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During the Scotian Shelf Ichthyoplankton Frogram lobster larvae were 
sampled with neuston nets over the entire Scotian shelf at drstances greater 
than about 30 IUD from shore each year from 1978-1981. Eastern Georges Bank 
was also sampled In 1978. With the exception of a few samples taken east of 
Cape Breton rn 1978, only 20 larvae were collected in about 1,000 samples frcs 
east of Haiifax. Thus, there was likely little larval production withln or 
import of larvae to this large area. The majority of larvae was found on 
Georges and Browns Banks during August-September, 1978. However, in all years 
che oldest larvae (stage IV) were also dispersed to the northeast toward 
Halifax. Surnrlier winds could explain this dispersion off the Banks. 
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Dans le cadre d~ prograpme sur l'rchtyoplancton de la plateforme r.69- 
ecossaise, on a procede chaque annee, de 1978 a 1981, a l'echantillonnage 6es 
iarves de honard a2 moyen de fllets aneuston sur lrensedle de la plate-foras, 
dans un rayon superiear a environ 30 km des c6tes. On a egalement effectue 1:~' 

tel echanrilionnage sur le banc Georges en 1978. A l'exception de que1qaes 
echanti;lons preieves a l'est du Cap-Breton cette mgme annee, on n'a recue;::: 
que 2C larves dans er.viron 1000 echantillons provenant dfendroits situes a 
I ' e s t  de Ballfax. Selcn toate vraisewklance, l a  producti~n interns 03 
lfixrp3rtation de larves dans cette vaste zcne a Bt& minime. La majorltk aes 
larves recuelllres ont ete captuees sur le banc Georges et sur le banc de 
Brown en aoOt et sepcerrbre 1978. Toutefois, durant toutes les annees 
corsiderees, certalnes des plus vlellies larves (stade IV) ont eqalemect etB 
tr3dvBes au nord-est, vers Hairfax. Les vencs dfete pourralent gtre a 
I'orrglne de cette dlsperslon loln des bancs. 





INTRODUCTION 

I n s h o r e  l o b s t e r  f l she rmen  i n  s o u t h e r n  and wes te rn  Nova S c o t i a  have 
s t r o n g l y  o b j e c t e d  t o  t h e  existence of an o f f s h o r e  l o b s t e r  f i s h e r y  s i n c e  i t s  
i n c e p t ~ o n  i n  1971 .  k ~ o n g  t h e l r  o b j e c t i o n s  i s  t h e  p o s s i b i l i t y  t h a t  t h e  
o f f s h o r e  f l e e t  c a r c k e s  females  whlch would o t h e r w i s e  produce l a r v a e  t h a t  wzuld 
i n  t t i r n  d r l f t  i n s h o r e  t o  "seed"  t h e i r  f i s h i n g  g r o u n d s .  T h l s  s t u d y  
~ c v e s t i g a t e s  t h a t  possibility. 

The Canadian o f f s h o r e  l o b s t e r  f i s h e r y  began i n  1971 when l i c e n s e s  were 
made a v a i l a b l e  t o  v e s s e l s  d i s p l a c e d  from t h e  s w o r d f i s h  f i s h e r y .  The swordfrsk. 
f i s h e r y  was c l o s e d  because  of u n a c c e p t a b l e  l e v e l s  of  mercury.  F i v e  l o b s t e r  
l l c e n s e s  were i s s u e d  i n i t i a l l y ,  which i n c r e a s e d  t o  seven  i n  1 9 7 3  and t o  e i g h t  
i n  1975,  a f t e r  which no new e n t r a n t s  were p e r m i t t e d .  O f f s h o r e  l a n d i n g s  
expanded from 100 t i n  1971 t o  a  h i g h  of 799 t i n  1986.  Beginning i n  1985 
e a c h  l i c e n s e  was g i v e n  an a l l o c a t i o n  of 90 t f o r  a t o t a l  a l l o w a b l e  c a t c h  (TAC) 
of 7 2 0  t .  The h i g h  c a t c h  i n  1986 r e s u l t e d  from an ad jus tment  i n  t h e  s t a r t  of 
A Llie L quota  y e a r  (Wilder  1974; Pezzack and Duggan 1 9 8 8 ) .  I n  1988 l a n d i n g s  f o r  

t h e  o f f s h o r e  f i s h e r y  was 5% of t h e  c a t c h  i n  t h e  two a d j a c e n t  i n s h o r e  L o b s t e r  
F i s h i n g  Areas  (LFA 33 and 3 4 ) ,  e x t e n d ~ n g  from Digby t o  H a l i f a x .  

The o f f s h o r e  f l e e t  i s  o n l y  p e r m i t t e d  t o  f i s h  a t  d i s t a n c e s  g r e a t e r  t h a n  53 
nrn ( 9 1  km) from s h o r e .  The a r e a s  f l s h e d  i n  1988 were a  100 krn l o n g  p o r t i o n  of 
t k e  o u t e r  edge of t h e  S c o t i a n  She l f  s o u t h  of Erowns Bank, t h e  s o u t h e a s t  edge 
of Georges Bank, t h e  N o r t h e a s t  Chacnel ,  Georges Basln ,  and Crowel l  Basin  ( s e e  
F i g .  1 f o r  p l a c e  n a m e s ) .  Browns Bank was f i s h e d  u n t i l  1979 when i t  was c l o s e s  
t o  p r o t e c t  a  known l o b s t e r  spawnlng a r e a  (Pezzack and Duggan 1 9 8 5 ) .  

I n  Zanuary 1 9 8 8  t h e  N i n l s t e r  f o r  t h e  Depar tven t  of  F i s h e r i e s  and Oceans 
announce3 h l z  z n t e n t  t o  l s s u e  f o u r  add:t ional  o f f s h o r e  l i c e n s e s  and add 360 t 
t o  r h e  TAC. The a d d l t l o n a l  c a t c h  was t o  be  raken  from t h e  S c o t l a c  S h e l f  e a s c  
of  t h e  established o f f s h o r e  f i s h i n g  a r e a s  (Pezzack and Duggan 19883. However, 
a f t e r  receiving s t r o n g  o b j e c t l o n s  from i n s h o r e  l o b s t e r  f l she rmen  he  suspecdeS 
t h e s e  l l c e a s e s  t h e  f o l l o w i n g  A p r i l ,  pending f u r t h e r  s t u d l e s  on t h e  l v p a c t  of  
t h e  expanded f i s h e r y  on i n s h o r e  c a t c h e s .  The o b j e c t l o n s  r a l s e d  were t h e  s a v e  
a s  t h o s e  v o l c e d  by l n s h o r e  f i she rmen  when t h e  f l s h e r y  was i n i t i a t e d  i n  1971.  
A s  s t a t e d  by Wilder  (1974)  "They c o n ~ e n d e d  t h a t  heavy o f f s h o r e  l a n d l n g s  woula 
d e p r e s s  l o b s t e r  p r l c e s ,  thaE o f f s h o r e  s t o c k s  c o c t r l b u t e d  t o  t h e  i n s h o r e  
f l s h e r y  from i n s h o r e  movement of l o b s t e r s ,  e l t h e r  i n  t h e  a d u l t  o r  l a r v a l  
s t a g e s ,  and t h a t  a  year- round o f f s h o r e  f l s h e r y  would be  l m p o s s l b l e  t o  p o l i c e  
w l t k  t h e  r e s a l t  t h a t  l c s h o r e  grounds  would be  f i s h e d  illegally." With o n l y  
about  2 %  of Canadlan l a n d l n g s  corning frow t h e  o f f s h o r e ,  impact  o c  p r l c e s  m;st 
be r e g l i g ~ b l e .  The absence  of  v l o i a t ; c n s  d e t e c t e d  by f l s h e r y  o f f l c e r s  a n d  
s c a r c l r y  of accusations by l n s h o r e  f l s h e m e n  s u g g e s t  t h e  f e a r s  of o f f s h o r e  
v e s s e l s  f l s h i n g  i n s h o r e  grounds  were unfounded (Wilder 1974; R e g u l a t o r y  a r g  
Legal  A f f a l r s  Branch,  D . F . O . ,  H a l i f a x ,  p e r s .  comu) .  The contribution of 
o f f s h o r e  s t o c k s  t o  t h e  i n s h o r e  f i s h e r y  i s  s t l i i  u c r e s o l v e d ,  e s p e c i a l l y  In 
s o a t h w e s t  Nova S c o t l a ,  a l t h o u g h  t h e  r s s u e  h a s  n o t  l a c k e d  a t t e n t l c n .  

S e v e r a l  a u t h o r s  have c o n s i d e r e d  t h e  i n s h o r e - o f f s h o r e  q u e s t l o n  u s l n g  
c a g g i n g ,  l a r v a l  distributions, and s i z e  f  r e c p e n c i e s  . Wilder  (1974) concluded 
t h a t  l l t t l e  mlx ing  o c c u r r e d  between a d u l t  l o b s t e r s  i n s h o r e  and o f f s h o r e  based  
on r e s u l t s  of t a g g l n g  and t h e  observation t h a t  l o b s t e r s  o f f s h o r e  were much 
b l g g e r .  S t a s k o  (1978) o f f e r e d  t h e  h y p o t h e s i s  t h a t  some l e g a l  s i z e d  l o b s t e r s  
rn lg ra te  from l n s h o r e  sou thwes t  Nova S c o t i a  t o  o f f s h o r e  grounds  on o r  n e a r  
Browns Back.  There  t h e y  r e l e a s e  l a r v a e  w h ~ c h  d r l f t  onshore  t o  supplement  
s c a r c e  l o c a l  production. T h i s  h y p o t h e s i s  was based  on t h e  d i s t r i b u t i o n  of 
o v i g e r o u s  females ,  l a r v a l  d i s t r i b u t i o n ,  s u r f a c e  c u r r e n t s ,  and t a g g i n g  s t a d l e s .  
Using t h e  same d a t a  on l a r v a e  and c u r r e n t s ,  Harding e t  a l .  (1983) h y p o t h e s l z e a  
t h a t  a  l a r g e  f r a c t i o n  of  l a r v a e  r e c r u i t i n g  t o  i n s h o r e  sou thwes t  Nova S c o t i a  
c o u l d  originate from t h e  n o r t h  s i d e  o f  Georges Bank. With more d a t a  on 
s u r f a c e  c u r r e n t s ,  Harding and T r i t e s  (1988) concluded t h a t  most l a r v a e  
r e l e a s e d  on Browns Bank would d r i f t  n o r t h  w e l l  i n t o  t h e  Gulf of Maine b e f o r e  
s e t t l i n g  t o  t h e  bot tom.  Based on r e c e n t  d a t a  d e s c r i b i n g  t h e  distribution of 
o v l g e r o u s  f e m a l e s ,  Campbell and Pezzack ( i 9 8 0 )  conc luded  t h a t  l a r v a l  
p rodnc tzon  was s u b s t a n t l a 1  bo th  on o f f s h o r e  banks and I n  t h e  c o a s t a l  zone.  
Tagglng r e s u l t s  from sou thwes t  Nova S c o t i a  s u g g e s t  t h a t  some l o b s t e r s  >95 xm 



carapace length (CL) move from inshore to offshore, but practically none do 
the reverse (Campbell et al. 1984; Campbell and Stasko 1985; Pezzack 1987a; 
Campbell 1989a), as would be the case in an inshore spawning migration. 
Unfortunately this result is clouded by poor cooperation from inshore 
fishermen in returning tags. It is unlikely that lobsters <95 mm CL move 
between the offshore and inshore because extensive tagging studies have shown 
that they move no more than a few kilometers in any direction (Campbell 1989a; 
Mlller et al. 1989). 

Interchange between adult lobsters inshore and offshore is unlikely to 
occur on the Saotiac Shelf east of the present offshore fishing grounds. 
Lobsters are rarely caught between inshore grounds and offshore banks, and 
year-round cold bottom temperatures between inshore and offshore grounds 
should discourage migration (Pezzack 1987b). 

During 1978-1982 the Scotian Shelf Ichthyoplankton Program (SSIP) 
investigated the spatial and temporal distribution of fish eggs and larvae 
from Georges Bank to eastern Cape Breton (OfBoyle et al. 1984). Lobster 
larvae were also collected and removed during sample sorting, This report 
uses larval distributions from the SSIP surveys, as well as from previous 
surveys by Stasko (1977) and Stasko and Gordon (19831, and considers the 
effect of wind on larvae transport to investigate the possibility that larvae 
released offshore seed lnshore grounds. 

METHODS 

Only SSIP samples taker, by neuston nets were cons~dered here. Fror ar. 
approxxrately equal nuniber of neuston and obllque tows four times as many 
nedston samples contained larvae. The standard neuston net had a 100 ky 34 cr 
mouth openlng, 1179 p mesh, and flshed the top 15 cm (Roff et al. 1984). Eack 
3 3  mln tow swept a surface area of 3,600 mi and f~ltered 540 my A Sameeto box 
neuston net was substrtuted during two of the 12 cruises iccluded in this 
repart. It ha3 a 0 . 5  mZ openrng, 405 p mesh, and sampled about 1,80C m2 of 
scrface and 720 m' volune, assuming that the speed and duration of tow were 
the same as for the other ceuston samples. 

Tw; n~ndred and sixteen vials with larvae were obtained from the Atlantic 
Reference Center (ARC), St. Andrews, New Erunswick, where they had beex storec 
;n formalln since the larvae were removed from the original collections. 
Numbers on these viais were cross referenced to the SSIP data base to obtaln 
starlon location, date, cruise number, gear type, and surface temperature. Cf 
the 216 samples 30 were excluded because no corresponding vlal nvr~bers were 
f;,na In the dara base, and a further 49 were excluded for a varlety of 
reasons lls~ed in Table 1. Stations which were sampled by neuston net, but 
nad no correspond;ng vlal containing lobster larvae were assumed to have 
yielded a zero catch. The SSIP data base could not be used to determine lf 
aay vials were mlsslng because lobster larvae were not recorded. We were 
onable tc locate any former sorters to ~nterview, but L. VanGuelpin (ARC, 
pers. corral.) Believes that all sorters were trarned to identlfy and remove 
lobster larvae. Also, L.P. Fanning ( D . F . O . ,  Bedford Inst. Oceanography, 
3artmouth, N.S., pers. corn-.) sorted the 1976 collections for crab larvae and 
noticed that lobster larvae had been removed. We separated larvae into molt 
stages I, 11, 111, and IV. 

Spatial distributions of lobster larvae are presented on a series of maps 
according to molt stage, season, and year. Stage IV larvae were separated 
from stages I, 11, and 111 because this is the stage when the lobster leaves 
the plankton for a benthic life style. Data from 1978 were separated into 
early (May 15-July 15) and late (August 4-October 12) seasons because larval 
distributions were radically different. The years 1979-82 were combined 
because only a few larvae were collected in any year and collections were 
nearly all taken during August-September (Table 2 ) .  

Progressive wind vectors were obtained for the larval period because w i - 3  
powered surface drift was a possible mechanism for larval transport. W l ~ d  
speed and direction data recorded at Yam,outh and Cape Sable Island (data fron 
Eavironment Canada, Bedford, N.S.] were plotted as progressive vectors for 



J u l i a n  d a y s  203-243 and 233-263. The s t r a i g h t  l i n e  d i s t a n c e  and compass 
d i r e c t i o n  between s t a r t  and  end p o i n t s  were measured f o r  e a c h  l o c a l i t y  f o r  
e a c h  y e a r  from 1973-1982. 

RESULTS 

LAFFVAL DISTRIBUTION 

i 9 ? 5 ,  May-July: S t a t i o n s  from Georges Bank t o  e a s t e r n  Cape B r e t o c  were 
sampled t w i c e .  A i l  97 l a r v a e  c o l l e c t e d  came from f i v e  s t a t i o n s  n e a r  t h e  c o a s t  
i n  Sydney B i g h t  ( F i g .  21,  and a l l  b u t  one l a r v a  were t a k e n  on J u l y  8-9. 

1978,  August-September:  S t a t i o n s  from Georges Bank t o  e a s t e r n  Cape 
S r e t o n  were sampled one t o  t h r e e  t i m e s  e a c h .  F i f t y - n i n e  o f  t h e  66 s t a g e  1, 
11, and I11 l a r v a e  were t a k e n  on o r  n e a r  Georges and Browns Banks.  The 
remainder  were s c a t t e r e d  o v e r  seven  o t h e r  s t a t i o n  l o c a t i o n s  ( F i g .  3 ) .  Most of  
t h e  1 ,006  s t a g e  I V f s  were a l s o  t a k e n  on t h e  twc banks ,  b u t  some were s c a t t e r e d  
a  s h o r t  d i s t a n c e  t o  t h e  n o r t h w e s t  towards  t h e  Bay of Fundy and  a  g r e a t e r  
d z s t a n c e  t o  t h e  n o r t h e a s t  a l o n g  t h e  S c o t i a n  s h e l f  ( F i g .  4 ) .  H i g h e s t  d e n s l t l e s  
o f  I V r s  were o b t a i n e d  between August 6-16; 3 4 8  were c o l l e c t e d  a t  a  s i n g l e  
s t a t i o n  on Srowns, 180 a t  two s t a t i o n s  on Georges,  and 66 a t  one  s t a t i o n  
between t h e  b a n k s .  

1979-81, August-October:  Georges Bank was n o t  sampied d u r l n g  1979-81, 
bu: most of  t h e  r emaln lng  s t a t l o n s  were sampied 5-7 t l m e s  e a c h  f rom e a r l y  
August  t h r o u g h  e a r l y  O c t o b e r .  Appropriate samples  were n o t  o b t a l n e d  d c r i n g  
o t h e r  mocths ( T a b l e  1) . Larvae  of s t a g e s  I ,  11, and 111, 17 I n  t o t a l ,  were 
c o l l e c t e d  m o s t l y  o v e r  Browns Bank ( F i g .  5 ) ,  whereas most of t h e  s t a g e  I V J s  
were found t o  t h e  n o r t h e a s t  o f  Browns ( F i g .  6). W e  presume t h a t  t h e  low 
n u ~ b e r  of  l a r v a e  c o l i e c t e d  i n  1979-81 r e l a t l v e  t o  1978 r e p r e s e n t  t r u e  
abundance ,  b u t  t h e  p o s s l b l l l t y  of  less complere  sorting ;n r h e  l a t e r  y e a r s  
c a n n o t  be  r u l e d  o ~ t .  

Wind powered s u r f a c e  d r l f t  was considered t o  be  a  p o s s l b l e  mechanlsn  f ~ r  
t r a n s p o r t r n g  l a r v a e  away from Brcwns Bank and towards  s h o r e .  P o s s l b l e  
t z a n s p o r t  was d e t e r r r l n e d  f o r  l a r v a e  h a t c h e d  i n  l a t e  J u l y  and l a t e  August 
p w - i w  b e c a u s e  t h e s e  were t h e  e a r l l e s t  and l a t e s t  d a t e s  t h a t t g L 6 & d y  t S t a s & c  
and Gordon 1983)  found s t a g e  I l a r v a e  on Browns Bank, Uslng t h e  b u r f a c e  
t e m p e r a t u r e s  from Browns d u r i n g  l a t e  J u l y - e a r l y  August and f o r  t h e  s h e i i  e a s t  
o f  Browns f o r  t h e  r emainder  of August ,  u s i n g  t e m p e r a t u r e  dependen t  l a r v a l  
development t i w e s  from MazKenzie (198B) ,  and a s s u r i n g  t h a t  l a r v a e  s e t t l e  t o  
t h e  b o t t o r  nldway t h r o u g h  s t a g e  IV ( S c a r r a t t  1 9 7 3 ) ,  l a r v a e  h a t c h e d  i n  l a t e  
J ~ l y  (e.g., J u l y  22,  J u l l a n  day 203) w o ~ l d  s e t t l e  l n  a b c u t  4C d .  Larvae  
h a ~ c h e d  n e a r  t h e  end  of A ~ g u s t  ( e . g . ,  J u l l a n  day 233) would s e t ~ l e  I n  abou t  
3Sd because  warmer t e m p e r a t u r e s  s p e e d  development .  

Ten y e a r s  d a t a  f o r  t h e  l e n g t h  and d i r e c t i o n  of p r o g r e s s i v e  wind v e c t o r s  
a g r e e d  r e a s o n a b l y  w e l l  between t h e  two s i t es  ( T a b l e  31.  

Now t h a t  t h e  s t a r t i n g  and e n d i n g  d a t e s  of  l a r v a l  l i f e ,  and t h e  wind s p e e d  
and  d i r e c r i o c  f o r  t h o s e  d a t e s  a r e  known, t h e  n e x t  t a s k  i s  t o  c o n v e r t  t h e  w ~ n d  
v e c t o r s  t o  l a r v a l  d r i f t  v e c t o r s .  C l a s s i c a l  Ekman t r a n s p o r t  p r e d i c t s  t h a t  
w a t e r  w i l l  b e  t r a n s p o r t e d  45' t o  t h e  r i g h t  of  t h e  wind a t  t h e  s u r f a c e  and 90c  
t o  t h e  r i g h t  when a v e r a g e d  t h r o u g h o u t  t h e  d e p t h  of  t h e  wind ' s  i n f l u e n c e  on t k e  
w a t e r  column [Gross  1 9 8 2 ) .  However, d e n s i t y  change wi th  d e p t h ,  a  s h a l l o w  s e a  
bo t tom t h a t  i n t e r f e r e s  w i t h  wave mot ion,  o r  changes  i n  wind d i r e c t i o n  can  
c o n s i d e r a b l y  r educe  t h e  a n g l e  of  d e f l e c t i o n  o f  w a t e r  t r a n s p o r t .  F .  Nanson 
( q u o t e d  i n  Gross  1982)  found  t h a t  s e a  ice d r i f t e d  20-40" t o  t h e  r i g h t  of  t h e  
wind.  G a r r a t t  e t  a l .  (1985) o b s e r v e d  t h a t  i c e b e r g s ,  w i t h  a  d r a f t  t h a t  
p r o b a b l y  exceeded  t h e  mixed l a y e r ,  d r i f t e d  n e a r l y  downwind. P e t r i e  e t  a l .  
(1987)  u s e d  a  c o a s t a l  u p w e l l i n g  model a p p l i e d  t o  t h e  s o u t h  c o a s t  of Nova 
S c o t l a  t o  p r e d i c t  t h a t  d r i f t  downwind was f i v e  t i m e s  t h e  v e l o c i t y  o f  d r i f t  a=  
r i g h t  a n g l e s  t o  t h e  wind.  T h i s  r e s u l t s  i n  d r i f t  t h a t  i s  d e f l e c t e d  abou t  10'. 
Gross  (1982)  s t a t e s  t h a t  s u r f a c e  w a t e r  i s  t r a n s p o r t e d  a t  abou t  2 %  of  t h e  wlnd 
s p e e d .  G a r r a t t  e t  a l .  (1985)  m e a s ~ r e d  i c e b e r g  d r l f t  a t  1 . 8 2 0 . 7 %  of  wlnci 



speed ,  and Lawrence and T r i t e s  (1983) c o n s i d e r e d  3% a p p r o p r i a t e  f o r  modeling 
d r i f t  o f  s u r f a c e  o i l  s l i c k s .  Because d r i f t  speed  d e c r e a s e s  w l t h  d e p t h  (Gross 
19821, t h e  d e p t h  of  l o b s t e r  l a r v a e  i n  t h e  wa te r  column must be  c o n s i d e r e d .  

L o b s t e r  l a r v a e  p r o b a b l y  spend about  30%- of  t h e i r  p e l a g i c  l i f e  i n  t h e  
s u r f a c e  mete r ,  and t h e  remainder  between 5 and 20 m .  Th i s  i s  based  on t h e  
development t i m e s  of each  s t a g e  (MacKenzie 1988) and t h e i r  v e r t i c a l  
d i s t r i b u t i o n .  S t a g e s  1-111 on Browns Bank were distributed t h r o u g h a u t  t h e  t c p  
2 0  rr,, whereas s t a g e  I V ' s  were p redominan t ly  w i t h i n  t h e  t o p  mete r  (Harding e t  
a l .  1987)  . 

F o r t y  v e c t o r s  were p l o t t e d  f o r  each  of e a r l y  and l a t e  l a r v a l  r e l e a s e  
d a t e s ,  s t a r t i n g  from p o i n t s  on wes te rn  Browns Bank and Baccaro Bank ( a l s o  
c a l l e d  e a s t e r n  Browns Bank) ( F i g .  7 ) .  The v e c t o r s  were d e f l e c t e d  b o t h  0" and 
40' t o  t h e  r i g h t  o f  t h e  wind t o  r e p r e s e n t  t h e  ex t remes  of  l a r v a l  d r i f t  l i k e l y  
t o  o c c u r .  Because l a r v a e  spend most of t h e i r  t i m e  b e n e a t h  t h e  s u r f a c e  m e t e r ,  
speed  o f  d r i f t  was reduced  t o  1 . 5 %  of wind s p e e d .  E a r l y  s e a s o n  l a r v a l  
r e l e a s e s  would have been c a r r i e d  f u r t h e r  and more t o  t h e  n o r t h  t h a n  l a t e  
s e a s o n  r e l e a s e s .  The e n d p o i n t s  f o r  t h e  0" d e f l e c t i o n  r e p r e s e n t s  t h e  obse rved  
d i s t r i b u t i o n  of s t a g e  I V f s  ( F i g s .  4 and 6) b e t t e r  t h a n  t h e  e n d p o i n t s  f o r  t h e  
2 0" d e f l e c t  i o n .  

DISCUSSION 

S t a g e  I l a r v a e  sampled d u r l n g  J u l y  1978 p robab ly  ha tched  n e a r  t h e  
l o c a t i o r ,  of c a p t u r e .  The d u r a t i o n  of t n e  f l r s t  l a r v a l  s t a g e  a t  t h e  13°C 
s u r f a c e  t e n p e r a t u r e  1s 7-8 d  (Templenan 1936; MacKenzie 1 9 8 3 ) .  C u r r e n t s  f o r  
t h i s  a r e a  2nd s e a s o n  f low from t h e  Gulf of S t .  Lawrence a t  abou t  11 km/d 
(Ei-Sahb 1 9 7 7 ) .  Thus, even a t  t h e  end of t h l s  f l r s t  deve lopmenta l  s t a g e ,  
l a r v a e  would have d r i f t e d  no f u r t h e r  t h a n  88 krn. Because t h e  t h r e e  s t a t i c n s  
y l e l d l n g  9 0  of t h e  97 l a r v a e  were l o c a t e d  n e a r s h o r e  t h e  l a r v a l  s o u r c e  was a l s c  
l i k e l y  n e a r s h o r e .  

SCOTI.Q! SBELF EAST OF EALlFkX 

The s c a r c i t y  of l a r v a e  l n d i c a t e  t h a t  few were r e l e a s e d  t h e r e  and tha: few 
d r i f t e d  t h e r e  from o t h e r  a r e a s ,  such a s  n e a r s h o r e .  E x c l s d i n g  t h e  few s t a t i o s s  
In Sydney S l g h t  rnentloned above,  o n l y  20  l a r v a e  of  a i l  developmental  s t a g e s  
were c o l l e c t e d  from approx imate ly  1,000 samples t a k e n  e a s t  of H a l l f a x  d u r l n g  
1978-81. I n  an e a r l i e r  s t u d y  S t a s k o  (1977) made one neus ton  tow a t  each of 7E 
s t a t i o n s  d;srr ;buted o v e r  :he S c o t i a n  She l f  during August 1 2 - 2 4 .  Only thxee 
l a r v a e  were t a k e n  a t  4 1  s t a t i o n s  e a s t  of  H a l i f a x .  I n  t h e  same r e p o r t  S t a s k c  
summarlzed s t u d l e s  by McKenzre and Wllder  and Grahan which i n c l u d e d  z e s u l t s  
from 2 1 7  neus ton  tows on t h e  S c o t i a n  S h e l f ,  most e a s t  of H a i l f a x .  Ko l a r v a e  
were c a p t u r e d ,  a l t h o u g h  most sampl ing was I n  J u l y  and c o u l a  nave been b e f o r e  
t h e  t i m e  of peaK abundance.  

SCOTIAN SHELF WZST OF HALIFAX RND GEORGES B W K  

The more f r e q u e n t  c o l l e c t i o n  d a t e s  of S t a s k o  and Gordon (1983) i n d i c a t e  
t h a t  t h e  SSiP e o l i e c t i o n s  were t a k e n  a t  t h e  r i g h t  season  t o  o b t a i n  e a r l y  and 
l a t e  s t a g e s .  Dur ing 1977 and 1978, S t a s k o  and Gordon sampled from s o u t h  of  
Browns Bank a t  t h e  s h e l f  edge i n t o  s h o r e  a l o n g  southwest  Nova S c o t i a  ( F i g .  8 1 .  
The p o r t i o n  >10 km from s h o r e  o v e r l a p s  t h e  a r e a  sampled by SSIP and i s  
reviewed h e r e .  The a r e a  was sampled on s i x  c r u i s e s  between e a r l y  J u l y  and 
e a r l y  September b o t h  y e a r s  u s i n g  a  neus ton  n e t  and s u b s u r f a c e  mete r  n e t s  
sampl ing  a s  deep  a s  2  m .  C o l l e c t i o n s  t a k e n  from 5-15 J u l y  and c o v e r i n g  
190,000 m2 of ocean s u r f a c e  o b t a i n e d  o n l y  two l a r v a e .  S t a g e  1's were most 
abundant  d u r i n g  August 8-11, 1977 and August 14-18, 1978. S t a g e  I V ' s  were 
most abundant  on August 22-25, 1977 and August 21-25, 1978.  The h i g h e s t  
abundances of  b o t h  s t a g e s  I and I V  were o b t a i n e d  on two SSIP c r u i s e s  d u r i n g  
August 6-25, 1978.  Thus, SSIF c r u i s e s  were p robab ly  w e i i  t i m e d .  

The most abundant l a r v a l  s t a g e  i n  SSIF c o l l e c t r o c s  was f o u r t h ,  and a;i 
were caugh t  between August 6 and October  8 .  Th i s  dominance may be due tc t h e  



l o n g e r  d u r a t i o n  of s t a g e  I V  and  s t a g e  d i f f e r e n c e s  i n  d e p t h  d i s t r i b u t i o n .  S t a g e  
IV l a r v a e  a r e  i n  t h e  w a t e r  column abou t  twice a s  l o n g  a s  s t a g e  I l a r v a e  
(Mackenzie 1 9 8 8 ) .  Hard ing  e x .  a 1  (1987) u s e d  a  l a r g e  open ing  and  c l o s l n g  n e t  
t o  o b t a i n  d i s c r e t e  d e p t h  samples  d u r i n g  l a t e  August o v e r  Browns Bank. S t a g e  
I V ' s  were n e a r l y  a l l  found  i n  t h e  t o p  meter b o t h  day  and n i g h t ,  whereas s t a g e  
1's were a lmos t  a b s e n t  from t h e  s u r f a c e  m e t e r  d u r i n g  day t ime  and o n l y  
o n e - q u a r t e r  a t  t h e  s u r f a c e  a t  n i g h t .  They found  t h a t  s t a g e  1's undergo a  
d i u r n a l  v e r t i c a l  m i g r a t i o n  on t h e  o r d e r  o f  20 m .  Al though r e l a t i v e l y  r a r e ,  
s t a g e s  I1 and 111 were d i s t r i b u t e d  t h r o u g h o u t  t h e  t o p  20 m day and n i g h t .  
S t a s k o  (19771, S t a s k o  and Gordon (19831, and SSIP ( e x c l u d i n g  Sydney B i g h t )  
o b t a i n e d  t h e  f o l l o w i n g  number o f  l a r v a e  i n  n e u s t o n  tows .  S t a g e  I V ' s  dominated  
a l l  series.  

Year I I I I I I I V T o t a l  Source  

197 6 1 0  9  19 7 2  110 S t a s k o  (1977) 
1977 206 3  5  12 2 68 52 1 S t a s k o  and  
1 97 8  12 12 12 32 9  365 Gordon (1983) 
197 8 2  4 1 3  2  9  1006 1072 SSIP 
1979-81 3  2  12 2 4 4 1 SSIP 

LARVAL TFANSPORT 

E a r l y  s t a g e  l a r v a e  were l i k e l y  h a t c h e d  n e a r  where t h e y  were c o l l e c t e d  ofi 
Browns Bank and Georges Back. S t a s k o  and Gordon (1983)  found  s t a g e  1's on 
Browns and  r o  t h e  n o r t h w e s t  o f  Browns d u r i n g  b o t h  1977 and 1978 ( F l g .  8 ) .  I n  
SSIP c o l l e c t i o n s  s t a g e  I r s  were caugh t  on o r  n e a r  Browns and e a s t e r n  Georges .  
Females  w i t h  r i p e  e g g s  were abundant  on Browns and e a s t e r n  Georges d u r i n g  J c n e  
a n d  July (Campbell  and Pezzack 1 9 8 6 ) ,  b e f o r e  t h e  August a p p e a r a n c e  o f  e a r l y  
s t a g e  l a r v a e .  August s u r f a c e  t e m p e r a t u r e s  on Browns ranged  from 8-18°C and 
a v e r a g e d  14°C. Mean August s u r f a c e  t e m p e r a t u r e s  on Georges were abou t  17°C. 
Developnent  t i m e s  f o r  s t a g e  I l a r v a e  a r e  6 ,  and 4 d  a t  1 4 . 2 ,  and 17.9"C 
r e s p e c t i v e l y  (MazKenzie 1 9 8 8 ) .  S i n c e  t h e  s u r f a c e  w a t e r  on t h e  w e s t e r n  end of 
Browns h a s  an  a v e r a g e  r e t e n t i o n  t i m e  of  1 4  d  (Smith 1 9 8 9 ) ,  s t a g e  1's c a p t u r e d  
t h e r e  a r e  l i k e l y  t o  have been h a t c h e d  t h e r e .  Summer s u r f a c e  c i r c u l a t i o n  on 
e a s t e r n  Georges  i s  a  c l o c k w i s e  g y r e  w i t h  a  v e l o c i t y  of  up  t o  18 h / d  (Loder 
and Wright  19851.  T h e r e f o r e ,  l a r v a e  r e l e a s e d  on e a s t e r n  Georges c o u l d  be  
t r a n s p o r t e d  1 0 ' s  o f  k i l o m e t e r s  t o  t h e  s o u t h w e s t .  

S t a g e  I V ' s  were more wide ly  d i s p e r s e d  t h a n  e a r l i e r  s t a g e s ,  a s  a l s o  
o b s e r v e d  by Hudon er a l .  11986) i n  t h e  Gulf of  S t .  Lawrence. Summer c u r r e n t  
d r r e c t i o n  might  be  invoked  t o  e x p l a i n  t h e  d i s t r l b u t l o n  o f  s t a g e  I V ' s  t o  t h e  
n o r t h  of  Browns ( F i g s .  4 and 8 ) .  Drogues r e l e a s e d  on t h e  w e s t e r n  p o r t i o n  wexe 
r e t a i n e d  I n  t h e  g y r e  o r  d r r f t e d  toward  Yarmouth (Smith  19891.  D r i f t  c a r d s  and 
bottles r e l e a s e d  d u r i n g  t h e  1977 l a r v a l  s u r v e y  o f f  sou thwes t  Nova ScotLa 
( S t a s k s  and  Gordon 1983) were a n a l y z e d  by Marding and  Tri tes  (198E) .  These 
showed t r a n s p o r t  n o r t h  toward  t h e  Bay of Fundy, and a  minor  component n o r t h  
toward  Cape S a b l e .  

Ev ldence  f o r  l a r v a l  t r a n s p o r t  from Browns n o r t h e a s t  a l o n g  t h e  S c o t l a n  
S h e l f ,  a s  s u g g e s t e d  by t h e  d i s t r i b u t i o n  of s t a g e  I V 3  i n  SSIP c o l l e c i i o n g  
( F l g s .  4 and  61, i s  more e q u i v o c a l .  The Nova S c o t i a  c u r r e n t  f l o w s  s o u t h  I 

p a r a l l e l  t o  s h o r e  ( S u t c l i f f e  e t  a l .  1 9 7 6 ) ,  o p p o s i t e  t o  t h e  d i r e c t i o n  i m p l r e d  
by distribution of s t a g e  I V ' s .  However, d u r i n g  summer t h e  f low i s  weakes t ,  
p o s s i b l y  even  s t o p p i n g  i n  August (Dr inkwate r  e t  a l .  1979; Smith 1 9 8 3 ) .  R.W. 
Tri tes  (Bedford  I n s t i t u t e  Oceanography, unpub. m a n u s c r i p t )  summarized archived 
d a t a  f o r  d r i f t  b o t t l e s  (Anon. 1958) r e l e a s e d  on l i n e s  e x t e n d i n g  from Cape 
S a b l e  I s l a n d  o v e r  e a s t e r n  Browns Bank. These i n c l u d e d  r e l e a s e s  i n  J u l y  of  
1922 and 1923, and  J u l y ,  August ,  Septerrlber, and Oc tober  of 1 9 2 6 .  These d a t a  
were a l s o  r e f e r r e d  t c  i n  Warding and Trites ( 1 9 8 8 ) .  R e c o v e r i e s  from a l l  
r e l e a s e s  i n d i c a t e d  t r a n s p o r t  n o r t h  toward Cape S a b l e  I s l a n d  and Yarmouth, b u t  
some r e c o v e r i e s  were a l s o  made t o  t h e  n o r t h e a s t .  The most e a s t e r l y  p o l n t  of  
r e c o v e r y  was Lunenburg, 60 krn sou thwes t  o f  H a l i f a x .  



Lawrence and T r i t e s  ( 1 9 8 3 )  combined r e s i d u a l  c u r r e n t s  and wind v e c t o r s  
based  on S a b l e  I s l a n d  wind d a t a  t o  p ~ e d i c t  d r i f t  of s u r f a c e  o i l  s l i c k s  from 
f i x e d  p o i n t s .  They assumed t h a t  t h e  s l i c k  was d r i v e n  d i r e c t l y  downwind a t  3 %  
of  t h e  wind s p e e d .  T h e i r  c a l c u l a t i o n s  most p e r t i n e n t  t o  t h i s  s t u d y  i s  d r i f t  
from a  p o i n t  on t h e  wes te rn  edge  of Browns Bank s t a r t i n g  on June  1 and l a s t i n g  
f o r  4 0  d a y s .  The end p o i n t s  u s i n g  each  of 2 3  y e a r s  ( 1 9 5 6 - 7 8 )  of  wind d a t a  
were on t h e  s o u t h e r n  s i d e  of  t h e  Bay of Fundy and on t h e  S c o t i a n  She l f  a s  f a r  
a s  1 8 0  km n o r t h e a s t  of t h e  s t a r t i n g  p o i n t .  

I n  t h e  a n a l y s l s  of  wind d r i f t  used i n  t h i s  r e p o r t  ( F i g .  7 )  r e s i d u a l  
c u r r e n t s  were n o t  i n c l u d e d ,  d r i f t  speed  was t a k e n  t o  b e  1 .5% of wind s p e e d  a c d  
t h e  direction of  d r i f t  was d e f l e c t e d  b o t h  0' and 40" t o  t h e  r i g h t  of  t h e  wind. 
P r e d i c t e d  d r i f t  from Browns approximated t h e  d i s t r i b u t i o n  of  s t a g e  iV l a r v a e  
i n  SSIP c o l l e c t i o n s  when t h e  d r i f t  was t a k e n  t o  b e  d i r e c t l y  down wind, b u t  n o t  
when d r i f t  was d e f l e c t e d  40" t o  t h e  r i g h t  of t h e  wind. 

What can  l a r v a l  d i s t r i b u t i o n s  t e l l  u s  about  o f f s h o r e  spawning " seed ing"  
l n s h o r e  g rounds?  Because l o b s t e r  l a r v a e  were r a r e  e a s t  of H a l i f a x  (SSIP 
c c l l e c t i o n s  and S t a s k o  1 9 7 7 )  we conclude t h a t  any c o n t r i b u t i o n  from t h i s  l a r g e  
a r e a  of  s h e l f  would be  n e g l i g i b l e .  D i s t r i b u t i o n  of  b e r r i e d  females  i n d i c a t e s  
t h a t  l a r v a l  p r o d u c t i o n  can be  h i g h  bo th  on Browns and Georges Banks and 
l n s t o r e  s o c t h w e s t  Nova S c o t i a  (Campbell and Pezzack 1 9 8 6 ) .  Thus, d r i f t  may 
n o t  be  n e c e s s a r y  t o  s u s t a i n  t h e  i n s h o r e  p o p u l a t i o n .  S t a s k o  and Gordon (19E33 
conc luded  t h a t  t h e i r  l a r v a l  sampl lng n e i t h e r  confirnted n o r  c o n t r a d i c i e d  t k e  

/ h y p o t h e s i s  t h a t  l a r v a e  d r l f t e d  from Browns Bank t o  i n s h o r e .  S u r f a c e  c u r r e n t  
j measurements (Smith 1 9 8 9 ;  Harding and T r i t e s  1988 ;  R.W. T r i t e s ,  BIO, p e r s .  

c o r n . )  show a  g y r e  on Browns, a  c u r r e n t  nor thwes t  towards  t h e  Bay of  Funay, 
components n o r t h  and n o r t h e a s t  (Harding and T r i t e s  1986 ;  T r i c e s ,  

p e r s .  c o m r . ) .  Whether  his c u r r e n t  would b r i n g  l o b s t e r  l a r v a e  i n t o  s h o r e  1- 
sou thwes t  Nova S c o t i a  was no t  de te rmined .  SSIP  c c l l e c t l o n s  showed s t a g e  IT 'S  
d2 , - s t r i b u t e d  tc t h e  c c r t k w e s t  a c 3  e s p e c ~ a l l y  LO t h e  n o r t h e a s t  of  Brouns 1r4 
d l x r z ~ s h ~ ~ g  d e n s r t l e s ,  s z g g e s t i n g  t h a t  Ezowzs was t h e  s a u r c e .  R e s i d u a l  
c u r r e n t s  c o u l d  c a u s e  t h e  nor thwes t  d i s p l a c e m e n t .  Displacement  t o  t h e  
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A 6b;e 1. Lobster larvae samples collected as part of the SSlF and oBta:riez 

f rox  ARC that were included and excluded from this report. 

i. ,zuxe Date Nurrber of samples (vials) 
Included Excluded 

ceo; 
CLO 1 
CG02 
VYCl 
H305 
H006 
VY3S 
WS 1 
w 0 2  
H03 6 
ERC2 
LEO 1 
ARO: 
A2C 2 
LZC2 
Hc.4 5 
EKO i 
EKS2 

Feb. 1977 
Aug. 8-Sept. 2, 1977 
May 15-July 15, 1978 
Aug. 6-Aug. 25, 1978 
Aug. 9-Aug. 16, 1978 
Aug. 20-Sept. 1, 1978 
Aug. 29-Sept. 15, 1978 
Aug. 4-Aug. 19, 1979 
Aug. 24-Sept. 10, 1979 
June 2-June 26, 1980 
July 2-Aug. 5, 1980 
Aug. 15-Aug. 31, 1980 
Aug. 24-Aug. 31, 1980 
Sept. 2-Sept. 29, 1980 
S ~ F E .  4-Sept. 22, 1983 
Kov. 11-3ec. 14, 1980 
A c g .  26-Sept. 12, 1981 
Sept. l6-Oct. 9, 1981 

a s p  -a.apprzprlate geaz type (oblique bozgo, obliqae Isaac-K~dd, or szbsurface 
rre:er ne:) . 

'Patch sta3y using diffezent s a ~ p l l ~ g  grld. 

:zT-- ,. ,,J ., sanp-e v:a,. 

c:<sr,~r.s where Lsbster lazrae not present 

'~-~~-,plete - , I - . , , ~  d a t a  set; listed as zero catck.. 



T a b l e  2 .  Smary o f  l o b s t e r  l a r v a l  d a t a  c o l l e c t e d  a s  part of SSIP from 197s to 
1981. 

Year Month C r u i s e  Gear Number of l a r v a e / s t a q e  T o t a l  No. s t a t i o n s  
code' I I1 111 IV l a r v a e  sampled 

3 "  ,re0 08 LEOi 9 6 0 0 0 1 1 13 0 
0 9 LEC2 9 6 0 0 1 3 4 2 5 6 

1981 08 EKO 1 9 6 0 0 0 3 3 7 9 
09-10 EK02 9 6 - 0 0 A 0 - 4 - 4 - 9 9 - 

"Gear code 96 - Neuston Net 

99 - Sarneoto Box Neuston N e t  
b < ? Q  

4 L d  larvae ~ n c l x d e d  in 3 t o w s .  



Table 3. Length (krn) and direction (rn parentkes~s) of wind vectors at th= 
recorciing statlons for Julian days 204 to 244 and 236 ta 2 6 4 ,  fcr 
each of 10 years. 

Year Yarmouth Sable I. Yarmouth Sable I. 
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F igure  3 .  The d i s t r i b u t i o n  o f  stages'  I, 11 and 111 l a r v a o  ccmbined 
dur ing  August-September, 1978. D a t a  presenta t ion  a s  i n  F i g .  2. 
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Figure 7. End points of progressive wind vectors deflected O0 iO) r d  40' ( X )  
t a  the r i g k t  o f  the *ind d l n c t l o n .  onc point f o r  each o f  10 ~ l c r r s  for each o f  

trim recording stations. A. s t r r t f n g  from w5s:em Brorns 3 n k  on duly 23; B. s t r ~ t l n g  
frun hccaro L n k  on July 23; C. s t r r t i n g  from Ycstem Brorns on August 22; 0. strrttmg 
f+m Baccam on August 22. 
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A. Stage 1, July 19 - Sept 16,1977 

C. Stage 1, July 24 - Aug 24,1978 Dm Stage E, July 24 - Aug 24,1978 

119. 8 .  h- m k o  am3 ODcdon (1983) the distributian of .twy I rd stage 
IV in -t !8ova SCOtia. mta pecnt.tian g in Figme 
2, 
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database  

ARC # Line Stn P I I l l li I V  Tot. Gear Year Cruise 



H005 
HQOS 
H005 
H005 
H005 
H065 
H005 
H005 
k005 
HOOS 
1-1005 
h005 
H005 
H005 
H005 
H005 
E-1005 
h0q5 
h0q5 

H806 
Ed086 



4307 20  2 8 0 (4 3 3 9 6  7 8  El006 
4309 2 " 1  0 0 0 8 8 9 6  7 8  H006 
4310 2- 1 0 0  0 "1 9 6  7 8  ti006 
4314 2 2  2 Q 0 0 8 8 9 6  7 8  H006 
4321 2 3  1 0 0 0 1 "I 9 6  7 8  H006 

5375 0 "I 0 0 "I 
5381 1 0 0 0 1 
5382 2 6 0 0 2 
5386 1 5  0 0 0 1 5  
5387 20 0  0 0 2 0  
5387 331 2 0 0 333 repeat vial 
5388 3 7  1 0 0 3 8  
5389 8 1 0 0 9  
5390 0 5 0 0 5 
5391 

7668 3 7  2  6 7  3 0 0 70 9 6  7 8  CC02 
766963 3 7  1 1 6  1 1d 0 1 8  9 6  7 8  CC02 
7673 3 9  1 0 2 "1 0 3 9 6  7 8  GC02 
7675 38 3 1 1 0 0 2 9 6  7 8  CG02 

15038 3 7  1 0 0 6 0 0 9 4  8 0  BR02 
"1561 38 3 8 "1 0 0 "1 9 4  8 0  BR02 
15043 3 8  4 I 0 0 0 1 9 4  80  BR02 
"15663 36 1 8 1 6 8 1 9 4  80  BRQ2 

151 89 3 2  1 0 0 0 1 "I 9 4  8 0  LEO1 
15225 20 3 8 0 1 0 -I 94  8 0  LEO1 







a - damaged larvae. 
b - mislabeled jar i.e., 4256 label inside jar which is not listed in 

database as a positive catch and listed as 43W outside vial 
which would be a repetition to a H006 sample. 

c - contains molts of lawae. 
d - eiher a stage i l  or I l l  (difficult to tell because of damage) 
e - not listed in database as a positive invertebrate catch. 
f - contains no lobster larvae but some other type of crustacean. 

- Cruises AROI, AAR02, and W04t are patch studies and have different 
grid stations and grid lines than the SSIP stations. 

- I was unable to match some samples with information in the SSIP 
dahabse,  subsequent!^ there is no corresponding information s n  
cruises and have been Ieft blank. 




