankton studies in thevicinity of  H a m p  
ton Beach, New Hampshire. Tech. Rep. XI-3, 147 p. Prepared for Public Service 
Co. of  New Hampshire. 

Table 1.-Frequency of wind directional vectors('t~e) and the percent of stage IV 
lobster lanae. Hampton, N.H.. 21 July-18 October 1978. 

Dates stage I V  Dates stage 1V 
Wind larvae present larvae absent from 

direction All dates in collections collections 

Alongshore' 35.2 33.3 50.0 
Offshorez 40.6 m.0 33.3 
Onshore' 24.2 46.7 16.7 

- n = 91 n = I5 n = 6 -- 
'Directional vect0rs0"-30~, 150"-210". 330"-360". 
'Directional vecrorc 309150". 
'Directional vectors 210°-3300. 

Stage Composition 

Stage IV larvae were dominant during 1978. Previous netk 
ton sampling conducted off Hampton-Seabrook during 1973 
also indicated a disproportionate number of stage IV larvae 
(Normandeau Assoc., Inc. footnote 3). Stage I larvae, how- 
ever, were dominant during 1979; stage 11 and 111 composed 
~ 9 %  of the larvae collected. 

Stage composition in the Hampton-Seabrook area during 
1973 and 1978 was dissimilar to that of most other areas of 
New England for which data were available (Fig. 4). Fivc 
clusters were distinguished at varying similarities Ch3tar 
A and B were dominated by stage I larvae, but d i f f d  in 
the contribution of stage I1 and I11 larvae (Fig. 4). Stage dis- 
tribution was somewhat more evenlv distributed in Clurta c. 
Clusters D and E (Hampton-Seabrook, 1973 and 1978) , 

characterized by stage IV dominance but differed in the coat~i- 
. 

butions of stage I1 and 111 larvae. 

Size of Lobster Larvae 

Mean length of lobster larvae increased al 
from stage I to stage IV (Table 2). At all st 
New Hampshire appeared to be larger th 
from areas of Canada and southern New Engl 



ccption of stagc IV  lar\ac from C'harIcs tw~i .  K.I. (Bihb  and 
t-fcrscy'). I 

5o i i i  

Figure 4.-Dendogram of stage composition in New England lobster larvae 
studies. Percent stage composition (clustered variable) obtained from reports in 
this volume and personal communication with investigators: additional data ob- 
tained from Sherman and Lewis (1967) and Lund and Stewafi(l970). 

Associated Species 

In addition to lobster larvae, I5 invertebrate species and I? 
fish species have been identified from summer neuston tows 
(Table 3). Although quantitative data are not available, Cancer 
spp. megalopa and the copepod Calanus Jinrnarchicus ap- 
peared to be the most abundant invertebrates. Dominant lar- 
val and juvenile fish during 1979 were Enchelyopus cirnbrius, 
Urophycis spp., Ulvaria subbifurcata, and Tautogolabms 
adspersus. 

DISCUSSION 

The periods of occurrence of lobster larvae in the Hampton- 
Seabrook area generally agree with that reported elsewhere 
(Wilder 1953; Scarratt 1964, 1973; Lund and Stewart 1970; 
Sherman and Lewis 1967). Peak densities occurred between 1 
and 2 mo later than that found in southern New England 
(Lund and Stewart 1970) but agreed with Canadian studies 
(Wilder 1953; Scarratt 1964, 1973). 

Table2.-Mean total length and nnge(mm) of lobster larvae from Hampton, N.H., compared with larvae from Canadian and southern 
New England waters. 

Area 

Hampton, N.H. (this study)' 
Northumberland Strait, Can. (Wilder 1953) 
Nonhumberland Strait, Can. (Wilder 1953; 

computed from Templeman 1936) 
Woods Hole, Mass. (Herrick 18%) 
Wickford, R.I. (Hadley 1906) 
Southern New England (Rogers et al. 1%8) 

Inshore 
Offshore 

Charlestown. R.I. (Bibb and Hersey 1979: 
see text footnote 4) 

Stage l Stage I1 Stage Ill Stage IV 

'Number measured by stage: 26(1), l(11). 2(111), 162(IV); stages 1-111, 1979 data only; stage IV, 1978-79. 
'-Data not available. 

Tab* 3.-Species associated with lobster larvae in aeuston coUections from the 
vicinity of Hampton. N.H. 

Cnidaria Decapoda 
Hydrozoa Cancer spp. (zoeae, megalopa) 

BougainviI/ia sp. Carcinas maenas (zoeae, megalopa) 
Halitholus cirratus Pagum arcuatus? (zoeae) 

Scyphozoa P. longicorpur 
Cyanea caprllata Chordata 

Anhropoda Pisces 
Copepoda Cycloptem lumpus 

Anomalocera opalus Enchelyopus cimbrius 
Calanus finmarchicus Gasterosteus aculeatus 
Caligus (elongota?) Lipark (atlanticus?) 

Mysidacea Peprilur triacanthus 
Neomysis americana Pseudopleuronectes americanus 

lsopoda Scomber scombrur 
Idotea balthica Scophthalmur aquosus 

Amphipoda Syngnathus fuscus 

Calliopius Iaeviusculus Tautogolobrur odspersus 
Gammarus la wrencranus Ulvaria subbifurcata 
Parathemisto gaudichaudi Urophycir sp(p). 

Stage composition of lobster larvae in 1973 and 1978 was 
heavily weighted toward stage IV larvae with few intermediate 
stages present. Stage I larvae have been dominant in Canadian 
studies, composing between 72 and 95% of the larvae col- 
lected (Wilder 1953; Scarratt 1968, 1969, 1973). Stage IV 
larvae never composed more than 7.5% of total larval 
abundance in Canadian studies.. The other New England 
studies described in this report generally showed higher 
percentages of stage I1 and I11 larvae or very high contri- 
butions by stage I larvae. 

The 1973 and 1978 data suggest that recruitment of juvenile 
lobsters in the Hampton-Seabrook area may not be dependent 
upon a local spawning population. Three lines of evidence 
tend to support this contention: 1) Stage composition showed 
low proportions of stage 1-111, relative to stage IV, indicating 

'Bibb, B. G., and R. Hersey. 1979. Distribution and abundanceof lobster larvae 
in Block Island Sound, 1978. Raytheon Co.. 88 p. Prepared for New England 
Power Co. 



little contribution from resident spa~ning \tack. 2) Tllcrc 
was a tendency during 1978, for m g e  IV larvae to be collected 
when winds were onshore. Winds in the Hampton-Seabrool 
area tend to be from the west and southwest during cumnier 
months, but due to thermal differences between air and water, 
are more likely to be onshore during the day and offshore 
at night (Normandeau Associates, Inc.'). Tidal currents in the 
area average 0.05-0.1 m/s; these effects are more pronounced 
during summer months when wind velocities are somewhat 
below average. Net drift tended to be predominantly south- 
ward and was generally 1.8 to 3.8 km/d (Normandeau Associ- 
ates, Inc. footnote 6). This suggests that larvae may be derived 
from a more northern spawning population, are moved by 
tidal currents into New Hampshire coastal waters, and are 
then transported onshore by winds. 3) Catch data for adult 
lobsters (Normandeau Associates, Inc. footnote 3) showed 
that during 1972 and 1973 ovigerous females never made up 
more than 1.5% of the monthly catch; Public Service Co. of 
New Hampshire (unpubl. data) found that ovigerous females 
never exceeded 2.4% of the monthly catch during 1974-78, 
even though females made up 60% of the catch. Also, fewer 
than 5% of the females in the nearby Piscataqua River were 
found to be ovigerous (Normandeau Associates, lnc.'). 

Ennis (1980) and Squires (1970) found between 2.6-30.4% 
and 10-35070 of females were ovigerous, respectively, in 
Newfoundland waters. Skud and Perkins (1969) reported that 
22% of females collected were ovigerous in trawl catches from 
the continental shelf off New England. Ovigerous females, 
however, may not be as easily trapped as non-ovigerous 
females (Templeman and Tibbo 1945). 

The association between large amounts of drift macroalgae 
and increased catch of larval lobsters requires further investi- 
gation. For example, virtually all of the stage I larvae collected 
during 1979 occurred in a single sample which contained a 
large amount of algae. 

Stage 1V larvae from the Hampton-Seabrook area appear to 
be considerably larger than those from Canadian and southern 
New England waters. Stage IV larvae in our collections were 
within the size range of Herrick's (1896) stage V-VIII larvae. 
However, both Herrick (1896) and Hadley (1906) reared their 
larvae in the laboratory. Templeman (1948b) noted that larvae 
collected in the warmer waters of Northumberland Strait were 
smaller than larvae collected from cooler waters, but did not 
provide temperature data. Wilder (1953) compared larval and 
juvenile growth in the cooler Bay of Fundy with that in the 
warmer Gulf of St. Lawrence, and made similar observations. 

Species associated with lobster larvae in our collections 
may be categorized as true neuston species or as near-surface 
species which may be associated with floating macroalgae. 
Anomalocera opalus and Enchelyopus cimbrius are common 
neuston species in the Gulf of St. Lawrence (Pennell 1967). 
The majority of species, such as Cancer spp. larvae, the 
hydrozoans and their associated hyperiid amphipods, may be 
inhabitants of the near-surface waters for either a particular 
part of their life cycle or for a particular part of the day, 

'Normandeau Associates, Inc., 1979. Annual summary report for 1976 hydro- 
graphic studies off Hampton Beach, New Hampshire. Tech. Rep. VIII-1,184 p. 
Preoperational ecological monitoring studies for Seabrook Station. Prepared for 
Public Service Co. of New Hampshire. 

'Normandeau Associates, Inc.. 1979. Newington Generating Station. 316 Dem- 
onstration. Vol. 1, 398 p. Prepared for Public Service Co. of New Hampshire. 

twt arc not ,~daptcd for .i ilc~~hton c\~\tcncc pcr \c. Thc third 
awmblagc, uhich livc.; among the tloatiny algae. includes 
Idoteo hulrlirco (Schultz 1969) and lartae and juveniles of 
Gustcwsteus ucu/t3atus, Cyc/opterus lutripus. Liporis spp., and 
Sygnathus fuscus (Bigelow and Schroeder 1953; Leim and 
Scott 1966). 
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Abundance and Distribution of Lobster Larvae 
(Homarus americanus) for Selected 
Locations in Penobscot Bay, Maine 

DANIEL M. GREENSTEIN, LEIGH C. ALEXANDER, and DARYL E. RICHTER' 

ABSTRACT 

h a l  lobster (Homarus mericanus) abundance and distribution were compared at t h m  locations in  
Penoko t  Bay, Maine, from May through September 1976. For the areu in whkh luvv w m  found, 
abundance was low (0.30 lanae/1,000 m') during the hatching and development period (mid-June through 
July) when over 98% of  the Ianae were collected. Hatching initiated when bottom temperatures were m low as 
10.5DC (Station 2). The abundance of lobster lanae decreased from the mouth to the head of the bay. The 
absence of lanae at the upper bay station wm attributed to low salinity surface watem in the area. Almost all 
stage I lanae (92%) were found on days when cloud cover was 50% or greater. 

INTRODUCTION 

American lobster, Homarus americanus, larvae were col- 
lected in Penobscot Bay from May through September 1976 as 
part of a regional environmental survey related to a proposed 
power plant site in the upper bay. The principal objective of 
the study was to estimate the relative abundance and temporal 
distribution of lobster larvae at three locations in Penobscot 
Bay (Fig. 1). These stations, distributed over the length of the 
bay, had similar benthic topography. Furthermore, the lower 
bay station was selected as an area of relatively high lobster 
density (as indicated by lobster trap densities). 

The study also provided a data base which would contribute 
to estimates of power plant entrainment impact. 

MATERIALS AND METHODS 

Lobster larvae were collected with a 1 mm mesh net similar 
to the type developed and used by Wilder (1953) and Scarratt 
(1%4, 1968, 1973). The net measured 3.7 m x 0.9 m at the 
mouth, extending 7.6 m to a 0.4 m cod end, and was rigged 
and buoyed horizontally to expose the upper 0.15 m above 
the air-sea interface with the remaining 0.85 m underwater. A 
flowmeter was mounted in the mouth of the net. The net was 
towed 90 m astern of the boat to avoid towing in the propeller 
wash. Each tow was 30 min at approximately 1.8 km/h and fil- 
tered about 2,650 m' of water. Generally samples were col- 
lected 3 or 4 d per week. On sampling dates two or three tows 
were made at each of two stations on a rotating schedule. All 
samples were collected during the daylight hours. 

RESULTS 

Total Catch 

A total of 58 lobster larvae was collected in 213 surface net 
tows (Fig. 2). Only 23 of the tows (1 1%) contained larvae. All 

'Environmental Studies Department, Central Maine Power Company, P.O. 
Box 53, Yarmouth, ME 040%. 

Scale In Kilometers 

Figure 1.-Sampling stations for lobster Ianae, Penobseot Bay, Maine. 
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Figure 2.-Weekly lobster larval densilies at Slalions I ,  2,  and 3 in Penobscot 
Bay, Maine, May-September 1976. 

but one larva were collected from 16 June through 26 July. 
Stage I larvae dominated the catch, initially appearing at the 
southernmost station (No. 3) followed by their appearance at 
station 2, 2 wk later. Only one stage 11 larva and no stage 111 
larvae were collected during the study. Stage 1V larvae were 
initially found during the later part of July. 

Catch by Station 

Throughout the sampling period no larvae were found at 
station 1. At station 2, 17 larvae (14 stage I; 1 stage 11; and 
2 stage IV) were collected during 1 through 26 July. The 2 
stage IV larvae were found in near-surface waters at the end of 
this period. A peak density of 1.62 larvae/1,000 m3 occurred 
8 d after the first occurrence of larvae in neuston samples. 

Highest densities of larvae were recorded at station 3 where 
38 stage I and 3 stage IV lobster larvae were collected. Stage 
I larvae were initially found on 16 June. Higher bottom tem- 
peratures were recorded at station 3 (Fig. 3), resulting in earlier 
hatching at this station than station 2. Hatching intensity, as 
reflected by the presence of stage I larvae, peaked at a density 
of 2.89 larvae/1,000 m3, 9 d after the initial occurrence of 
larvae (bottom temperature = 11 "C). Hatching apparently 
ceased after 16 July, after which 2 stage IV larvae were found 
1 wk later and 1 stage IV larva was collected on 31 August. 

Relation to Cloud Cover 

A relationship was noted between the number of larvae 
taken and the degree of cloud cover. Ninety-two percent of the 
stage I larvae were collected on days of cloud cover ?5O% 
while all stage IV larvae ( n  = 5) were taken on days of <50% 

Figure 3.-Surface and bottom water temperatures at Stations 1 , 2 ,  nnd 3 in PC- 
nobseol Bay, Maine. June-September 1976. 

cloud cover. For all larvae, 84% were collected when cloud 
cover was r5O% and 62% of the larvae were obtained on 
completely overcast days. Approximately 45% of all tows were 
made on days when cloud cover was 2 50%. 

DISCUSSION 

Overall abundance of lobster larvae at the Penobscot Bay 
stations was low when compared with similar studies con- 
ducted in New England coastal waters (Sherman and Lewis 
1967; Lund and Stewart 1970) and along the eastern Canadian 
coast (Scarratt 1964, 1968, 1973). We noted an average density 
of 0.30 larvae/1,000 m3 of water for the observed hatching and 
development period (16 June-31 July) and 0.19 larvae/1,000 
m3 for the entire period of larval occurrence at stations 2 and 
3. Based on the temporal distribution of larvae, it appears that 
the majority of lobsters in Penobscot Bay spawned from early 
to mid-June through July in 1976. 

Stage I larvae from the lower bay (station 3) showed the 
earliest evidence of hatching (16 June) and the longest period 
during which larvae were found (16 June through 31 August). 
Scarratt (1964) suggested that stage I abundance is indicative 
of underlying parent stock size. Thus, the higher stage I larval 
abundance observed at station 3 possibly reflects a larger 
parent stock at this location. 

An early warming of the Maine coastal waters in 1976 
(Welch2) stimulated hatching in mid-June. During the previous 
year lobster larvae were first observed in Penobscot Bay during 
early July (Central Maine Power Company'). Hatching at 
station 3 apparently began within 6 d after bottom tempera- 
tures rose to 123°C. Not until 21 June did the bottom 
temperature at station 2 exceed 10°C and become warm enough 
to stimulate hatching at this site. At station 2, stage IV larvae 

lW. R. Welch, Maine Department o f  Marine Resources, Fisheries Research 
Station, W. Boothbay Harbor, ME 04575, pers. commun. October 1976. 

'Central Maine Power Company, Environmental Studies Department. 1976. 
Lobster larval distribution in Upper Penobscot Bay, Maine. Unpubl. rep.. 
4 p. Ccntral Moinc P w c r  C'o~~~por l ) ,  Auyusla. V E  04336. 



appeared appro\imatel?. 4 H k  ~lfter the first stage I larvae was 
found, while at station 3 the corresponding development period 
lasted more than 5 wk possibly due lo lower mean surface 
water temperature at this site. Average surface temperatures 
were 15.0°C and 16.2"C at stations 3 and 2, respectively, dur- 
ing the period of larval occurrence. At both stations the a p  
p r a n c e  of Stage IV larvae accompanied by the absence of  
stage I larvae in late July, signaled the end of the spawning 
period. The single stage [V larva collected on 31 August was 

to a random late hatch. 
salinities of 19.4O/w Or less are unfavorable to larval growth 

(Templeman 1936). Scarratt and Raine (1967) have shown lar- 
val avoidance of salinities as low as 21.4"/0~. Station 1 was sub- 
jected to frequent periods of low salinity caused by freshwater 
runoff from the Penobscot River, possibly explaining the 
absence of larvae at this site. Larvae may have avoided lower 

surface water at station 1 and were therefore not vul- 
nerable to neuston gear. 

It is well documented that early stage I lobster larvae exhibit 
positive phototaxis (Hadley 1908; Herrick 191 1; Ennis 1973), 
concentrating in the near-surface waters during daylight. 
However, young larvae are subject to mortality from ultra- 
violet radiation (Huntsman 1924; Templeman 1936) and tend 
to move from surface waters during periods of bright sunlight 
(Templeman and Tibbo 1945). Based on cloud cover observa- 
tion recorded during the present study it appeared that the 
larvae adjusted their depth in response to ambient light inten- 
sity. Larvae apparently moved to surface waters during 
~artially to totally overcast days when sunlight intensity was 
reduced. During periods of high light intensity, lobster larvae 
may have descended to avoid possible harmful levels of ultra- 
violet radiation. During periods of intense sunlight, the larvae 
may have been below the net sampling depth, accounting for 
the capture of 92% of stage I larvae when cloud cover equaled 
or exceeded 50%. Stage IV larvae, which are not as susceptible 
to ultraviolet radiation, were found at the surface on days of 
~ 5 0 %  cloud cover although the number of stage IV larvae 
collected was low. 

SUMMARY AND CONCLUSIONS 

Data analysis from this program, designed to study Ameri- 
can lobster larvae abundance and distribution at three loca- 
tions in Penobscot Bay, Maine, from May through September 
1976, revealed the following: 

I )  Abundance of American lobster larvae for the three areas 
of Penobscot Bay studied appeared to be relatively low com- 
pared with Canadian waters such as the Northumberland 
Strait and various New England areas. 

2) The hatching period for the American lobster in Penob- 
scot Bay extended over a 6-wk period from mid-June through 
late July in 1976 when coastal water temperatures rose more 
rapidly than in previous years, resulting in a correspondingly 
early hatching period. 

larvae o r  rrtc,rlitli~ y 111' larvae. 
4) Larly p k l ~ t k l o ~ ~ i c  stages which arc m o r e  vdncrablc to 

ultraviokt r;tdiirtio~l than stage I V  larvae wcrc mohl abundant 
in the near-5urfr1cc w;rters on cloudy days. 

We thank Environrncntal Studies Department pcrsonncl from 
the Searsport, Maine, field station who assisted in various ways. 
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A Comparison of Lobster Larvae Sampling 
Using Neuston and Tucker Nets 

BRENDA GOLBERG BIBB,' RONALD L. HERSEY,2 and ROCCO A. MARCELLO, JR. '  

ABSTRACT 

A serics of paired surface tows with a 1 m x 2 m neuston net and a 2 m x 2 m Tucker net wen made to 
compare sampling efficiency for lobster larvae. The neuston net collected two to four times more larvae per unit 
volume than the corresponding Tucker net. Both nets collected similar numbers of larvae i f  numbers are ex- 
pressed per unit area. This indicates that Ianae were concentrated in the upper 0.75 m of the water column. 

INTRODUCTION 

Both neuston and Tucker nets have been used to collect lob- 
ster larvae along the New England coast. Neuston nets were 
used in a study of geographic distribution of lobster larvae 
in Block Island Sound (Fogarty et al. 1983) and Tucker nets in 
a study of distribution and abundance off East Beach, R.I. 
(Bibb et al. 1983). Because of the different nets used, the re- 
sults of these surveys are not directly comparable. This study 
was conducted to compare the sampling efficiency of the 
neuston net with that of the Tucker net to determine whether 
lobster larvae data collected using these two techniques are 
comparable. 

METHODS 

Paired tows were made with a neuston net off the port side 
and a Tucker net off the starboard side of the survey vessel. 
About 25 cm of the neuston net and 10 cm of the Tucker net 
were kept above the water's surface while towing. All tows 
were made into the current at 1 m/s for 15 min. Sample vol- 
ume and boat speed were estimated with a calibrated General 
Oceanics Model 2030 flowmeter.' Volumes for each tow ranged 
from approximately 2,000 to 4,000 m' (Tucker) and 1,500 to 
2,000 m3 (neuston). 

The neuston net had 1 m x 2 m opening and 4 m length with 
a 1 mm mesh (Fig. 1). The opening and closing Tucker net was 
8 m long with a 0.950 mm mesh (Fig. 1). The mouth of the 
Tucker net was designed to sample at a 45" angle with a resul- 
tant 2 m x 2 m sampling area. 

Samples were collected 14, 18, and 21 June 1979 at two 
stations in Block Island Sound, NS-B and PJ-C (Fig. 2). Tri- 
plicate paired tows were made at each station. Mean surface 
temperatures for each sampling date were 15.4", 16.7", and 
16.1 OC, respectively. During sampling, the sky was clear and 
seas were calm. 

'Raytheon Company, P.O. Box 360, Portsmouth, R I  02871. 
'Raytheon Company, P.O. Box 360, Portsmouth, R.I.; present address: 124 

North Road, Kingston, R I  02881. 
'Yankee Atomic Electric Company, 1671 Worcester Road, Framingham, M A  

07101. 
'Reference to trade names does not imply endorsement by Raytheon Company 

or by the National Marine Fisheries Service, NOAA. 

Data comparisons were made in two ways: Per unit volume 
(1,000 m3) and per unit area (1,000 m2). Abundance per unit 
volume was calculated using the volume filtered as indicated 
by the flowmeter. Abundance per unit area was calculated by 
dividing the flowmeter volume by the depth sampled by each 
net. These depths were 0.75 m for the neuston net and 1.9 m 
for the Tucker net. 

RESULTS AND DISCUSSION 

A comparison of the total number of lobster larvae col- 
lected in paired triplicate surface tows using neuston and 
Tucker nets is shown in Table 1. These results indicate that 

Figure 1.-Diagrammtic representation of neuslon and Tucker nets. 
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Figure 2.-Sampling locations for net comparison stud). 

Table 1.-Mean abundance i standard deviation of lobster larvae (all stages) in 
paired triplicate surface tows using a 1 m x 2 m neuston net and 2 m x 2 m 
Tucker net. 

Abundance per 1.000 m' Abundance per 1,000 m' - - - . . 
Date Station Neuston net Tucker net Neusron net Tucker net 

6/14/79 NS-B 37.1 k44.1 14.4k 14.2 27.9k33.0 28.82 28.4 
PJ-C 34.6i 18.6 14.3 k 15.7 25.92 36.5 28.7 + 26.8 

6/18/79 NSB 6.4k4.1 1.4+0.8 4.6k3.0 2.9k1.7 
PJ-C 177.3+ 181.3 47.3k33.7 133.0k 135.9 94.5 k67.3 

6/21/79 NSB 6.1 55.2 3.2k2.6 4.5 k3.8 6.5 k 5.3 
PJ-C 6.2t4 .2  3.1 r0 .8  1.723.2 6.3+ 1.5 

Grand mean and 
standard deviation U .6k  91 . I  14.0k 21.3 33.4k 68.3 27.9 + 42.5 

--- - 

when expressed on a volume basis (number per 1,000 m3) the 
neuston net collected two to four times as many larvae as the 
Tucker net. 

Thc sampling variance was high and proportional to thc 
nican as is charactenstic of lobster larvae data and most planh- 
ton data (Cassie 1968). Consequently. the data were normal- 
ized with a log ( n  + I )  transformation and a paired t-test was 
performed on the complete data set. The mean difference of 
total larval abundance from neuston net samples versus Tucker 
net samples was significantly different (ts = 6.42, t,01(17) = 2.90). 

When abundance is calculated over the area sampled (num- 
ber per 1,000 m2), the neuston and Tucker nets collected 
approximately equal numbers of larvae (Table I). The mean 
difference in total abundance was not significantly different 
(ts = 0.93; t,0S,17) = 2.1 1). 

The Tucker net used in this study has a sampling volume 
approximately 2.7 times that of the neuston net. The observed 
ratio of abundance in Table 1 is approximately 2.9, indicating 
that larvae may be concentrated in the uppermost 0.75 m. 

These observations indicate that densities of lobster larvae 
(per 1,000 m') estimated from Tucker net samples can be 
compared with neuston densities by considering ratios of 
volumes filtered. However, such a factor would be applicable 
only to samples collected under similar conditions. All samples 
in this study were taken on sunny days when seas were 
relatively calm ( < 1  m). Larval distribution in rough seas 
and on cloudy days may be more dispersed and differences 
observed would be smaller. 
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