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PREFACE 

In this volume, surveys of the distribution and relative abundance of American lobster, 
Homarus american us, larvae conducted in New England during 1974-79 are described. The 
results of eight individual investigations, ranging from I 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 
L.,bster, Homarus americanus, Larvae: A Review 

MICHAEL J. FOGARTY' 

INTRODUCTION 

The American lobster, Homarus american us, 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 estim ated 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 fi shing mortality rates on 
yield and reproductive potential of inshore populations 
(Anthony and Caddy 1980). Despite la rge-scal e research ef­
forts to define the population dynami cs o f th e American lob­
ster, relatively little is known about th e determinants of larval 
production , survival, and subsequent recruitment to the fi sh­
eries. Observations on the occurrence o f larval American 
lobsters have been documented since the latter part o f the 19th 
century (Smith 1873; Herrick 1896) ; however, quantitat ive 
sampling programs have been undert aken onl y within the last 
30 yr. 

Larval development of the American lobster is characterized 
by four pelagic instars. A brief prezoeal stage precedes t he first 
larval stage (Davi s 1964). Hatching primaril y occurs during 
late May-early June in New England (Hughes and Matthiessen 
1962) after a 10-11 mo incubation period. Larvae typicall y oc­
cur in the plankton from late Ma y to earl y Sept ember depcnd­
ing on location . The larval phase is no rm;tlly completed in 
25-35 d although stage duratio n is temperature dependent 
(Templeman 1936). Settlement occurs during the fourth larval 
stage (Scarratt 1973) and the post larvae 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-recruit ment relat ion­
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 . in vestigations on th e distribution 
of larval American lobsters in the north west Atl antic. 

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 
Street , Wickford, R.I.; present address: Northeast Fisheries Center Woods Hole 
Laboratory, National Marine Fisheries Service. NOAA. Woods Hole. MA 
02543. 
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obta ined at 5.5-11 m. Smith (1937 cited by Stasko 1980) 
reported catch rates of 10.0 larvaeltow 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 level s were found to affect depth distribution and thi s 
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 
bet ween neuSlOn and subsurface net s suspended at 0.6-1 .2 m 
depth ; in two series of ha ul s (34 to ws), 876 larvae were 
o bt a ined in the upper net and 95 in th e lower. Further samples 
ta ken a t 4-18 m depth (13 tows) yielded 14 la rvae and no larvae 
were o bt ained in tows with the net held 10 cm from the bot­
tom . Stasko ' reported that few lobster larvae were tak en in 
subsu rface collections on th e Scoti an shelf. Harding et al. 
(1982) sampled the upper 110 cm o f the water column with a 
three co mpartment net; 81.4, 14.1, and 4.5070 of the larvae 
o bt a ined were within the 0-30, 30-70, and 70-110 cm dept h 
stra ta, res pectively. 

LIGHT ''''TENSITY 

Ambient li ght intensit y has been demonstrated 10 influence 
th e vertical di stribution o f lobster la rvae . Templeman (1937) 
co nclu ded on the basis of fi eld observations that first and 
second stage larvae react positi ve ly to 10 \1' intensity light bUI 
respond negatively to increased li ght int ensity. Templeman 
and Tibbo (1945) noted that third and fo urth stage larvae are 
les, se nsiti ve to light level s than earli er stages . Diurnal vertical 
di stributi on was apparentl y relat ed to light intensit y and lanae 
tended to di sperse from surface waters during night except 
under bright moonlight (Templeman 1939) . Scarratt (1973) 
demo nstrated significantly higher catch rat es at the surface for 
stage J larvae during dayli ght , however, no significant dif­
ferences between day and night samples were observed for 
second stage larvae. Positive phototaxi s was noted for fir st and 
second stage larvae under experiment a l conditions, howe\er. 
sust a ined phototactic behavior was not observed and later 
stage la rvae were less responsive to changes in light intensity 
(Ennis 1975) . Harding et al. (1982) no ted a di spersal from sur­
face (0-30 cm) waters during bright sunlight. confirming th e 
observations of Templeman and Tibbo (1945). 

Early observations under laborato ry conditions indicated 
th at phototactic responses differed among lan'al stages and. 

' Stasko, A . B. 1977. L.obSier lan a.: on I h.: SCl" iJIl Shelf. Can . . -\11 . Fj , h 

Sci. Ad, . COI11I11. Res. Doc. 77/31,10 r · 



to a lesser extent, within each larval stage (Hadley 1905, 190R). 

First and fourth stage larvae were initially positively photo· 
tactic but reversed phototactic responses late in each stage. 
Second and third stage larvae telHkd 10 be negatively photo· 
tac tic, howel'e r, response patterns were highly variable . 
Hunt sman (1924) indicated that dire\.·t c\pn\llre In slllllighl 
under ex perimental condil ion, I.'lHlld be leI hal I (l fir'l ,Iage 
lan·ae . Templeman (19-'0) rcportl.'d in\.Tea'ed ,unilal and 
growth rates for lanae cuhllr\.'d in darKnc'" Thc,,' field and 
laborat or ~' Ob\enalion, indical\.' Iha l amhienl li).!hl 11.'1\.'1 , may 
directly ark\.'1 alailabililY ()f lanai lob' I\.'r, 10 neu,lon ncl' . 
pOlenlially afkcling eslil11<1I\." of relalil\.' ablilld~lI1c\.' and 
slirvival . 

Field inn'\ligalil)n, dl.'lllOn,l ra le a rr\.'lhHllinancl.' of 'Ia).!c I 
larvae in dayli ghl ,urfac'e colll.'\.'li()n, (Tabk I) . The progrc" i,l.' 
d"cline in SUc'c'l.'"ill.' ,lag\.' dl.'n ,i lie, i, pre'lIlllahly duc III Ihl' 
efll'ch of nlllrlalil l ;Ind bl'hal'ior;II f;lc'lor" 11ll1 ;lh" plllll\l ­
laxi" which al'l'l.'c( ;l\ ailabililY ~lI1d (akhahilill "f 1;lrl;Jl' 

TEMPERATURE 

Scarratl (1964) found no relationship between surface water 
lemreralure and rroduction , relative abundance. and survival 
of larvae in Northumberland Strait during 1949-61. The period 
of larval rroduct ion wa,. however. extended in cool years. 
Scarrall \ugge,led Ihal larvae produced in the latter part of the 
,cason may be unable to successfully molt into fourth stage 
before winler. Caddy (1979) concluded that the cumulative 
lempcralure ,urn (degree-days) required for completion of the 
pelag ic rhase inneases with decrea~ing water temperature and 
lurthn suggeslcd Ihat larvae produced in the later part of the 
wason (mid· lale AlIgllsII may not ,ucce<"fully molt if water 
lemrt'rallHl'S decline more raridly than the accretion of nee­
e"ary degrel'· days . An aprarent relalionship bel ween survival 
;lIld lIlean surface \\alcr tcmreralure from April through 
:\ IIgll ' l indusiH' II as a"o indicaled . Sherman and Lewis (1967) 
rerorted mean surface waler lemperalures of J3,7°-IS.O°C 

Tablt> 1 . - ~umm;,H~ of puhli"ihrd OIlTounh ur Ian OIl ·\muh: .. n lut,,'n ' :.IInplin~ pruitrOlm, t'fmdut,ttd hum ~,uthtrn , .. '" • . nllllnd tl) , .. "foundlandin da,litflt wrfact ,o~. 

fOnh da~li~hllo",' \o\lIh fomph'h' "alrh 4:umpn,ilinn data art includ .. d,J 
-,~---.--' -~-- - . . -. .- --- - .' - _. - - -. 

J ,.\\ f.", 
":111 q"\l~ Pl~r~-L'nl ' [,I~I..· ~'\l llll" h ! I, 'ii ", II i ';,· 

, ,, . f' 1,' .. 1 dlH.tllIlfl 

Yt':H 1 , \ .. ',11 11 111 p\:rt\,d II III 1\ 1. 1", ,11, 1 ,.\\ j ~ It : 111 1 I EIlIII ' ( ... :a r Sour(C' ---_ .. ------.- -- -. ---- _._-
1 9~ f1 '01) \ ~ I ...;, .. : tlll,\ luh \ [1': q~ .... 1 (l 11 / , 11 (, ,cJ 1<' I rn rlan~l(ln r c:m plc:man 19P 

l 'i.l~ 'I IrJ hllmlil..'rld lld l u" \ 11 :. ";0.. I I " II: ;" "I I m pl~.IOLlon Smllh I'I~' 1,'1((1 

"'lr ;1I1 t>~ Sla\lo 19801 

1~ .1S ·.Ji' 'l'\\ t"\lllh.II ~\Ih.! I lJlll ' "'1,' )"1 ~-l -l II II I ..... I I I, I ', IP - I 111 rlan"l fi n Ttmpltman and 
Tibbo I94S 

1 ~,)S·hl '\l r!l1l1 1llhl..·rl ~ \Ih.! IlIlh' ....... :pi ~~ q ) ~ ;0.. J - ~ " ~" ........... -.-:: I , ~o 1.- ·II . ~ m s..: .. rrall 1%4 
I.\ lr .1II nl' lI,ron 

1962-6.1 '.; llr1hum berl an d lulIl, ' ..... l·rl :-..;0.: , ~ S ,fl 
, I - II ;:: II ,." .J.JS I ~ .111 3.-·0.9m s..:arrall 1973 

Siral' Ill' u,l(ln 

196<-hA (' ll l( (I I \lame IUI1L"'\,'r l ;":11 ~ I 'i 11 ,,\ ,- ~ \f\ ,"\ 21.10, - . ~·II I 111 . .111 I m rlanll,'n Sh~rman and le\'j< 
~ I 01 n ... ~u'f(\n 1967 

I .. () .~ m n~U~I"n 

19M·A? Ofl ,ho rc S. 'C\\ l Ulll" \ 1I~ "' ... . 9 I,) 1 ~x . h 9 . .-:: 114 % ' . ~./> .< ,10 1.5 In planllon lund and Sr...-an 
lng1and 1970 

196~ Lo ng hland .Iunc- :\ug. .1.) .- ~J .S ':.1 .h 1- .<J 1 1/>- I"' ~ ~. t'l-~ _ ~ .111 1.5 m plank"'n lund and Slt"an 
Sound 1970 

I96A !'Jp\ a SCClti a .Iul~ Aug. y.)y -1 .-1 11.-1 1l.1 I ,'is') 11M) 1.~ .10 3,7 x O.9 m 5.:arrall 1968 
m~'uston 

1968 N(H 3 S(O{ ia Jul~-Aug. ')0. 2 2.D n.-I --I 7.jf, 100 1.~ .10 3.6 x O.9 m 5.:arrall 1969 
neuston 

1975 NO\'a Scolla June-Aug, 91.7 7.8 0.5 0 19.1 7.4 15 OA x O,4 m Harding el al. 
neuslon 1979 

1976 5.:01 ian She1 f Aug. 8.5 8. 5 1':1 .7 63-1 1-12 ~ . 6-9 . .1 15·30 I m neuSlon Stasko (see tt~t 
I m plankton fOOInOle 2) 

I,sacs-Kidd Tra,,1 

1978 No\'a SCOIia June-A ug. '69.6 '22.6 '6. 1 ' 1.7 925 81 5.4·7 .2 15·20 0.4 x 1.1 m Harding et al. 
panilioned (1982) 

neuston 

'Based on produclion C>l imales. 
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'at Boothbay Harbor during the period of peak larval density in 
the Gulf of Maine. Larvae were collected at water tempera­
tures ranging from 12.5 ° to 28.5 °C in Long Island Sound with 
peak hatching occurring at approximately 20 °C (Lund and 
Stewart 1970). 

Hughes and Matthiessen (1962) reported intensive hatching 

activity at approximately 15°C at a culture facility supplied 
with ambient running seawater. Hatching occurred at temper­
atures as low as 9.4°C and peak hatching was noted at 20 °C. 
The time required to reach the fourth larval stage varied in­
versely with water temperature, ranging from 9 to 33 d al 
mean water temperatures of22.JO-16. l dc. 

Templeman (1936) reported the cumulative time required to 
reach successive larval stages (I-V) at temrerat ures rangin g 
from 7° to 24°C. At 15°C arrro.\imately 25 d were needed 10 

reach the fourth larval stage while an increase to :woC reduced 
the time required to reach stage IV 10 13 d. Thesc data arc 
extremely useful in correcting density estimates for inlermolt 
duration (Scarratt 1964, 1973) . The graphical rresenlalion 
of Templeman (1936) was therefore comerted to a series of 
of power curves relating intermolt reriod to water temrera­
ture for each larval stage (Table 2). 

T.ble 2.-Parameler eslimalrs and de2ree IIf fil inde\ [IIr Ihe relalinn,hil) /I = 
or" ,,·he,.., f) and T ,..,p,.."enl 'la2e duralinn Ida,,) and lemperailln' I n. re· 
speeli~el). Equalions der;'ed from Ihe j(raphil-al pre"nlalinn n[ rrmpkman 
t 1936. b) ukulalin!! IhediHerence hel"een Ihe cumulali .. lime, required III rea"h 
success;". I .... ·al Slal!es .nd re2rrs.sinj( on lemperalUre . 

Parameler II III 1\ 

a 1. 1 ~~ . 5~~ ~.5In.r~ 2.7-l5.04J -.~~~.117 

b - 191 ~« -- ~ . lh .1 .q c.07nhn c.llinS 

R' .YbS .%- . ~70 ')<s 

SAU~ITY 

Scarratt (1968. 1969) noted a di'l inci on,ll<lrc-ofhhnre 
salinily gradienl during .Iuly-Augu<'1 off No\a S\'()lia; lanai 
lobster den,ities tended to be grealcr at high er ,a linity ,am­
piing locations . Scarratt and Rai ne (1907) reroned thai fir'l 
stage larvae a\oided salinities of < 21.4 prt in laboralory e\­
periments. Templeman (1936) had earlier noted that survi \al 
rates were adversely affected at salinities beloll 20 rrl. Abmc 
this level, neil her survival nor time required to reach fOUrih 
stage was significantly affected. 

SURfACE CIRCULATION 

Vertical distribution studies indicating low concentrations 
of lobster larvae in subsurface waters have led to speculation 
that wind-induced surface circulation patterns may influence 
larval distribution . Templeman (1937) concluded that offshore 
winds result in dispersal of larvae in surface waters. Temple­
man and Tibbo (1945) integrated the results of drift bottle 
investigations, wind pattern observations, and larval lobster 
distribution studies and suggested that surface hydrography 
determined the spatial distribut ion of larvae . Scarratt (1964) 
considered surface circulation to be a primary determinant of 
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larval lobster distribution and inferred that passive transport 
may affect catch rates of later stage larvae . However, in an 
analysis of t he same data, Caddy (1979) computed centers of 
density for each stage within the survey area and concluded 
that larvae may move against the prevailing surface drift, 
presumably by vert ical migration and transport by subsurface 
countercurrents . Scarratt (1968, 1969) reported predominately 
onshore so uthwesterl y winds off Nova Scotia during the 
period of larval occurrence and suggested that larvae may be 
concentrated along windward coastal locations by onshore 
winds. Rogers et al. (1968) noted higher levels of stage I 
larvae in offshore stations in southern New England while 
stage IV lobsters dominated inshore stat ions, impl yi ng an 
onshore drift with time. Coastward su rface drift rat es of up 
to 6.4 km / d during the larval period were cited. Evidence 
for retenti on of larvae within circulation gyres in western Long 
Island Sound lias rresen ted by Lund and Stewart (1970) . 
Squire, (1970) acknowledged the possibility of larval trans­
rort in ~ urface waters but postulated that larvae may main­
tain rositioll during strong winds by descending in the water 
column. Enn is (1975) indicated that lobster larvae were more 
sens i! i\ c 10 hydrostat ic pressure than light intensity and were 
carablc of dcrth regu la tio n within broadly defined limit s. 
Thcre \Ia, \"omiderable diminution of sensitivit y to pressure 
changes in q age III and I V larvae. Harding et al. (1979) re­
IWried Ih al higher densiti es of lanae in central and eastern 
SI. Cicorges Bay, No\a Scotia, were due to prevailing sout h­
\\eslerJy \\ind , in su mmer. Stasko (footnote 2) postulated that 
\urf<l\'e circulation patterns lIould result in advect ion of larvae 
from (icorge, BanI-: and Brown s Bank toward southwest Nova 
Scotia. Harding et al. (1982) further proposed that creation 
of cOll\ergent zo nes through Langmuir circulation may result 
in Clln,'cntrations of larvae. C\p laining the generall y observed 
(()U!agious distribution pattelll'. 

SURVIVAL 

Estimates of survival bet\I'een st ages 1 and IV were derived 
by Scarratl (1964. 1973) after standardizing larval density 
cstimate, for stage duration at prevailing water temperatures. 
Est imated surv ival rates ranged from 0.79070 to 2.39070 during 
1949-61 and averaged 1.12070 . Harding et al. (1'982) estimated 
;j sur\i\al rate of 1.0070 through the pelagic phase after ad­
justment for stage durat ion in SI. Georges Bay. Nova Scotia, 
during 1978. Considerably higher estimates of survival 
( > 50%) were calculated by Lund and Stewart (1970) in Long 
Island Sound; however, no attempt was made to adjust for 
increased stage duration and availability with successive larval 
stages. Ennis (1975) cautioned thai differential response of the 
larval stages to varying light le vels may bias estimates of 
survival based on surface plankton hauls. Correction for stage­
specific la rval response to ambient light levels should allow 
increased precision in estimates of larval lobster density and 
survival rates, however, the confounding influence of within­
stage variabilit y in pho'otactic responses (Hadley 1908) greatly 
complicates development of an appropriate adjus tment factor. 
Estimates of survival based on surface samples should be 
considered preliminary until further information on the effects 
of light intensity, wind direction and velocity, and other 
environmental variables on larval lobster distribution (vertical 
and horizontal) are quantified . 



STAGE IV PRODUCTION AND 
SUBSEQUENT STOCK 

In an extensive series of observations, Scarratt (1964, 1973) 
examined the relationship between stage IV production in 
Northumberland Strait and subsequent stock size. Stock size 
was lagged by 6 yr to account for the delay between spawning 
and recruitment (Wilder 1953) . Stock estimates were based 
on tagging studies conducted off Miminigash, P . E.!. Wide 
variability in growth rates may result in a single cohort re­
cruiting to the fishery over a 2-3 yr period (Wilder 1953); 
accordingly, Scarratt (19;3) related 3-yr running averages of 
stage IV larval production and stock size . Scarrall concluded 
that sampling variability prevented accurate prediction of 
stock size based on larval production estimates . 

Scarratt (1964, 1973) restricted consideration to a linear 
relationship between larval production and subsequent \tock 
size. However, density (stock) dependent effects may result 
in a nonlinear functional relationship between larval rroduc­
tion and subsequent stock . To fUrlh er examine thi s po~\ibility, 

a modification of the Ricker stock-recruitment model (Sail a 
and Lorda in press) was used to el'a illate the relationshir be­
tween 3-yr running averages of stage IV rroductio n (P) and 
stock size (S) lagged by 6 yr. The generali/ed model of 
Saila and Lo rda (in rress): 

was em rloyed in thi s analysis. The deriled curle rrolidcd a 
reasonabl e representation (r = 0.87; df = 12) of thc stagc IV 
production-recruitment observations (Fig. I). This rllodclma y 
a,S UI11C either a nearly aSYll1rtolic or (onlC\ forlll and Ihcrl'­
fore rctains grca l tlc\ibililY in clailialillg Sll\c\..-l"Ixruillllclll 
rclal ionshir'. 

Although the many sources of lariability in cqimating "age 
IV density and stock size must be recogni zed, Ihi, analysi, 
does prolide an indication of a relationship between stage IV 
production and stock size which merit\ fUrl her illlestigation. 

Stock recruitment relatio nships hale prol'en difficult to con­
dusively demon strat e for marine species . Variable surlil'al 
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rates for egg and larval stages caused by variability in critical 
environmental factors tend to obscure any underlying parental 
stock effect. During the lengthy incubation period typical of 
many crustacean species, however, the protection afforded to 
the eggs by brooding behavior of the female reduces mortality 
and variability in survival rates. Perkins (1971) estimated an 
average egg loss rate of 36070 during incubation for the 
American lobster; egg mortality would undoubtedly be con­
siderably higher if the eggs remained unprotected. 

Although adequate time series of stock and recruitment 
estimates are not widely available for crustacean stocks 
(Hancock 1973), recent studies provide evidence for stock­
recruitment relationships in two species. Boddeke (1981) 
demonstrated asymptotic relationships between egg produc­
tion and subsequent harvest able stock of the European brown 
shrimp, Cran~()n cran~on, in four areas off the Netherlands 
and Belgium. Morgan et aJ. (1982) reported an asymptotic re­
lationship betwecn puerulus settlement and recruitment for 
,piny lobster, Panu/ius CYKnus, off Western Australia. 

The asymptotic form noted in each of the above investi­
gation, indicates that recruitment in crustacean stocks may 
bc relatil'e1y \ table over a wide range of parental stock sizes. 
Rccruitment curIes of this type further imply that the primary 
ropulat io n regulatory mechanism is limitation of available 
reso urce~ (e.g., food or habitat) . Boddeke (1981) suggested 
thai ,patiallimitations on the nursery grounds may limit popu­
lal ion \il.c. Morgan et aJ. (1982) cited limitations on food 
and shelter sites as possible regulatory factors. Although 
there i, no COlli incing evidence of food resource limitation on 
American lobster populations, shelter availability is an im­
portant feature of lobster habitat (Cobb 1971) and shelter 
may be a limiting resource, particularly for juvenile lobsters, 
IIhich arc more vulnerable to predation . 

CONCLUSIONS 

American lobster l"rvae have been collected most consis­
tently at the surface during daylight. Abundance apparently 
declines with increasing depth. Although laboratory observa­
tions have 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 night do not permit definitive conclusions but do 
suggest some dispersal from surface waters . 

Transport of larvae in surface currents has been widely as­
sumed (Templeman 1937, 1939; Templeman and Tibbo 1945; 
Scarratt 1964, 1968, 1969, 1973; Rogers et aI. 1967; Lund 
and Stewart 1970; Harding et aI. 1979) and higher larval densi­
ties along windward coasts tend to support this inference. 
Vertical migration has been implicated in position-keeping in 
response 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 southwesterly winds along much of the north­
eastern coast of the United States may result in transport of 
larvae from offshore locations to coastal sites. Rogers et aI. 
(1968) cited a coast ward transport of up to 6.4 km/ doff 
southern New England, implying a possible dispersal range of 
approximately 100-150 km during a 20-25 d developmental 
period. Larval transport from offshore areas (which have only 
recently been exploited) may provide some degree of larval 
recruitment to coastal populations. Fishing mortality rates in 



coastal areas are extremely high and current mInimum size 
limits are below the mean size at maturity for many areas 
(Anthony and Caddy 1980). suggesting that recruitmel)t from 
less heavily exploited areas may play an important role in 
sustaining coastal fisheries. 

A 15-yr study of stage IV density and subsequent stock size 
indicated a relationship between larval production and stock 
size 6 yr later. The derived function is similar in form to stock­
recruitment relationships developed for European brown 
shrimp (Boddeke 1981) and spiny lobster (Morgan et al. 1982), 
possibly indicating a similarity in population regulatory 
mechanisms among these crustacean species. 

In the context of extremely high levels of fishing mortality 
for this species (Anthony and Caddy 1980), protection of 
brood stock by setting minimum size limits to the vicinity of 
mean size at maturity and prohibition on harvesting ovigerous 
females would appear prudent. Increases in minimum size 
limits and reduction in fishing mortality rates would also re­
sult 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 americanus, Sampling Programs 

in New England During 1974-79 

MICHAEL 1. FOGARTY' and ROBERT LAWTON2 

INTRODUCTION 

The American lobster, Homarus american us, has long 
generated intense interest, both for its significance to the 
fisheries of the coastal New England States and Canadian 
Maritime Provinces, and its importance in the structure of 
benthic communities in the northwest Atlantic (Cobb and 
Wang in press). 

Concern over the potential impact of proposed or operating 
power plants on lobster populations in coastal locations in 
New England led to several investigations of larval lobster 
distribution during the last decade. In addition, general studies 
on lobster population dynamics were undertaken during this 
period in support of development of a coast wide fishery man­
agement program. A lack of adequate knowledge of the distri­
bution of lobster larvae, factors affecting larval production, 
and annual variation in abundance were recognized as serious 
impediments to understanding lobster recruitment patterns 
and to estimating potential losses due to entrainment by power 
plants. 

An ad hoc working group, comprised of scientists from both 
the private and public sectors, was formed during 1977 to 
discuss the results of ongoing larval lobster research programs 
and to provide guidance for the development of future studies. 
In this report, the results of larval lobster investigations in 
Maine, New Hampshire, Massachusetts, and Rhode Island by 
members of the working group are summarized. Aspects of the 
spatial and temporal distribution of larvae are described and 
additional information on the diurnal and vertical distribu­
tion of lobster larvae and annual variation in production is 
provided. 

SAMPLING METHODS 

Larval lobster sampling programs were initiated at several 
coastal locations throughout the New England region during 
1974-79 (Fig. 1). Prior studies indicated that lobster larvae 
are concentrated in surface waters during daylight (Temple­
man 1937; Templeman and Tibbo 1945; Scarratt 1964, 1973). 
Accordingly, sampling effort was directed at the air-water 
interface using neuston gear (Table 1). An opening-closing 
Tucker trawl (Hopkins et al. 1973) was used for discrete depth 

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

'Massachusetts Department of Fisheries, Wildlife. and Recreational Vehicles. 
Division of Marine Fisheries. 100 Cambridge St., Boston, MA 02202. 
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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 
studies and were consistently taken in Block Island Sound 
(Bibb et al. 1983a). 

Tow speeds ranged from 1.8 to 5.6 km/h and were from 
12 to 30 min in duration (Table I). 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 
from May through October depending on year and area 
sampled (Table I). 

Cape Cod Canol 
( MATThl[5SEN AND SCHERER, 

LAWTON £T Al, 

COLLINGS £T AL) 

~-- Buzzards Bay 
(LUXETAl, 

Block Island Sound COLLINGS £T AL ) 

I 8188 £T AL; COGARTY £T ALI 

GULF OF 

MAINE 

Figure I.-Sampling locations for larval American lobster. Homarus americanus, 
in New England during 1974-79. 



Table I.-Summary of larval lobster sampling protocol for New England investigations during 1974-79. 

Tow Tow 
Sample Diurnal No. speed duration 

Area Year period Gear period tows (km/h) (min) Source 

Maine 1976 May- 0.9x3 .7 m Day 213 1.8 30 Greenstein et al. 
Penobscot Bay Sept. Neuston (1983) 

New Hampshire 1978 June- I x 2 m Day 34 3.6 15-30 Grabe et al. 
Hampton-Seabrook Oct. Neuston (1983) 

1979 May- I x 2 m Day 30 3.6 30 
Sept. NeuslOn 

Massachusetls 1974 May- I x 2 m Day 20 3.7 12 Lawton e! al. 
Cape Cod Bay Aug. Neuston (1983) 

1975 May- I x l m Day 27 3.5-4.6 10-30 
Aug. Neus!n 

1976 June- I x 2 m Day 60 4.6 30 
Aug. Neuston 

1977 May- I x2 m Day 78 4.6 30 
Aug. Neuston 
June- I x 1.5 m Day 48 5.6 20 
Aug. Tucker Irawl 

Cape Cod Bay 1974 June- I x 2 m Day 58 4.0-5.5 30 Manhiessen and 
Aug. Neuston Scherer (1983) 

1975 June- I x 2 m Day 145 4.0-5.5 30 
OCI . NeuslOn (some night) 

1976 May- I x 2 m Day 325 .0-5 .5 30 
Sept. Neuslon 

2 x 2 m 
Tucker trawl 

Cape Cod Bay 1976 May- I x 2 m Day 88 4.6-5.6 30 Collings e! al. 
Aug. Neu,lon (1983) 

Cape Cod Canal 
Buzzards Bay 1977 May- I x 2 m Day 189 4.6-5.6 30 

Aug. Neuslon 
I x 1. 5 m 66 6.5-7.4 20 
Tucker Ira wl 

1978 May- I x 2 m Day 182 4.6-5.6 30 
Oct. NeuslOn 

BUlzards Bay 1976 May- I x 2 m Day 50 4.6-5.6 30 Lux e! aJ . (1983) 
Aug. Neuslon (some night) 

1977 May- I x 2 m Day 80 6.0 30 
Aug. Neuston 

1978 May- I x 2 m Day 62 6.0 30 
Aug. Neus!on 

1979 May- I x 2 m Day 56 6.0 30 
Aug. Neus!on 

Rhode Island 
Block Island 1977 May- 2 x 2 m Day and 107 3.6 12 Bibb e! al. (1983a) 

Sound Aug. Tucker trawl nigh! 
1978 May- 2 x 2 m Day and 132 3.6 12 

Aug. Tucker trawl night 
1979 May- ) x2 m Day 144 3.6 12 

June' Ncuston 

Block Island 1978 May- I x 2 m Day 244 3.7 20 Fogarty e! al. 
Sound Sept. Neus!on (1983) 

'Samples collecled by holding position into current. 
'Sampling lerminaled . 

RELATIVE ABUNDANCE Consistently higher densities were recorded in southern New 

England (Table 2). Reduced density within the Cape Cod 
Dislinclive differences in mean annual density of larvae were Bay-Gulf of Maine complex may reflect the influence of pre-

evident between the Gulf of Maine-Cape Cod Bay region and vailing southwesterly winds during the period of larval oc-
southern New England (Buzzards Bay-Block Island Sound) . currence. Prevailing winds during summer are onshore in 
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Table 2.-Su .. ...". of """Iobller relatiYe abundoce. _naJ oc~ur~nce. and .Ial~ ~ompositlo. for !Ii"" E.aJand I.~ntlpliolll d.rin. 1974-.,.. Utlla o ..... MeI ,,... 
reports in Ihis .. olum~ and penonal communiralion wllh i.vntlplon. 

Period or Maximum Mean annual Temp. (0C) Temp. (0C) 

at peak 
occurr~nce 

StOlle compmlll<>n 
(percent) Total no. peak density density at 1st 

Area Year larvae abundance (no./I,OOOm') (no.lI,OOOm') occurrence II III I\' 

Maine 
Penobscot Bay 

New Hampshire 

1976 

Hampton-Seabrook 1978 

Massachusetts 
Cape Cod Bay 

1979 

(Plymouth Area) '1974 
1975 
1976 
1977 

Cape Cod Bay 1974 

Cape Cod Bay 

1975 
1976 

(Sandwich Area) 1976 

Cape Cod Canal 

Upper Buzzards 
Bay 

Lower Buzzards 
Bay 

Rhode Island 
Block Island 

Sound 

Block Island 
Sound 

1977 
1978 

1976 
1977 
1978 

1976 
1977 
1978 

1976 
1977 
1978 
1979 

1977 
1978 

'1979 

1978 

'Bollom lemperature (OC). 
'Preliminary sampling program, 
'Surrace temperature (OC). 

58 

169 
120 

25 
177 
871 
206 

608 
931 

3,279 

47 
672 

115 

1,428 
654 
430 

687 

4,035 
1,563 

late June 

late Aug 
late July 

early Aug. 
early July 
late July 
late July 

July 
June 
June 

late June 
lale June 
early July 

June 
June-July 
June 

mid-June 
mid-June 
mid-June 

1,284 lale June 
3,461 laiC June 
1,631 lale June 
10,303 lale June 

1,661 

761 
1,335 

1,030 

mid-June 
early July 
early June 

lale June 

2.9 

53.8 
38.3 

19.8 
34.9 
11.2 

7.3 
40.5 
21.6 

3.7 
153.5 

8.6 

174.8 
47.6 

45.1 

79.0 
266.2 

91.8 

35.0 
68.7 

42.4 

449.7 

'31.2 
'19.1 
18.7 

33.3 

0.2 

4.3 
3.4 

2.0 
4.4 

1.3 

1.6 

2.0 

2.7 

1.3 
7.9 

1.7 

15.8 
7.4 

3.7 

8.0 

15.9 
10.1 

10.1 
18.8 

9.6 

43.7 

'9.0 

'4.5 

10.8 

'Tucker trawl eSlimales multipled by a faclor of 410 approximale neUSlon nel calches. 
'Sampling terminated in June, 

southern New England, but offshore in Cape Cod Bay, and 
offshore or alongshore in northern New England. Advection 
of lobster larvae in wind induced surface currents has been 
hypothesized as a passive transport mechanism (see review by 
Fogarty 1983) and dispersal of larvae during periods of off­
shore winds may result in reduced surface density, Increased 
catch rates during onshore winds were noted in se\eral studies, 
lending support to the inference that lobster larvae are trans­
ported by surface water circulation, Grabe et al. (1983) re­
ported that 6711fo of stage IV larvae were collected off Ne\\ 
Hampshire when winds were on or alongshore, Similarly, 

II 
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'9.5 
, 11.5 

'16.1 
'9.0 

, 10.5 

'10.3 
, 11.5 

, 13.5 

, 12.5 
, 14.5 
, 12.5 

, 13.9 

'17.0 

14.5 

13.U 
11.0 
11.0 

'15.0 

13.3 

13.6 

12.6 

'1.1.il 

13.5 

13.3 
'9.6 

'14.1 
, 16.0 

'8.5 

'20.8 
, 14.7 

'15. I 

, 13.0 
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, 12.5 
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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 sparr ina) 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 
tl oating \cgclation in St. Geo rges Bay, NO \'a Scotia, Cobb and 
Wang (ill rre, , ) ha\e ,uggeslcd Ihc me of ariifici al ,eawced 
co Ilcet ()r~ I U Ilwn it or abu ndanl'e of :\ l11erican loh,t cr lanac. 

A~:\l AI. VARIATION 1:\ ARUNDA:\CE 

Despilc appare nl differencc, bClwcen area~ in Ih e c\\ailahil­
il Y (calchahiliIY) (If lar\ae , rclali\e differcnccs in IllC3n annual 
demily \\crc gcnerally con ~iS\ cnl in year'> for which cOl11pari· 
,on, \I cre ro'sibk (Fig. 2) . InCfca<,cd dcn, it y in 1977 relal i\ c I () 
1976 an d 1978 \\a, nOled hy Collings et a1.(1983) in Capc Cod 
Ba\ and BUl l.ards Bay and by Lu~ CI a!. (1983) in BU71ard, 
Bay. Bibh el a l. (1983a) rerorlcd dccrea,cd abundance in 1978 
fruill 1977 den,ily cQi l11al c,. :'.l al lhic',en and Scherer (1983) 
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and Lawton et al. (1983) reported increased relative abundance 
in 1976 over 1975 levels. Lux et al. (1983) observed a sharp 
increase in mean density in 1979, although this increase was 
primarily due to several large catches of stage 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 IV 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 IV 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 stilI exhibited unexpectedly high 
stage IV densities (Bibb et al. 1983b; Fogarty et al. 1983). 
Transport of later stage (III 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 t hose reported by Scarratt (1964, 1973) for North­
umberland Strait where the average percentage of fourth stage 
larvae (uncorrected for stage duration) during 1948-63 was 
< 5OJo. 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 . 

43.7 

~ @ 
78 

~6 77 

Figure 2.-Mean annual density (daytime surface tows) of American lobster larvae in New England studies during 1974-79. 
Years of sampling indicated at base. Cape Cod Canal estimates not included since unusual hydrographic fealures of Ihe 
Canal ma) result in biased ~stimates of density, 
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TEMPERATURE 

Marked differences in water temperature at first occurrence 
of larvae were noted between the Gulf of Maine and southern 
New England. Bottom water temperatures at hatching were as 
low as 8 °_9 °C in samples collected in northern New England 
but ranged from 11 ° to 13.6°C in Buzzards Bay and Block 
Island Sound (Table 2). Bottom water temperatures at peak 
larval densities were 8.5 0-16.0°C in northern and 12.8 o_17.0°C 
in southern areas (Table 2). Surface water temperatures during 
the period of highest density were approximately 15°-20°C 
depending on year and area sampled (Table 2). Hatching is 
presumably keyed to an increase in water temperature during 
late spring. Annual variation in water temperature during 
May-October may affect the onset and duration of hatching, 
intermolt duration, and survival of larvae. 

VERTICAL DISTRIBUTION 

Lobster larvae were consistently found in higher concentra­
tions in surface collections in Block Island Sound and Cape 
Cod Bay (Bibb et al. 1983a; Collings et al. 1983; Lawton et al. 
1983). Bibb et al. (l983a) reported significantly higher surface 
densities of larvae during daylight, however, occasional high 
larval densities were noted in near bottom samples. Lawton et 
al. (1983) obtained two larvae in 48 subsurface tows at depths 
ranging from 3.0 to 7.6 m in Cape Cod Bay in 1977 . Signifi­
cant depth related differences in larval density were observed 
in Cape Cod Bay with higher abundance at the surface (Col­
lings et al. 1983). These results are consistent with the observa­
tions of Templeman (1937), Templeman and Tibbo (1945), 
and Scarratt (1973). 

Discrete depth samples taken within the Cape Cod Canal 
showed no significant differences with depth (Collings et al. 
1983); Matthiessen and Scherer (1983) reported significantly 
higher larval density at 3 m depth at the eastern end of the 
Canal. The turbulence and mixing effect of water flow 
through the Canal were cited as possible factors influencing 
vertical distribution within the Canal. 

DIURNAL DISTRIBUTION 

Bibb et al. (I983a) noted significantly higher density of lar­
vae in daylight surface samples in Block Island Sound; 
however, substantial numbers of larvae were collected both at 
the surface and in near-bottom waters at night. Lux et al. 
(1983) reported decreased surface abundance during darkness . 
A shift in relative stage composition was also noted. First stage 
larvae were most abundant during daylight while stage III lar­
vae were dominant in night collections. These observations are 
in accord with known differences in phototactic responses 
among larval stages (Hadley 1908; Templeman 1936b). 

Reduced abundance of larvae in daylight surface samples 
was observed under completely overcast conditions (Lawton et 
al. 1983; Collings et al. 1983). Templeman and Tibbo (1945) 
speculated that some minimum light intensity was necessary to 
attract larvae to the surface. Greenstein et al. (1983) reported, 
however, that 84"70 of larvae collected in Penobscot Bay in 
1976 were obtained with cloud cover greater than or equal to 
50"70; 62"70 of the larval catch was taken on completely over­
cast days. Harding et al. (1982) reported that most larvae 
(95"70) were collected in the upper 30 em of the water column 
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during overcast conditions; during bright sunlight, 73.3"70 of 
the larvae obtained were within the 0-30 cm depth interval. 
Differences in turbidity may alter the effect of light intensity 
on vertical distribution of larvae among geographical locations 
(Templeman and Tibbo 1945), possibly explaining some of the 
discrepancies noted above. 

SUMMARY 

Larval stages of the American lobster were collected 
during May-October in New England investigations during 
1974-79. Lobster larvae occurred earlier in the southern New 
England region than in the Gulf of Maine. Lobster larvae 
were more abundant in southern New England than in the 
Gulf of Maine (including Cape Cod Bay). Favorable condi­
tions for production of larvae in southern New England (lower 
mean size at maturity), coupled with the effects of prevailing 
southwesterly winds which concentrate larvae along windward 
shores, undoubtedly contributed to higher density estimates 
in Buzzards Bay and Block Island Sound. 

Unusually high proportions of stage IV larvae, accompanied 
by reduced densities, were observed in several studies during 
1978. Increased density dependent survival through the pelagic 
phase may account, in part, for this result. Alternatively, 
transport of larvae from offshore locations may have resulted 
in increased stage IV representation in 1978. 

Larvae were most abundant at the surface during daylight 
hours and some evidence for dispersal of larvae from surface 
waters during night was obtained . The diurnal and vertical 
distributions of lobster larvae are, of course, not independent; 
however, the apparent concentration of larvae in surface 
waters during daylight offers clear advantages for the develop­
ment of an appropriate sampling design . Lobster larvae are 
seldom collected in dense concentrations and factors resulting 
in further dispersa l of larvae should be considered in the 
development of sampling strategies. 
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Distribution and Abundance of Lobster Larvae 
(Homarus americanus) in Block Island Sound 

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

ABSTRACT 

The distribulion and abundance of lobsler larvu alonl! a lransecl in Block bland Sound .. .,. .rudlH In 
1977 and 1978. We examined Ihe seasonal, diel, and nnkal dislribution of lobsler larva •. The slud, w .. o u· 
panded 10 four lransects in 1979 to examine broader spatial pallerns. 

Lobsler larvae were seasonally abundanl, appearinlt in lale Mayor early June and disappearinK by lale 
AugUSI. Larvae were generally more abundanl at the surface Ihan in near·bollom "aten, bUI occ ... lonal hiKh 
concenlrations of larvae were obser~ed near Ihe boll om. Surface abundancl' I.nded 10 be hilher in day·lilhl 
Ihan al nighl. Stage IV larvae were more abundant In 1978 Ihan anticipaled from abundann of ,'aKl' Ilanal'. 
possibly suggesting recruitment from adjacent areas. In Ih. 1979 sludy·. staKe I Ian .e "l'rl' mosl abundanl in Ihl' 
easlern section of Ihe survey area. 

INTRODUCTION 

This paper describes an intensive study of the distribution 
and relative abundance of lobster larvae (Homarus american us 
Milne-Edwards) in Block Island Sound during 1977-79. The 
objectives of the study were to provide information on diel 
variation. depth distribution. spatial differences. seasonal 
variation. and yearly variation of lobster larvae in Block Island 
Sound to examine potential impacts of a proposed nuclear 
power facility at Charlestown. R.1. 

METHODS 

The 1977 and 1978 surveys consisted of weekly sampling 
using a Tucker net at four stations along a transect off East 
Beach. Charlestown. R.1. (Fig. I). Surface .,amples were taken 
day and night at four stations. Bottom samples were taken 
at two stations only. EB-B and EB-C. In 1977, stations EB-B, 
EB-C. EB-D. and EB-E were sampled. In 1978, stations EB-A, 
EB-B. EB-C, and EB-D were sampled. In 1979, the sampling 
area was expanded to 12 stations along four transects: off 
Weekapaug (WK). East Beach (EB), Nebraska Shoals (NS), 
and Point Judith (P J) . Surface samples were collected in day­
light every 3 to 4 d using a neuston net along these transects. 

In 1977 and 1978. preliminary sampling was carried out at 
stations EB-B and EB-C to determine when larvae first 
appeared. During the subsequent weeks, sampling was carried 
out at all stations and depths described above until no more 
larvae were observed. The period of sampling extended from 
May through August 1977 and 1978, and May through mid­
June in 1979. Plankton sampling along the same transect was 
carried out through fall, winter. and spring of 1977 and 1978 
and early 1979. 

'Raytheon Company, P .O. Box 360. Ponsmoulh, RI 02871. 
'Raytheon Company, P .O. Box 360, Ponsmoulh, Rhod( Island; pr(scnl 

address: 124 Nonh Road, Kingston, RI 02881 . 
'Yankee Atomic Electric Company, 1611 Worcesler Road. Framin(!ham. MA 

01701. 
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All 1977 and 1978 samples were collecled using an opening 
and closing Tucker net (Hopkim el a\. 1973), equipped with a 
2 m x 2 m, 0.950 mm mesh , 8 m long net. The mouth of the 
net sampled at a 45 0 angle with a resultant 2 m )0: 2 m effeci i\ e 
sampling area. Surface tow~ were taken wit h t he upper har (If 
the Tucker net about 10 cm out of the waler. Bottom II)\\S 
were made with the center of the Tucker nel ahoul ~ m orf Ihe 
bottom. The net was towed hetween 0.77 and 1.29 m " tor 
3[1[1f()\imalcly 12 min. ['lim;lteJ ,;ull[1k \(llul11<" \\efe ~1' n,T 

ally hClwccn 2,()OO and 4,000 \11 ' . rripltc;lIl· 1,,\\, \\cr,' 1lI,I(k 

eilher in a wC'icrly or 1';I"crly direCllol!. 
Samples in 19"9 werc laken "ilh a neuston nel ha\in!! 1 m ' 

2 m mouth, len ~ 1 h of 4 m , and 1 mm fIle , h . Sil1luhanl'oll' 
paired tows wen: made with appfl1\imatcl~ 10 em of lll'l <lui (>1 

the water. Sample volumes were generally 1.5()() 10 2,O()() fIl ' . 
A paired-comparison of ... ampling cfficielh'\ u,ing Ihe Tlld.er 
and neuston net s was performed in 1979 (Rihh el al. Iy!n) 

Samples were reduced in volume 10 2 I and pre'en nt in \fWo 

bu ffered formaldehyde for analysis. 
Temperature and salinity measuremenls "l'fe laken Jurln~ 

plankton surveys at the surface and hottllnl al cadI ,Iallon In 
1977 and 1978 and at Ihe surface in 197Y usin~ a ,althrall'd 
Beckman (I.·lodel RS·5 salinometer'. The I cmreraillre (\111 rill 
was calibrated using a NBS-traceahh: Ihcrnwmell"r and Ihe 
salinity output using standard 'ea\\al<:r . and an aprrorrt;lIl' 
correction factor derived. Continuous temperalufc Jala lIa ' 
recorded using Aanderaa I hermi,tIH' depil)ycJ al ,1311,,11-
EB-A and EB-B (Snooks and Jacohson'). 

Data were analyzed using analyses of \ ariancc (:\~()\") "ll 

log ,o (n + I) transformed dala; the log transform \\J' lJ'cJ I .. 
normalize the data and reduce the dependence of the samrk 
mean and variance (Cassie 19(8). Data from 19'7'7 Jnd II}~~ 

from stations EB-B and EB-C \\oere analysed hy fl)ur'''' ;1\ 

·Refrrenc( 10 trade name" dO(''i n OI Imrh ("nJt'r ... r:mC' n~ t-', R".~h(",,, " ( ! ' 

or by Ih. Nallonal Marin. F"h.ro .... StOIC •. 'O~A 
·Snoo~!!o. J . H .• and J P. J"('('~\(:ln 19"'Q Cunen!\. ~nJ -,...\.JU.": Jr , l, in 

Blod "land Sound duron~ 'he f'("rood fct>ru~" .hr, .... , h I><",cm~f I~-' 

Yank« Atom" Ek.. ... n< Com",,", Rtl"'" '~f.( II~q 'ut-m" ' C'J ", , .... I·n, 
I&nd Po",·(r Co .. 20 Tumr.kt Rd . . W~lt>orou,h. \l .~ 01 (~I 
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Figure I.-Station locations in Block Island Sound. 

ANOYA with depth, time o f day , station, and sample date as 
main effect s. A three-way classification ANOYA was per­
formed on 1977 and 1978 surface data from four stations 
wit h station, sample date, and time of day as main effects. 
O ne- way ANOYA w'as performed on 1979 data wi th station 
location as the main effect. 

RESULTS 

Seasonal Abundance 

In 1977, lobster larvae were first observed on 31 May, 
rt:ached peak ab undance 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 t:nd of August. In 1979, larvae were first observed on 23 
'lay. 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. 

N 

I 

HgUff 2.-Mun surface da) abundance at stalions EB-B and ED-C and mean 
surface bottom tempualure at slat ion ED-B in Block Island Sound. Samples 
collected in 1977 and 1978 b, Tuck" net , in 1979 b,. neuston net . 
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Figure 3.-Stage composition by survey. Mean of all stations, surface and near· bottom, day and night 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
currence of larvae. During the period, mean daily surface 
and 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 I abundance occurred over a 3-wk period from late June 
to early July. Mean daily surface and bottom temperatures 
at EB-B during this period ranged from 14.5° to 15.9°C and 
12;8°to 14.8°C, respectively. 

The appearance of later stage larvae in the water column 
varied annually (Fig. 3). Stage II larvae were typically found 
1 to 2 wk after the first appearance of stage I larvae. Stage 
III and IV were first collected 2 to 4 wk later. Stage II and III 
were first found when the bottom temperature at EB-B was 
approximately 13 °_14 °C and stage IV at 14 °-15 0c. 

Estimated larval density in 1977 samples declined with each 
successive stage. In 1978, stage IV larvae, however, were 
extremely abundant and were observed over a longer time 
period than in 1977. Stage IV larvae composed 52"70 of the 
season total in 1978, but only 4% ofthe 1977 total (Table 1). 
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Table I.-Mean abundance (numbers per 1,000 m' ± 95"70 confi­
dence limits) and percent composition by stage of lobster larvae 
collected off East Beach, Block Island Sound. 

'1977 '1978 

Percent Percent 
Stage Abundance of total Abundance of total 

1.33 ±0.54 59 0.26±0.13 23 
II 0.53 ±0.26 24 0.16±0.1O 14 
III 0.30±0.14 13 0.12±0.07 II 
IV 0.1O±0.06 4 0.59±0.38 52 

Total 2.26±0.83 100 1.13 ±0.48 100 

'107 sampling events 31 May- 2 August 1977). 
'132 sampling events (15 June - 30 August 1978). 

Vertical and Diel Distribution 

Four-way AND V A 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 



T.bk 2.-F.value and mean of larval densities for depth and time of day from 
four-way analysis of variance of lobsler larvae dala collected at stations EB-B 
and EB-C using log .. (n + 1) transformed abundance per 1,000 m'. 

Depth Time of day 

Mean Mean 

Year Stage F·value Surface Bottom F-value Day Night 

, 1977 I 26.41** 0.18 0.08 11.16" 0.09 0.17 

II 38.29" 0.09 0.02 19.53" 0.08 0.03 

III 31.09" 0.07 0.01 10.99" 0.57 0.Q3 

IV 26.75** 0.06 om 1.34 0.04 0.03 

Total 88 .24" 0.28 0.11 1.80 0.19 0.21 

'1978 I 4.28" 0.11 0.07 0.14 0.09 0.08 

11 1.08 0.05 0.04 4.95' 0.06 0.Q3 

III 4.98' 0.05 0.03 1.81 0.04 0.03 

IV 104.39" 0.20 0.Q3 12.83" 0.14 0.08 

Total 67.04" 0.34 0.12 6.50' 0.26 0.20 

'Means significantly different at 9507. level. 
"Mean> significantly different at 99"'0 level. 
' 14 June through 2 August. 
: 15 June through 17 August. 
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Table 3.-F-.. alue and mea. of larval dellSilies 
for time of day from Ihree-way analysis of 
.. ariance using log,.(n + I) lransfonaed aban-
danee per 1,000 m'. 

Mean 

Year Stage F-value Day Night 

' 1977 2.18 0.26 0.23 

11 32.78·· 0 .19 0.11 

III 17.54·' 0.13 0.08 

IV 1.10 0.06 0.05 

Total 17.01" 0.41 0.32 

' 1978 0. 13 0.10 0.11 

11 4.02' 0.08 0.06 

III 0.03 0.06 0.06 

IV 23.19" 0.06 0.14 

Total 15.37" 0.39 0.28 

'Means significantly different at 9507. level. 
"Means significantly different at 9907. level. 
' 14 June through 2 August. 
' 15 June through 17 August. 

larval densities were noted however in some near-bottom 
samples (Fig. 4). Day-night differences show no consistent 
pattern at these stations (Table 2). 

When surface density at all four stations was compared 
using three-way ANOVA (Table 3), daytime density was 
significantly greater than night abundance for all stages 
combined . For the individual stages where significant dif­
ferences were noted, day abundances were consistently higher 
(Table 3) . 

Geographical Distribution 

Average surface abundance in 1977 and 1978 was greatest 
at the offshore stations for stages I-III; and was approximately 
equal (1977) or greater (1978) at inshore stations for stage 
IV larvae as indicated by three-way ANOVA (Fig. 5). Dis­
tribution of stage IV larvae was patchy, with 41070 of all stage 
IV larvae collected in two samples from EB-A and EB-B in 
1978. 

The 1979 study was designed to examine broader geographic 
distribution of lobster larvae in Block Island Sound. The mean 
abundance of stage I lobster larvae in this study was generally 
higher along the Point Judith transect and decreased succes­
sively along each of the western transects (Fig. 6, Table 4). 

A one-way ANOV A indicated that mean density of stage I 
larvae was significantly different between stations at the 95070 
level (F = 2.78, df = II, 108). Station abundance means 
were ranked and a Student-Newman-Keuls test performed to 
determine significant groups. Abundance of stage I larvae was 
significantly higher at stations in the eastern end of Block 
Island Sound and at the offshore station EB-E. From I to II 
June (the last sampling date) the proportion of later stage 
larvae steadily increased along all transects. Because sampling 
was terminated in 1979 before the later stages would normally 
peak, no further conclusions can be drawn with respect to 
their distribution. However, the proportion of older larvae 
was greater along western transects while the proportion of 
stage I larvae remained higher along the eastern transects 
(Table 4). 
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Table 4.-Mean density and standard deviation per 1,000 m' of lobster 
larvae by stage colle.:ted along four transects in Block Island Sound 
during May and June 1979. 

Stage 

II III IV 

Transect Mean SO Mean SO Mean SO Mean SO 

Weekapaug 2.9 3.3 1.5 2.2 0.1 0.3 0 0 
East Beach 4.9 7.2 1.6 2.3 0.4 0.8 0 0 
Nebraska 

Shoals 7.7 8.3 1.3 1.8 0.2 0.4 0 0 
Point Judith 16.4 23 .6 2.0 4.1 0.5 1.0 0 0 

Observations on surface current patterns indicate westward 
surface currents from the Point Judith area (Fig. 7), suggest­
ing tramport of larvae to the west. 

Production 

Relative production for the 1977 and 1978 seasons was de­
termined using the method of Scarratt (1964). Weekly produc­
tion was dilided by the time between molt s (Templeman 1936) 
for each stage at the corresponding mean surface temperature 
for that week. Weekly production estimates were then su mmed 
to estimat e relative seasonal production. The estimated 
seasonal production of lobster larvae in 1977 was threefold 
higher than the 1978 production estimate (Table 5). There was 
an exponential decrease in production from stages 1 and IV in 
1977. Stage 11 abundance was 40070 of stage I; stage II was 57f170 
of II; and stage IV as 33f170 of III. A similar pattern was ob­
\L'ned for stages I, II, and III in 1978. However, in 1978, stage 
I V production exceeded that of stages II and III. 

DISCUSSION 

Lobster lan'ae in Block Island Sound were abundant in 
the plankt on for a relatively short period in June and JUly. 
Obsenation of stage I lobster larvae in late Mayor early June 
is an indication o f recent hatching . Since the duration of stage 
I is approximately I to 5 d (Herrick 1911), fir st hatching oc­
curred off East Beach in mid to late May during 1977-79. The 
duration of hat ching activity was about 8 to 9 wk based on 
the occurrence o f stage I larvae in the water column. Peak 
hat ching apparently occurred in mid to late June in 1977-79. 

Herrick (1911) observed that hatching was triggered by 
ri,ing temperatures. The bottom temperature when larvae 
were first ob\ened off East Beach was 13.3 °C in 1977, 13 .6 °C 
in 1978. and 12.6°C in 1979. Peak abundance of stage I larvae 
o..:..:urred in early June in 1977 and 1979 and in early July in 
197M. This rellects a later warming trend in 1978 . In 1977 and 
1979, bottom temperatures at EB-B had reached 12 °C by 
about 20 \1ay; in 1978. water temperatures did not reach this 
klc!until JO l\lay. Bottom temperatures during periods of ap­
parent maximum hatching were approximately 14 °- 18 0c. 
Peak lls'currelll:e of stage 1 larvae was observed at tempera­
t ures of I) ': ·15 0(' in J\·laine by Sherman and Lewis (1967) . In­
tensil e hatching was observed in Martha's Vineyard at tem­
peratures of 15 0·20 °C by Hughes and Matthiessen (1962). 
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Hatching was apparently complete by early August in both 
1977 and 1978. Stage IV l;~vae were observed from mid-June 
until the last week of August in 1978, but only from late June 
until the first week of August 1977. 

Templeman (1939), Scarratt (1973), and Sherman and Lewis 
(1967) observed highest surface concentrations of lobster 
larvae during daylight. Our results generally confirm these 
observations. On occasion, considerable numbers of stage I 
larvae were caught in near-bottom waters during both day and 
night. 

The distribution of lobster larvae observed in 1977 and 
1978 suggests a hatching area near stations EB-C and EB-D. 
Larvae which hatch in this area may be transported westward 
and collected at stations EB-C and EB-D. 

Currents in Block Island Sound are primarily tidal, with 
eccentric elliptic patterns generally parallel to the shore (east­
west) . Velocities are moderate to strong (0.15 to 0.30 m/s). 
Residual drift is strongly influenced by local winds with strong 
seasonal variability (Snooks and Jacobson footnote 5). Sur­
face drifters released at stations off East Beach and other 
Block Island stations in July 1977 were all recovered along 
the mainland shore to the west of the release point except for 
those released just off Block Island; some of these were re­
covered off Block Island and Long Island (Fig. 7). 

The 1979 study was designed to identify hatching sites in 
Block Island Sound and their potential contribution to lobster 
populations off East Beach. However, the 1979 results are of 
limited use in identifying hatching areas because the sampling 
period was abbreviated. Nevertheless, several factors point 
to a major hatching area near Point Judith. Surface drifters 
indicate transport to the west during summer. Stage I larvae 
were more abundant in this area (P J and NS transects) . The 
proportion of stage I larvae was highest along these transects, 
with higher proportions of stage II and III larvae observed at 
more westerly transects. 

A summary of observations on lobster larvae for 1976 
through 1979 off East Beach in Block Island Sound is pre­
sented in Table 6 . The time of peak abundance was later in 
1978, reflecting a slower rise in bottom temperature. Average 
surface abundance of larvae at its maximum showed consider­
able variability, even allowing a factor of two to four for total 
difference in abundance estimates between neuston and 
Tucker net samples (Bibb et al. 1983). Abundance of lobster 
larvae for all stages was higher at offshore stations in 1977. 
In 1978, stage I through III larvae maintained this pattern, 
but stage IV larvae were more abundant inshore. In 1976, all 
stages were more abundant at the inshore station. The high 
abundance of stage IV larvae in 1978 is perhaps the most re­
markable difference among the years of observations, possibly 
resulting from transport from adjacent areas or differences in 
survival or sampling efficiency. 

ACKNOWLEDGMENTS 

The authors wish to thank Michael Fogarty for loaning 
the neuston nets; John H. Snooks, Yankee Atomic Electric 
Company, for providing the temperature and drifter data; and 
Mark Ciano, Robert E. Walsh, Warren Johns, Abigail Raine, 
and the crew of the MV Strider for their contributions to the 
study. Funding was provided by New England Power Com­
pany, Contract No. 24146 to Raytheon Ocean Systems Com­
pany, Portsmouth, R.t. 



5' 

15' 

5' 

~
AS 

WEEKAPA BE 
PT 

• 15' 

Figure 7.-Surface drifter release and recovery points in May and June 1979 in Block Island Sound. 

21 



Table S.-Seasonal production 

(number ~r 1.000 m' ~r 

snson) of lobsler larvae col­
lecled off Easl Bnch cakulaled 

using lechnique of Scarrall 
(1964). 

Year 

Stage 1977 1978 

22.8 4 .7 

II 4. 8 1.7 

III 2.0 1.3 
IV 0 .4 2.3 

Total 30.0 10.0 

Ta ble 6. - Comparison of lobsler larvae obsen'ations from 1976 Ihrough 1979 
along a transect in Block Island Sound. 
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Distribution, Relative Abundance, and Seasonal 
Production of American Lobster, Homarus americanus, 

Larvae in Block Island Sound in 1978 

MICHAEL J. FOGARTY,' MARTIN A. HYMAN/ GEORGE F. JOHNSON,3 
and CLEMENT A. GRISCOM' 

ABSTRACT 

Neuston samples were collected at eight station siles in Block Island Sound at approximately weekly 
intervals from 3 May through I September 1978, and sorted for lobster (Homarus americanus) larvae. Larvae 
were collected between 1 June and 22 August. Fourth stage larvae were numerically dominant, comprising 63"70 
of the 1,030 larvae collected in this survey. Total production of stage I larvae in Rhode Island Statistical Area 4 
estimated from survey data was 2.514 x 10' larvae. A minimum estimate of potential stage I production in Area 
4 based on population size determined by cohort analysis and relative population fecundity indicated that at least 
3.232 X 10' larvae could have been produced. Stepwise multiple regression analysis of hydrographic and 
climatological variables on total larval densily demonstrated that water temperature and wind velocity 
explained 61.5"70 of the observed variance. 

INTRODUCTION 

The American lobster, Homarus american LIS, is among the 
most valuable commercially exploited species in Rhode Island. 
Preliminary commercial landings in 1980 were 1,100 t with an 
estimated value of $5.6 million. Due to the importance of this 
species to the economy of Rhode Island, investigations into 
several aspects of lobster population dynamics were initiated in 
1974. These studies provided information on growth and 
mortality (Russell et al. '), local movements and migratory 
behavior (Fogarty et al. 1980), gear selectivity (Fogarty and 
Borden 1980), trawl induced injury and mortality (Ganz'), and 
commercial catch statistics (Simon'). 

Despite the recent attention devoted to the behavior, ecolo­
gy, and population biology of juvenile and adult American lob­
ster, relatively little is known of the pelagic larval stages. The 
present study was designed to investigate the seasonal and 
spatial distribution of lobster larvae in Block Island Sound. 
We derived a preliminary estimate of larval production in the 

'Rhode Island Depanmem of Environmemal Management, 150 Fowler Street, 
Wickford, R.l.; present address: Northeast Fisheries Center Woods Hole Laboratory, 
National Marine Fisheries Service, NOAA, Woods Hole, MA 02543. 

'Graduate School of Oceanography, Division of Marine Resources, University of 
Rhode Island, Narragansett, R.l.; present address: Graduate School of Oceano­
graphy, Cetacean Turtle Assessment Program, University of Rhode Island. 
Narragansett, RI02882. 

'Graduate School of Oceanography, University of Rhode Island, Narragansett, 
R.l.; present address: Manin Marietta Corp., 1450 South Rolling Road, Baltimore, 
MD21227. 

'Graduate School of Oceanography, Division of Marine Resources, University of 
Rhode Island, Narragansett, RI 02882. 

'Russell, H. J., D. V. D. Borden, and M. J. Fogarty. 1978. Management 
studies of inshore lobster resources. Final report. State-Federal Lobster Manage­
ment Program Contract No. 03-4-043-360, 78 p. 

'Ganz, A. R. 1979. Evaluation of otter trawl induced lobster damage. Final 
report. Commercial Fisheries Research and Development Act Contract No. 
04-7-043-44041,23 p. 

'Simon. B. M. 1980. Lobster logbook and statistical analysis. Segment report. 
Commercial Fisheries Research and Development Act Contract 04-78-DOI-RIB-B. 
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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 aL footnote 5), and relative 
population fecundity (Saila 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 Island Sound (Fig. 1) and sorted for lobster larvae. 
Replicate samples were collected with paired neuston nets (l 
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, 
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Figure I.-Location of sample sites in Block Island Sound, 1978. Shaded area 
indicates Rhode Island Statistical Area 4. 



tows were shortened. All samples were collected during day­
light between 0800 and 1600 h since previous investigations 
demonstrated that larval abundance is highest at the surface 
during daylight (Templeman 1937; Templeman and Tibbo 
1945; Scarratt 1973). The distance covered by the vessel during 
each tow was determined from loran-C coordinates recorded 
to the nearest O.I/-ls at the start and end of each tow. Surface 
water temperature was recorded at each station. 

Nets were washed down with seawater after each tow to 
maintain a standard filtration efficiency. Samples were rinsed 
in seawater, strained using a 505 /-l mesh screen, and placed 
in buffered 10070 Formalin. 8 Samples were sorted for decapod 
larvae and fish eggs and larvae in the laboratory. All lobster 
lanae were removed and identified to stage (Herrick 1911) 
using a di ssecting microscope equipped with an ocular micro­
meter. Since fourth and fifth stage larvae are best differenti­
ated by size (Herrick 1911), larvae identified as fourth stage 
were measured (total length) to the nearest millimeter and 
compared with published records of length of stage IV larvae. 
Larval density estimates were derived using /l-distribution 
theory (Aitchison 1955; Aitchison and Brown 1957), a tech­
nique in which survey data are classified into zero and non­
zero catch values. The conditional distribution of the non-zero 
dass is assumed to be log-normal. A minimum variance un­
biased c<;timator of the sample mean (Aitchison 1955) is: 

c = !!! eY tpm(s'/2) 
n 

\\her,: 11/ is the number of non-zero observations. n is the total 
number of observations, Y and s' are the mean and variance of 
the log transformed non-zero observations and tpm (Aitchison 
1955) is given by: 

H _ 1 00 (n _ I) '.1_ I (.I 
+ u.=..i. ( + L 

n j=2 n '(n+l)(n+3) . . . (n+2j-3) j! 
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Density estimates for each stage were corrected for stage 
duration by dividing by de'ielopment time at prevailing water 
temperatures (Templeman 1937) for each sample period. Daily 
production estimates were summed over the entire sampling 
season to provide an estimate of annual larval production per 
1,000m'. 

RESULTS AND DISCUSSION 

Seasonal Distribution 

Due to the relatively short duration of the first larval stage, 
the occurrence of stage I lobster larvae is indicative of recent 
hatching activity. We initially noted stage I larvae on 1 June 
and first stage larvae were observed through the beginning of 
August, indicating that the hatching period in 1978 spanned 
approximately 2 mo (Fig. 2). Peak abundance of first stage 
larvae occurred in late June at a mean density of 1O.82larvael 
1,000 m'. The mean seasonal density of stage I larvae was 
1.98/1,000 m'. 

Second and third stage larvae were first observed in the 20 
June collections and the highest densities for both stages were 
noted in samples collected in late June (Fig. 2). Stage II larvae 
were collected through the end of July while third stage larvae 
were observed through mid-August. The mean seasonal den­
sity was 3. 11 / 1,000 m' and 1.8011,000 m' for second and 
third stage larvae, respectively. 

Fourth stage larvae were initially collected in the 27 June 
samples and were dominant for the remainder of the season. 
The highest mean weekly density of stage IV larvae (26.08/ 
1,000 m' ) was noted in mid-July and fourth stage larvae were 
collected through the end of August (Fig. 2). Of the 1,030 
larvae collected during this survey, 645 (62.6070) were fourth 
stage. In contrast, the first through third larval stages com­
prised 12.3070, 14.1070, and 10.9070 of the samples, respectively. 
The dominance of fourth stage larvae is particularly striking 
since previous investigators observed relatively low densities 
for this stage (Templeman 1937; Templeman and Tibbo 1945; 
Scarratt 1964, 1973; Sherman and Lewis 1967). Bibb et al. 
(1983) also noted a high proportion (52070) of stage IV larvae in 
1978 in Block Island Sound, in marked contrast to their 1977 

5 12 21 28 

JULY 
11 15 15 

AUG 
I 

SEPT 

F".~ 2. - Dmsil, (110.11,_ m'l of sla.I-IV Iobsler Ia",_ d.ria._plJaa period (I Ma, I!lro .... Se,Ie.ber). 

24 



'1 ~ in tvlricb stage IV larvae composed 4070 of the total 
larvae obtained. 

'.'. High stage tV densities may be due to transport into the 
.stUdy uea or differential catchability. Phototropic responses 

. differ among larval stages (Hadley 1908; Templeman and 
Tibbo 1945; Ennis 1975) with first and fourth stage larvae 
being most strongly phototactic, indicating that these stages 
may be more vulnerable to surface gear. Since previous re­
searchers, using similar gear, obtained relatively low stage IV 
densities, it is unlikely that differences in catchability alone 
are sufficient to explain the high abundance of fourth stage 
larvae in our samples. 

100 

50 

10 

5 

LARVAL STAGE 

I 

012345 

Figure 3.-Frequency distribution of lobster larval catch densities (no.ll,OOO m') 
and distribution of 101le transformed catch densities (zero catches excluded). 
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Conditional distribution of the non-zero catches was 
approximately log-normal for each larval stage (Fig. 3). Con­
tagious distribution patterns have been consistly noted in 
larval lobster sampling programs (see reviews by Fair 1980 and 
Stasko 1980). Patch size dimensions are not generally known, 
however no significant differences in catch between paired 
neuston nets separated by ~ IS m were observed (Wilcoxon 
paired rank sum test; P>O.OS). 

Comparisons between larval catches at each of the eight 
stations (Table I) indicated no significant differences among 
stations for stages I-III (Kruskal-Wallis test; P>O.OS). The 
lack of significant differences in stage I densities between 
stations does not permit inference regarding possible spawning 
locations; however, the area surveyed was relatively small and 
transport of larvae with prevailing currents may have ob­
scurred source areas. Significant differences (P<O.OOS) were 
noted, however, between stations 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 1), 
however, relatively high stage IV density was noted at station 1 
in the eastern section of the survey area. 

Table I.-Mean larval densities (no.lI,OOO m') for 
stages I-IV over the entire sampling season. 

Larval stage 

Station II III IV 

I 2.208 4.197 2.560 9.852 
2 1.071 2.456 1.995 2.242 

0.559 0.938 0.331 0.891 
4 3.585 9.339 2.099 0.699 

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 

Seasonal Production 

Seasonal production curves were 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 larvael 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 
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 
which considerably exceeded our estimates. 

Stage I density was expanded to provide an estimate of 
2.S14 x 106 stage I larvae produced in Rhode Island Statistical 
Area 4 (Fig. I). The statistical area encompasses 16S.01 km' 
and it was assumed that larvae were confined to the upper O.S 
m of the water column. The stage I total production estimate 
was corrected for an instantaneous daily mortality rate of 
Z = O.OSO derived by regressing loge transformed production 
of stages I-III on the weighted mean duration (days) of each 
stage. Due to the many variables influencing the catchability 



3.0 

2.0 

1.0 

0 

3.0 

Z 
2.0 0 

t-
U 1.0 
::> 
0 0 0 
a:: 1.0 a.. 

r 
.....J 0.5 -
<t 
0 

0 
1.5 

1.0 

0.5 

0 
JUNE 

LARVAL STAGE 

I 

n 

JULY AUG 

of lobster larvae, this must be considered a pretimiilary 
estimate. 

For comparative purposes, a minimum estimate of potentia! 
stage I production in Statistical Area 4 was derived using pop­
ulation size determined by cohort analysis (Jones 1974), size 
at sexual maturity (Russell et al. footnote 5), and fecundity 
(Saila et al. 1969). Commercial catch data (B. Simon9

) for Sep­
tember 1977 to 30 July 1978 were employed in this analysis; 
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=O.02502 CL2M647 

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 < IlIJo of the 68-77 mm CL 
female size class in research catches. The expanded survey 
estimate of stage I production apparently underestimated 
potential production by an order of magnitude. Nichols and 
Lawton (1978) noted discrepancies between estimated larval 
density of H. gammarus and potential production. Larvae are 
not entirely confined to the surface layer (Scarratt 1973) 
accounting, in part, for this discrepancy. The contagious 
distribution pattern and behavioral responses to environ­
mental conditions (light intensity, wind factors, etc.) which 
alter availability compound the difficulty in estimating larval 
abundance. 

Environmental Effects 

The influence of several hydrographic and ,climatological 
factors on larval density was examined using stepwise multiple 

hllur. 4.-Uail) production (no.l I.OOO m', eSlimales of slage I·IV lobsler larvae 
durinK period of larval occurrence (I June·22 AugusU. 

°B. Simon, Rhode Island Depanment of Environmental Management, 150 
Fo\\ ler SI . . Wickford. RI 02852. pers. commun. 

I ablt 2.-Arbilrar) sile classes (carapace lenglh, mm'; proportion of each size class, proportion female, and proportion ovigerous in 
"·...,arch catches; estimaled number of females in commercial calch from I Seplember 1977 10 30 July 1978 in statistical area 4; popu­
lalion .in of females ba....,d on cohort analysis; estimaled numbers of ovigerous females in populalion; and average fecundity. 

Sill,: Prnporllon 0 f Proponion Proponion Est. no. females Est. no. females Average 
~ I a ...... (all..:h female ' o,ig~rous ' in calch in population' No. spawners fecundity' 

>X·X7 U.H2.1 U.529 0.073 24.421 33,683 2,459 7,581 
XX ·W . 162 ~n .143 4.938 6.282 898 10,142 
11.l-II~ .011 .444 .375 285 658 247 14,866 
" II ~ Ill)..l .750 .J33 175 266 89 20,473 

t(1I .... l· 11 l" al. O~\I t ()~.) lnOIC 5) . 
' l'~r3m<l<r' flH .. ohort anal)"'~' by knglh Ilroups(Jones 1974): K = 0.0966. L_ = 1114.58. M = 0.15, F, = 1.2 (Russellel aI . tUI foot-

' A'<r~~< I",undll~ for <ach ,i/~ .:las, using mean carapace length of each group and fecundily relalionship of Saila el aI. (1969). 
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regression; Independent variables included mean weekly water 
temperature, mean wind speed and direction on the sampling 
date, and wind speed and direction averaged over the sampling 
date and the previous 2 d. Wind direction was treated as 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.1. 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 61.5070 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 . 

Table 3.-Coefficients and associated standard errors (St:). 
F ratios (df = 2.9). and multiple correlation coefficients (H) for 
stepwise regression model relating larval density to wind speed 
and temperature. 

Variable Coefficient SE F R 

Wind speed 3.0907 0.8507 13.199" 0.649 
Temperature 5.4328 2.5675 4.477' .783 
(Constant) - 19.6808 

"Significant at P<O.OI. 
'Significant at P< 0.05. 

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 3.0070 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 
catches 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 
reflects the increasing contribution of fourth stage larvae later 
in the season when water temperatures were also increasing. 
Lobster larvae were collected in surface water temperatures 
ranging from 13° to 25°C. Modal temperatures at peak larval 
densities for stages I and II were 14 °-16 °C and l7 °C for third 
stage larvae (Fig. 6) . Stage IV larvae were abundant at surface 
water temperatures over l7°C. Lund and Stewart (1970) 
collected lobster larvae in surface waters ranging from 12.5 ° to 
28.5°C in Long Island Sound. Surface water temperatures 
ranged from 13.7° to 15°C during peak larval concentrations 
in the Gulf of Maine (Sherman and Lewis 1967). 
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Figure S.-Vector plot of wind-induced surface drift during 20 June-28 July 1978. 
Circled figures represent larval densities on sampling dates. Dates provided at Sod 
intervals for reference. 

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 

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 ra tes 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 106 larvae based on expansion 
of corrected larval densities. A minimum estimate of hypo­
theticallarval production based on population size determined 
by cohort analysis, sex ratio, maturity, and fecundity indicated 
that at least 3.323 x 107 larvae could have been produced. 
Nichols and Lawton (1978) reported similar underestimates of 
larval production of Homarus american us 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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Distribution and Abundance of Larval Lobsters 
(Homarus americanus) in Buzzards Bay, 

Massachusetts, During 1976-79 

FRED E. LUX, GEORGE F. KELLY, and CHARLES L. WHEELER' 

ABSTRACT 

In 280 neuston tows during 1976·79 in Buzzards Bay, Mass., 16,679 larval lobsters (stages I-IV) were 
collected. The larvae began to appear in catches in late May in each year, reached peak numbers in mid-June, and 
disappeared from the plankton by early August. The bottom temperature was approximately IJ °C when larvae 
first were caught and about 17°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 were obtained on 18 June 1979 
when 6,746 larvae were caught in five O.S-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 of larval lobsters. 

INTRODUCTION 

The National Marine Fisheries Service (NMFS) at Woods 
Hole began sampling planktonic larval stages of lobsters 
(Homarus american us) in Buzzards Bay, Mass., in May 1976. 
This effort has continued each year with sampling beginning in 
early May prior to the hatching of lobster eggs and ending in 
early August after the larvae have settled out of the plankton. 
The survey was begun as part of a joint study with the 
Massachusetts Division of Marine Fisheries of the distribution 
and abundance of lobster larvae in Cape Cod Bay, the Cape 
Cod Canal, and Buzzards Bay. We sampled the middle section 
of Buzzards Bay (Fig. I). This paper reports the results from 
this work in 1976-79. A general summary of information on 
distribution and abundance of lobster larvae has been pre­
pared by Fogarty (1983) and therefore is omitted here. 

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

The bay, which lies entirely within Massachusetts territorial 
waters, is closed by State law to fishing with trawls or nets. 
There are, however, active commercial and recreational trap 
fisheries for lobsters from spring to late fall. Lobsters < 81 mm 
carapace length and all ovigerous females must be returned to 
the water. Precise lobster landings from Buzzards Bay are not 
known, although catch reports filed to the State by lobster 
fishermen indicate that an estimated 500 tons may be landed 
per year (Beals et al. '). 

'Northeast Fisheries Center Woods Hole Laboratory, National Marine Fish· 
eries Service, NOAA, Woods Hole, MA 02543. 

'Beals, R. W., C. J. Kilbride, and O. M. Nash. 1978. 1977 Massachusetts 
coastal lobster fishery statistics. Mass. Div. Mar. Fish. Tech. Ser. 13, 19 p. 
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METHODS 

Numerous reports have demonstrated that planktonic 
lobster larvae are positively phototactic and are found at or 
near the water surface during daylight (Fogarty 1983). There­
fore a neuston net (I 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 0 f a 12 m research vessel. Tows were made in a 
straight line \Iith 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. TOIling speed in 1976, based on dis­
tance covered, was estimated at 4.6-5.6 km/h (2.5-3.0 kn) and 

CAPE 

Figure I.-Sampling stations for neuston tows in Buzzards Bay, Mass., 1976-79. In 
1976, stations A-D (upper transect) were sampled; in 1977-79, stations 1-6 (lower 
and upper transects) were sampled. 



6.0 km h 13.25 kn) a~ determined by electronic log during 
1977·79. 

E\cept I\here there was significant net clogging, the tows 
were 0.5 h in duration. At 6 km/h the estimated surface area 
sampled in a 0.5·h tow was 6.000 m'. and the estimated 
lolumc of I\atcr filtered was 3,000 m'. assuming that the net 
sampled a ,urface layer of I\ater 0.5 m deep. At the lower 
lOll ing ,peed\ used in 1976 the estimated volume filtered in a 
0.5 h tOI\ ranged from 2.200 to 2.750 m'. The volume actually 
liltered may lary considerably depending on depth of the 
net in the I\ater. extent of clogging. and the amount of wind 
alld Ilale action (Scarratt 1973). The water lolumes filtered 
that lIe hale used therefore mu,t be considered approximate. 

\\here net clugging occurred due to algal blooms or concen­
Ir~l!lllns ul cteTlllphores the lolume filtered lIas reduced. Tows 
III Ilhidl cklgging lIas apparent Ilere abbreliated. Clogging 
"llell occurred Irom mid·July to early August. affecting 
.IPr'lll'.IIll~l!ell 10"0 of the tOIl, in a sea,on. 

\t Illc' I..lll11rletion of each tOIl the c'atch lIas removed from 
Ihe c'lld cnd and tloating algae and eelgra,s Ilere rinsed free 
,,( llrg~trlisnb ~lfld discarded. The catch then Ila, ,trained Ilith 
d sine, rl.lccd in FIT,. and rre,ened in 2U'0 formaldehyde; 
l\lhslLT IMldC' \\c'rc' "Ilrh:d in Ihc laboratl)fl. 

\\ c',lillcr I'e:rlllilling. all ,tation, Ilere ,alllrled once each 
\\c·d dUIIIl;,' \Lil·\u;,'usl. In 1977·79 \\c salllrkd si\ statiollS 
III 1\\\' Ir.llbc·,I., e:dc'll 01 Ilhidl II~h 9 Islll in kngth (Fig. I). In 
I\rh lIe: s.lllll,kd \'111) the c'asternnw,t Ir~lnsee:t. IIhich III.' 
dll I,!c:d illill ('llir st~liiun' (Fig. I). Samrling began at aprrll\i· 
111.llc'lI I)SIW) hilS T) and lIa, l..·l)lllrk[ed bl about 1400 h. On 
\'Ilc' (\,,·,Isillil. In IY"'I). IlL' salllrkd during carll clenillg hour, 
~lIld ,iller d~II" 

SUlh,,' 11~lIc'l IClllpL'Taturc Ila' rccorded [0 the neare,t 
D.I C at [he beginning of each tow, using a mercury thermom· 
,'ILT Surlace tu buttom temperatures were obtained with an 
d,'c"lrl,nIC prube in 1977 and part of 1978. Wind and cloud 
,\ 1\ C'I \ d1'L'i1 .I11"ns II ere Illlh:d un each tUII Illg. 

RFSlLTS 

(h,'1 Illl' 4 II '.II11pkd. 11).6791.11'1.11 luh'[LTs lIere caught, 
,lIl'I,IC:lllg ~" I.I)(W) Ill' III 11~liel IdtcrL'd (Tahk I). NUlllher, 
,J! 1,111,1,' 1,III"d cllnsldL'r~lbl) Irl'lll )ear III year lIith tllla" 

ranging from 1,284 in 1976, when there were fewer stations, 
to 10,303 in 1979. 

There was a marked variation also in the composition of the 
catch by stage of development, both within and between years 
(Table I). Stage II predominated in 1976 and 1977; stage IV, 
in 1978; and stage Ill, in 1979. The large numbers of stage 
IV larvae in most years seemed unusual, even though the 
longer duration of this stage increases the chance of capture. 
In 1978, when this was most pronounced, there were more 
than twice as many stage IV larvae as the other stages 
combined (Table I). . 

Estimates of the abundance of larvae by sampling date for 
all stations combined in each year (Fig. 2) indicate that the 
larvae began 10 appear in the catch in the latter half of May, 
reached peak numbers in mid to late June, and had completed 
pelagic stages by early August. The surface water temperature 
when larvae first were caught was about 13°-15°C; the tem­
perature at the bottom usually was I ° or 2 ° lower than at the 
surface (Fig. 2). The temperature at the peak of larval produc­
tion was about 19°C at the surface and l7°C at the bottom. 
These temperatures for initiation of hatching and peak of 
larval production agree rather closely with the findings of 
Hughes and Matthiessen (1962). Water temperatures as high 
as about 24°C at the surface were recorded in July and early 
August (Fig. 2). 

There was no consistent pattern in total abundance by sta­
tion. although the largest catches generally were made at 
station 3 (Fig. I). The water temperature was higher by about 
I o·2°C at stations 4·6 (A·D), where the depth was 10-12 m, 
than at stations 1·3, where the depth was about 15 m, but it 
was not clear if these temperature or depth differences 
affected lanai abundance. 

The high numbers of larvae caught in 1979 were due largely 
to catches on one sampling date (18 June) when 6,746 larvae 
were caught in the five tows (Table I). The mean total catch 
per 1.000 m' of water filtered for 18 June was 450 larvae (Fig. 
2). The year 1979 was, however, one of generally high larval 
abundance in Buzzards Bay (Fig. 2). 

The abundance of lobster larvae by developmental stage for 
each year and sampling date show the general progression of 
stage, through the hatching season (Fig. 3). The abundance 
of ,tage I larvae usually peaked around mid-June and stage 
IV peaked in late June. Larvae were caught from late May to 

rabt~ I.-Iolal number. of 10"'. number. of lo"s conlaining tanallobslers, lolal numbers of 
lob,ler [an ac "f u,'h 'laKc. mean lolat numbers per 1,000 m', and percentage frequency by stage 
I in parenlhews) for BULLards Ba~ neuslon sampling in 1976-79 and all years combined. 

'umber llf lOw'" 
Number 

With Numbers of larvae of each stage 
TOlat pcr 

'tt:ar T"la[ lar\dC: It ttl IV number t,OOO m' 

1'1'" 5U .': 433 484 290 77 t,284 10.1 
(n?) (37.7) (22.6) (6.0) (100.0) 

['1'~ KO </l 706 1.064 759 932 3,461 t8.8 
(20.4) (30.8) (21.9) (26.9) (tOO.O) 

I ",,~ 6:! oil 90 !O3 243 t,t95 t.631 9.6 
155) (6.3) (14.9) (73.3) (100.0) 

1'1'" XH <I> 2,-113 2,640 3,962 t.288 10,303 43.7 
(23.-1) (25.6) (38.5) (12.5) (100.0) 

-\11 'tc'U' ~KO [H5 3.642 4,29[ 5,254 3.492 t6.679 23.3 
(2U) (257) (31.5) (2t.0) (100.0) 
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early August, encompassing a period of about II or 12 wk. 
Generally there was a small peak in abundance of stage I 
larvae in late May and well before the seasonal peak in mid­
June (Fig. 3); this has been noted previously by Collings et 
al. J in the northeastern part of Buzzards Bay. 

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

In order to examine day-night differences in the larval 
catch, we made three daylight and three night tows on the 
evening of 9 June 1976 at stations B, C, and D (Fig. I). Only 
the first three larval stages were caught (Fig. 4). Station B, 
1820-1850 h EST, yielded 257 larvae, the largest catch of the 
1976 season . At station C, 1855-1925 h, 113 larvae were 
caught, and at station D, 1930-2000 h, 31 larvae were taken. 
These were the three daylight tows, although the light was 
fading through the last two of these. Sunset occurred at 1921 
h. For the night tows the times and catches were: station D, 
2025-2055 h, 45 larvae; station C, 2100-2130 h, 28 larvae; and 
station B, 2135-2205 h, 17 larvae. Catch dropped rapidly as 
the light level decreased. Further, the catch composition by 
stage changed greatly, with stage I larvae dominating during 
daylight and stage III larvae making up much of the catch 
after dark. 

DISCUSSION 

The results from this study and from those of Collings et al. 
(footnote 3), indicate that the numbers of lobster larvae caught 
in Buzzards Bay considerably exceed those caught in other 
New England areas, such as the Maine coast (Sherman and 
Lewis 1967), Cape Cod Bay (Anderson and Scotton4

), Vine­
yard Sound (Herrick 1896), Block Island Sound (Bibb and 
Hersey'), and Long Island Sound (Lund and Steward 1970) . 
Indeed, it appears, when Canadian studies are considered as 
well, that the larvae are at least as numerous here as in any 
other location. 

The abundance of early stage larvae in an area depends in 
part on the numbers of ovigerous lobsters present. Collings et 
al. (footnote 3) indicated that Buzzards Bay lobsters matured 
at a smaller size than those in Cape Cod Bay, presumably due 
to higher water temperatures in the former area. This is consis­
tent with the results of Templeman (1936) who found indica­
tions that lobsters matured at smaller sizes in the warmer 
water areas off Canada than in colder areas . Lobster fisher­
men also have reported a higher proportion of sublegal 

'Collings, w. S .. C. C. Sheehan, S. C. Hughes, and J. L. Buckley. 1980. 
Biological in vestigations relative to the effects of a second electrical generating 
unit upon some of the marine resources of nonhern Buzzards Bay and the 
Cape Cod Canal. Unnumbered report. 423 p., append. Canal Electric Co .. 
Sandwich, MA 02563. 

'Anderson, R. D., and L. N. Scollon. 1978. Marine ecology studies related 
10 operation of Pilgrim Station. Final Rept. July 1969-Dec. 1977. Vol. 1,407 p., 
Vol. 2, 217 p. BoslOn Edison Co., 800 Boylston St., Boston, MA 02199. 

' Bibb, B. G., and R. Hersey. 1979. DiSiribution and abundance of lobster 
larvae in Block Island Sound, 1978 . 1978 Final Rept., Raytheon Environ. and 
Oceanogr. Serv., 89 p. New England Power Co., 20 Turnpike Rd., Westboro, 
MA 01581. 
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Figure 4.-Percent frequenc~' distributions of lobster larval stages caught durina 
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EST at the to" midpoints; numbers above each graph are actual numbers of 
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those after dark. I 

0\ ig~rou\ lob\lcrs in Buzzards Bay than in surrounding 
\\aICr\, po\ .... ibly incrca\ing Ihe larval production. 

In Long Island Sound. where physical conditions are similar 
in many respects to Buzzards Bay, Lund et al.," Smith,' and 
Briggs and l\ 'lu~hacke (1979) found that a high proportion of 
subkgal f~f1lalc lobslers were sexually mature. while in waters 
'lHiI h of Long hland (Brigg\ and Mushacke 1980) this propOI'­
I ion \\ ~L' 10\\ . As Lund and Stewart (1970) reported, large 
llul1lb~r\ of lanai lobslcrs are found in the sound and low 
Jlumb~r\, soulh of Long Island. 

All of Ih~ abovc suggests Ihat conditions are more favorable 
ill BUlLards Bay for the production of larvae than in adja­
C~111 \\alers. This bay, which is shallower than adjacent areas 
and has a slO\\er flushing rate. is warmer from spring to fall 

'l.und. W. A .. Jr., L. L. Siewart, and C. J. Ralhbun . t973. Investigation on 
Ihe lob"er. Complelion Rep!. for Connttlicul Projttt 3·I30-R Comm. Fish. 
Re, . Dne!. A.-I. 105 p. Unlv . Conn., Noank, CT 06340. 

-""11h. I:. \I . 1~77. I."n~ hl~nd Sound l .. b,ler management. Completion 
KepI III' (UlIlle,'III;UI p,,,,,','1 .1·~5J·K·1 ('ulllm. !'i,h. Rc'. Dcve!. A~t. 97 p. 
t ,'lIlI. Dept. Lon ,ron. ProIC':t.. SI~IC Oflkc IIldg., Han ford, (:T 06115 . 

.1allft J.-'IIUIII!wn, by ~~I ..... of lobIter '-"- awpl per 1.0lIl" 
of ".Ift' nh~red for .. h IIIl11p11 .. d.l~ I ... h JftI'. 1976-". 

J2 



\(the season of rapid growth) than either Vineyard Sound 
(Sumner et al. 1911) or Cape Cod Bay (Collings et al. footnote 
3). The high numbers of larvae caught in Buzzards Bay com­
pared with the lower numbers in Vineyard Sound (Herrick 
1896) and in Cape Cod Bay (Anderson and Scotton footnote 
4) support this suggestion. 

The results in several larval lobster studies have shown that 
stage I larvae dominated the catches (Templeman 1937; 
Templeman and Tibbo 1945; Scarratt 1964; Sherman and 
Lewis 1967; Lund and Stewart 1970; Scarratt 1973). The re­
sults from our sampling, however, showed stage 11, 1lI, and IV 
larvae dominating the catch in the 4 yr sampled (Table I, 
Fig. 3), a pattern that was similar to that concurrently ob­
tained by Collings et al. (footnote 3) in northeastern Buzzards 
Bay. Templeman and Tibbo (1945) found that under bright 
sunlight conditions stage 1 and II larvae moved from the sur­
face layer. Scarratt (1973) also found considerable numbers of 
stage I larvae in depths of 0.6-1.2 m on sunny days in the Gulf 
of St. Lawrence. 

Most of our sampling in Buzzards Bay was done under 
sunny conditions, and it is therefore possible that early stage 
larvae were missed due to vertical migration in response to 
light levels. Our data do not cover enough light condit ions, 
however, to draw any conclusions in this regard. 

Another possible factor may be the longer duration of the 
fourth larval stage. Herrick (1896) indicated that stages I and 
II molted within 5 d and stage III molted in 2-8 d . Stage IV 
larvae, however, did not molt for 10-19 d and thus WCfC 

exposed to capture for a longer period . 
Surface drift may also result in dispersal of larvae. Scmratt 

(1964) suggested that the levels of stage I abundance retlectcd 
the location of the parent stock . Drift of the larvae could 
result in a different distribution of stage I relative to stage IV. 

High catches of larval lobsters in this study frequently coin­
cided with high catches of zoea and megalops stages of crabs. 
Similar results were noted by Templeman (1937). Larvae of 
the rock crab, Cancer irrorallls, predomina,cd, howcver larvac 
of green crab, Carcinlls iIloenas, and lady crab, Ova/ipes 
Dcel/o/us, also were frequent components of t he catch. Larvae 
of porcellanid crabs were abundant through much of July 
and into early August. 
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The Spatio-Temporal Distribution of 
American Lobster, Homarus americanus, 

Larvae in the Cape Cod Canal and Approaches 

W. STEPHEN COL LINGS,' CH RISTINE COOPER-SHEEHAN, ' 
SALLY C. HUGHES, ' and JAMES L. BUCKLEY ' 

ABSTRACT 

The spatial and temporal distribution of larval lobsters in northern Buzzards Bay, the Cape Cod Canal , and 
so uthwestern Cape Cod Bay was exa mined during 1976-78. Hatching generally began in la te May when bottom 
water temperatures approximated 10 °C. Most larvae had settled out of the water col umn by mid-A ugust , but 
larvae were occasionall)' collected as late as October . Larvae were co nce ntrated at nea rshore stations by on­
shore winds in Buzzards Bay and Ca pe Cod Ba)' . A hi gher percentage (71 "70) of the total larvae were collected 
when cloud cover was 25 % or less. Larvae were co llected in water ranging in temperature from 10.3 ° to 2S.S °C. 

Salinities ranged from 23.3 to 35.5%
0. Percent stage composition was co mparable with that found in so uthern 

Buzzards Bay. The densit), of lo bster larvae in the Cape Cod Canal was similar at all depths, but larvae were 
associated with the surface water la)er in Buzzards Ba)' a nd Cape Cod Bay. In 1976, 1977, and 1978, an estimated 
13 .5, 26 .0, and 9.2 million larvae, respecti ve l)', were deposited fro m th e Ca pe Cod Canal into Cape Cod Bay. 

INTRODUCTION 

Preliminary larva l lobster distribution studies carried out in 
Cape Cod Bay by the Massachuse tts Di vision of Marine Fi sh­
eries prior to 1974 , and intensive efforts by both the Di visio n 
and a private contractor (Marine Research, Inc.) from 1974 to 
1977, revealed few larvae in Cape Cod Bay. A large commer­
cial fishery exists in Cape Cod Bay and concentrations of egg­
bearing female lobste rs are occasionally observed in the Cape 
Cod Canal and BU Zlards Bay; accordi ngly the poss ible impor­
tance of larval transport to Cape Cod Bay :1 nd the e ffects of an 
additional fossil-fueled electrical generating station on the 
Cape Cod Canal were investigated . A 3-yr study of the spat ial 
and temporal distribution of larva l lobsters in northern Buz­
zards Bay, the Cape Cod Canal, and southwestern Cape Cod 
Bay was initiated in the sp ring of 1976. 

STUDY AREA 

Buzzards Bay is a marine embayment approximately 46 km 
lo ng by 19 km wide (Fig. I) with a maximum depth of 41 m 
and an average depth of II m (Anraku 1964; Gilbert et al. l

). 

In upper Buzzards Bay, the salinit y varies from 26.0 to 
35.5%0 with surface water temperatures ranging from - I ° 
to 28.0 °C and bottom temperatures from - I ° to 25 °C 
(Collings et al. 4). 

' Commonwealth Energy, Canal El ectri c Company, Cranberry Highway, 
Wareham, MA 02571. 

' Massachusells Di vision o f Marine Fi sheries, 100 Cambridge Street, Boston , 
MA02202. 

' Gilbert, T ., A . Clay, and A . Barker. 1973. Site selection and stud y of eco logi­
cal effects of di sposal of dredged materials in Buzzards Bay, Massachusetts. 
Prepared for Department of the Army, New England Division, Corps of En­
gi neers by New England Aquarium under Purchase Order No. DACW 33, 
73-C-0024, 70 p. 

'Collings, W. S., C. C. Sheehan, S. C. Hughes, and J . L. Buckley. 1981. ,he 
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Cape Cod Bay is a nearly circu la r embayment of the Atlan­
tic Ocean with water depths reaching 91.5 m but with an aver­
age depth of 25 m (Parsons 191 8; 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 wit h Buzzards Bay , With a mean tidal range in Cape 
Cod Bay of 2.8 m and of 1. 2 m in Buzzards Bay, the difference 
in phase and amplitude of ,he tid es 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%0 (Collings et al. 
footnote 4), and water temperatures range from - I ° to 25 °C. 
The lack of thermal st ratification in the Canal is due to the 
strong currents and turbulence (Fairbanks et al. ' ). 

METHODS AND MATERIALS 

Neuston samples were collected at 7 st ations during 1976, 16 
in 1977, and 10 in 1978 (Fig. 2). Stations were sampled o n a 
weekly basis from the first week in May until lobster larvae 
were no longer obtained in neuston samples. Factors that pre­
ve nt ed sampling were rough seas and high concentrations of 
ctenophores (Mnemiopsis leidYI) or crab larvae. 

effects of power generat ion on some of the living marine resources of the Cape 
Cod Canal a nd ap proaches. Massachusetts Department of Fisheries, Wildlife, 
and Rec rea tional Vehicles, Di v. Mar. Fish., 100 Cambridge Street, Boston, 
Mass., 212 p. + appendices. 

' Fairbanks, R. B. , W. S. Coll ings, and W . T . Sides. 1971. An assessment of the 
effects of electrical power generation on marine resources in the Cape Cod Canal. 
Mass. Dep. Nat. Resour., Div. Mar. Fish., 48 p. + appendix. 
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Surface tows were made with a I x 2 m neuston net with a 
mesh size of 1.05 mm. All tows were made during daylight 
hours at a speed of 4.6-5.6 km/ h with the top 20 em of the net 
breaking the water surface. Tow duration was 30 min and 
volumetric measurements were calculated from flowmeter 
readings obtained from a General Oceanics· model S 2030 R 
flowmeter in the net mouth. The average volume of water 
strained per tow was 2,793 m 3

• This vo lume 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. Whil e concentrations 
remained high enough in 1977 and 1978 to prevent full 3D-min 
tows, shorter tows were possible at many stations. 

A I x 1.5 m opening and closing Tucker tra,1 I ,\ith 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 0 wire angle, 
presenting an effective opening of 1 m'. The net was towed at 
5.6 km/ h for 20 min. 

A fter completion 0 fa neuston or Tucker t rail I to\\, samples 
were washed into a pair of nesting sieves II ith mesh sizes of 
1.05 mm and 6.35 mm. Sample concentrate lI'as preserved in a 
5070 Formalin-95070 seawater solution buffered with sodium 
borate (Na,B,O· • 10H,0). Samples lIere returned to the lab­
oratory where all lobster larvae II ere removed and staged 
according to the descriptions of Herrick (191 I). 

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

RESULTS AND DISCUSSION 

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/ I ,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 mJ) 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 ~tage I larvae generall y 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 earl ier hatch ing 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 III larvae were usually found in samples by 
the first of June and peaked in mid-June. Fourth stage larvae 
were initially collected by the fir sl week of June, peaked in 
abundance by I July, and could, as in 1978, continue to be col­
Icued into September. 

Larval abundance patterns in th e Cape Cod Canal were 
quite si milar to those found in Buzzards Bay, although a bi-

Table I. - Lobster larval tow data for three areas for 1976·78. 

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

stations of sampled tows with volume larvae density 
Area sampled lOWS (m ') larvae (m') collected (no./ 1,000 m') 

1978 

Buzzards Bay 90 154,858 40 2,56 1 1,563 10.1 
Cape Cod Canal 58 115,972 30 2,686 430 3.7 
Cape Cod Bay 2 34 69,085 17 2,442 liS 1.7 

10 182 339,915 87 2,578 2,108 6.2 

1977 

Buzzards Bay 10 103 257,264 68 2,714 4,035 15.9 
Cape Cod Canal 3 50 88,272 23 2,883 654 7.4 
Cape Cod Bay 36 84,988 23 2,717 672 7.9 

16 189 430,524 114 2,759 5,361 12.5 

1976 

Buzza rds Bay 31 80, 137 15 3,343 687 8.6 
Cape Cod Canal 43 90,353 22 3, 170 1,428 15 .8 
Cape Cod Bay ..!.. 14 35,468 8 3,698 47 1.3 

88 205,958 45 3,314 2,162 10.5 

All years 

Buzzards Bay 10 224 492,259 123 2,739 6,285 12.8 
Cape Cod Canal 3 151 294,597 75 2,889 2,512 8.5 
Cape Cod Bay 84 189,541 49 2,769 834 4.4 

16 459 976,397 247 2,793 9,631 9.9 
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port caused by wind driven current s and generally counter­
clockwise tidal currents in Buzzards Bay (Amaku 1964). The 
presence of both stage I and stage IV larvae at Station K was 
an indication of hatching in the vicin ity of the entrance of 
the Canal and possible recruitment of larvae from an area 
north of the CanaL 

It appeared that onshore winds concentrated lobster larvae 
at nearshore stat ions. This was substantiated by the higher 
densit ies of late stage larvae found in northern Buzzards Bay 
following south west winds and at nearshore stations in Cape 
Cod Bay fo llowing northeast winds. 

Effects of Cloud Cover 

A total of 65.7fJ!0 of our tows was made when cloud cover 
was 25 fJ!0 or less and 71070 of the total larvae were collected 
when cloud cover was minimal (25fJ!0 or less). The average den­
sity of larvae collected under clear skies, hazy, 25% cover, 
50 fJ!0 cover, and 75% cover was 7.3,8.2,7.1,10.5, and 8.4lar­
vael 1,000 m ', respectively . Under completely overcast condi­
tions, the average density decreased dramatically (2.8 larvael 
1,000 m'). Only 6.4% of the larvae collected were obtained 
when cloud cover was 100%. 

Water Temperature, Larval Hatching, 
and lntermolt Periods 

Stage I larvae were collected in Buzzards Bay waters ranging 
in temperature from 14.0° to 25.0 °C. Stages 11 , Ill, and IV 
were collected at temperatures ranging from 16 .5 ° to 25 .5 0C. 
Larvae collected in the Cape Cod Canal were found in water 
ranging in temperature from 12.5 ° to 23.5 °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 23.5 0C. Larvae were col­
lected in Cape Cod Bay at the following surface water temper­
atures: Stage I, 10.3 °-21.1 °C, stage 11, 14.00-20.0°C, stage 111 , 
14.0 0-20.0 °C, and stage IV, 14.5 °-20.5 °C. The highest water 
temperature at which larvae were collected was 25.5 °C and the 
lowest water temperature recorded when larvae were collected 
was 1O.3 °C. 

Estimated average lar val intermolt period was determined 
from the number of days between initial collection of a given 
stage and first collection of the succeedin g stage. Buzzards 
Bay larvae took an average of 23.2 d to molt from stage I into 

stage IV in water temperatures ranging from 14.0 ° to 22.0 °C. 
Templeman (l936b) reported development times of 11-26.5 d 
for larvae to molt into stage IV at this temperature range . 
Cape Cod Canal larvae req uired an average of 25 d to reach 
stage IV 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 
com plete their third molt when held at these temperatures. 
Cape Cod Bay larvae averaged 35 d to molt into '> tage IV at 
10 .3 °-20 °C; predicted development times under laboratory 
conditions were 12-49 d (Templeman 1936b). 

Salinity 

Observed salinities of 23.3 to 35.5 0
/00 were within the toler­

ance range of < 200 /00 to 42.50 /00 (Templeman 1936b; Scarratt 
and Raine 1967; McLeese 1956). 
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Discrete Depth Sampling 

Sixty-six discrete depth tows were 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 5fJ!0 level 
(F = 1.04; df = 3, 9); the probability of capturing larvae was 
uniform at all depths due to mixing in the Canal (Collings 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 
simi lar 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 m'/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 enterjng 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. SCHERER' 

ABSTRACT 

The seasonal occurrence, abundance, and distribution of the larvae of the American lobster, Homarus 
americanus, in Cape Cod Bay were studied over a 3-yr period (1974-76). Although larvae were observed during 
the months of May-September, the great majority were found to occur during June, Jul y, and August. In the 
neuston net collections, mean larval densities for these 3 mo averaged 3.1, 3.2, and 1.6 larvae/ l ,OOO m" respec­
tively. However , densities as high as 62.3 larvae/ l,OOO 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 larvae 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 (Homarus 
american us) 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 fi shery. 

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 valuab le 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 
top edge of the net was held just above the surface by large 

' Marine Research, Inc ., 141 Falmouth Heights Road, Falmouth, lilA 02540. 
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float . Tows we re 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 
2030' flowmeter mounted in the mouth of the net, averaged 
about 3,000 m'/tow. Surface temperature and salinity were 
recorded at each station using a Beckman RS5 -3 sa linometer. 

In 1974 duplicate tows were made irregu larly at variou~ 
stations as time and weather permitted. Single tows were taken 
at each station in 1975 . In 1976 two vessels were used, to\\ing 
in parallel, to collect duplicate tows at each station. 

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 I mm me h Tucker 
net (Tucker 1951; Clarke 1969) with a mouth measuring 2 m x 
2 m. Filtration volumes averaged 3,000-4,000 m'. 

All samples were preserved in 10070 Formalin and returned 
to the laboratory for analysis. Lobster lanae \\ere enumerated 
and staged following Herrick (1911). 

RESULTS 

Seasonal Occurrence and Distribution 

During the 1974-76 sampling seasons, lobster lanae were 
found in Cape Cod Bay as early as 11 !\1a) (19 6) and as late as 
28 September (1975). Stage I lanae \\ere found from II 1a) 

' Reference to trade names does not impl\ cndor emen! b} the at onal 
Marine Fishenes Ser\"lce •• 'OAA 
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ay be exaggerated, however, by the fact that the Bay was 
'ampled 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 ap­
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. 

o pattern was apparent among stage II or stage IV larvae 
(luring these months. In 1974, stage III 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 

as 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 3.1111,000 m', with a standard deviation 
of 5.21. The mean of the variation between tows was 1.44/ 
1,000 m', 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>0.05) 
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<O.OI) 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 (I h after sunset to 1 h before sunrise) sampling within a 
24-h 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 96070 of the larvae captured in the Tucker net 
were stage 1. 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 american us 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 1962). The 
lowest temperature at which hatching was recorded during 
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1951-61 was 12.2°C. ' The occurrence of stage III and IV lana" 
in the 20 June 1974 collections was therefore omev"hat ur­
prising in relation to both the Mas achusett State Lobster 
Hatchery data and observations by Sherman and Lewl (1967) 
and Lund and Stewart (1970) relative to the on et of hatching 
at 13.7°-15.0°C and 14.0 °C in Maine and Connecticut, 
respectively. Surface water temperatures averaged 16.1 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 (MRl'), averaged only 9°C. 
Despite these low temperatures, it was evident from the large 
numbers of stage I larvae, and moderate numbers of stage II, 
in the collections that hatching must have been well underway 
by I 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 5 °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. Station 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 distribu tion of larvae in the Bay at Stations I-IX 
(Fig. 2) and the abundance of larvae at vertical sampling ta­
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 m' /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 m' 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 oay or I UCKer net sampling. Densities for replicate or 
day/ night 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 
t974 sampling program until the latter pan of June since the data collected 
during previous ichthyoplankton surveys of the Ba,' (\lRl 1974; ee footnote 4) 
indicated temperatures of Cape od Bay rarely exceeded IS oC before thl 
time. 

'MRI (Marine Re earch, Inc .) 1974 Cape Cod Ba) tudy Quarterly 
Progress Report, March·May 1974. 6 p. + appendIX. 

'MR I ( larine Research, Inc.) 1975. Cape Cod Ba) tudy Qu rterly 
Progress Report , June-Augu t t975 . 7 p. + append I . 
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· Tlble 4.-Loblter IIrYIe de_tiel (number per 1,000 m') In verticIUy stratified 
Tucker netlllUllples. 

Date 

7 June 

8 June 

10 June 

11 June 

19 June 

23 June 

30 June 

7 July 

8 July 

Mean 

SD 

Time 

1437-1700 

0055-0240 

0310-0500 

1605-1750 

1810-2000 

0425-0615 

0715-0850 

2345-0100 

0135-0355 

1105-1240 

1330-1515 

0215-0410 

0458-0645 

1430-1635 

1700-1835 

0720-1020 

1050-1230 

1940-2135 

2155-2345 

1355-1538 

1605-1740 

0115-0255 

0320·0505 

Surface 

0 1.6 

0.73 4.0 

9.99 27.13 

0.34 0 

0.40 0.62 

0.56 2.69 

0.84 18.50 

49.49 62.29 

1.17 2.16 

0 0.87 

0 2.72 

0 0.55 

2.27 7.95 

0.42 0 

0 0 

0.76 0.79 

0.35 5.49 

0 0 

3.11 5.26 

0 0.32 

0 0 

0 0 

0 0 

3.06 6.21 

10.34 13.87 

Depth (m) 

6 9 12 Mean 

0 0 0 0.32 

0.43 0 0 1.03 

12.30 2.36 3.01 10.96 

0 0 0 0.07 

1.74 1.55 0.50 0.96 

0.33 1.24 0 0.96 

0 0 0 3.87 

10.88 0 0.93 24.72 

0.81 0.59 1.09 1.16 

0.41 3.30 0.33 0.98 

5.09 1.90 0.93 2.13 

0.47 0.91 0.48 0.48 

2.71 3.35 2.21 3.70 

0.41 0 0 0.42 

0 0 0 0 

0 1.03 0 0.52 

1.54 2.72 1.01 2.22 

0 0 0 0 

2.76 1.90 0 2.61 

0.34 0 0 0.13 

0 0.73 0 0.15 

0 0 0 0 

0 0 0 0 

1.75 0.94 0.46 

3.35 1.12 0.79 

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 15°C (Sherman and Lewis 1967) 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-
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easterly direction, i.e., between Stations X and VI and betWttTl 

Stations VI and IV. This might explain why stage III lan'ae 
were 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 al~o 
serve to transport larvae from the northwest ~ection 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, thaI 
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 americanus Milne-Edwards, 

in the Western Inshore Region of 
Cape Cod Bay, Massachusetts 

ROBERT LAWTON,' ELIZABETH KOULOHERAS/ PHILLIPS BRADY,' 
WENDELL SIDES,3 and MANDO BORGATTI' 

ABSTRACT 

Larval lobster (Homarus amer;canus) abundance and distribution in the western inshore region of Cape Cod 
Bay, Mass., from 1974 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 IV than stage I larvae were collected. Densities of 
lobster larvae were similar to levels obtained in several other New England investigations with the notable ex­
ception of Buzzards Bay where hatching was substantially greater. 

INTRODUCTION 

The American lobster, Homarus american us 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 
Phelan·). 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. I) . 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 

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

'Massachusetts Department of Fisheries, Wildlife, and Recreational Vehicles, 
Division of Marine Fisheries, 100 Cambridge 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 SI., Boston, Mass.; present 
address: 114 Gilson St., Scituate, MA 02066. 

'Beals, 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. 15,20 p. 
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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 °C in February to 23 °C in August and 
from - 1 °C in February to 21 °C in September, respectively 
(Lawton et al. 6). 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 35%0, are influenced by both the ocean and, to a lesser 
degree, drainage from watersheds. The overall water move-

'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 1969-December 1977. Vol. I, 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. 



CAPE COD BAY 

LEGEND Figure I.-Lobsler lanae sampling slalions in "eslern Cape Cod 
8a). 197~-77. o NEUSTDN STATIDNS NOS. 7·10 11'741 

6 NEUSTDN STATIONS NOS. 3. 5. '1.12.13111751 

~ -tNEUSTDN STATIDNS A· D 11.7111 

o NEUSTDN STATIDNS NOS. 1· .11.71-11771 

o BOTH NEUSTON AND TUCKER TRAWL STATIONS NOS. 5. &119771 

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 Consultants'). 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. 
Wi/bour and RV 1.1. Sullivan, were employed for surface tow­
ing. Sampling gear consisted of a I m x 2 m neuston net, ap­
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 II Final 
Report. In Forecasting Power Plant Effects on the Coastal Zone, 187 p. E G and 
G Environmental Consultants, 196 Beak Hill Road., Waltham, MA02154. 

'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. III, 38 p. Boston Edison 
Company, Boston, MA 02199. 

48 

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 I 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 flowmeter'· attached to 
the mouth of the neuston net was used to determine the 
volumes of water sampled (Table I). 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. 
Wi/bour using a I m X 1.5 m Tucker trawl, approximately 
5 m long with 1.05 mm mesh as described by Clarke (1969) and 
Hopkins et al. (1973). The trawl fished at an angle of 45 0 pro­
ducing a net opening of I 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 l.-Scbedule, stations, gear type, and procedures for lobster larvae sampling in western Cape 
Cod Bay, 1974-77. 

Station 
Sampling locations 

Year dates (Fig. I) 

1974 5/24-S/20 7-10 

1975 5/23-S/5 3, 5, II, 12, 13 

6/20-S/14 A-D 

1976 6/4 -S/II 1-6 

1977 5/5 -S/IO 1-6 

6/ 9 -S/I 5-6 

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 I 
litre jars containing a preservative of 5070 buffered Formalin­
seawater solution. Samples were sorted in the laboratory, and 
lobster larvae were identified and enumerated by molt stage 
according to Herrick (1911). 

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 
wind speed increments. 

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 

X Tow X Volume or X Tow 
duration water sam- speed 

Gear type (min) pled (m') (kmlh) 

Ix2m 11.S 3.7 

neuston net 

Ix2m 30 3,774 4.6 

neuston net 

two 1 x 1 m 10 1,400 3.5 

neuston nets 

Ix2m 30 3,271 4.6 

neuston net 

I x 2 m 30 3,001 4.6 

neuston net 

I x 1.5 m 20 1,301 5.6 

Tucker trawl 

(no.ll,ooo m') 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. I). 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 14.8°C at the surface and 12.7°C 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 II) was captured on one sampling date. The 
largest number of larvae was collected at station 3 on 8 July. 

Table 2.-Larval catch, mean densities, and percent compOSition for stages I-IV collected in neuston tows in 
western Cape Cod Bay, 1974-77. 

Percent catch 
Bottom composition Avg. 

No. temperature by molt stage density Total larval 
Year tows range (0C) II III IV (No .1 1,000 m') catch 

1974 20 4.0 96.0 25 
1975 27 7.7-14.S 59.9 23.7 8.1 S.3 2.05 177 
1976 60 5.5-16.5 25.5 19.7 29.6 25.2 4.44 S71 
1977 7S 5.5-15.0 55 .2 16.9 5.3 22.6 1.26 206 
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Figure 2.-Temporal distributions of mean lobs.er lanae pooled 
densit~ (stations) bl molt stage collected in neuston tows, and mean 
water temperatures in western Cape Cod 8a), 1975-77. 
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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 - 59.9% , stage 1/ - 23 .7% , stage II/ - 8.llt7o, and stage IV -
8.3It7o . Catches a t stations 3 and 13 were dominated by first 
stage larvae which composed 661t7o and 821t7o, respectively, of 
station tot als. 

At shoal water stations A-D (Fig. I I, 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 
II) 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 

MAY J~f J'AY AIXio I", JUNE Jut Y AUG AN 
'916 

JULy AUG 
1971 
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was taken from 14 July to 3 August at surface water tempera­
tures ranging from 9.5 ° to 16.5°C. Catch distribution was 
bimodal with peak densities occurring on 14 July and 3 
August. By II August, with one exception, collections con­
sisted exclusively of stage IV larvae. Percent composition of 
the season's total catch (pooled stations' data) by develop­
mental stage was: stage I - 25.51t70, II - 19.71t70, III - 29.6070, and 
IV - 25.21t7o (Table 2). Catch at all stations contained relatively 
large numbers of late stage larvae. Mean density per tow was 
4.44 larvae/ 1,000 m'. 

Stations 5 and 6 ranked first and second, respectively, in 
total number of larval lobsters collected (Fig. 3). The com­
bined catch of these stations was 451 larvae, or 521t70 of the 
total catch for 1976, consisting of 22.21t7o stage I, 23.2070 stage 
II, 35.31t7o stage III, and 19.31t7o stage IV larvae. Station I 
ranked third in total catch (176 larvae), of which 23% were 
stage IV. Thirty percent (31 larvae) of all first stage larvae 
(105) were captured at station I. Fifty first stage larvae, which 
constituted 481t7o of the total stage [ individuals collected, were 
caught at stations 5 and 6 combined. 

'1 • 
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;~f17 Sampling 

Despite substantially increased effort in 1977, only 206 lob­
ster larvae were obtained (Table 2). We initiated sampling in 
early May but caught no lobster larvae until 14 June when first 
and second stage individuals were collected (Fig. 2). Water 
temperatures averaged 14 DC (surface) and 11 .5 DC (bottom) on 
this date. Hatching apparently terminated in August. On the 
last sampling date (10 August), surface tows contained ex­
clusively fourth stage larvae. Further sampling was prevented 
because of net fouling by an unidentified brown alga. 

Seasonal catch distribution was bimodal with larval densities 
peaking on 11 and 29 July (Fig. 2). On 29 July, we collected 
73 larval lobsters, consisting of 52070 stage I and 29070 stage IV 
individual~. Mean seasonal density (pooled station and molt 
stage data) was 1.26 larvae/I,OOO ml, well below the 1976 
average density level (Table 2). Percent composition of the 
total catch for stages I-IV was: 55 .2070, 16.9070, 5.3070, and 
22.6070, respectively. 

Stations 1 and 2, in the area of Brant Rock (Fig. 1), yielded 
the greatest numbers of larvae. At station 1, catch composition 
was dominated by stage I larvae (74070), while at station 2, first 
stage larvae comprised about 43070 of the station total. Sam­
ples were dominated by first and fourth stage individuals 
(Fig. 3). Of the total first stage lobsters sampled, 49070 were 
taken at station 1. Within the study area, catches of stage I 
larvae generally decreased from north to south. Only 9.0070 
and 6.4070 of the total first stage larvae were collected at sta­
tions 5 and 6, respectively. 

We made 48 subsurface tows from 9 June to 1 August 1977. 
Two larval lobsters were collected at station 6 on 23 June. 
One was a first molt stage individual collected at a depth of 
7.6 m and the other a fourth stage larva captured 3.0 m below 
the surface. 

Effect of Wind Conditions 

Analysis of wind data for the spring and summer of 1975 
and 1976 indicated that offshore winds from the southwest 
and south-southwest prevailed. However, an inspection of 
wind direction for respective sampling days revealed that 
during the period of peak larval abundance the majority of 
sampling trips coincided with onshore or alongshore winds. 
Seventy-three percent of the tows were made during onshore 
winds, and 82070 of the larvae were collected when winds were 
onshore. Consequently, we could not statistically compare the 
effect of onshore-alongshore winds versus offshore winds or 
the dispersion and resultant concentration of lobster larvat 
in the study area. 

Spatial and Temporal Distribution 

Kruskal-Wallis tests indicated no significant difference 
(P > 0.20) in density of stage I larvae between stations sam­
pled in 1976 and 1977. There was no significant difference 
(P > 0.20) in density of stage IV larvae between stations for 
the same 2 yr. 

Temporal distribution of mean pooled lobster larvae densi­
ties by molt stage and water temperature data are given for 
1975-77 in Figure 2. We estimated the period of occurrence 
of larvae in the water column ranged from 46 to 62 d over the 
time and area studied. 
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DISCUSSION 

According to Scarratt (1964), 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., I I 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 
wind, 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 
exi sted 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 (1967), 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 8 °_9 °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 I 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-IV. 

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. Entrainmem investigations and Cape Cod 
Bay ichthyoplankton studies. In Marine ecology studies related to operation 
of Pilgrim Station. Semi-Annual Report No.9. sect. I1I.C.2. p. 95-104. 
Boston Edison Company. Boston. MA 02199. 

" Caddy. 1. F. t976. 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. 
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from the southwest, we noted that our catch was comprised or~ 
atypically fewer lobster larvae, substantially less crab larvae, 
and abnormally large numbers of terrestrial flying insects. 
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New Hampshire Lobster Larvae Studies 

STEPHEN A. GRABE,' JOHN W. SHIPMAN,z and WELDON S. BOSWORTH' 

ABSTRACT 

Lobster larvae, which were collected in coastal Nel\: Hampshire waters between mid·July and early October 
1978 and early June through mid-August 1979, reached maximum abundance in late August in 1978 and late July 
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. 

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. 

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. I). Samples 
were collected from 9lune 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 luly 1978 and was 
increased to 30 min thereafter; tow speed was ~ 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 m'. Sample volumes, measured by a digi­
tal flowmeter, averaged 1,475 m' 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 (l948a), 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, NH 03\02. 
'Normandeau Associates Inc., 25 Nashua Road, Bedford, NH; present address: 

Dames and Moore, 155 N.E. looth St., Seattle, WA 98125. 
03102. 

'Normandeau Associates, Inc. 1974. Studies on the American lobster, Homarus 
american us, in the vicinity of Hampton Beach, New Hampshire, Tech. Rep. V-I, 
22 p. Prepared for Public Service Co. of New Hampshire. 

53 

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. 

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 II (n =0 3) and III 
(n =0 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 IV larvae 
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Figure I.-Lobster larvae sampling station orr Hampton. , . H. 
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Figure 2.-Abundance of stage I lobster larvae in neuston collections off Hampton, N.H., 1978-79. 
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Figure 3.-Abundance of stage IV lobster larvae in neuston collections 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 pre-dated the 
first occurrence of larvae in neuston tows. 

'Normandeau Associates. Inc .• 1981. Plankton studies in the vicinity of Hamp­
ton Beach, New Hampshire. Tech. Rep. XI-3, 147 p. Prepared for Public Service 
Co. of New Hampshire. 

Table I.-Frequency of wind directional vectors ('true) and the percent of stage IV 
lobster larvae, Hampton, N.H., 21 Jul)'-18 October 1978. 

----_._------
Dates stage I V 

Wind larvae present 

direction All dates in collections 

Alongshore' 35.2 33.3 

Offshore' 40.6 20.0 

Onshore' 24.2 46.7 

n = 91 n = 15 

'Dircctional \'cctorsOo-30', 150'-210',330'-360'. 
. Direct iOllal vectors 30 °-150 o. 

'Directional vectors 210°-330'. 

Dates stage I V 

larvae absent from 

collections 

50.0 

33.3 

16.7 

n = 6 
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Stage Composition 

Stage IV larvae were dominant during 1978. Previous neus­
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 II and III composed 
<91170 of the larvae collected. 

Stage composition in the Hampton-Seabrook area during 
1973 and 1978 was dissimilar to that of most other areas of 
Nt!w England for which data were available (Fig. 4). Five 
dusters were distinguished at varying similarities. Clusters 
A and B were dominated by stage I larvae, but differed in 
the contribution of stage II and III larvae (Fig. 4). Stage dis­
tribution was somewhat more evenly distributed in Cluster C. 
Clusters D and E (Hampton-Seabrook, 1973 and 1978) were 
characterized by stage IV dominance but differed in the contri­
butions of stage II and III larvae. 

Size of Lobster Larvae 

Mean length of lobster larvae increased almost two-fold 
from stage I to stage IV (Table 2). At all stages, larvae from 
New Hampshire appeared to be larger than those reported 
from areas of Canada and southern New England, with the ex-
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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 Stewart (1970) . 

ception of stage IV larvae from Charlestown, R.l. (Bibb and 
Hersey') . 

Associated Species 

In addition to lobster larvae, 15 invertebrate species and 12 
fish species have been identified from summer neuston tows 
(Table 3). Although quantitative data are not available, Cancer 
spp. megalopa and the copepod Ca/anus finmarchicus ap­
peared to be the most abundant invertebrates. Dominant lar­
val and juvenile fish during 1979 were Enche/yopus cimbrius, 
Vrophycis spp., VIvaria subbijurcata, and Tautogo/abrus 
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 I 
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). 

Table 2.-Mean total length and range (mm) oflobster larvae from Hampton, N.H., compared with larvae from Canadian and southern 
New England waters. 

Area Stage I Stage II Stage III StageIV 

Hampton, N. H. (this study)' 9. 1 (7.6-10.7) 11.1 13.8 (13.5·14.0) 16.7 (\3 .6-22.0) 
Northumberland Strait, Can . (Wilder 1953) 14.4 
Northumberland Strait, Can. (Wilder 1953 ; 

computed from Templeman 1936) 7.5 14.6 
Woods Hole, Mass. (Herrick 1896) 7.8 (7.5-8.0) 9.2 (8.3-10.2) II I (10-\2) 12.6(11·14) 
Wickford, R.I. (Hadley 1906) 8.2 9.6 11.4 13.5 
Southern New England (Rogers et al. 1968) 

Inshore 8.3 10.4 12.9 15.6 
Offshore 8.6 10.8 13 . 1 15. 9 

Charlestown, R.I. (Bibb and Hersey 1979; 
see text footnote 4) 7.9 (6.5·10.0) 9.5 (8.0-11.0) 12 . 1 (10.5-14.0) i6.3 (14 .0-19.5) 

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

Table 3.-Species associated with lobster larvae in neuston collections from the 
vicinity of Hampton. N.H. 

Cnidaria 
Hydrozoa 

Bougainvil/ia sp. 
Halitholus cirratus 

Scyphozoa 
Cyanea capi/lala 

Arthropoda 
Copepoda 

Anomalocera opalus 
Calanus jinmarchicus 
Caligus (elongata?) 

Mysidacea 
Neomysis americana 

Isopoda 
ldotea balthica 

Amphipoda 
Ca/liopius laeviusculus 
Gammarus lawrencianus 
Paralhemisto gaudichaudi 

Oecapoda 
Cancer spp. (zoeae, megalopa) 
Carcinas maenas (zoeae, megalopa) 
Pagurus arcuatus? (zoeae) 
P. longicarpus 

Chordata 
Pisces 

Cyc/opterus lumpus 
Enchelyopus cimbrius 
Gasterosteus aculeatus 
Liparis (at/anticus?) 
Pepri/us triacanthus 
Pseudopleurone<les american us 
Scomber scombrus 
Scophthalmus aquosus 
Syngnathus jUScuS 
Tautogolabrus adspersus 
Vivaria subbijurcata 
Vrophycis sp(p). 
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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 95070 of the larvae col­
lected (Wilder 1953; Scarratt 1968, 1969, 1973). Stage IV 
larvae never composed more than 7.5070 of total larval 
abunC:ance in Canadian studies. The other New England 
studies described in this report generally showed higher 
percentages of stage II and III 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: I) Stage composition showed 
low proportions of stage I-III, relative to stage IV, indicating 

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



little contribution from resident spawning stock. 2) There 
was a tendency during 1978, for stage IV larvae to be collected 
when winds were onshore. Winds in the Hampton-Seabrook 
area tend to be from the west and southwest during summer 
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. b). 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 kmld (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 
th:lt during 1972 and 1973 ovigerous females never made up 
more than 1.5070 of the monthly catch; Public Service Co. of 
New Hampshire (unpubl. data) found that ovigerous females 
never exceeded 2.4070 of the monthly catch during 1974-78, 
even though females made up 60070 of the catch. Also, fewer 
than 5070 of the females in the nearby Piscataqua River were 
found to be ovigerous (Normandeau Associates. Inc.'). 

Ennis (1980) and Squires (1970) found between 2.6-30.4070 
and IO-35!ro of females were ovigerous, respectively, in 
Newfoundland waters. Skud and Perkins (1969) reported that 
22 070 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 IV 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 (l948b) 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 
\\armer Gulf of SI. 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. 
.·llIotna{oc/'fa opa{1I5 and Enche{yoplis cimbrills are common 
neuston species in the Gulf of St. Lawrence (Pennell 1967). 
fhe majority of species, such as Cancer spp. larvae, the 
hydrozoans and their associated hyperiid amphipods, may be 
inhabitams of the near-surface waters for either a particular 
part II I' t heir Ii fe cycle or for a particular part of the day, 

"-nrlll,lIhJCi.ILI \"'t)\,.'lalL". In(,. 1979. Annual ... urnmary repan for 1976 hydro­
:: 1.ll'h II..' 'lUJll'''' il!t" lLunrlllll lk~h:h. ~c\' Hampshire. Tc(h. Rep. VIII-I, 184 p. 
Prl·\lplT.lti\ln;tll'l.:nlu~ll..·al nh)nildrin~ "'ILJJie, for SCabrL)ok Station. Prepared for 

"',lrrn.IIlJl,.tt1 \, .... l)(i~lIl· ..... 11h.: .• IlJ""I), ~c\\ingtt)fl Generating Sl3tion. 316 Dem­
')Il"tr~ltll)ll. \ ~)1. I. .ll)~ r, Prt.'rar(',.'J ft..lr Public S(T\icc Co. l1f Nn\ Hampshire. 
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but are not adapted for a neuston existence per se. The third 
assemblage, which lives-among the floating algae, includes 
Idotea balthica (Schultz 1969) and larvae and juveniles of 
Gasterosteus aculeatus, Cyclopterus lumpus, Liparis spp., and 
Sygnathus Juscus (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 1 

ABSTRACT 

Larval lobster (Homarus american us) abundance and distribution were compared at three locations in 
Penobscot Bay, Maine, from May through September 1916. For the areas in which larvae were found, 
abundance was low (0.30 larvae/ l,OOO m') during the hatching and development period (mid·June through 
July) when over 98070 of the larvae were collected. Hatching initiated when bottom temperatures were as low as 
10.5°C (Station 2). The abundance of lobster larvae decreased from the mouth to the head of the bay. The 
absence of larvae at the upper bay station was attributed to low salinity surface waters in the area. Almost all 
stage I larvae (92%) were found on days when cloud cover was 50% or greater. 

INTRODUCTION 

American lobster, Homarus american us, 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 
(1964, 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 mJ 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 (11070) contained larvae. All 

'Environmental Studies Department, Central Maine Power Company, P .O. 
Box 53, Yarmouth, ME 04096. 
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Figure l.-Sampling stations for lobster larvae, Penobscot Ba~· . Maine. 
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Figure 2.-Weekl)" lobster larval densities at Stations I, 2, and 3 in Penobscot 
Bay, Maine, Mal-September 1976. 

but one larva were collected from 16 June through 26 July . 
Stage I larvae dominated the catch, initially appearing at the 
southernmost stat ion (No.3) followed by their appearance at 
station 2, 2 wk later. Only one stage II larva and no stage III 
larvae were collected during the study. Stage IV 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 II; and 
2 stage IV) were collected during I 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 m' 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 m', 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 
I wk later and I 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 2: 50% 
while all stage IV larvae (n = 5) were taken on days of < 50070 
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Figure 3.-Surface and bottom water temperatures at Stations I, 2, and 3 in Pe­
nobscot Bay, Maine, June-September 1976. 

cloud cover. For all larvae, 84% were collected when cloud 
cover was 2: 50% 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 m' of water for the observed hatching and 
development period (16 June-31 July) and 0.19 larvaell,OOO 
m' 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 
(Welch' ) 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 12.5°C. Not until 21 June did the bottom 
temperature at station 2 exceed lOoC and become warm enough 
to stimulate hatching at this site. At station 2, stage IV larvae 

'W. R. Welch , Maine Department of 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., 
-l p. Cen l ral M ainc Pu\\cr Company, Augusta, ME 04336. 



;' appeared approximately 4 wk after the first stage I larvae was 
found, while at station 3 the corresponding development period 

, lasted more than S wk possibly due to lower mean surface 
. water temperature at this site. Average surface temperatures 
were IS.O°C and 16.2°C at stations 3 and 2, respectively, dur­
ing the period of larval occurrence. At both stations the ap­
pearance 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 IV larva collected on 31 August was 
attributed to a random late hatch. 

Salinities of 19.4%0 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 
salinity surface water at station I 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 1911; 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 
partially 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 92070 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 
<50% 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: 

1) 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. 
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3) Low average salinities as found in surface waters near 
station 1 in early summer may have been detrimental to larval 
development resulting in either the avoidance of the area by 
larvae or mortality of larvae. 

4) Early planktonic stages which are more vulnerable to 
ultraviolet radiation than stage IV larvae were most abundant 
in the near-surface waters on cloudy days. 
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A Comparison of Lobster Larvae Sampling 
Using Neuston and Tucker Nets 

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

ABSTRACT 

A series of paired surface tows with aim x 2 m neuston net and a 2 m x 2 m Tucker net were made to 
compare sampling efficiency for lobster lanae. The neuston net collected two to four times more larvae per unit 
volume than the corresponding Tucker net. Both nels collected similar numbers of larvae if numbers are ex· 
pressed per unit area. This indicates that lanae were concentrated in the upper O. 7S 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.t. 
(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 I mls for IS min. Sample vol­
ume and boat speed were estimated with a calibrated General 
Oceanics Model 2030 flowmeter. 4 Volumes for each tow ranged 
from approximately 2,000 to 4,000 m' (Tucker) and 1,500 to 
2,000 m' (neuston). 

The neuston net had I m x 2 m opening and 4 m length with 
a I mm mesh (Fig. I). The opening and closing Tucker net was 
8 m long with a 0.950 mm mesh (Fig. I) . 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°C, respectively. During sampling, the sky was clear and 
seas were calm. 

'Raytheon Company, P .O. Box 360, Portsmouth, RI02871. 
'Raytheon Company, P .O. Box 360, Portsmouth, R.t.; present address: 124 

North Road, Kingston, RI 02881. 
'Yankee Alomic Electric Company, 1671 Worcester Road, Framingham, MA 

07101. 
'Reference 10 trade names does not imply endorsement by Raylheon Company 

or by the National Marine Fisheries Service, NOAA. 
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Data comparisons were made in two ways: Per unit volume 
(1,000 m') and per unit area (1,000 m'). 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 I. These results indicate that 

IMM MESH NET coo END 

OPEN4HG AM) CtO~ Tuo<'EA ~ T 

Figure J .-Diagrammtic representation of neuolon and Tucker ne". 
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when expressed on a \olume ba,is (Ilumber rer 1,000 Tn') I he 
neuston net collected two to four limes a\ many lanae a, Ihe 
Tucker net. 
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Th, ",mpl; •• ,a,;a.« wu h;gh and p,.p •• donallO r 
mean as is characteristic of lobster larvae data and mOIl .,..... 
ton data (Cassie 1968). Consequently. the data were nOflllll. 
ized with a log (n + I) transformation and a paired I-test .. 
performed on the complete data set. The mean difference 01 
total larval abundance from neuston net samples versus Taa. 
net samples wa.s significantly different (Is = 6.42. ' 010 1) = 2.90). 

When abundance is calculated over the area sampled (num­
ber per 1,000 m'), the neuston and Tucker nets collec:ted 
approximately equal numbers of larvae (Table 1)_ The maua 
difference in IOtal abundance was not significantly differenc 
(t~ ~ 0.93; I "'P'I ~ 2.11). 

The Tucker nel u-.cd in thi, 'tudy ha\ a sampling volume 
appro,imately 2.7 time, Ihat of the neuston net. The observed 
ratio of abundance in Table I i\ approximately 2_9. indicatina 
Ihal lanae may be concentrated in the uppermost 0.75 m. 

Ihl"l' oh\l'n al ion' indicate that den\ities of lobster larvae 
(r,'r I.I)(X) Ill') e,limaled from Tucker net samples can be 
(()lllr;Ul'tJ \\ II h neu\lon demitie\ by considering ratios of 
\()llIllll" filtl'rl'd. Ihl\\l'\l'r, \uch a factor would be applicable 
()111~ III ';llllrk\ c·olk.:ll'd undl'r 'Imllar conditions. All samples 
III Ihl' '1IId~ \\l'r,' lakl'n on ,unny day\ when seas were 
rd.I!I\l·" ,.tllll « I m). I anal di,lribulion in rough seas 
,llld Oil cl()lId~ da~, ma~ hl' more di,pcr'>Cd and differences 
.,h'l'f\l"lJ \'()IIIt! hl' \lIlaller. 

I il, dlllhllf' \\I,h 10 Ihank ~t. Fogarty for the loan of the 
11,""1"11 IIl'l,. Ihl' 'lUd~ \\a, performed by Raytheon Ocean 
'>\ ,I ,'ill , llHllran~, under conlra.:t with New England Power 
t "1111';111\ It dillra.:t :!.ll,u,). 
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