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A BSTRA CT

T h e  fecund ity  o f  th e  N orw ay lo b s te r  Nephrops norvegicus in  G alician  w aters (N W  S pain ) was es tim at­
e d  b ased  on  th e  n u m b e r  o f  eggs a tta c h e d  to  th e  p le o p o d s  o f  ov igerous fem ales in th e  initia l, m id­
d le  a n d  final s tages o f  th e  in c u b a tio n  perio d . T h e  n u m b e r  o f  eggs p e r  b ro o d  was re la ted  allom et- 
rically  to  th e  ca ra p ace  le n g th  (C L ), w ith  an  a llo m e try  co e ffic ien t ran g in g  be tw een  3.0 a n d  4.1 in 
th e  d iffe re n t in c u b a tio n  stages (P>0.05). In cu b a tio n  lasts 6-7 m o n th s  (fro m  A ugust-S ep iem ber to  
Jan u a ry -F eb ru a ry ) a n d  th e  average  egg  loss is e s tim ated  to b e  44%  d u r in g  th is  pe rio d . T h e  m e an  
fecu n d ity  (c o rre sp o n d in g  to  a  m e a n  CL o f  38.6 m m ) was 2636 eggs in  th e  in itia l stage a n d  1473 in 
th e  m idd le  an d  final s tages o f  in c u b a tio n . T h e  lite ra tu re  p o in ts  to  a  h igh  variability  in th e  fecu n ­
dity  o f  th e  N orw ay lo b s te r th ro u g h o u t its g eo g rap h ica l ra n g e  o f  d is tr ib u tio n . F ecund ity  dec reases  
w ith la titu d e  in  th e  N E  \t la n t ic  from  W estern  I re lan d  to  th e  S o u th  o f  P o rtu g a l, w ith th e  M ed ite r­
ra n e a n  p o p u la tio n s  show ing low er values th a n  those  in  th e  A tlantic . H ow ever, considering  th e  p e ­
riodicity  o f  spaw ning, w hich  te n d s  to  be b ie n n ia l tow ards th e  n o r th e rn  d is tr ib u tio n  area , th e  a n n u ­
al p ro d u c tio n  o f  eggs p e r  fem a le  ina;, be s im ila r in th e  d iffe re n t zones a n d  m a ; even inc rease  to ­
w ards th e  so u th . Egg loss d u r in g  th e  in c u b a tio n  p e r io d  has b ee n  es tim ated  a t betw een  32 a n d  68%  
fo r th e  d iffe re n t geo g rap h ica l areas.

INTRODUCTION

T h e  N orw ay lob ste r Nephrops norvegicus (L in n aeu s , 1758) (D ecapoda, N e p h ro p ­
id ae ), a species o f  g re a t fishery  in te res t in th e  NE A tlantic, lives in burrow s ex­
cavated  in m u d d y  sed im en ts  (D ybern  & H ö isa e te r  1965; C h ap m an  1980). In  
these  burrow s, ov igerous fem ales in cu b a te  th e ir  eggs u n d e r  th e  ab d o m en  fo r a 
p e rio d  o f  several m o n th s . D u rin g  th is tim e th e  eggs go th ro u g h  d iffe ren t stages 
o f  em b ry o n ic  d ev e lo p m en t, w hich have b een  d esc rib ed  acco rd ing  to size, 
c o lo u r an d  a p p ea ran c e  o f  th e  egg an d  d ev elo p m en tal p hase  o f  the em bryo  
(F igueiredo  & F e rre ira  B arraca  1963; D u n th o rn  1967; F o n ta in e  & W arluzel 
1969). T h e  in cu b a tio n  p e r io d  ta r ie s  g eo g raph ica lly  from  6-7 m o n th s in th e  
A d ria tic  Sea an d  o ff  th e  coast o f  P o rtu g a l (K arlo tac  1953; F igueiredo  & F errei­
r a  B arraca  1963; F ig u e ired o  1965; S ardá  1995) to  12-13 m o n th s  in  the waters o f
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Iceland  a n d  th e  F aero e  Islands (A ndersen  19(32; N icolajsen & E iriksson 1990; 
Eiriksson 1993). T h e  len g th  o f th e  in cu b a tio n  p e rio d  d e te rm in e s  th e  p e rio d ic ­
ity o f  th e  rep ro d u c tiv e  cycle an d  the  in te rval be tw een  b ro o d s . T h e  low catch  
ra te  fo r fem ales d u rin g  th e  in cu b a tio n  p e r io d  (A nonym ous 1995) w ould  in d i­
cate th at they  only leave th e  burrow s to feed , an d  m ay be assoc ia ted  w ith th e ir 
ability to filte r m icro p artic les  in suspension  (L oo e t al. 1993).

As an  in d ic a to r o f  th e  rep ro d u c tiv e  p o te n d a l o f  a species, th e  d e te rm in a tio n  
o f  fecundity  is im perative  in  th e  study o f  th e  dynam ics o f  e x p lo ite d  p o p u latio n s, 
given th a t it is o n e  o f  th e  factors lin k in g  th e  a d u lt p o p u la tio n  a n d  re c ru itm e n t. 
In  th e  case o f  th e  N orw ay lobster, fecundity  h as b e e n  estim a ted  by th e  n u m b e r 
o f  oocytes in th e  m a tu re  ovary (T hom as 1964; F o n ta in e  & W arluzel 1969; Mori- 
zu r & Rivoalen 1982), th e  n u m b e r  o f  fe rtilized  eggs o r  em b ry o s (F a rm er 1974; 
C h ap m an  & B allantyne 1980), a n d  th e  n u m b e r  o f  eggs th a t re a c h  th e  pre-eclo- 
sion o r eclosión  stages (M orizu r e t  al. 1981; F ig u e ired o  e t al. 1982). T h ese  esti­
m ates co rre sp o n d  respectively  to th e  p o ten tia l, realized  a n d  effective o r  actual 
fecundities, follow ing th e  d e fin itio n s p ro p o se d  by F ig u e ired o  e t  al. (1982) an d  
S techey & Som ers (1995). E stim ation  o f  fecu n d ity  fro m  ovary  c o n te n t a n d /o r  
the n u m b e r o f  eggs in th e  d iffe re n t stages m akes it  possib le to  evaluate  th e  egg 
loss th a t takes p lace  d u rin g  in cu b a tio n  (F ig u e ired o  & N u n e s  1965, M orizur 
1981, M orizur e t  al. 1981; F ig u e ired o  e t al. 1982; S a rd á  1995).

T h is p a p e r  ex am in es th e  seasonality  o f  in cu b a tio n  a n d  th e  fe cu n d ity  o f  the  
N orw ay lob ste r in  G alician waters (NW  S p a in ), a n d  estim ates th e  egg loss th at 
occurs d u rin g  in cu b a tio n . O u r  resu lts are  c o m p a red  to  th o se  re p o r te d  by o th e r 
au th o rs  from  d iffe re n t areas o f  th e  N o rth e as t A tlan tic  a n d  M e d ite rran e a n . T h e  
re la tio n sh ip  betw een  th e  geo g rap h ica l variability o f  fecu n d ity  a n d  o th e r  life his­
tory  p a ram e te rs  re la te d  to  re p ro d u c tio n  is discussed.

T his  research  was p a r t o f  a p ro je c t fu n d e d  by th e  In s titu to  E sp añ o l d e  O cean o g ra fía . We w ould 
like to  th a n k  R. M orlán  a n d  A.A. V ázquez fo r th e ir  co llab o ra tio n  d u r in g  d ie  sam p ling .

MATERIALS AND METHODS

S a m p l in g  a n d  L a b o r a to r y  P ro ced u res

T h e  b re ed in g  cycle o f  N orw ay lo b ste r  fem ales was analyzed u sin g  d a ta  o b ta in ed  
from  m o n th ly  sam ples o f  lan d in g s o f  the trawl flee t o f  A C o ru ñ a  co llected  from  
1981 to  1991. T h is  f lee t o p e ra tes  o n  th e  c o n tin e n ta l sh e lf  a n d  slo p e  o f  N W  Gal­
icia (in th e  a rea  fro m  42°N  9.30°W  to  44°N  8°W) (see F ariñ a  1996 fo r a d e ta iled  
d esc rip tio n ). For th e  study o f  fecundity , m o n th ly  sam ples o f  ov igerous fem ales 
from  com m erc ia l lan d in g s o f  th e  sam e flee t w ere co llec ted  fro m  N ovem ber 
1991 to N ovem ber 1992 (with th e  ex cep tio n  o f  M arch  1992).

F ecund ity  in th e  N orw ay lob ste r was estim a ted  by c o u n tin g  th e  to ta l n u m b er 
o f eggs a ttach ed  to th e  p leo p o d s in d iffe ren t stages o f  em b ry o n ic  developm en t. 
A  to tal o f  157 fem ales w ere ex am in ed  to  d e te rm in e  th e  em b ry o n ic  stages, of
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Fig. 1. E m b ry o n ic  deve lopm en ta l s tages o f  th e  N orw ay  lobster. A-D: stage I, E: stage II, F: stage III; 
a, a n te n n a ; ai, an te n n u le ; ap , ab d o m in a l p la te ; ep , eye p ig m e n t; f, fork; m a, m e tan au p liu s  a p p e n d ­

age; o l, op tic  lobes; ta , th o ra c ic  a p p e n d ag es ; y, yolk.

w hich 121 fem ales w ere u se d  to  estim a te  fecu n d ity  (these  sp ec im en s show ed no 
signs o f  dam age, b reak ag e  o r  visible egg  lo ss). B efore p ro c ee d in g  to calculate 
th e  to tal n u m b e r  o f  eggs, we se p a ra ted  th e m  fro m  th e  p leo p o d s a n d  ab dom en  
a n d  d e te rm in e d  th e  in cu b a tio n  stage by o b se rv in g  th em  u n d e r  a stereoscopic 
m icroscope  (x30), a cco rd in g  to  th e  d e g ree  o f d e v e lo p m en t o f  th e  em bryo  in 
th e  egg. A  scale o f  five stages o f  em b ry o n ic  d e v e lo p m en t (Fig. 1) based  o n  Fon­
ta in e  & W arluzel (1969) was used  (since  som e fem ales h ad  eggs w ith  em bryos at 
d iffe re n t levels o f  d ev e lo p m en t, th e  n u m b e r  o f  stages was d im in ish ed  com ­
p a re d  to  th e  7 used by th ese  a u th o rs )  :
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-  Stage I: D evelopm en ta l stages from  th e  egg com plete ly  o c cu p ied  by yolk 
to  th e  n au p liu s an d  m eta n au p liu s  stage (stages 0, I an d  II o f  F o n ta in e  & 
W arluzel -F&W-).

-  S tage II: E m bryo  in a d ev e lo p ed  m etan au p liu s  stage. T h e  e n d  o f  th e  ab­
d o m in a l p la te  fo rm s a  fo rk  th a t  does n o t  go past the op tic  lobes. In  th e  lat­
er stage a fa in t p ig m en tary  a rch  is visible a ro u n d  th e  p e rip h e ry  o f  th e  optic, 
lobes (stage III o f  F& W ).

-  Stage III: T h e  a b d o m e n  shows seg m en ta tio n . T h e  tip o f  th e  fo rk  exceeds 
th e  op tic  lobes, th e  o cu la r spots a re  dev elo p ed  a n d  th e  tho rac ic  ap p en d a g ­
es re ac h  th e  base o f  th e  o p tic  lobes (stage IV o f  F&W).

-  Stage IV: E m bryon ic  stage  with m o re  h igh ly  dev elo p ed  characte ris tics 
fro m  stage III. T h e  th o rac ic  ap p en d a g es  are very developed , co v erin g  al­
m ost th e  e n tire  a b d o m e n  a n d  th e  fo rk  exceeds th e  halfway p o in t  o f  the 
yolk space in se rted  be tw een  e ith e r  e n d  o f  th e  em bryo  (stage V  o f  F&W ).

-  S tage V: Pre-eclosion  stage  d u rin g  w hich th e  fea tu res  o f  the  first larval 
stage o f  p re z o e a  a re  co n sp icu o u s (stage VI o f  F&W).

In  o rd e r  to  estim ate  the re la tio n sh ip  betw een  fecund ity  an d  body  size (carapace 
le n g th  in  m m , CL, m easu red  w ith  d igital calipers betw een  the p o ste rio r ed g e  o f 
th e  eye socket a n d  th e  p o ste rio r ed g e  o f  th e  carapace) a n d  analyze egg loss d u r ­
ing  th e  in c u b a tio n  p e rio d , th e  sam ples fro m  th e  ovigerous fem ales w ere 
g ro u p e d  in to  th re e  stages o f  e m b ry o n ic  d evelopm en t: I, II a n d  III+. T h e  III+ 
stage covers e m b ry o n ic  stages w ith  varying d eg rees o f  ab d o m in a l a n d  th o rac ic  
se g m en ta tio n , b u t w h ere  th e  h a tc h in g  o f  th e  eggs has n o t  yet o c c u rre d  (th is in­
c ludes stages III a n d  IV, th e  stage im m edia te ly  p r io r  to p re -ec lo s io n ). T h e  spec­
im ens with eggs in  stage V a lread y  show ed signs o f  partia l h a tch in g , a n d  w ere 
th e re fo re  o m itted  from  th e  analyses to d e te rm in e  fecundity.

D a t a  A n a l y s i s

F ecu n d ity  (F, n u m b e r  o f  eggs) was ex pressed  as a fu n c tio n  o f  bod y  size (CL) fit­
tin g  by least-squares lin ea r reg ress io n  th e  lo g -transfo rm ed  a llom etric  e q u a tio n  
F=a-CLb (S om ers 1991) w here  a  a n d  b a re  param ete rs . Analysis was c a rr ie d  o u t 
fo r  each  stage o f  em b ry o n ic  d e v e lo p m en t (I, II a n d  111+) separately. T h e  pa ra ­
m ete rs  o f  th e  f itted  eq u a tio n s  fo r  each  dev elo p m en tal stage w ere c o m p a red  
using  analysis o f  covariance (ANCOVA).

E gg losses d u r in g  th e  in cu b a tio n  p e r io d  w ere estim a ted  from  th e  d iffe ren ces 
in  b ro o d  size am o n g  fem ales w ith  b ro o d s  in d iffe re n t d ev e lo p m en t stages. S ince 
n o n -sign ifican t d iffe ren ces w ere  d e te c te d  a m o n g  th e  slopes o f  the eq u a tio n s  for 
each  d ev elo p m en t stage (see R esu lts ), th e  egg losses am o n g  stages w ere  estim at­
e d  fro m  th e  least-square  ad ju s ted  m ean  fecu n d ity  o b ta in e d  fo r each  stage.
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Fig. 2. B re e d in g  cycle o f  N orw ay lo b s te r fem ales in  G alicia. (A) T h e  m e a n  m o n th ly  percen tag e  
(±SE) o f  ov igerous fem ales  w ith re sp ec t to  th e  to tal n u m b e r  o f  m a tu re  fem ales  (>25 m m  CL) from  
1981 to  1991 la n d in g s  o f  th e  traw ling f le e t o f  A Corur'ia ( th e  n u m b e r  o f  fem ales sam p led  p e r  
m o n th  ra n g e d  from  675 to  3049, w ith  a  to ta l o f  18584 fem ales sam p led ). (B) M onth ly  changes  in 
em b ry o n ic  d e v e lo p m e n t o f  th e  N orw ay lo b s te r ovigerous fem ales  in  G alicia f ro m  sam ples co llec t­
e d  fro m  N o v em b er 1991 to  N o v em b er 1992 (n o  sam p les  w ere  co llec ted  in  M arch ; from  F eb ruary  
to  Ju ly  th e  n u m b e r  o f  ov igerous fem ales c a u g h t was very  sm all, a n d  on ly  o n e  fem ale  was analyzed

in  F eb ru ary ).



182 A .C . FA RIÑ A  E T  A L.

T able  1. P a ram e te rs  o f  th e  a llo m e tric  e q u a tio n s  ( s ta n d a rd  e rro r, SE, in  p a re n th e se s )  re la tin g  fe­
cund ity  (F, n u m b e r  o f  eggs) to b o d y  size (ca rapace  le n g th , CL) (log  F  = log  a  + b  + lo g  CL) in  each  
in c u b a tio n  stage (I, II a n d  IIÏ+ ). T h e  n u m b e r  o f  fem ales ana lyzed  (N ), co e ffic ie n t o f  d e te rm in a ­

tion  ( r2) a n d  sign ificance level (P ) a re  given.

Stage lo g  a (SE) b  (SE) N r 2 P

I -1.3002 (0.121) 2.957 (0.244) 73 0.674 <0.001
II -3 .2204 (0.150) 4.073 (0.519) 31 0.680 <0.001

III+ -2.6293 (0.142) 3.680 (0.807) 14 0.634 <0.001

RESULTS

In  G alician w aters th e  in cu b a tio n  o f  th e  N orw ay lob ste r lasts 6-7 m o n th s ; spaw n­
ing  takes p lace m ain ly  in A u gust an d  S ep tem ber, a n d  larvae  are re leased  in  Ja n ­
u a ry  an d  F eb ru a ry  (Fig. 2 ). Ovary re so rp tio n  is u n c o m m o n  a n d  th e re fo re  m ost 
m a tu re  fem ales in cu b a te  a  b ro o d  every year (F ariña  1996). T h e  analysis o f  the 
em b ry o n ic  d ev e lo p m en ta l stages in  egg-bearing  fem ales show ed th a t d u rin g  
th e  first m o n th s  o f  in cu b a tio n , A ugust an d  S ep tem ber, p ractically  all th e  b roods 
w ere in d ev elo p m en ta l stage  I (Fig. 2 ) , a lth o u g h  in S e p tem b e r a  sm all p ro p o r­
tio n  o f  th e  b ro o d s  (9% ) w ere  in Stage II; tin s p ro p o r tio n  re ac h ed  80%  in  O cto­
ber. F rom  O c to b e r to  D e ce m b er stages II a n d  III a cc o u n te d  fo r 63%  o f  th e  ovig­
e ro u s fem ales, a n d  as early  as J a n u a ry  they quickly passed  th ro u g h  stages IV an d  
V, lead in g  to  h a tc h in g  a n d  larval release.

Fecund itv  c o rre la te d  significantly  w ith  body size (C L), re su ltin g  in a slope o f 
th e  a llom etric  re la tio n sh ip  th a t ran g ed  b e tw een  3.0 a n d  4.1 fo r  th e  d iffe ren t

T ab le  2. Nephrops norvegicus fro m  G alicia: resu lts o f  th e  analyses o f  covariance  ca rr ie d  o u t to  com ­
p a re  th e  reg ress io n  e q u a tio n s  re la tin g  fecund ity  to  body  size (CL) fo r  each  in c u b a tio n  stage.

Tests o f  h o m o g e n ity  o f  variances

F ecu n d itv P = 0.374
C arap ace  le n g th  (CL) P = 0.637

C om parison o f  stages I, II a n d  III+

d f F P

C ovariate  (CL) 1 218.95 <0.0001
In cu b a tio n  stag e  (in te rc e p t, log  a) 2 20.59 <0.0001
In te rac tio n  (slope, b) 9 2 .40 0.095
E rro r 114

P aired  co m p ariso n s  o f  in te rcep ts

I / I I
I /  III+
II /  III+

P < 0.0001 
P  < 0.0001 
P  = 0.731
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Fig. 3. R e la tio n sh ip  betw een  fecund ity  (n u m b e r  o f  eggs a tta c h e d  to  th e  p le o p o d s)  a n d  ca rapace  
le n g th  (C L) o f  th e  N orw ay lo b s te r  in G alicia in  ea ch  in c u b a tio n  stage (I, II, III+) an d  a llo m e tric  
eq u a tio n s  f it ted  fo r  ea ch  stage (eq u a tio n  p a ra m e te rs  p ro v id ed  in  T ab le  1). A  sing le fem ale  w ith a 

CL o f  54 m m  a n d  a  b ro o d  o f  9633 eggs in  stage I is n o t  rep re se n te d .

stages o f  em b ry o n ic  d ev elo p m en t (Table 1, Fig. 3). O ver th e  size ran g e  ana­
lyzed, th e  fecu n d ity  in  stage I, c o rre sp o n d in g  to th e  realized  fecundity, was 
h ig h e r  th an  in stages II an d  III+, w ith  th e  la tte r  stage acc o u n tin g  fo r th e  effec­
tive fecundity . T h e re  w ere no  sign ifican t d ifferences be tw een  th e  slopes o f  th e  
eq u a tio n s fitted  fo r  each  in cu b a tio n  stage (P>0.05, T able 2). H ow ever signifi­
c a n t d iffe ren ces w ere fo u n d  be tw een  th e  in te rce p ts  w hen stage I was c o m p a red  
to  stages II an d  III+ (P<0.001), w hich suggest th a t egg losses o c c u r  d u rin g  incu­
b a tio n  w hich are  u n re la te d  to body size. T h e  least-square ad ju s ted  m ean  fe cu n ­
dity (c o rre sp o n d in g  to a  sam ple  m ea n  CL o f 38.6 m m ) was 2636 eggs in  stage I 
a n d  1475 eggs in  stages II an d  III+, w hich  rep re se n ts  an  egg  loss o f  44.0%  d u r ­
ing  in cu b a tio n .

DISCUSSION

In c u b a tio n  stages in  s tud ies on  th e  fecu n d ity  o f  Nephrops norvegicus have b een  
d e te rm in e d  by several au th o rs  in d iffe re n t geo g rap h ica l areas, based  on  a  scale 
o f  egg co lo ra tio n  a n d  th e  re la tio n sh ip  betw een th e  yolk m ateria l an d  egg  vol­
u m e  as p ro p o se d  by F ig u e ired o  8c F e rre ira  B arraca  (1963) a n d  F igueiredo  
(1971). T h e  m e th o d  follow ed in  th e  p re se n t paper, based o n  th e  d e te rm in a tio n
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T ab le  3. P a ram e te rs  o f  th e  a llo m e tric  (A, F =a’CLb) o r  lin e a r  (L, F = a+ b 'C L ) e q u a tio n s  re la tin g  fe­
cu n d ity  (n u m b e r  o f  oocytes o r  eggs in  various stages o f  in c u b a tio n )  to  body  size (CL, m m ) o f  the 
N orw ay  lo b s te r fro m  d iffe re n t g eo g rap h ica l areas. T h e  n u m b e r  o f  fem ales ana lyzed  (N ) is given. 
T h e  em b ry o n ic  dev e lo p m en ta l s tages A , C  a n d  D fro m  th e  scale o f  F ig u e ired o  a n d  B a rrac a  (1963) 

a re  eq u iv a len t to  stages I, II a n d  III+ fro m  th e  scale  u sed  in  th e  p re s e n t study.

F ecu n d ity  A u tho rs G eo g ra p h ic a l a re a M odel

P aram ete rs  

a  b N

O ocytes
T h o m as (1964) S co tlan d A 0.526 2.35 -

M orizu r a n d  R ivoalen (1982) C eltic S ea A 0.196 2.58 58

M orizu r e t  al. (1981) Bay o f  Biscay A 0.133 2.70 79

F o n ta in e  a n d  W arluzel (1969) Bay o f  Biscay A 0.108 2.80 53

F ig u e ired o  e t  al. (1982) W  P o rtu g a l A 0.323 2.50 47

F ig u e ired o  a n d  N u n es  (1965) SW P o rtu g a l A 0.043 3.06 -
G ram itto  a n d  F rog lia  (1980) A driatic A 0.058 2.94 85

Eggs in  stage A  /  1
C h ap m an  a n d  B allantyne (1980) L och  T o rr id o n  (S co tland ) L -3889 148.2 61

C h a p m a n  a n d  B allantyne (1980) C lyde (S co tland ) L -1261 81.3 33

C h ap m an  a n d  B allantyne (1980) M oray  F ir th  (S co tland ) L -1919 118.1 15

C h ap m an  a n d  B allan tyne (1980) W est K intyre (S co tland) L -2521 129.7 69

F a rm e r (1974) Irish  Sea L -1376 78.2 60

N icho ls e t  al. (1987) Irish  S ea  W est A 0.080 2.86 ~
P resen t study G alicia A 0.050 2.96 73

A lonso-A llende (1979) G alicia A 1.200 2.11 110

A belló  a n d  S ard á  (1982) N  P o rtu g a l A 0.025 3.12 76

F ig u e ired o  e t  al. (1982) W  P o rtu g a l A 0.056 2.89 79

A belló  a n d  S ard á  (1982) C a ta lo n ian  C oast A 0.210 2.49 62

G ram itto  a n d  F rog lia  (1980) A dria tic A 0.019 3.14 160

Eggs in  stages A a n d  B
F ig u e ired o  an d  N u n es  (1965) SW  P o rtu g a l A 0.023 3.06 ~

Eggs in  stage C  /  II
P re se n t study G alicia A 0.001 4.07 31

F igueiredo  e t  al. (1982) W  P o rtu g a l A 0.195 2.46 73

F ig u e ired o  a n d  N u n es  (1965) SW P o rtu g a l A 0.020 3.06 -
G ram itto  a n d  F rog lia  (1980) A dria tic A 0.083 2.67 91

Eggs in  stage D /  111+
M orizu r e t  al. (1981) Bay o f  Biscay A 0.016 3.19 101

P resen t study G alicia A 0.002 3.68 14

F ig u e ired o  e t  al. (1982) W  P o rtu g a l A 0.043 2.82 52

F ig u e ired o  e t  al. (1982) W  P o rtu g a l A 0.065 2.62 53

F ig u e ired o  a n d  N u n es  (1965) SW  P o rtu g a l A 0.015 3.06 -
O rsi-R elin i a n d  R elin i (1989) L ig u rian  Sea A 0.046 2.69 34

G ram itto  a n d  F roglia (1980) A dria tic A 0.033 2.81 28
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Fig. 4. F ecu n d ity  (n u m b e r  o f  eggs) o f  N orw ay  lo b s te r  fem ales w ith ca rapace  leng th s  (CL) of 35 
a n d  40 m m  in  th e  in itia l (A /I )  a n d  final (D /III+ ) stages o f  in c u b a tio n , a c co rd in g  to  a la titud inal 
g eo g rap h ica l g ra d ie n t ( th e  m id -p o in t la titu d e  o f  each  a re a  is show n). D ata  o b ta in ed  from  eq u a ­

tions f itted  by d if fe re n t a u th o rs  fo r  th e ir  respective g eo g rap h ica l a rea s  (see Table 3).

o f  th e  stage o f  em b ry o n ic  developm ent., allows fo r a m ore  accu ra te  estim ate of 
th e  in cu b a tio n  stage. H ow ever, regard less o f  th e  c rite rio n  u sed , fecundity  esti­
m ates c o rre sp o n d in g  to  th e  d iffe re n t in cu b a tio n  stages am o n g  the d iffe ren t 
geo g rap h ica l areas a re  c o m p arab le , a n d  th e re fo re , stages A, C a n d  D as provid­
ed  by th e  above m e n tio n e d  au th o rs  a re  eq u iv a len t to stages I, II an d  III+ in this 
study (Table 3).

In  d iffe re n t areas o f  th e  NE A tlan tic  a n d  M e d ite rran ean , several au th o rs  have 
estim ated  re la tio n sh ip s b e tw een  th e  fecund ity  o f  th e  N orw ay lob ste r an d  its car­
apace len g th , b ased  o n  oocyte  o r  egg  c o u n t in  d iffe ren t developm ental stages 
(Table 3). T o facilitate  th e  co m p ariso n  o f  estim ates a m o n g  areas, fecundity  was 
ca lcu la ted  fro m  th e  e q u a tio n s  fo r fem ales m easu rin g  35 an d  40 m m  CL (these 
sizes p e r ta in  to d o m in a n t a d u lt fem ales cau g h t in d iffe ren t areas) (Fig. 4). 
T h ese  estim ates w ere m ad e  fo r b o th  realized  (estim ated  by th e  n u m b er o f  re-
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cently  spaw ned  eggs, stages A o r  I) a n d  effective fecund ity  (e stim a ted  by th e  
n u m b e r  o f  eggs in  th e  final in cu b a tio n  stage, stages D o r  111+).

T h e  co m parative  analysis p o in ts  to th e  ex istence o f  two p a tte rn s  o f  variability  
in  the fecund ity  o f  th e  N orw ay lobster. First o f  all, variability  is h ig h  a m o n g  
n e ig h b o u rin g  p o p u la tio n s: e.g. T h o m as (1964) an d  C h a p m a n  & B allantyne 
(1980) fo u n d  g re a t variability in  th e  fecundity  o f  th e  N orw ay lo b ste r  in  d iffer­
e n t  areas o f f  th e  coast o f  S co tland . Secondly, effective fecu n d ity  decreases w ith 
a la titud ina l g ra d ie n t, from  the W est Irish Sea a n d  Bay o f  Biscay to th e  S o u th  o f 
P o rtu g a l, w ith  th e  low est fecund ity  in th e  M ed ite rran ean  p o p u la tio n s  (m in i­
m u m  values fo r  th is species w ere fo u n d  in  th e  L igurian  S ea [O rsi-R elin i & Reli- 
n i 1989] a n d  th e  A d ria tic  Sea [G ram itto  & Froglia  1980]). T h e  fecu n d ity  in Gal­
icia lies halfway b e tw een  th o se  fo r th e  closest reg ions o n  w h ich  d a ta  a re  avail­
able (Bay o f  Biscay a n d  P o rtugal).

T h e  N orw ay lo b s te r  has a b ro a d  g eo g raph ica l ran g e  o f  d is tr ib u tio n  in  th e  NE 
A tlan tic  a n d  M e d ite rra n e a n  w hich  ex h ib its  h ig h  en v iro n m en ta l variability. 
C h ap m an  & H ow ard  (1988) a n d  T uck e t al. (1997) have d e m o n s tra te d  th a t  in 
Sco tland  th e re  is a  substan tia l a m o u n t o f  small-scale variability  in th e  life h isto ­
ry  o f  this species, d u e  largely  to  th e  characteristics o f  th e  sed im en t. T h u s , in  ar­
eas having a  h ig h  p ro p o r t io n  o f  silt-clay in  th e  sed im en t, Nephrops re ach es  g re a t­
e r  densities th a n  in  areas having a co arse r sed im en t. M oreover, g ro w th  is d e n ­
sity -dependen t, w h ich  exp lains why the size a t  m atu rity  a n d  body  size a re  sm all­
e r  in areas h av in g  h ig h  densities. O n  a g eo graph ica l scale, den sity  is an  o rd e r  o f 
m ag n itu d e  h ig h e r  in  th e  n o r th e rn  A tlantic (w here th e  p ro p o rtio n  o f  fin e  g ra in  
sed im en t is h ig h est) th an  in  th e  so u th e rn  d istrib u tio n  a rea  (A nonym ous 1997). 
Size a t the o n se t o f  sexual m atu rity  an d  grow th ra te  in crease  in  th e  so u th e rn  At­
lan tic  a rea  (S ard á  1995; F a riñ a  1996). D ue to th is trad e -o ff b e tw een  grow th  a n d  
size a t m aturity , age  a t  th e  o n se t o f  m aturity  rem ain s relatively  c o n s ta n t in  th e  
A tlantic  stocks (u n p u b lish ed  d a ta ) . T h e  in cu b a tio n  p e r io d  in creases tow ards 
th e  n o rth , w hich  m arks a tran s itio n  from  an n u a l b re ed in g  in  so u th e rn  areas to 
b ien n ia l in  th e  m o st n o r th e rn  zones. M oreover, th e re  is a  decrease  in fecu n d ity  
p e r  b ro o d  tow ards th e  so u th  (Fig. 4 ), b u t if  th e  p eriod icity  o f  spaw ning , size a n d  
age  a t  th e  o n se t o f  m atu rity  a re  co n sidered , th e  a n n u a l a n d  life tim e egg  p ro ­
d u c tio n  p e r  fem ale  a p p ea rs  to increase  in  a so u th e rn  d ire c tio n  in  th e  N E  A tlan­
tic. In co n trast, in th e  M ed ite rran ean  th e  egg  p ro d u c tio n  o f  this species w ould  
b e  low er th an  in  s im ila r la titu d es o f  th e  A tlantic, given th e  fact th a t n o t  only  is 
fecu n d ity  p e r  b ro o d  very  low, th e  o n se t o f  m aturity  is a tta in e d  a t o ld e r  ages.

T h e  ex istence  o f  a  g eo g rap h ica l trad e-o ff betw een  grow th a n d  fecu n d ity  p e r  
b ro o d  m ig h t be  d u e  to ch an g es in  th e  strategy o f  en erg e tic  in v estm en t over th e  
la titu d in a l ran g e . T h e re fo re , in n o r th e rn  p o p u la tio n s h av in g  h igh  densities, 
th e re  w ould  be  a g re a te r  in vestm en t in  rep ro d u c tio n  w ith a  d ec rease  in  th e  
g row th  ra te  (in  ad d itio n  to  d en sity -d ep en d en t processes). An a lte rn a tiv e  hy­
po thes is w o u ld  suggest an  en v iro n m en ta l lim ita tion , b ro u g h t a b o u t by th e  fact 
th a t in  n o r th e rn  p o p u la tio n s  th e  d u ra tio n  o f  th e  in cu b a tio n  p e rio d  increases

FECUNDITY OF N E P H R O P S 187

d u e  to  th e  low tem p era tu res , w hich w ould  m ea n  th a t each  fem ale  w ould  ex­
p e n d  m o re  en erg y  p e r b ro o d , w ith a  few er n u m b e r  o f  b ro o d s. In  any case, we 
m u st take in to  acco u n t th a t th e  increase  in  re p ro d u c tiv e  e ffo r t p e r  b ro o d  in 
d ecap o d s m ay  be c h an n e lle d  in to  e ith e r  an  in crease  in  th e  n u m b e r  o f  eggs o r 
a n  in crease  in  th e  size o r  en erg y  c o n te n t o f  each  em b ry o . In  Nephrops th e re  is 
n o  d a ta  available o n  th e  seco n d  aspect, w hich w ould  m ean  th a t the tren d s ob ­
serv ed  in  rep ro d u c tiv e  e ffo rt, m easu red  by th e  n u m b e r  o f  eggs p e r  b rood , 
sh o u ld  be co n sid e red  w ith cau tion . In  any  event, th e  e n e rg e tic  investm en t p e r 
em b ry o  is a  Iife-history tra it w ith a low er in traspecific  variability th an  th e  n u m ­
b e r  o f  em b ry o s p e r  b ro o d  in decap o d s (H ines 1982).

In  th e  N orw ay lobster, th e  n u m b e r  o f  oocytes in th e  m a tu re  ovary is g rea ter 
th an  th e  n u m b e r  o f  recen tly  spaw ned  eggs, a lth o u g h  th e  d iffe ren ce  has been  
estim a ted  to  be  <3% (M orizu r 1981). M oreover, th e  fecund ity  is h ig h e r  in  early 
as c o m p a re d  to m o re  ad v anced  d ev elo p m en ta l stages (Table 3 ) . Egg losses in 
d iffe re n t species o f  decap o d s have b e e n  lin k ed  to  a  n u m b e r  o f  factors such as 
th e  re te n tio n  o f  th e  oocytes in  the ovaries a n d  su b seq u e n t reab so rp tio n , losses 
o f  u n fe rtiliz ed  eggs o r those  th a t d id  n o t  a ttach  to  th e  p leo p o d s  d u rin g  spawn­
ing, fa ilu re  o f  in fertile  eggs, m ech an ica l ab rasio n , p re d a tio n , parasitism , etc. 
(F a rm er 1974; R uris 1991).

O n  th e  W est P o rtu g u ese  coast, F igueiredo  & N u n e s  (1965) estim ated  a  total 
egg  loss fro m  th e  m atu re  ovary to  th e  final stage o f  in cu b a tio n  o f  75% , assum ­
ing  a  10% m o n th ly  loss a n d  an  in cu b a tio n  p e r io d  o f  7.5 m o n th s . Later, Figuei­
re d o  e t  al. (1982) u sed  a m o re  accu ra te  estim ate  o f  th e  d u ra tio n  o f  th e  incuba­
tio n  p e r io d  fo r th e  sam e area , re su ltin g  in  a  value o f  eg g  losses from  56%  to 
68%  (from  th e  m atu re  ovary to th e  in itial a n d  final p hase  o f  stage D o f  em ­
bry o n ic  d ev elo p m en t, respectively). It m u st b e  tak en  in  co n sid e ra tio n  th a t the 
h ig h e r  value co u ld  in c lu d e  th e  p a rtia l h a tc h in g  o f  th e  b ro o d  (F igueirèdo  e t al. 
1982). In  th e  Bay o f  Biscay, M o rizu r (1981) assessed th e  egg  losses a t  45-50% 
fro m  th e  m a tu re  ovaries to stage D o f  in cu b a tio n , a n d  30-40% d u rin g  th e  incu­
b a tio n  (fro m  stages A to D). O ff th e  coast o f Sco tland , C h a p m a n  & Ballantyne 
(1980) suggested  a ran g e  o f  losses from  32 to  51%  d u rin g  th e  in cu b a tio n  p e ri­
od.

O u r  fin d ings fo r  th e  N orw ay lob ste r in  G alicia in d ica te  an  egg  loss o f  44% 
d u rin g  th e  in cu b a tio n ; how ever this value is based  m ainly  o n  fem ales with 
b ro o d s  in  stages I a n d  II (th e  n u m b e r  o f  fem ales analyzed in stage III+ was low­
e r)  a n d  th e re fo re  it  w ould  p e r ta in  chiefly  to losses in  th e  early  stages o f  incuba­
tion  (b e tw een  A ugust a n d  O c to ber-N ovem ber). C o n sid e rin g  th e  above, egg 
losses d u r in g  th e  w hole in cu b a tio n  p e r io d  sh o u ld  b e  h ig h e r  th a n  o u r  estim ate, 
close to th e  values given fo r P o rtu g a l, a n d  h ig h e r  in  b o th  cases th an  th e  p e r­
cen tag e  o flo sse s  estim ated  fo r n o r th e rn  areas. A lth o u g h  th e re  is only a  lim ited 
n u m b e r  o f  re fe ren ces  to egg  losses in Nephrops, th e  available d a ta  im ply th a t 
th e re  is a decrease  in th e  p e rce n ta g e  o f  losses tow ards th e  n o r th , desp ite  the 
fa c t th a t th e  in cu b a tio n  p e r io d  lasts lo n g er in  n o r th e rn  la titu d es. No c lear hy-
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pothesis h as b een  p u t  fo rth  re g ard in g  w hat causes th e  la titu d in a l c line  in  egg 
loss in Nephrops, b u t th e  available d a ta  ind icate  th a t it  is n o t  a  sim ple  process 
w hich d e p en d s  only  o n  th e  d u ra tio n  o f  th e  in cu b a tio n  p e rio d .

Previous stud ies (C h ap m an  Sc B allantyne 1980; M orizur 1981) have fo u n d  a 
g re a te r  p e rce n ta g e  o f  losses in  sm alle r fem ales; o u r  results ind ica te  n o  size ef­
fe c t ( th e  slopes o f  fecu n d ity  eq u atio n s w ere  sim ilar am o n g  d e v e lo p m en t stag­
es). T h e  egg  loss estim ates fo u n d  in these s tu d ies m ay be b iased  d u e  to  th e  ef­
fect o f  th e  fish ing  g e a r  (F igue iredo  Sc N u n e s  1965; M orizur 1981). C h ap m an  & 
B allantyne (1980) e stim a ted  these losses to  be  be tw een  11 a n d  22%  in  th e  wa­
ters o f f  S co tland , however, th e  trawl gears u sed  in  S co tlan d  genera lly  have m od­
ified th e  fo o tro p e  w h ich  d istu rbs th e  sed im en t to a g re a te r  e x te n t th an  those 
used  in  Galicia.
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