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Population biology of the Norway lobster, Nephrops norvegicus 
(L.) in the Firth of Clyde, Scotland II: fecundity and size at 
onset of sexual maturity

I. D. Tuck, R. J. A. Atkinson, and C. J. Chapman

Tuck, I. D„ Atkinson, R. J. A., and Chapman, C. J. 2000. Population bm'ogy of the 
Norway lobster, Nephrops norvegicus (L.) in the Firth of Clyde, Scotland II fecundity 
and size at onset of sexual maturity. -  ICES Journal of Marine Science, 57: 1227-12-«.

The fecundity and size at onset of sexual maturity of Nephrops norvegicus was 
estimated at different locations within the Firth of Clyde, S. . co an 
"potential” fecundity was estimated from oocyte counts m mature ovaries, wtru 
estimates of “actual” fecundity were made from counts of the eggs attached to the 
pleopods of ovigerous females. Size at onset of maturity of Nephrops norvegicus was 
estimated from the study of primary (ovary maturity and eggs on pleopods) ana 
secondary (allometric) sexual characteristics.

Relationships between potential fecundity and female carapace length were oun 
conform to a power function (F = aL b). Comparison of the logarithmic ormu ations o 
the relationships for seven locations revealed no differences in power tei™L’ u e 
were significant differences in the constants. Results suggested that ditterences i 
fecundity mainly reflected a geographical variation in oocyte volume (expresse i 
terms of mean dry weight) which appeared to be related to growth. Where growt ra e 
was characterized by a low value for the asymptotic length of the carapace (L ,) ,  
females appeared to have smaller oocytes and larger size-specific fecundity.

Estimates of size at onset of sexual maturity varied over small geograp i c *ca 
(tens of km) and ranged between 21-34 mm carapace length for females an nr
for males, the estimate obtained from the different approaches being sirm ar. ize • 
onset of maturity was positively related to L x (p<0.05) and negatively re ate o a u 
density (p<0.05). Age at onset of maturity appeared relatively constant geographica y 
hut varied between the sexes (males, 4—4.5 years; females, 3 3.5 years).
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r , , . As far as we are aware, no work has been done on the
Introduction pOSSlble genetic basis o f  fecundity  variability . b u U h c re

The fecundity o f  fem ale Nephrops norvegicus has been have been sU " L ' a t'm ;ttunity . V ariations in these
examined th ro u g h o u t its geograph ica l d is trib u tio n  such as grow  be rcUued t0  environm ental
(Emksson, 1 9 7 0 ; C h a p m a n  a n d  B allan tyne, 1 9 8 0 ; p aram eters are  g an and  Bailey. 1987;
M orizur et al., 1 981 ; O rsi R elini a n d  R elin i, 1 9 8 9 ). T w o facto rs (Bailey e ta l . ,  . P ^  ^  \q 91a), \ n 
aspects o f  this sub ject are  o f  m a jo r  in terest. T h e  first. C h ap m an  an  ow ar , (hat variability  jn
noted by several a u th o rs  (e.g. T h o m as, 1 9 6 4 ; F arm er, co n trast, a ttrib u ted  to  local area
IWS Chapm an , „ d  B a lia « ,» . .  I980; B a.le , «  »1.. nephrops t o n d . ■ » » « «  no
l986; Sm ith, 1 9 8 7 ), is th e  occurrence  o f ’large  v a ria tio n s  o r P o p u ^ o n  'e f f e c t ‘me t í a s  used

fecundity  betw een  d ifferent p o p u la tio n s , an d  p e rh ap s  from  o t . po ten tia l fecundity  as the
even betw een d ifferent p a r ts  o f  th e  sam e p o p u la tio n , an d  egg c> ^  ^  ^  ac tual fecundity  as the
Smith (1 9 8 7 ) , fo r exam ple, suggested  th a t  local v a n a -  num be y n lennods a t the  tim e o f cap tu re ,
Sility in fecundity  c o u ld  exist w ith in  th e  F ir th  o f  C lyde, n u m b er o f  eggs on
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Table 1. Firîh of Clyde station poMtion> and equation parameters lor relaiionNhipN ol potential 
fecundity based on oocyte counts F = a '  C L'’ where I in potential kvumJjtv. (1 . is carapace length, 
and a and b are constants. Parameters are given tor the best tits to individual data sets Intercepts for 
pooled slope (2.697) followed b> same letter are not s)gmii<.uml> different ip * o  o ñ

P a r a m e t e r s  t o r
__ , , e q u a t i o n  L a  • < 1 *' P o o le dT r a w l  La t.  a n d  L a t .  a n d  i o n e  \ o  o t
Sta" ° n lo T ’ M a rt ,‘i [m h

' a t  I Hi

55’23.X6'N 55 '22.45'S

55 41.62 'N  55’4 0 .9 8 '\  r->
04 36.86'W  04-58. lO'W 0 -’ *<4

in te r c e p t

J4 lí 2 nun II I'M"'04’57.82'W 04’57 65'W
2 55’14.76’N 55'14.7X'N 1’ 11 nwM 2 *21 O OOI'

05412.4 l ’W 05’04.72'W
3 55’10.41’N 55°09.U3'\ 14 11 2 H ’. 2 M " Il 2001'

05’13.05'W 05’13.12'VV
4 55“08.82'N 55’IO.!5'N 2') 114 M ' 2 4 1 ' 0  IS O " '

05°)6.89'W 05 17.72'W
5 55’19.52'N 55’20.73’N 20 n <110  2 s io  o I"82“55° 19.44’W' ()5’1X.66'W
6 55’20.94'N 55’21.67'N 25 imOS" l |S i i  UI54.V’

05° 15.69'W 1)5’13.86'W
7 < < % <  I s - yi* ■

0 I "65"

and effective fecundity as the estimated number o f  eggs 
on the pleopods at the time o f hatching.

The loss o f eggs from the abdomen during incubation
is another important aspect o f fecundity in Nephrops
(Froglia and Gramitto. 1979: Chapman and Ballantyne.
1980: Figueiredo et a i ,  1982: Gramitto and Froglia.
1980; Morizur. 1981: Smith. 1987). Information on this
aspect is essential when fecundity is used in conjunction
with Nephrops larval surveys for estimating spawning
stock size (e.g. Nichols and Thompson. 1988; Tuck 
et al.. 1997b).

Wenner et ul. (1974) considered the size at which 
crustaceans become sexually mature to be a very useful 
gauge in the study o f environmental effects on field 
populations. Size at the onset of maturity (SOM) in 
female Nephrops has been studied by measurement o f  
the smallest ovigerous female (for review, see Farmer. 
1974a) and estimation o f 50% maturity from ovary 
examination (Bailey. 1984). In reviewing the literature. 
Farmer (1974a) found considerable geographic variation 
in the size o f the smallest ovigerous female (18 36 mm). 
Thomas (¡964) found variations in the size at first 
maturity around the Scottish coast, and Bailey (1984) 
recorded variations in size at 50% maturity over rela
tively small geographic ranges. No reliable external 
index o f maturity has been described for male Nephrops 
(Figueiredo and Thomas. 1967) and the SOM has not 
been successfully examined through study o f the devel
opment o f the testes (Farmer. 1974a). Tessier (1960). 
however, found that changes in the relative growth o f  
various body proportions (allometry) occur at sexual 
maturity and Farmer (1974b) successfully examined the 
relative growth o f Nephrops in the Irish Sea using chela

p r o p o d a l  l e n g th  ( m a l e s )  a n d  a b d o m e n  w idth  (fe m a le s) .

V a r ia t io n s  in S O M  o v e r  s m a l l  g e o g r a p h ic  sca les could
h a v e  i m p o r t a n t  i m p l i c a t i o n s  f o r  f i s h e r i e s  m a n a g e m e n t .  
D a r t i o i i H i - l ,  ; r « . . u  :

sca les could 
- n t . i  m anagem en t, 

o id  th e  c ap tu re  of

. . . . . . . . . . . . . i i m p l i c a t i o n s  to r  t i s l n

particu larly  if m esh sizes a re  set to  av 
im m atu re  individuals.

T he present p a p e r investigates the geographic varia-
ill t v  in HAt.v«»: .1 «' „ j c r v t i  zd

m e  p resen t p a p e r investigates th e  geogi-,___
b i l i ty  in po ten tia l fe c u n d i t y  a n d  SO M  in the Firth ot 
C lyde. c o m D a r in p  tHp <0 - .. n u m b e r  o f  different

. . .  pv / icm id i  l e e u n u i t y  a n d  ^
Clyde, comparing the results o f a ——
techniques. Observations are also made on egg lo“  
during incubation.

Materials and m eth ods  

P o t e n t i a l  f e c u n d i t y

991. non-ovigerous 
ovaries (stage 4:

D uring  A ugust an d  O c to b er 
teníales with m atu re , d a rk  green 
Bailey. 1984). were caugh t d u rin g  a traw ling 
Nephrops g ro u n d s in the  F irth  of C ly d e  by R.V. "Aora 
Sam ples were co llected  from  six sta tio n s in

I iva O’V'T-
ling survey ot 
~ V. "Aora".

r 7  ' ••' • •^ '-onc-c icu  i r o m  six s t a t io n s  in the Outer 
. s o u th  o f  the  I s lan d  o f  A r r a n ,  a n d  fr o m  o n e  station 

n o r | h- f e a r  th e  I s la n d  o f  Litt le  C u m b ra e  (see 
a e  *)• The la t t er  s t a t io n  ( N o .  7 in T a b le  1) was 

r e a s o n a h l v  i-Nm. o .  ohir .  1 7 t-mi to the

fu rth er north , nea

T able  I), The la tte r  s ta tio n  (N o . 7 in Table 1) was 
p.- , tC lo reasonab ly  close (w ithin 1.7 km) to the 
11987 ° x i F '^ e POMtlon sam pled  previously by Smith 
ta n -  * k Cr dep th  v a r 'L’d from  47 8 0 m  and the dis- 
4  etvveen •he six so u th e rly  sta tio n s ranged trom
r ^ 1c n o rth erly  sta tio n  w as between 30-60 km

the o th er sta tions.

rese ^°i!,e m atu re  *ernales w ere frozen on board the 
s:_ 2 7  vessel an d  re tu rn ed  to  th e  la b o ra to ry  for analv- 
thpn r Sre ,IXe^ ’n buffered  form alin  for 24 h. 

transferred  to  70'!/,, a lcohol. T he use o f  both these
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preservatives hardened  the  oocytes and  facilitated  the 
dissection o f  the in tac t ovary ( f ig u e ire d o  and  N unes.
1965).

The carapace length  iC l. l  o f each teníale wav 
measured to the 0.1 nun below , using callipers The 
dissected ovaries were d ried  to  co n stan t weight at 100 ( 
for 24 h. The weighing was p e rlo n n e d  on a digital 
balance to an accuracy ot o .ool g 1 igueiredo i t  a! 
(1982) found no varia tion  m oocyte weight in d itlerent 
parts of the ovarv. so loi each teníale, a single sub- 
sample of the oocvtes was co un ted , dried again, 
weighed, and then raised to the dry weight o f the whole 
ovary to calculate the to ta l num ber ot eggs I he si/c  ot 
the sub-sample varied with teníale si/c. Itoui over half 
the weight o f the w hole ovarv iii sm all teníales to over 
1000 ova in larger lobsters Sm ith t l ' i s “ t. using sim ilar 
techniques, found the m axim um  e rro r in oocyte counts 
was less than 3"...

The fecundity estim ates were analyzed  m rela tion  lo  
female size by regressions on log,,,-log,,, la llom etrie l 
plots, since this gave a better tit th an  u n iran s lo rm cd  
data. Most previous studies m Mze-specitic fecundity in 
Nephrops have also used this m ethod  The a lló m em e 
model has a theoretical slope of v .h . im plying that 
fecundity is a sim ple vo lum etric  fu n c tio n  ot ten íale size 
(Somers. 1991 ).

Actual f e c u n d i t y

A dditional traw ling in  the O u te r b ir th  ot C lyde was 
carried out a t  v a r io u s  tim es, betw een N ovem ber 1 9 9 0  

and February 1992. d u rin g  which ov igerous teníales 
were removed from  th e  catch , frozen  ind iv idually  m 
labelled polythene bags and  re tu rn ed  to  the labora to ry  
All the eggs in  each b ro o d  were carctully rem oved tro m  
the p le o p o d s  and co un ted . A lthough  a h igh p ro p o rtio n  
°f eggs som etim es failed to  adhere  to  the p leopods 
(Smith. 1987t. all o b se rv a tio n s w ere included.

Size at o n se t o f  sexual m a tu r i ty

During August 1991. the ca rap aces ot a sam ple ot 
uon-ovigerous female Nephrops trom  each traw ling  ̂
tion were cut open an d  the ox aries w ere staged by 
and shape according to  the m ethod  by Bailey < •
Spawning occurs in S ep tem ber or O c to b er m the C y e 
Sea area, and SO M  estim ates based  on  ovary n ta tu n t  
ute known to  show tem p o ra l variability  m  rela tion  tc 

(Anon.. 1994). By sam pling  in A ugust we aim ed o 
estimate SOM  a t th e  tim e o f  peak  ab u n d an c e  ot tem a  es 

m ature ovaries. S O M  w as estim ated  by lu tin g  t e 
i°gistic m odel to  d a ta  on  the  percen tag e  ot n1‘'*u r ' 
females for each mm size class and  estim a tin g  the 
wh'ch 50% had  o varies in ad v anced  stages o f  develop- 
utent (pale o r  d a rk  green in co lo u r: stages -  4 . ai e

1984). T he C L  ot the sm allest ovigerous fem ale from  
each sta tion  was also taken as a m easure o f  SO M  
I Bailey. 19X4).

Sam ples ol m ale and lem ale Aephrops were taken 
tro  m the catches in August and  O ctober 1991. frozen on 
bo ard  and retu rned  to  the laboratory  where biom etric 
m easurem ents were taken. A dditional sam ples were also  
collected in January 1994. T he m easurem ents taken 
included C L . abdom en w idth (at the second abdom inal 
som ite) and the  propodal length o f  the c rusher claw.
\ i phrops are usually heterochelous. one chela being 
sh o rte r and s to u ter with coarse  blunt teeth (crusher), 
while the longer m ore slender chela has only short 
line teeth (cu lte ri (H olthuis. 1950). The chela 
m easurem ent was not taken when lim b regeneration was 
suspected.

The indicator o f  body size was chosen to be CL 
( f a rm e r .  I974hi. with the o th er m easurem ents being 
exam ined in relation to  this. Analysis o f  the a llóm em e 
d a ta  was carried  out using the m ethods o f  F a rm er 
( |9 _4b) (least analysis regression [LSR] with log- 
transfo rm ed  [claw length] or untransform ed data  [abdo
men width]) and Lovett and Felder (1989) (by reduced 
mayor axis [R M A ] with un transform ed data). F o r the 
LSR. the d a ta  for males and females were initially 
analyzed separately, with parts or all o f  the da ta  sets 
being grouped together later if  there were no significant 
differences betw een them . Regression lines were calcu
lated for upper and lower size ranges o f  anim als where 
inflexions were noted  in the relationship  on arithm etic 
coord inates. Individual po in ts a round  the point o f 
inflexion were assigned to the upper o r lower regression 
by m inim ization o f the suni o f squares o f the residuals o f 
the regressions. Differences between these regressions 
were exam ined by analysis o f  v ariance (A N O \ A) and 
analvsis o f  covariance ( AN C O  VA 1. W here no inflexion 
was noted  over the size range exam ined, a com bined 
regression equation  was obtained. For the R M A . the 
sexes were analyzed separately th roughou t. For each 
data  set. da ta  were repetitively split into two groups, 
w nh CL < and > a hypothesized transition  point. A 
separate  regression function was calculated to r each ot 
the two groups after each relocation o f the transition  
po in t, such calculations being perform ed iteratively with 
successive relocation  o f the transition  poin t at 0.5 mm 
in tervals across the range ot C L. The CL at which the 
relative grow th changed m ost precipitously (poin t o f 
inflexion) was defined as the transition  point for which 
the regression lunetions ot the tw o groups best fit the 
com bined d a ta  set. This point was selected empirically as 
that which produced  the  highest p robability  o f random  
residuals fo r the  tw o groups. Lovett and Felder (1989) 
provide full deta ils o f  this technique. F o r  bo th  tech
niques. SOM  w as taken  as the  po in t o f inflexion in the 
d a ta , and  the  estim ates from  each technique were 

com pared .
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Results

Estimates o f  potential fecundity from oocyte counts

R elationsh ips betw een po ten tia l fecundity  an d  C L  for 
fem ales cau g h t at each o f  the  traw l s ta tio n s w ere cu rv i
linear (F ig . I f  T he size range o f  indiv iduals m easured  
varied  betw een sta tio n s (Fig. 1). reflecting the co n sid er
ab le  spa tia l variab ility  in  g row th  ra te  know n to  exist in 
the  F ir th  o f  C lyde (T u ck  e t al. , 1997a). T h e  slopes o f  the

c a m h 'a -i i ? Uat*0nS 1) w ere fo u n d  to be signifi-
D < 0 rm  f em  fr0m  th e  th e o re tica l slope o f  3.0 (t-test. 
d itv  w ValUe Which im P lied th a t po ten tial fecun- 

aS / L SImple v o lu m etric  fu n c tio n  o f  female size 
relati rS;  !)■ A N O V A  resu lts fo r the seven biometric 
s io n  ° ? S lps revealed n o  sign ifican t difference in their 
A n  i h Slgn‘ficam  d eferences in in te rcep ts (Table 2). 
s tand  !  S,0pe Was th e re fo re  calcu la ted  (2.697, with 
r e c a le n  ° f  ± 0 0 7 6 > a n d  the  intercepts were

calcu la ted  using th is slope (T ab le  1). T he difference



Population
ion biology o f  the N o nvay  lobster in the Firth o f  Clyde, Scotland II

1231

10 000
10 000 p —

8000
8000

6000
6000

4000
4000

•  •

2000
2000

10 000

8000

6000

4000

2000

20
(Jarapace lengui vumw

figure 1. ^  2 (bK 3 (c)i 4 (d)- 5 (e). 6 (f). and 7 <g>. Lines

Figure 1. Scatterplots o f potential fecundity against carapace lengt^ ° r s. T We p  
«present best fit to equation Fecundtty = a.CLb, with parameters g.ven

between these in te rcep ts  rep resen ted  v a ria tio n  in po ten  
tial fecundity betw een  sta tions. A  pairw ise com partso  
between in tercepts, using  th e  T u k ey  H S D  test sugëes ® 
that the fecundity  d a ta  co u ld  be  b ro ad ly  divt e in 
two groups o f  s ta tio n s  (T ab le  1). T h e  in te rcep t va  ue 
For females a t s ta tio n s 2 a n d  6 d id  n o t  differ signt can  
from each o th e r b u t  b o th  w ere significantly  sm aller th a  
at all the  rem ain in g  s ta tio n s. A m o n g  th e  rem aim  g

stations the intercept values did not differ significantly, 
with the exception o f  those for stations 3 and 7.

Fecundity was a function o f ovary and oocyte vol
umes, and hence was likely to be related to ovary and 
oocyte dry weight. Indeed, the method o f fecundity 
determination adopted in this study was based on the 
measurement o f  both o f  these weight parameters. The 
above variations in fecundity could reflect differences in
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Table 2. Analysis of variance tables for comparison of potential fecundity regressions.

Sum of 
squares d.f.

Mean
square F value P

Test for homogeneity of slopes
Station 0.230 6 0.038 1.576 0.157
Log (CL) 27.511 1 27.511 1130.810 >0.001
Interaction 0.188 6 0.031 1.287 0.265

4.209 173 0.024
ANCOVA test of intercepts

Station 1.881 6 0.313 12.761 >0.001
Log (CL) 30.153 1 30.153 1227.588 >0.001

4.397 179 0.025

ovary an d /o r m ean oocyte weights. A t each sta tio n , 
there was a significant positive re la tionsh ip  betw een the 
log total dry weight o f  the m ature  ovary and  fem ale CL. 
W hen these relationships were analyzed by A N C O V A , 
that tor station  2 was found to differ significantly from  
the others in intercept, bu t not in slope. T he re la tio n 
ships to r the o ther six stations did not differ significantly 
Irom each other. W hen a pooled slope was ad o p ted  
(0.0378) and the intercepts recalculated, the value 
obtained to r station 2 was significantly sm aller th an  for 
stations I and 7. The intercepts for all the o th er sta tions 
did not differ significantly.

A sim ilar analysis ol the mean dry weight o f  oocytes 
Irom the ovary found no significant relationships with 
teníale ( 'I .  at any o f the individual sta tions. T he m ean 
oocyte d iy  weights, averaged to r all females from  each 
station, ranged from 0.2118 mg (station  3) - 0.3228 mg 
(station 7). Significant differences were found in m ean 
oocyte dry weight between stations (A N O V A , p<0.001). 
A pairwise com parison o f the da ta  show ed the m ean at 
station  3 was significantly sm aller th an  the m eans at 
stations 1. 5 and 7. which did no t differ from  each o ther. 
The m ean to r station  7 was also significantly different 
from  the m eans at stations 2. 4 and 6. All o th er sta tions 
m eans did not differ significantly from  each o ther. Since 
all the ovaries exam ined were at a  sim ilarly late stage o f  
m atu ra tio n , variation  in m ean dry weight o f  the oocytes 
was unlikely to be related to differences in developm ent 
stage o f  the ovaries.

The m ethod used for Nephrops fecundity estim ation  in 
the present study was essentially based on determ ining 
the dry weight o f  the ovary  and a portion  o f  the oocytes. 
T herefore, fecundity variability  needs to take account o f  
possible geographical v aria tion  in ovary  and  m ean 
oocy te weight. Figure 2 show ed the varia tion  in all three 
p aram eters betw een sta tions, a rran g ed  in ascending 
o rd er ot fecundity  intercept values (F ig. 2a). T he fecun
d ity  intercept values a t sta tio n s 2 and  6 (Fig. 2a) were 
significantly sm aller th an  a t the o th e r sta tio n s (T ab le  1) 
reflecting a sm aller ovary  d ry  w eight (assum ed to  be 
p ro p o rtio n a l to  ovary  volum e) (Fig. 2b), an d  to  a  lesser

ex ten t, a  relatively  sm all oo cy te  d ry  w eight (Fig. 2c). 
T h ere  was re la tively  little  v a ria tio n  in log ovary dry 
w eight betw een  th e  rem a in in g  sta tio n s (7, 5, 4, 1, and 3) 
(F ig . 2b). F o r  th e  la tte r  g ro u p  o f  sta tions, fecundity may 
have been inversely re la ted  to  th e  m ean dry  weight of 
the  oocytes (assum ed  p ro p o r tio n a l to  oocyte volume) 
(F ig . 2c).

A ctual fecundity

T he num bers o f  eggs on  p leo p o d s  ranged  from  140 to 
over 4000 per fem ale, show ing  a general increase with

a
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Figure 2. Summary of (a) potential fecundity intercep - 
ovary log dry weight intercept and (c) mean oocyte dry 
(mg) values for mature females at each station. Bars repre^^^^ 
ing each station are arranged in increasing order o 
fecundity intercept value.
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Figure 3. Range of potential fecundity measured in the Firth of 
Clyde (solid lines), and actual fecundity ( • )  of trawl caught 
animals.

female (Fig. 3). A c tu a l fecu n d ity  a lso  v a ried  co n sid e r
ably for a given C L , w ith  egg co u n ts  fo r 27 m m  C L  
females, for exam ple, ran g in g  fro m  347 to  1050. The 
actual fecundity was co m p ared  w ith  the  p o ten tia l fecun
dity range for the F ir th  o f  C lyde (T ab le  1), a n d  ind ica ted  
a considerable egg loss fo r som e in d iv id u a ls (F ig . 3).

Size a t  o n se t o f  s e x u a l  m a tu r i ty

The estimates o f  SO M  o f  Nephrops fo r each sex a t each 
station, as assessed by  each  m eth o d , are  show n in T ab le  
T The param eters fo r  the  L SR  analysis are  show n in 
Tables 4a a n d  b , w ith  a  su m m ary  o f  th e ir  fu rth e r

analysis in T ab le  5. T he param eters fo r the R M A  
analysis are show n in T ables 6a & b. It was not possible 
to  o b ta in  estim ates for all sta tions using each technique. 
N o  inflexion was identified in the c rusher length rela
tio n sh ip  fo r m ales at sta tion  1 using the LSR technique. 
T h e  R M A  technique provided estim ates with the highst 
p ro b ab ility  o f  ran d o m  residuals, bu t these probabilities 
were no t significant for females a t stations 1, 2 and 7. 
a n d  fo r m ales a t stations 2 and  5. In exam ining re la tion 
ships betw een SO M  param eters, these non-significant 
estim ates were no t included.

T h e  estim ates o f  fem ale SO M  varied considerably 
betw een sta tio n s (ranging from  21-32  m m ; Table 3). but 
d id  n o t vary  significantly betw een techniques (W ilcoxon 
signed ran k  test). A  sim ilar p a tte rn  was also shown by 
the  m ale estim ates, which did no t vary significantly 
betw een techniques. Significant differences were id en t
ified betw een sexes, w ith estim ates o f  m ale SO M  signifi
can tly  g rea ter th an  the fem ale estim ates (p<0.05) in all 
b u t one case (R M A  analysis o f  m ales vs. sm allest 
ovigerous female; p=0.075).

Sim ilar trends were show n between stations, and  the 
estim ates fro m  each technique were positively c o rre 
la ted , a lth o u g h  no t all significantly so. F o r  fem ales, 
Spearm an  ran k  co rre lation  show ed th a t estim ates from  
ovary  m atu rity  and bo th  allom etric approaches were 
significantly correlated  (rs>0.94, p<0.05). N either the 
co rre la tio n  coefficients between techniques for males 
(rs=0.700) o r betw een sexes (rs 0.493 0.949) were 
significant given the sm all sam ple sizes.

T h e  s tro n g  positive corre lation  betw een the estim ates 
from  different techniques results in each set ol estim ates 
show ing sim ilar relationships with population  p a r
am eters. These re la tionships are sum m arized by describ
ing the analysis fo r females based on ovary m atu rity  
an d  m ales based on cru sh er length (LSR  and  R M A

Table 3. Estimates of size at onset o f maturity for each of the trawling stations u s in g p ' a||yometr¡c 
characterist.es and least squares regression (LSR) and reduced major axis (RMA) alióme 
techniques. __________

Females (mm) Males (mm)

Smallest
Abdomen

width
Crusher
length

Station
50°/,

Maturity
ovigerous

female LSR RMA LSR RMA

1
2
3
4
5
6 
7

29.5
27.2
22.6
23.3 
27.0 
27.7 
33.5

32
26
22
24
27
27
31

28.7
28.7 
21.4
23.6
24.1
25.2
34.6

30.6 t 
28.9+

21.3 and 25.8* 
22.4 
24.1 
25.7 

45.0+

32.7
29.1
29.0
31.0
34.0 
46.3

34.0
32.0+
30.9
29.9 
24.0+
32.3
46.3

tProbability o f random residuals for the two subsets not significant at 5% level. 
*Two equally significant values produced for this station.
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Table 4a. Regression parameters for claw propodus analysis.

Station Groupingt

log
Coefficients and parameters for equation: 

i0(claw length) = a x log10(CL) + b. All p<0.001

a b r n

1 All 5 1.200 0.757 0.990 37
All T 1.047 1.208 0.994 42

2 1mm d 1.013 1.432 0.901 12
Mat J 1.499 0.698 0.976 15
All i 0.912 1.875 0.967 14

3 Imm d 1.091 1.086 0.982 25
Mat d 1.475 0.323 0.931 13
All ; 1.058 1.159 0.958 22

4 Imm d 1.184 0.813 0.994 24
Mat d 1.472 0.318 0.977 23
All 7 1.025 1.503 0.974 21

5 Imm d 0.972 1.585 0.985 20
Mat d 1.131 0.998 0.954 20
All i 1.018 1.312 0.993 24

6 Imm d and All 7 1.009 1.374 0.991 67
Mat d 0.958 1.866 0.907 11

7 Imm d 1.193 0.774 0.953 115
Mat d 1.329 0.501 0.893 17
All , 0.979 1.531 0.940 123

tGrouping as follows (Imm, immature individuals; Mat, mature individuals; All, all individuals).

I able 4b. Regression parameters for abdomen width analysis.

Coefficients and parameters for equation: 
abdomen width = a x CL + b

Station Grouping! a b P r n

1 All d 0.507 -0 .7 1 4 <0.001 0.980 41
Imm ; 0.551 -  1.001 <0.001 0.984 26
Mat ; 0.583 -  1.000 <0.001 0.981 42

- au d 0.512 -  0.682 <0.001 0.989 34
Imm ; 0.544 -0 .7 4 4 <0.05 0.957 7

3
Mat ! 0.582 -  0.805 <0.001 0.984 11
All d 0.514 -  0.942 <0.001 0.995 44
Imm i 0.475 0.225 <0.001 0.983 12
Mat i 0.584 -  1.309 <0.001 0.968 624 All d and 1mm * 0.516 -  0.697 <0.001 0.992 66
Mat 7 0.618 -2 .1 6 7 <0.001 0.981 465 All d and Imm 7 0.500 -  0.302 <0.001 0.987 50
Mat i 0.604 -  1.738 <0.001 0.984 490 All d 0.542 -  1.643 <0.001 0.994 42
Imm i 0.570 -  1.545 <0.001 0.981 23

7
Mat , 
All d  
Imm ; 
Mat :

0.574 -  0.769 <0.001 0.989 44/ 0.513 -  0.485 <0.001 0.972 163
0.607 -2 .2 4 4 <0.001 0.821 88
0.511 1.686 <0.001 0.826 80

Grouping as follows (1mm, immature individuals: Mat, mature individuals; All, all individuals).

averaged, w here bo th  techniques p rovided a significant 
result).

B oth m ale and  fem ale SO M  estim ates were positively 
related  to the  m ale L values estim ated  by T uck et al. 
(1997a) (p < 0 .0 5  an d  0.001 for m ales and  fem ales’.

respectively), a n d  th e  m ean  C L  o f  an im als in the catc es 
(p < 0 .0 5  and  0.05 fo r  m ales an d  fem ales, respective) • 
and  negatively re la ted  to  N ephrops  ca tch  ra te  (p < 0- 
an d  b u rro w  d ensity  (p< 0 .01  a n d  p = 0 .0 5 6  fo r males an 
fem ales, respectively) (T uck  e t al., 1997a). Given t e
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Table 5. Statistical comparison of relative growth relationships based on homogeneity of slopes and 
analysis o f covariance. The figures given are probabilities (n.s. = not significant at the 5% level). 
ANCOVA only carried out where slopes not significantly different from parallel.

Station

Crusher length Abdomen width

Imm S  vs. M at ¡3 Imm S vs. All Ç Imm Ç vs. Mat i Imm i vs. All j

h.s. ANCOVA h.s. ANCOVA h.s. ANCOVA h.s. ANCOVA

1 _ _ <0.001 + n.s. <0.001 n.s. <0.001
2 <0.02 n.s. <0.002 n.s. <0.005 n.s. <0.005
3 <0.02 n.s. <0.002 n.s. <0.05 n.s. <0.005
4 <0.01 <0.05 <0.001î n.s. n.s.
5 n.s. <0.001 n.s. <0.001 <0.001í n.s. n.s.
6 n.s.* <0.001* n.s. n.s. n.s. <0.001 <0.005
7 n.s. <0.001 <0.001 <0.05 <0.001

h.s., homogeneity of slopes (parallelism).
tTests carried out between all males and all females.
(Tests carried out between mature females and immature females with all males.
T e s ts  carried out between mature males and immature males with all females.

Table 6a. Summary of reduced major axis regression analysis of female abdomen width allometric 
data.

Station Lower group Upper group F N P

1 0.6078 -2 .2212 0.5957 -  1.5032 2.2911 69 n.s.
2 0.6628 -  3.8789 0.5022 1.5009 3.3927 23 n.s.
3 0.7001 -  3.9885 0.6818 -4 .2363 4.1417 74 <0.05

0.4829 6.8718 0.6037 -  1.8353 3.7874 74 <0.05
4 0.5458 -  1.2425 0.6275 -  2.4887 3.4349 62 <0.05
5 0.3857 2.2671 0.6139 -2 .0317 6.0456 57 <0.005
6 0.5987 -2 .1065 0.5988 -  1.6029 3.2046 68 <0.05
7 0.6297 -  2.9363 0.3731 8.9119 1.7936 168 n.s.

Table 6b. Summary of reduced major axis regression analysis of male crusher claw allometric data.

Station Lower group Upper group F N P

1 1.7211 -7.1051 1.5344 1.3676 3.7607 37 <0.05
2 1.7016 -  5.8580 2.6554 -  36.7980 3.2715 27 n.s.
3 1.6421 -4 .3017 2.6303 -30.5173 9.0898 38 <0.001
4 1.7559 -  6.9684 2.3899 -  24.3657 6.8243 47 <0.005
5 1.4824 -  0.6249 2.0046 -  14.7676 1.7261 40 n.s.
6 1.4717 -  1.0159 1.9604 -  13.3242 6.4311 37 <0.005
7 1.9229 -  13.2512 2.5763 -  37.6827 26.8017 132 <0.0001

ancT[Ve rd a tlo n sh iP betw een  m ean  oocyte  d ry  weight

sim'i x  ^See w as n o t su rPr ' s' n g t0  a
«rvî.ar rriu rionsh ip  betw een  oocy te  d ry  w eight and
S° M  (fem a le s , p < 0 .0 5 ) .

est' e a®e a t m u tu rity  a t  each  o f  the  s ta tio n s was 
lat d f  r̂0m  tke 8ro w th p a ram ete rs  p reviously  calcu-

grow h eaCh StatÍOn (Tuck et al" 1997a)- Alth°ugh the
Biat ■ ^ ararneters w ere on ly  ca lcu la ted  fo r  m ales, u p  to 

Unty, b o th  sexes can  be assum ed  to  g row  a t th e  sam e

ra te  (A non ., 1997) and  so estim ates o f  the age o f  the 
fem ales a t m atu rity  can be m ade from  the m ale grow th 
d a ta . T he estim ates fo r age a t m atu rity  are show n in 
T ab le  7. F o r  the females, m atu rity  generally occurred  
betw een the ages o f  3 and  3.5, while fo r m ales m atu rity  
occurred  betw een ab o u t 4 an d  4.5 yr fo r m ost o f  the 
sta tions. T he age a t m atu rity  fo r m ales a t sta tions 3 and 
4 were consistently  h igher th an  the  o th er sta tions 

(5 -5 .5  yr).
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Figure 4. Linear relationship between mean oocyte dry weight 
(nig) for females at each station and the growth parameter L x 
(mm) for corresponding males. The equation of the fitted line is: 
Weight = 0.0027 L , +0.1002 (r=0.786, p<0.05).

Discussion
G eographical variation in  fecundity

The results from  the present w ork show  th a t the fecun
dity o f female Nephrops is extrem ely variable, even 
w ithin the sam e popu lation . In log-log p lo ts re la ting  
fecundity to female CL, differences in in tercept values, 
ra ther than  the slopes, w ere identified as th e  m ain  
variant. T his appears to  be a general feature in fecundity  
relationships o f  Nephrops (T hom as, 1964; Sm ith, 1987) 
and o ther crustaceans (F rance, 1992).

In ou r study, the m axim um  difference betw een the 
lowest (sta tion  2) and  highest (s ta tio n  3) fecundity  
estim ate was about 33%. This range o f  varia tion  w ithin 
the  F irth  o f  C lyde p o p u latio n  is com parab le  to  the 
variability  evident in the da ta  by T hom as (1964) for 
different Scottish populations (T able 8). N o details on  
traw ling positions were given in T h o m as’s (1964) pap er, 
but we have been able to  locate his orig inal d a ta . Flis 
ra th e r low fecundity estim ate  fo r the  F ir th  o f  C lyde w as

m ain ly  based on  o n e  traw l h au l in Ju ly  1961, roughly 
5.2 k m  SE o f  o u r  s ta tio n  6. W h eth er the low fecundity 
estim ated  by T h o m as (1964) a t  h is C lyde station repre
sents an  ex tension  to  the  ran g e  o f  spatia l variability we 
have identified, o r  w h e th er th ere  m ay  have been a shift 
in  fecund ity  w ith  tim e  is u n c lear. C hanges in fecundity 
m igh t be b ro u g h t a b o u t  by  tem p o ra l varia tions in food 
supp ly  an d /o r g ro w th  ra te  (see below ). Beyers and 
G o o sen  (1987) fo u n d  a  sign ifican t difference in fecundity 
o f  the  rock  lo b ster, Jasus lalandii, betw een successive 
years a t  one site, w hich they  postu la ted  might be 
re la ted  to  tem p o ra l d ifferences in  fo o d  availability. On 
th e  o th e r  h an d , A n n a la  (1991) concluded  th a t growth 
ra te  d id  n o t exp la in  fecu n d ity  differences in  J. edwardsii. 
b u t suggested th a t  w a te r  tem p era tu re  m ight be 
im p o rtan t.

T ab le  8 includes a  co m p ariso n  betw een present results 
a n d  those  o f  Sm ith  (1987) fo r  fem ales caught in 1984. 
close to  o u r s ta tio n  7 a n d  in th e  Sound  o f  Jura. The 
fecu n d ity  estim a te  b y  S m ith  (1987) a t  th e  C lyde station 
was low er th an  we fo u n d  d u rin g  the  present study. 
H ow ever, w hen co m p ared  w ith  o u r  d a ta  fo r all stations. 
S m ith ’s results d id  n o t to  differ significantly in slope. 
A fte r app ly ing  a p o o led  slope to  b o th  sets o f  data, 
fo llow ed by a pairw ise  c o m p ariso n  o f  intercepts, we 
fo u n d  no  significant d ifference betw een Sm ith ’s intercept 
values a n d  o u r  ow n  a t  s ta tio n  7 (p = 0 .1 7 ).

T his study  show ed th a t  in te rp re tin g  geographical dif
ferences in fecundity  w as difficult, unless fecundity was 
de term ined  in d ep en d en tly  o f  o th e r  variables such as 
ov ary  an d  oocyte  vo lum es (o r as here, dry  weights). We 
expected , fo r exam ple, th a t fecu n d ity  in Nephrops would 
be significantly  co rre la ted  w ith  g ro w th  ra te  and/or size 
a t sexual m a tu rity  (w hich  itse lf  ap p ea rs  to  be a function 
o f  g row th , see Bailey a n d  C h a p m a n , 1983), as re p o rted  

fo r o th e r  lobsters (B eyers a n d  G o o sen , 1987; Annala. 
1991; Po llock , 1995). A lth o u g h  th ere  were indications of 
w eak co rre la tio n s be tw een  these  v ariab les an d  Nephrops 
fecundity , th e  re la tio n sh ip s w ere n o t statistically

Table 7. Estimated ages at onset of maturity for each of the trawling stations. Ages calculated from 
sizes at onset of maturity (Table 3) and growth parameters estimated previously (Tuck et al., 1997a).

Females Males

Station
50% Smallest LSR RMA LSR RMA

Maturity ovigerous (abdomen) (abdomen) (crusher) (crusher)

1 3.7 4.1 3.5 3.8 4.5
2.8 2.7 3.1 3.1 3.8 3.7
3.4 3.2 3.1 3.0 4.9 5.5
3.6 3.8 3.7 3.4 5.2 5.5
3.2 3.4 2.9 2.9 4.2 2.92.9 2.9 2.7 2.8 4.2 3.9
2.8 2.5 2.9 4.4 4.6 4.6

Ages from 1 st August in year of settlement.
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Table 8. Comparison of fecundity of female N. norvegicus at selected CL sizes in Scottish waters based 
on oocyte counts from the present and previous studies.

Location 
(station no.)

Parameters for equation 
F = a X CLb Estimated fecundity

Author(a) (b) 30 mm 40 mm

1 0.1947 2.697 1876 4075 Present study
2 0.1501 2.697 1446 3141
3 0.2001 2.697 1928 4188
4 0.1897 2.697 1828 3970
5 0.1782 2.697 1717 3730
6 0.1543 2.697 1486 3230
7t 0.1765 2.697 1700 3694
Firth o f C lydet 0.191 2.644 1537 3288 Smith (1987)
Sound of Jura 0.201 2.644 1620 3460
Firth o f Clyde 0.353 2.423 1339 2689 Thomas (1964)*
Minch 0.808 2.204 1455 2744
Shetland 0.128 2.758 1517 3355
Moray Firth 0.408 2.450 1697 3433
Firth of Forth 0.803 2.269 1804 3466

tStation 7 in the present study was close to the Clyde location sampled by Smith (1987). 
*Although the author found no significant differences in slopes, and calculated a pooled slope 

( = 2.350), he did not use it to recalculate the intercepts.

significant (Tuck, 1993). T h ere  w as, how ever, a  strong
positive correlation  betw een  m ean  oocy te  d ry  weight
and in the m ales a t each  s ta tio n  ( r = 0.786, p< 0 .05 ;
Rg- 4). F o r m ost s ta tio n s, n o  g ro w th  in fo rm a tio n  was
available for the fem ales b u t we have assum ed  their
pattern o f grow th  v a ria tio n  betw een sta tio n s w ou ld  be
similar to the m ales. G ro w th  in fo rm a tio n  fo r the  m ales
was given by T uck et al. (1997a) (s ta tio n s 1-6) an d  Baily
and Chapman (1983) (station 7).

Our observations in d ica ted  th a t g eo graph ic  variab ility
ln female Nephrops p o ten tia l fecund ity  m ain ly  reflected
growth related differences in oocy te  vo lum e, a n d  to  a
esser extent, the to ta l ov ary  volum e. W here g ro w th  was
c aracterized by h igh L , .  th e  m ean  oocy te  vo lum e was
re ‘d'vely large (F ig. 4) a n d  size-specific fecundity  tended  
to be low.

Actual fecundity and egg loss

^ phrops d id  no t realise th e ir  full p o ten tia l fecundity , 
Pod*1 ^ kecause m an y  o f  eggs w ere lo st fro m  th e  pleo- 
to b ^elWeen sPaw n¡ng an d  h a tch ing . Egg loss ap p ears 
and6 a COmmon occu rren ce  in c rab s, lobsters, shrim ps 

prawns (M alaco straca), an d  the  causes have 
cently been review ed by  K u ris  (1991). Losses are 

, ; era»y m ost m ark e d  a t  the  tim e o f  ov iposition  
()j- awning) and  d u rin g  em b ry o  developm en t, a n d  failure 
0f e®®s to udhere to  th e  p leo p o d s m ay  be a  m ajo r cause 
ofeggloss (K uris, 1991; T a lb o t, 1991). T he earlie r w ork  
Qlj mith (1987) in  th e  n o rth e rn  F ir th  o f  C lyde and 
TorvTan (unpub lished  d a ta  in A n o n ., 1984) in Loch 

n °n  ind icated  th a t  20 a n d  35%  respectively, o f

creel-caught ovigerous females had  abnorm ally  low egg 
co u n ts  im m ediately afte r spaw ning. These losses were 
a ttr ib u te d  to  failure o f  the eggs to adhere to the 
p leopods du rin g  spawning.

In add ition  to  possible losses a t the tim e o f spawning, 
egg losses from  the p leopods during  the long egg- 
developm ent period  are extrem ely high in Nephrops. 
P revious studies have reported  high values, 68% off the 
P ortuguese  W est coast (F igueiredo et a i .  1982), 66% in 
the  A dria tic  Sea (F rog lia  and  G ram itto , 1981), 45 50% 
in the  Bay o f  Biscay (M orizu r et al., 1981; M orizur, 
1981), and 32-51%  in the M oray  F irth  (C hapm an and 
B allantyne, 1980). T he underlying causes o f  egg loss in 
N ephrops are poorly  u n d erstood  at present. Such high 
levels o f  egg loss led K uris (1991) to  suggest th a t 
p red a tio n  was the  m ost likely cause. K uris’s review gave 
m any  exam ples o f  p redation  an d /o r p arasitiza tion  o f  
eggs in crustaceans, including the well docum ented  cause 
o f  egg m o rta lity  in Hom araus americanus caused by a 
species o f  nem ertean  (C am pbell and  B rattey, 1986). N o  
evidence has been presented  so fa r to  indicate this 
phenom enon  as a cause o f egg loss in Nephrops.

Eggs m ay be lost due to  ab rasio n  du ring  cap tu re  by 
traw l and to  enforced sw im m ing during  cap tu re  
(N ew land, 1985). Based on  fecundity  com parisons 
betw een traw l an d  creel-caught ovigerous females in the 
F ir th  o f  C lyde and  Sound  o f  Ju ra , C h ap m an  and 
B allantyne (1980) suggested th a t traw ling  could  cause 
11-22%  loss o f  eggs. T here  m ust be som e d o u b t ab o u t 
th is analysis, how ever, in the light o f  the  present results, 
because o f  the  geographical sep ara tio n  requ ired  betw een 
th e  traw ling  a n d  creeling a reas in o rd e r to  avoid loss o f
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gear. Since the differences in fecundity, a ttrib u ted  to  the  
effects o f  traw ling by C h apm an  and  B allantyne (1980), 
are  sm aller th a n  the  30% geographical v a ria tio n  
reported here, we have concluded th a t the possible 
effects o f  traw l cap ture  on  egg loss estim ates c an n o t be 
adequately quantified a t present. T he w ork  o f  C h ap m an  
and Ballantyne (1980) needs to  be repeated  by creel and  
traw l sam pling o f ovigerous females a t the sam e geo
graphical location. This will u n doub ted ly  prove difficult, 
however, due to  the logistical difficulties o f  p ro tec ting  
creel gear from  trawl dam age.

S ize  a t  o n se t o f  se x u a l m a tu r i ty

All four m ethods o f  assessing the SO M  o f  fem ales 
produced sim ilar estim ates, which show ed positive re la 
tionships with the m ean size o f  females and  the (for 
males) and negative relationships w ith adu lt density  
estim ates. Sim ilar trends between SO M , the  m ean  size 
an d  m axim um  size have previously been identified fo r 
female Nephrops (Bailey and  C hapm an , 1983).

The SOM  values for the m ales were h igher th an  for 
the females, bu t show ed a sim ilar p a tte rn  betw een 
sta tions and  sim ilar relationships w ith th e  biological 
param eters m easured. T he results from  the p resen t study  
were therefore consistent w ith the suggestion th a t geo
graphic variation  in the SO M  o f  Nephrops m ay be 
related to differences in grow th (Bailey and  C h ap m an , 
1983).

A lthough significant differences were recorded 
between the estim ates for the R M A  analysis fo r fem ales 
and the 50% m aturity  and sm allest ovigerous estim ates 
(paired t-tests), each o f the sets o f  estim ates show ed 
sim ilar trends between the stations. N o  significant d if
ferences were identified betw een the  estim ates o f the tw o 
regression techniques w ithin sexes (paired  t-tests). F o r  
the d a ta  analyzed here, th ere  w as n o  difference in  th e  
accuracy o f  the estim ates betw een the  tw o techniques, 
a lthough  m odel II regression techniques such as R M A  
are m ore ap p ropria te  fo r allom etric d a ta  (L ovett an d  
Felder. 1989).

The varia tion  in SOM  o f  bo th  sexes betw een sta tions 
and  the relationships w ith the grow th  param eters sug
gest th a t m aturity  m ay be determ ined by som e facto r 
o th er th an  size. F o r  the females, the age a t the onset o f  
m atu rity  appeared  to  be between 3 and  3.5 yr fo r m ost 
o f  the com binations o f  sta tion  and  m ethod  o f SO M  
estim ation . Previous research has estim ated a n  age o f  
betw een 2.5 and 3 yr for the age a t the onset o f  m atu rity  
o f  female Nephrops (M orizur, 1983; Bailey, 1984). F o r 
the  m ales, the age a t the onset o f  m atu rity  app eared  to  
be betw een 4 and  4.5 yr fo r the faster grow ing p o p u la 
tions (sta tions 1, 2, 5 -7) an d  slightly h igher a t betw een 5 
a n d  5.5 y r fo r the  slow er grow ing p o p u la tio n s (sta tio n s 3 
& 4). M orizu r (1983) rep o rted  th a t the  onset o f  m a tu rity  
fo r fem ales was occasionally  delayed in years ch arac te r

ized by  low er g ro w th  ra te . T h is  m ay  be th e  case for the 
m ales a t  s ta tio n s  3 an d  4 in  th e  p re sen t study, where the 
g ro w th  ra te  a p p ea rs  to  be  co n sis ten tly  low  (data only 
availab le  fo r s ta tio n  4; T u ck , 1993). T here may be a 
m in im um  size th re sh o ld  fo r  sexual m aturity , below 
w hich  m ales m ay  be to o  sm all to  reproduce . Using data 
fro m  the  Irish  Sea, F a rm e r  (1975) suggested males reach 
m a tu r ity  one  y e a r o ld e r  th a n  fem ales, a  p a tte rn  followed 
by Nephrops a t m o st o f  the  s ta tio n s  in the  present study. 
T he ages a t  m a tu r ity  reco rd ed  b y  F a rm e r (1975) were, 
how ever, you n g er th a n  in  th e  p re sen t study  (2 and 3 yr 
fo r  fem ales a n d  m ales, respectively).
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