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ABSTRACT

V ariab ility  in  th e  h ig h  m o rta lity  ra te  during  early  life 
stages is considered  to  be  o n e  o f th e  p rin c ip a l de ter- 
m in a n ts  o f  year-class variab ility  in  fish stocks. T h e  
in fluence  o f  w ate r c o lu m n  stab ility  on  th e  spatia l 
d is tr ib u tio n  o f fish la rv ae  a n d  th e i r  prey  is w idely 
acknow ledged . W a te r  c o lu m n  stab ility  m ay also im ­
p ac t g ro w th  th ro u g h  th e  early  life h is to ry  o f  fishes, and  
co n seq u en tly  a lte r th e  p ro b ab ility  o f  survival to  
m a tu rity  by  lim iting  su scep tib ility  to  p red a tio n  and 
s ta rv a tio n . A s a te s t o f  th is  co n cep t, th e  variab ility  in  
c o n d itio n  an d  g row th  o f  dab  (Lim anda limanda) and  
sprat (Sprattus sprattus) la rvae  was in v estig a ted  in  
re la tio n  to  seasonal s tra tif ic a tio n  o f  th e  w ate r co lum n  
in  th e  n o rth -w este rn  Ir ish  S ea . R N A /D N A  ra tio s  and 
o to lith  m ic ro in c rem en t analysis w ere used to  estim ate  
n u tr it io n a l sta tus an d  re c e n t g ro w th  ra tes o f larvae 
cap tu red  o n  four cruises in  M ay  a n d  Ju n e  o f 1998 and  
1999. D ab a n d  sp ra t la rvae  w ere less a b u n d a n t in  1999 
an d  w ere in  poorer c o n d itio n  w ith  low er g row th  rates 
th a n  in  1998. D ab la rv ae  o f  <13 m m  also ex h ib ited  
spatia l variab ility  w ith  h ig h e r  R N A /D N A  ra tio s  a t  th e  
seasonal tid a l-m ix in g  f ro n t co m p a red  w ith  stratified  
and  m ix ed  w ater m asses. H o w ev er, th e  g row th  and  
n u tr it io n a l sta tus o f  sp ra t la rv ae  was u n co rre la ted  to 
w ater c o lu m n  stab ility , m e a n in g  th e  m ore  favourable 
feeding co n d itio n s  g en era lly  assoc ia ted  w ith  th e  s tra ­
tified  p o o l a n d  tid a l-m ix in g  f ro n t in  th e  Irish S ea  w ere
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n o t  re flec ted  in  th e  g ro w th  an d  co n d itio n  o f these  
larvae. T h is  suggests th a t  th e  lin k  b e tw een  stab ility , 
p ro d u c tio n  an d  la rva l g ro w th  is m ore com p lica ted  
th a n  in fe rred  by  som e p rev ious studies. T h e  ex is ten ce  
of sp a tio -tem p o ra l h e te ro g e n e ity  in  th e  g row th  an d  
c o n d it io n  o f  th ese  la rvae  has im plica tions for larval 
su rv ival an d  th e  re c ru itm e n t success o f these  species in  
th e  Ir ish  Sea.

Key words: dab , Irish  Sea, larvae, Limanda limanda, 
o to lith s , R N A :D N A , sp ra t, Sprattus sprattus

INTRO DUCTIO N

V ariab ility  in  th e  h ig h  m o rta lity  ra te  during  early  life 
stages is con sid ered  to  be  o n e  o f  th e  p rin c ip a l d e te r ­
m in a n ts  o f  year-class v a riab ility  in  fish stocks (H e a th , 
1992). A  rap id  g row th  th ro u g h  th e  larval and  ju v en ile  
stages sh o u ld  increase th e  p robab ility  o f su rv ival to  
m a tu rity  by lim itin g  suscep tib ility  to  p red a tio n  an d  
s ta rv a tio n  (H o u d e , 1997).

T h e  d is tr ib u tio n  an d  g ro w th  o f  fish larvae  h av e  
b e e n  sh o w n  to  vary  considerab ly  b o th  tem pora lly  and  
spatia lly  d u e  to  a  co m b in a tio n  o f  b io tic  an d  ab io tic  
factors. S ev era l au tho rs  h a v e  reco rded  large d ifferences 
in  la rv a l c o n d it io n  an d  g ro w th  o n  a n  in te ra n n u a l scale 
(T h e ila c k e r  et a l ,  1996; A m a ra  an d  G alois, 2004) an d  
b e tw een  sam pling  da tes  w ith in  a  year (H o v en k am p , 
1990; R illin g  an d  H o u d e , 1998; A m ara  an d  G alo is, 
2004). S ig n ifican t spa tia l variab ility  in  g row th  an d  
co n d itio n  o f  fish larvae  h a s  also b een  show n to  occur 
an d  th is  variab ility  has o ften  b een  linked  to  th e  
p resence  o f  hyd ro g rap h ic  features. T h e  in fluence  o f 
w ate r c o lu m n  stab ility  o n  th e  spatia l d is tr ib u tio n  o f 
fish la rvae  an d  th e ir  p rey  is w idely acknow ledged  
(M u n k  e t a l ,  1995; H ays et a l ,  2001), a n d  a re la ­
tio n sh ip  b e tw e e n  larval c o n d itio n  and  s tra tifica tio n  
has b een  rep o rted  in  a n u m b e r o f studies (B uckley  and  
L ough, 1987; M unk, 1993; N a k a ta  et al., 1996).

W ith in  th e  Irish  Sea, a  reg ion  o f  low  tid a l energy  to  
th e  w est o f  th e  Isle o f M an  resu lts in  th e  fo rm a tio n  o f 
th e rm a lly  stra tified  w aters from  la te  spring  th ro u g h  
su m m er w h ic h  are  separa ted  from  m ixed  w aters by
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seasonal tid a l m ix ing  fro n ts , th e  w este rn  Irish  Sea 
(W IS ) fron ts  (S im pso n  a n d  H u n te r , 1974)- Previous 
ic h th y o p la n k to n  surveys h a v e  show n  th a t  th e  estab ­
lish m en t o f stra tifica tio n  in  th is  reg ion  affects th e  
d is tr ib u tio n  o f  fish larvae  a n d  th e ir  prey. T em p o ra l 
v ariab ility  in  ic h th y o p la n k to n  an d  Z ooplankton dis­
tr ib u tio n  has b e e n  lin k ed  to  d iffe rences in  th e  e x te n t 
an d  d u ra tio n  o f  s tra tif ic a tio n  o n  a seasonal and  in te r- 
an n u a l scale (S crope-H ow e a n d  Jones, 1985; D ickey- 
C o llas et a i ,  1997; Lee et a l., 2005). D ickey-C ollas 
et al. (1996) suggested th a t  fish  larvae  m ove offshore 
from  coasta l w aters in to  th e  stra tified  w ater masses 
du rin g  th e  la te r  stages o f  d e v e lo p m e n t w here  h igher 
c o n c e n tra tio n s  o f larger p re y  item s m ay be  found. 
S ev era l stud ies h av e  re c o rd e d  reg io n a l v a ria tio n  in 
feed ing  c o n d itio n s  for fish la rv a e  in  re la tio n  to  w ater 
co lu m n  stab ility  w ith  s tra tif ie d  w aters o f th e  W IS  
suppo rting  a h ig h e r Z o o p lan k to n  b iom ass (Scrope- 
H ow e an d  Jones, 1985) a n d  a llo w in g  m ore efficient 
food tran sfe r fo r fish larvae  (C o o m b s  et a l ,  1994) th a n  
th e  co asta l a n d  m ixed  w a te rs  i n  th e  region. Based on  
these  results, stra tified  (a n d  f ro n ta l)  w aters w ould be 
ex p ec ted  to  y ie ld  fish la rv a e  in  b e tte r  n u tr it io n a l 
c o n d it io n  an d  grow ing fa s te r  th a n  those  fo und  in  
m ixed  w ater m asses. H o w e v e r, th e  effect o f w ind- and  
tid e -in d u ced  tu rb u le n c e  o n  t h e  e n c o u n te r ra tes be­
tw een  fish larvae  an d  th e i r  p re y  was n o t  considered  in  
th ese  in v es tiga tions. L arval fe e d in g  an d  g row th  rates 
m ay be  sign ifican tly  in c re a se d  by  sm all-scale  tu rb u ­
len ce  in  m ix ed  a n d  fro n ta l w a te rs  d ep en d in g  o n  w ind 
a n d  tid a l v e loc ities , p rey  d e n s i ty  an d  d is trib u tio n , and  
larval fish sw im m ing  speeds (M acK en zie , 2000).

A lth o u g h  ex ten s iv e  r e s e a rc h  has been  carried  o u t 
to  ex am in e  feed in g  c o n d it io n s  for fish larvae  w ith in  
th e  W IS , few  stud ies h a v e  in v e s tig a te d  d irec tly  th e  
sp a tia l an d  tem p o ra l v a r ia b il i ty  o f la rval g row th  and  
c o n d itio n  in  th is  reg ion . H a p e t te  et al. (1991) ex am ­
ined  th e  v a r ia tio n  in  n u t r i t io n a l  c o n d itio n  (v ita m in  C  
c o n te n t)  o f  sp ra t (Sprattus sp ra ttu s) larvae a long  a 
tra n se c t in  th e  Ir ish  Sea. T h e y  found  no  sign ifican t 
d ifferences in  th e  v ita m in  C  c o n te n t  per u n it  w eigh t 
b e tw e e n  larvae  from  s tra tif ie d  a n d  m ix ed  w aters.

T h e  spa tia l an d  te m p o ra l  variab ility  o f  re c e n t 
g row th  ra te s  an d  n u tr i t io n a l c o n d i t io n  o f dab (Limanda  
limanda) an d  sp ra t (S . sp ra ttu s ) larvae  in  th e  n o r th ­
w estern  Ir ish  S ea  w ere in v e s tig a te d  in  th e  c u rren t study. 
D ab a n d  sp ra t la rv ae  w ere c h o s e n  as ta rg e t species as 
th ey  a re  am o n g  th e  m o s t w id e sp re a d  an d  a b u n d a n t fish 
larvae  in  th e  Ir ish  S ea  (C o n w a y  et a l. , 1997), w ith  a 
sim ilar d ie t an d  sp aw n ing  d is t r ib u t io n  to  o th e r  co m ­
m ercia lly  im p o rta n t species (R u sse ll, 1976). T h e  p r in ­
c ipa l o b jec tiv es  o f  th e  r e s e a rc h  w ere (i) to  ex am in e  
tem p o ra l variab ility  in  g ro w th  a n d  co n d itio n  o f  sprat

an d  dab  la rv ae  an d  (ii)  to  com pare  larval g ro w th  and  
co n d itio n  in  stra tified , fro n ta l, and  m ixed  w aters.

MATERIALS A N D  METHODS

Field investigations

D ab (L. lim anda) a n d  sp ra t (S . sprattus) la rvae  w ere 
co lle c ted  in  th e  n o rth -w es te rn  Irish  Sea from  th e  R V  
Lough Foyle d u rin g  fou r sam pling  cruises c o n d u c te d  in  
M ay -Ju n e  1998 an d  1999. A  to ta l o f  42 s ta tio n s w ere 
sam pled  fro m  18 to  21 M ay an d  fro m  8 to  10 Ju n e  in  
1998, w h ile  in  1999 (2 4 -2 7  M ay a n d  1 4 -16  Ju n e ) , th is  
g rid  w as re -sam p led  a long  w ith  severa l ad d itio n a l s ta ­
tio n s  (Fig. 1). Ic h th y o p la n k to n  sam pling  w as c o n d u c ­
te d  th ro u g h o u t th e  day an d  n ig h t. D uring  d ay lig h t 
tow s, a 7 0 -cm  G u lf  V II h ig h -sp eed  p la n k to n  sam pler 
(S P A R T E L , D ev o n , U K ) (N ash  e t a l ,  1998) w ith  a 
m esh  size o f  280  p m  was dep loyed  a t 3 - 4  k n o ts  (1 
k n o t =  ~ 1  m  s-1 ) in  a doub le  ob lique  to w  from  th e  
sea surface to  2 m  above th e  seabed. A n  e s tim a te  o f th e  
vo lum e o f  w a te r  filte red  w as o b ta in e d  using V a lep o rt 
in te rn a l an d  ex te rn a l flow m eters (V alepo rt L td, 
D evon , U K ). A t  n ig h t, a  5 m 2 M eth o t-Isaacs-K id d  
(M IK ) fram e n e t  w ith  a m esh  size o f  5 m m  was used  to 
c ap tu re  larger larvae. T h is  n e t  w as fitted  w ith  a 
m ech a n ica l flow m eter an d  w as dep loyed  a t  th re e  k n o ts  
in  a do u b le  ob lique  tow  to  4 m  above th e  seabed.

U p o n  recovery  o f th e  n e t, dab  a n d  sprat la rvae  w ere 
rem o v ed  from  th e  p la n k to n  sam ple and  p laced  in  la ­
b e lled  m ic ro tu b es  b e tw een  blocks o f dry ice (solid  
C 0 2, m e ltin g  p o in t o f  - 5 6 ° C ) .  T h e  tim e  from  so rtin g  
to  freezing d id  n o t ex ceed  3 0  m in , th u s  m in im izing  th e  
ac tiv ity  o f  R N A ses an d  D N A ses w ith in  th e  larval 
tissue. L arvae  th a t  h a d  sto p p ed  m ov ing  w ere assum ed 
to  be  dead .

T e m p e ra tu re  and  sa lin ity  values w ere averaged  for 
1-m  in te rv a ls  d ow n  th ro u g h  th e  w ate r co lu m n  using  a 
P ro n e t senso r (S P A R T E L , D evon , U K ) dep loyed  a t 
G u lf  V II sam p ling  sta tions. A  fluo rom eter (S eaT ech  
W e tlab s , P h ilo m a th , O R , U S A ) w as used to  reco rd  
fluo rescence  profiles as a  p roxy fo r ch lo ro p h y ll a  
a b u n d an ce  (G o w en  an d  B loom field , 1996). A  s t ra ti­
f ica tio n  p a ra m e te r  ( 0 )  was derived  from  v e rtic a l p ro ­
files o f  den sity  accord ing  to  th e  eq u a tio n  used in  
S im p so n  et al. (1979 ). T h e  va lue  o f  0  rep resen ts  a 
m easu re  o f  th e  a m o u n t o f energy  requ ired  to  m ix  th e  
w ate r c o lu m n  and  thus increases w ith  increasing  
s tra tifica tio n . T h e  lim its defin ing  m ixed  a n d  stra tified  
w aters from  S im p so n  et al. (1979) w ere fo llow ed 
w here  m ix ed  w aters: 0  < 10 J mT3; fro n ta l w aters: 
10 J m -3 <  0  <  20 J m ~3; stra tified  w aters: 0
>  20 J m ~ 3. S tra tif ic a tio n  values w ere in te rp o la te d  for
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Figure 1. G ulf VII and MIK sampling stations in the Irish Sea in M ay-June 1998 and 1999. Filled circles represent stations 
sampled in  both 1998 and 1999 while stations added to th e  sampling grid in 1999 are shown as empty circles.
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Laboratory analysis

T h e  m icro tubes c o n ta in in g  d ab  an d  sp ra t la rvae  w ere 
tran sfe rred  from  dry ice to  a - 8 0 ° C  freezer back  a t  th e  
labora to ry . T h e  ab u n d an ce  o f  la rvae  o f e ach  species 
was e s tim a ted  fo r e a c h  s ta tio n  from  th e  vo lum e o f 
w ate r filtered  an d  w ater d e p th . S ta n d a rd  leng th s o f  dab  
and  sp ra t larvae w ere ad ju s ted  fo r sh rinkage due  to

p re se rv a tio n  o n  dry ice acco rd in g  to  L ee (2 0 0 2 ). N u ­
cle ic  a c id  analysis was ca rried  o u t o n  a ll dab  a n d  sp ra t 
la rvae  co lle c ted  w hile  a rep re sen ta tiv e  subset o f  these  
la rvae  from  e a c h  w ater m ass (m ixed , f ro n ta l an d  
stra tified ), over th e  e n tire  size range, was c h o se n  fo r 
o to l i th  m ic ro in c rem en t inves tiga tions.

R N A /D N A  ra tios h av e  b e e n  used to  d e te rm in e  th e  
n u tr i t io n a l c o n d itio n  o f  fish larvae  in  n u m ero u s  studies 
(e.g. F e rro n  an d  L eggett, 1994). T h e  h o m o g en iza tio n  
o f  fish la rvae  an d  th e  fluo rim etric  d e te rm in a tio n  of

© 2006 T he Authors, Fish. Oceanogr., 15:6, 490-507.



Variability in growth o ffish  larvae in Irish Sea  493

nuc le ic  ac id  co n cen tra tio n s  w ere carried  o u t as des­
c ribed  by C lem m esen  (1993 ), ex c e p t for th e  exclusion  
o f th e  pheno l-ch lo ro fo rm -iso am y la lco h o l p u rifica tion  
from  th e  n u c le ic  acid  e x tra c tio n  p ro ced u re  based  o n  
th e  resu lts o f  o p tim iza tion  stud ies  (Lee, 2002) a n d  o n  
th e  reco m m en d a tio n s  o f G rém are  an d  V e tio n  (1994 ).

For o to l i th  analyses, b o th  sag ittae  an d  lap illi w ere 
d issected  from  dab  larvae an d  w ere m o u n ted  co n v ex  
side up in  c lea r n a il polish. T h e  lap illus w as c h o sen  for 
analysis o v e r th e  sag itta  for severa l reasons. S ag itta e  in  
dab larvae  hav e  m any  accessory p rim ord ia  an d  sub­
daily  in c rem en ts  w h ich  m ake  accu ra te  in c rem en t 
m easurem en ts difficult. In  c o n tra s t, th e  o u te r  m icro-

Figure 2. Dab (Limanda limanda) lapillus showing (a) 
microincrements clearly visible on outer edge of o tolith  and 
(b) position of nucleus and hatch check.

in c rem en ts  o n  dab lap illi w ere g en era lly  c lea r and  
cou ld  be  analysed  w ith o u t fu r th e r p rep a ra tio n  or 
g rin d in g  o f th e  o to l ith  (Fig. 2a).

T h e  use o f  o to l ith  m icro  in c re m e n t analysis is based 
o n  th e  assum ption  th a t  th e  in c rem en ts  a re  fo rm ed  a t  a 
ra te  o f  o n e  p e r day. A lth o u g h  daily  in c re m e n t depos­
it io n  has n o t  b een  v a lid a te d  fo r dab  o to lith s , th e  
d ep o sitio n  o f daily  g ro w th  rings has a lready  b een  
p roved  for several o th e r  p le u ro n e c tid  species, such  as 
p la ice  Pleuronectes platessa (K arak iri an d  v o n  W est- 
e m h a g e n , 1989) an d  w in te r  flounder, Pseudopleuro­
nectes americanus (S ogard  an d  A b le , 1992). A  good 
lin ea r re la tio n sh ip  b e tw een  lap illus rad ius a n d  s ta n d ­
ard  le n g th  exists for d ab  larvae  in  th e  Ir ish  Sea, 
m ak in g  it  su itab le  as a n  e s tim a te  o f  so m atic  g row th  
(Fig. 3 a ). T herefo re , th e  g ro w th  ra te  o f  in d iv idua l 
larvae  was e stim ated  by b ack -c a lc u la tio n  from  o to lith  
m ic ro in c rem en t w idths.

L apilli w ere ex am in ed  u n d e r oil im m ersion  a t 
x i 000  m agn ifica tion  th ro u g h  a n  O lym pus co m p o u n d  
m icroscope (O lym pus A m erica , In c ., M elv ille , NY, 
U S A ) a tta c h e d  to  a n  im age analysis system  (O p tim as 
6 .1 , M ed ia  C y berne tics , Inc ., S ilversp ring , M D , U S A ). 
T h e  m ax im um  radius w as m easu red  an d  th e  rad ius of

Figure 3. Relationship between o tolith  radius and standard 
length for (a) dab (Limanda limanda) and (b) sprat (Sprattus 
sprattus) larvae in the Irish Sea.
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th e  h a tc h  ch eck  a long  th e  longest axis was recorded . 
T h e  w id th s o f  th e  o u te r  increm en ts, o m ittin g  th e  
in co m p le te  o u te rm o st in crem en t, w ere also m easured 
a long  th e  longest axis. O to li th s  w ere excluded  from  
th e  analysis w h en  th e  in c rem en t w id th s  co u ld  n o t  be 
accu ra te ly  m easured  due to  unclear m icro stru c tu re  (26 
o f  281 o to lith s ) . T o  p re v e n t any b ias due to  p o te n tia l 
d ifferences b e tw een  rig h t-  and left-side o to lith s , left 
lap illi w ere co n sis ten tly  analysed. In  th e  few  instances 
w here  th e  left o to l ith  w as unreadab le , th e  r ig h t o to lith  
was analysed  (n in e  o f 255 o to lith s) -  th e  re la tio n sh ip  
b e tw een  radius o f  r ig h t lap illi an d  s tan d a rd  le n g th  was 
n o t significantly  d iffe ren t from  th a t  m easured  for th e  
left lap illi (A N C O V A , P  =  0 .341) fo r th e  size range 
o f larvae used w ith in  th is  study.

T h e  b io log ica l in te rc e p t m e th o d  (C am p an a , 1990) 
was used to  b ack -ca lcu la te  th e  le n g th  o f  dab  larvae 
3 days p rio r to  cap tu re  an d  th e  re c e n t g row th  ra te  of 
in d iv idua l larvae  (m m  day -1 ) was estim ated . T h e  
lap illi o f  dab  larvae  h av e  a check  po sitio n ed  close to  
th e  core  (Fig. 2b) w h ic h  w as assum ed to  rep re sen t th e  
o to lith  size a t  h a tc h  as a sim ila r h a tc h  ch eck  has b een  
reco rded  in  o th e r  flatfish species (A l-H o ssa in i et al., 
1989; L agardère, 1989) as w ell as num erous o th e r  
species (C am p an a , 1989). T h e  fish le n g th  a t  h a tc h  
(2.7 m m  from  R ussell, 1976) was used, a long  w ith  
o to l ith  size a t h a tc h , as th e  b io log ica l in te rcep t.

T h e  sag itta l o to lith s  w ere used fo r m ic ro in c rem en t 
d e te rm in a tio n s  in  sp ra t la rvae  as th ey  show ed c lea r 
daily  rings an d  co re  an d  d id  n o t requ ire  g rind ing  prio r 
to  analysis. T o  p re v e n t any  b ias due  to  p o te n tia l d if­
ferences b e tw een  rig h t- an d  left-side o to lith s , th e  rig h t 
o to lith s  w ere co n sis ten tly  analy sed  as far as possible. In 
th e  few  in s tances w here  th e  rig h t' o to l ith  was 
u n readab le  o r  was n o t  o b ta in ed , th e  left o to lith  was 
ex am in ed  (14  o f 357 o to lith s )  -  th e  re la tio n sh ip  b e ­
tw een  radius o f  left sag ittae  an d  s tan d a rd  len g th  was 
n o t sign ifican tly  d iffe ren t from  th a t  m easured  for th e  
r ig h t sag ittae  (A N C O V A ; P  =  0 .125 ). O to lith s  w ith  
u n c lea r m icro struc tu re  w ere o m itte d  from  th e  analysis 
(four o f  360  o to lith s).

T h e  m e th o d s used for m o u n tin g  an d  m easuring  the  
sp ra t sag ittae  w ere id en tica l to  th o se  used for th e  dab 
lapilli. T h e  b io log ical in te rc e p t m e th o d  was also used 
to  back -ca lcu la te  th e  le n g th  o f  sp ra t larvae. H ow ever, 
due to  th e  slightly  c u rv ilin e a r  re la tio n sh ip  w h ich  
ex isted  b e tw een  sag itta l rad iu s  an d  stan d a rd  le n g th  for 
sprat la rvae , i t  was necessary  to  log -transfo rm  o to lith  
m easu rem en ts  p rio r to  b ack -ca lcu la tin g  previous 
len g th s (Fig. 3b ). A  sim ila r re la tio n sh ip  b e tw een  o t ­
o li th  radius an d  ag e /len g th  h a s  b e e n  show n fo r sprat 
larvae in  p rev ious stud ies (R é  an d  G onça lves, 1993; 
D ulció, 1998). T h e  d e p o s itio n  of th e  first daily  g row th

ring  in  sp ra t la rvae  has b e e n  show n to  occur 6 days 
after h a tc h in g  a t  th e  o n se t o f  exogenous feed ing  (A l- 
sh u th , 1988). T h e re fo re , th e  fish le n g th  a n d  o to l ith  
size a t first-feed ing  (5.5 m m , R ussell, 1976) was used as 
th e  b io log ica l in te rcep t. A s daily  in c re m e n t fo rm atio n  
has b een  v a lid a ted  for sp ra t la rvae  (A lsh u th , 1988), it  
was possib le  to  age larvae  in  th e  c u rre n t study by 
co u n tin g  th e  n u m b e r o f  rin g s from  th e  first feed ing  
ch eck  to  th e  o u te r  edge o f  th e  sag itta .

D ata analysis

C o n to u r m aps w ere p lo t te d  by  k rig ing  th e  d a ta  using  
Surfer 7 .0  (G o ld e n  Softw are In c ., G o ld en , C O , U S A ). 
D a ta  w ere te s ted  fo r n o rm a lity  an d  ho m o g en eity  o f 
v ariances p rio r to  analysis an d  log tran sfo rm ations 
w ere ca rried  o u t as req u ired . A n y  ou tliers d e te c te d  
w ere w inso rised  to  th e  n e x t  h ig h es t value o r rem oved  
from  th e  analysis (o n e  o u tl ie r  w insorised an d  one  re ­
m oved  in  dab  d a ta  set, th re e  ou tliers w insorised  in  
sp ra t d a ta  se t). P earson ’s p ro d u c t-m o m e n t co rre la tio n  
was used  (w ith  B on ferro n i-ad ju sted  p robab ilities  fo r 
m u ltip le  com parisons) to  te s t  fo r sign ifican t co rre la ­
tions b e tw een  co n tin u o u s  e n v iro n m e n ta l param eters  
an d  la rva l ab u n d an ce , g ro w th  and  co n d itio n  for th e  
G u lf  V II sam ples. H o w ever, such  analyses w ill be 
lim ited  by th e  sam pling  te ch n iq u es  used. V ertica l 
sam ples w ere n o t  ta k e n  d o w n  th ro u g h  th e  w ate r c o l­
um n; th e re fo re , th e  d e p th  a t w h ich  th e  larvae  w ere 
loca ted  an d , h en ce , th e  e x a c t e n v iro n m e n ta l c o n d i­
tions th e y  w ere ex p e rien c in g  a re  unknow n . T h e  effect 
o f  ca tego rica l variab les (s tra tifica tio n , da te  o f sam pling  
an d  o th e r  covariab les) o n  R N A /D N A  ra tio s  an d  re ­
c e n t g ro w th  estim ates w as te s ted  using analysis o f 
v a rian ce  (A N O V A ) o r analysis o f  co v arian ce  (A N - 
C O V A ) w ith  s tan d a rd  le n g th  o r age as a  co varia te . 
B o th  c o n tin u o u s  an d  ca teg o rica l factors w ere tre a te d  
as in d e p e n d e n t variab les an d  w ere exam ined  o n e  a t a 
tim e . A ll  sign ifican t fac to rs w ere  th e n  in c luded  in to  a 
genera l lin e a r  m o d e l (co m p le te  e stim ate  G L M ) in i­
tia lly  a n d  th e ir  sign ificance was re-assessed -  variab les 
w ith  low  p a rtia l effects (P -values <0 .150) w ere ex ­
c luded  from  th e  final G LM .

RESULTS

Hydrography

T h e  p a t te rn  o f  w a te r co lu m n  stra tifica tion  w ith in  th e  
sam pling  grid  was closely lin k e d  to  th e  ba th y m etry  o f 
th e  reg io n  w ith  h ig h es t va lues reco rded  in  th e  deeper 
w aters (Fig. 4 ). V alues o f  th e  s tra tifica tion  p a ram ete r 
(<ƒ>) observed  w ith in  th e  study  a rea  d id  n o t vary  sig­
n ifican tly  am o n g  cruises (A N O V A , P  =  0 .902),

© 2006 T he Authors, Fish. Oceanogr., 15:6, 490-507.
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Figure 4. Distribution of the stratification parameter, (j), in the Irish Sea in M ay-June 1998 and 1999 (contoured a t intervals of 
10 J m 3). G ulf VII sampling stations are represented by black circles and th e  position of the transect of stations a t 53.8° latitude
is shown using a  dashed line.
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th o u g h  h ig h e r values w ere ob serv ed  w ith in  stratified 
w aters in  1999 th a n  in  1998 a n d  in  June  th a n  in  M ay. 
Surface tem p era tu res  reco rd ed  w ith in  th e  study area 
ranged  from  9 .6  to  13 .4 °C  a n d  w ere significantly  
h ig h e r in  1999 th a n  in  1998 (A N O V A , P  =  0 .027) 
and  in  Ju n e  th a n  in  M ay  o f  e a c h  year (A N O V A , 
P < 0 .0 0 1 ). A verage  c h lo ro p h y ll a  co n cen tra tio n s  
w ere s ign ifican tly  low er in  1999 th a n  in  1998 
(A N O V A , P  =  0 .044 ). V a ria b ility  in  ch lo ro p h y ll a 
co n cen tra tio n s  was n o t  c losely  lin k ed  to  th e  d is tribu ­
tio n  o f  th e  s tra tif ic a tio n  p a ra m e te r  ex cep t in  June 
1999 w h en  h ig h e r  c o n c e n tra tio n s  w ere reco rded  in  the  
surface w aters o f  th e  f ro n t th a n  in  stra tified  w aters 
(A N O V A , P  < 0 .001 , f ro n ta l versus stra tified).

S tra tif ic a tio n  o f  th e  w a te r  c o lu m n  resu lted  from  
tem p era tu re  d iffe rences o f  up  to  4 °C  b e tw een  surface 
and b o tto m  w aters (Fig. 5 a ) . T h e  d e p th  o f  th e  ther-

54.4- June 1998

54 -

O?
53.6-

53.2
-4.5-5■6 -5.5

54.4- June 1999

53.6-

53.2
-4.5-5■6 -5.5

m o clin e  v aried  b e tw een  s ta tions b u t was genera lly  
reco rd ed  b e tw e e n  10 a n d  3 0  m  o n  all sam pling  dates. 
C h lo ro p h y ll a  c o n c e n tra tio n s  generally  p eaked  a t 
ap p rox im ate ly  10 m  b u t h ig h  co n c e n tra tio n s  ex ten d e d  
d ow n  to  3 0  m  a t  som e s ta tio n s  (Fig. 5b).

W in d  speeds w ere re la tiv e ly  low  during  all cruises 
(Fig. 6) p a rticu la rly  in  M ay 1998 (m ean  =  5 .4  kno ts , 
S D  =  3 .1 ) an d  Ju n e  1999 (m ean  =  7.9 k n o ts , SD  =  
3 .5 ). A v erag e  values in  M ay 1999 an d  June  1998 w ere 
sligh tly  h ig h e r  a t  12.3 k n o ts  (SD  =  5 .1) an d  11.3 
k n o ts  (S D  =  3 .5 ) respectively . T h e re  w ere n o  m ajo r 
sto rm  ev en ts  du rin g  th e  sam pling  period.

A bundance and. distribution o f  dab 

A  to ta l o f  511 dab  (L. limanda) larvae w ere co llec ted  
in  th e  n o rth -w e s te rn  Ir ish  S ea  in  M ay -Ju n e  1998 an d  
1999 (T a b le  1). T h e  ab u n d an ce  o f  dab  larvae  was
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Figure 5. Vertical (a) temperature (°C) and (b) chlorophyll a profile (mg m-3 ) profiles for a transect of stations in the Irish Sea 
(53.8° latitude) in M ay-June 1998 and 1999 (temperature contoured a t 0.5°C and chlorophyll a contoured at 2.0 mg rrT3 
intervals apart from May 1998 which is contoured a t 1.0 mg m-3 ). T he positions of the transect on  each date are shown in  Fig. 3 
in relation to the pattern of water column stratification.

(a) (b)

12 13 14 15 16 17

12 13 14 15 16 17

genera lly  h ig h e r in  1998 th a n  in  1999 (A N O V A , G u lf 
V II: r 2 =  0 .026 , P =  0 .0 7 7 ; M IK: r 2 =  0 .052 , P  =  
0 .018) an d  in  M ay th a n  in  J u n e  (A N O V A , G u lf  VII:

12 13 14 15 16 17

r 2 =  0 .155 , P  <  0 .001, M IK: r 2 =  0 .074, P  =  0 .004 ). 
T h e  d is tr ib u tio n  o f dab larvae  was n o t sign ifican tly  
co rre la te d  to  degree o f s tra tifica tio n  during  a n y  o f  th e

© 2006 T he Authors, Fish. Oceanogr., 15:6, 490-507.
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Figure 6. V ariation in wind speeds (knots) recorded in the Irish Sea 5 days before and during surveys in M ay-June 1998 and 
1999 (Ronaldsway Airport, Isle of Man data). Average daily values are shown using black circles and maximum gusts are 
represented by white squares.
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Table 1. Details of dab (Limanda limanda) and sprat (Sprattus sprattus) larvae collected using G ulf VII and MIK nets in  the Irish 
Sea in May-June, 1998 and 1999.

N o. captured (n)
% Stations 
present

M ax eone. (m "2) Length (mm)

Cruise G ulf MIK G ulf MIK G ulf MIK

Limanda limanda 
18-21 May 1998 77 142 66.7 24.2 1.0 4.7-13.4 8.8-16.4
8-10 June 1998 32 14 50.0 11.2 0.3 6.3-12.8 9.2-13.2
24-27 May 1999 111 115 64.9 21.6 1.5 4.0-13.2 10.6-18.3
14-16 June 1999 10 9 34.2 3.6 0.1 5.8-11.5 10.3-17.9

Sprattus sprattus 
18-21 May 1998 125 50 85.7 26.8 0.5 5.8-27.0 13.1-26.8
8-10 June 1998 116 55 87.5 23.6 0.8 10.1-30.0 13.3-31.2
24-27 May 1999 113 26 60.8 14.7 1.0 9.0-24.2 17.6-28.5
14-16 June 1999 40 12 51.3 3.8 1.1 9.9-24.0 18.0-25.8

ic h th y o p la n k to n  surveys. T h e r e  was n o  sign ifican t 
co rre la tio n  b e tw een  la rva l c o n c e n tra tio n  an d  m eas­
ured e n v iro n m e n ta l v a riab le s  [d ep th , surface (a t 5 m) 
and  b o tto m  te m p e ra tu re , s a l in i ty , and  ch lo ro p h y ll a].

C ondition and growth o f  dab larvae

R N A /D N A  ra tio s  o f  d ab  la rv a e  cap tu red  in  th e  n o r th ­
w estern  Irish  S ea  in  M a y -J u n e  1998 an d  1999 w ere

© 2006 T he Authors, Fish. O ceanogr., 15:6, 490-507.

v a riab le  rang ing  from  1.7 to  18.8 (Fig. 7a). H ow ever, 
76%  o f  a ll larvae  analysed  h ad  ra tio s in  th e  ran g e  o f  5 -  
11. N u tr i t io n a l co n d itio n  increased  w ith  le n g th  up to 
app ro x im a te ly  11 m m  w h e n  R N A /D N A  ra tio s  le v ­
e lled  off an d  began  to  decrease w ith  increasing  
s tan d a rd  le n g th  after 13 m m  (Fig. 7b). T h e  g row th  
ra tes o f  dab  larvae co llec ted  ranged  fro m  0.15 to 
0 .76  m m  day-1 (Fig. 8a). R e c e n t g ro w th  o f dab
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Figure 7. Relationship between (a) R N A /D N A  ratios and 
standard length for dab (Limanda limanda) larvae collected in 
the Irish Sea in M ay-June, 1998 and 1999; (b) average 
RNA /D NA  ratios (±SD) for each 1 mm length category 
between 5 and 17 mm (<11 mm: y =  1.028x -  1.511; 11- 
13 mm: y =  -0 .004x + 10.204; >13 mm: y — -1.320* 
+ 27.35).
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increased  w ith  increasing  stan d ard  le n g th  up  to  
13 m m  a fte r  w h ich  g ro w th  ra te s  s ta rted  to  decrease as 
le n g th  c o n tin u e d  to  increase  (Fig. 8 b ). A s a  resu lt of 
th is  re la tio n sh ip  b e tw een  c o n d it io n  a n d  g row th  o f  dab 
larvae  w ith  stan d ard  len g th , i t  was necessary  to  d ivide 
la rvae  in to  th re e  separa te  le n g th  ca tegories (< 11 , 1 1 -  
13 a n d  >13 m m ) p rio r to  fu r th e r  s ta tis tic a l analyses.

Factors affec ting  c o n d it io n  an d  g ro w th  o f  dab  lar­
vae  are  show n in  T ab le  2. S ev era l p o te n tia l covaria- 
bles w ere fo und  to  h av e  n o  s ig n ifican t effect o n  R N A / 
D N A  ra tios an d  re c e n t g ro w th  ra tes. D ab larvae th a t 
w ere dam aged  up o n  cap tu re  d id  n o t h av e  low er R N A / 
D N A  ra tios th a n  u n d am ag ed  larvae . T h e  effect o f 
using th e  r ig h t lapillus (w h e n  le ft o to l ith  unava ilab le ) 
o n  e s tim a ted  re c e n t g row th  ra te  was also insign ifican t. 
T herefo re , i t  was possib le to  exclude  these  variables 
from  su b sequen t analyses. T h e  effec t o f  gear type (G u lf 
V II versus M IK  ne ts) o n  R N A /D N A  ra tios w as found  
to  be insign ifican t for d ab  la rv ae  in  th e  m id -len g th

Figure 8. Relationship betw een (a) growth rates and 
standard length for dab (Limanda limanda) larvae collected in 
the Irish Sea in M ay-June, 1998 and 1999; (b) average 
growth rates (±SD) for each 1 mm length category between 
6 and 16 mm (<11 mm: y =  0.052x -  0.094; 11-13 mm: 
y =  0.036x + 0.076; >13 mm: y =  -0 .015x + 0.732).
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category . I t  w as n o t  possib le  to  accu ra te ly  com pare  
c o n d itio n  o f la rvae  >13 m m  from  b o th  n e t  types as 
very few  larvae  w ere c ap tu red  using th e  G u lf  V II 
sam pler (fou r o f 158). T h e se  fou r larvae w ere o m itted  
from  fu r th e r analyses. For d ab  larvae <11 m m , th e  
effect o f  g ear type a n d  tim e  o f  c ap tu re  (i.e . day  versus 
n ig h t)  w as sign ifican t -  la rv ae  cau g h t using M IK  n e ts  
h ad  sign ifican tly  h ig h e r g ro w th  ra te s  and  th o se  caugh t 
a t n ig h t tim e  h ad  h ig h e r R N A /D N A  ratios a n d  g row th  
rates. A s m ost larvae  in  th is  len g th  ca tegory  w ere 
cap tu red  d u ring  th e  day using  th e  G u lf  V II sam pler, 
larvae cau g h t in  M IK  n e ts  a t  n ig h t tim e w ere o m itted  
from  fu r th e r analyses (26  o f  201 larvae). D ab  larvae 
>13 m m  h ad  h ig h e r R N A /D N A  ra tios w h e n  cau g h t 
live com pared  w ith  th o se  w h ic h  w ere d ead  up o n  
cap tu re  (live  =  19, dead =  139), so live la rvae  w ere 
rem oved  p rio r to  analysis fo r co m p atib ility  w ith  th e  
rem ain d er o f th e  d a ta  set.

D ab larvae  w ere in  sign ifican tly  b e tte r  co n d itio n  
a n d  w ere g row ing a t a faster ra te  in  1998 th a n  in  1999 
(Figs 7a a n d  8a) .  M o n th ly  variab ility  in  c o n d itio n  and

© 2006 T he Authors, Fish. Oceanogr., 15:6, 490-507.
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grow th  o f  d ab  larvae  d iffered  w ith  le n g th  category  an d  
year o f  sam p ling . W h e n  sign ifican t m o n th ly  variab ility  
was p re sen t, R N A /D N A  ra tio s  and  g row th  ra tes o f  dab  
larvae  w ere h ig h e r  in  M ay th a n  in  Ju n e  1998, w h ile  in  
1999 th is p a t te rn  was reversed  w ith  g row th  an d  c o n ­
d itio n  o f la rvae  h ig h e r  in  Ju n e  th a n  in  M ay. H ow ever, 
n o  s ig n ifican t yearly  o r m o n th ly  d ifferences w ere found  
for g ro w th  ra tes o f  d ab  la rvae  <11 m m . B ecause o f  
in su ffic ien t num bers  o f  la rger larvae co llec ted  in  June  
it  was n o t  possib le  to  re liab ly  te s t m o n th ly  variab ility  
in  th e  largest le n g th  ca tego ry  (>13 m m ).

R N A /D N A  ra tio s  w ere affected by  stra tifica tio n  in  
th e  m ed iu m  le n g th  ca tego ry  (1 1 -1 3  m m ) w here  larvae 
w ere in  s ign ifican tly  b e tte r  c o n d itio n  in  th e  fro n ta l 
w aters th a n  in  th e  stra tified  an d  m ixed  w ater masses 
(T ab le  3 ). A lth o u g h  dab  la rvae  <11 m m  w ere also in  
b e tte r  c o n d it io n  a t  th e  f ro n t th is d ifference  was n o t 
s ta tis tica lly  sign ifican t (A N C O V A , P  =  0 .069). 
G ro w th  ra te s  fo r larvae  <13 m m  w ere n o t sta tistica lly  
co rre la ted  to  w a te r c o lu m n  stab ility . In  th e  large 
le n g th  ca tego ry  (>13 m m ) a lm ost all larvae w ere 
co llec ted  fro m  th e  stra tified  w aters in  1999, therefo re , 
i t  was n o t  possib le  to  te s t  spatia l variab ility  for th a t  
year. In  1998, n o  sig n ifican t re la tio n sh ip  was found  
b e tw een  w a te r  co lu m n  stab ility  and  g row th  or c o n d i­
tio n  o f d ab  larvae  >13 m m .

A  sig n ifican t n eg a tiv e  c o rre la tio n  was observed  
b e tw een  d e p th  and  g ro w th  and  c o n d itio n  for larvae 
1 1 -13  m m  a n d  b e tw een  d e p th  an d  c o n d itio n  fo r la r ­
vae >13 m m . A  positive  co rre la tio n  was observed b e ­
tw een  g ro w th  ra tes o f  dab , 11 -13  m m , and  b o tto m  
tem p era tu res  and  b o tto m  an d  average ch lo ro p h y ll a 
T h e re  was n o  s ig n ifican t effect o f  tem p era tu re  or 
ch lo ro p h y ll a  o n  g row th  o r c o n d itio n  o f dab  <11 m m  
in  G u lf  V II sam ples. I t  w as n o t  possib le to  te s t these  
re la tio n s  fo r la rvae  >13 m m  as very  few  larvae w ere 
cau g h t using  th e  G u lf  V II sam pler in  th is len g th  ca ­
tegory.

T ab le  4  show s th e  fac to rs in c luded  in  th e  final 
g en era l lin e a r  m odel used to  exp la in  th e  variab ility  
in  c o n d it io n  an d  g ro w th  o f dab  larvae  fo r each  o f 
th e  le n g th  ca tegories . T h e  variance  exp la in ed  ranged  
from  26%  to  55%  fo r R N A /D N A  ra tios and  from  
31%  to  44%  fo r re c e n t g row th  ra tes. In  general, 
s tan d a rd  le n g th  was in c lu d ed  as a co v a ria te  to  ac ­
c o u n t for sign ifican t v a r ia tio n  in  b o th  ind ices w ith  
larval size. T em p o ra l ( in te ra n n u a l and  m o n th ly ) 
d ifferences in  g row th  an d  c o n d itio n  also acco u n ted  
fo r a large p ro p o rtio n  o f  th e  exp la in ed  variab ility . 
T h e  re la tiv e  im p o rtan ce  o f  each  o f  th ese  factors 
v aried  b e tw e e n  le n g th  ca tego ries a n d  differed  w ith  
g row th  in d ex  used (R N A /D N A  ra tio s  o r re c e n t 
g row th  ra te ) .
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log10 R N A /D N A R NA/DNA
Mixed 6.19 ± 2.26 (33) 10.50 ± 2.79 (21)
Frontal 7.42 ± 2.91 (33) 11.65 ± 2.59 (10)
Stratified 6.33 ± 2.91 (131) 9.63 ± 2.51 (94)

Growth rate
Mixed 0.332 ± 0.095 (29) 0.520 ± 0.101 (21)
Frontal 0.363 ± 0.104 (26) 0.529 ± 0.090 (10)
Stratified 0.348 ± 0.101 (70) 0.462 ± 0.112 (39)

Table 3 . R N A /D N A  ratios and growth 
rates (m ean ± SD) of Limanda limanda 
larvae in  mixed, frontal and stratified 
waters in  the Irish Sea in  M ay-June 1998 
and 1999 (the  number of larvae analysed 
for each w ater mass is given in  paren­
theses).

0.551 ± 0.074 (15)
0.515 ± 0.144 (4)
0.563 ± 0.068 (18)

Small <11 mm Medium 11-13 mm Large >13 mm

R N A /D N A  
10.13 ± 1.13 (16) 
9.56 ± 1.72 (5) 
9.98 ± 1.72 (51)

Table 4 . Significance levels o f independent factors included in general linear models (GLMs) for dab (Limanda limanda) larvae 
in the Irish Sea in M ay-June 1998 and 1999 w ith R N A /D N A  ratios and growth rates as dependent variables. Factors w ith 
significance values >0.15 were excluded from the models.

Small (<11 mm) M edium (11-13 mm) Large (>13 mm)

log io R NA /D NA Growth R N A /D N A  Growth RNA /D NA  G rowth

N 175 108 143 70 137 49
r2 0.395 _ 0.261 0.442 0.546 0.314
Length (P) <0.001 <0.001 

r  =  0.774
- 0.039 <0.001 “

Year (P) 0.067 - <0.001 0.075 <0.001 <0.001
M onth (P) 0.011 - - 0.005 - -
Depth (P) - 0.056 0.030
Stratification (P) 0.105 - - - - —

T h e re  was a h igh ly  s ig n ifican t positive  co rre la tio n  
b e tw een  R N A /D N A  ra tio s  a n d  re c e n t g row th  rates 
m easured  fo r in d iv idua l d ab  la rv ae  (Fig. 9; r  =  0 .557, 
P  <  0 .001 ).

Abundance and distribution o f  sprat

A  to ta l o f 537 sp ra t (S . sprattus) larvae w ere co llec ted  
in  th e  n o rth -w e s te rn  Ir ish  S e a  in  M ay -Ju n e  1998 and  
1999 (T a b le  1). T h e  a b u n d a n c e  o f  sp ra t larvae co l­
lec ted  using  th e  G u lf  V II sam p le r was significantly  
h ig h e r in  1998 th a n  in  19 9 9  (A N O V A , r 2 =  0.167, 
P  < 0 .001 ) an d  in  M ay t h a n  in  June  (r2 =  0 .032, 
P < 0 .0 0 1 ). C o n c e n tra tio n s  o f  larvae  cap tu red  using 
th e  M IK  n e t  d id  n o t e x h ib i t s ig n ifican t in te ra n n u a l or 
m o n th ly  variab ility . S p ra t la rv a e  show ed a pa tchy  
d is tr ib u tio n  w ith in  th e  s a m p lin g  grid, an d  larval c o n ­
c e n tra tio n s  w ere n o t  s ig n ific an tly  d iffe ren t b e tw een  
m ixed , f ro n ta l, and  s tra tified  w ate r m asses. T h e  dis­
tr ib u tio n  o f  sprat la rvae  w a s  n o t  co rre la ted  w ith  
m easu red  e n v iro n m e n ta l v a riab le s  du ring  any  o f  th e  
ic h th y o p la n k to n  surveys [d e p th , surface (a t 5 m ) and  
b o tto m  tem p era tu re , sa lin ity , an d  ch lo ro p h y ll a]. A  
sign ifican t positive  c o r re la t io n  was observed  b e tw een  
th e  c o n c e n tra tio n  o f sp ra t a n d  dab  larvae  co llec ted  in 
th e  G u lf  V II sam ples (r  =  0 .3 8 5 , P  <  0 .001).

Figure 9. Regression of recent growth rates on R N A /D N A  
ratios measured for individual dab (Limanda limanda) larvae 
captured in the Irish Sea in May-June 1998 and 1999 (y — 
0.024* + 0.225; r  =  0.557, P < 0.001).
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0 .4 «*««» ♦♦

0.2

0
1614128 102 4 6

RNA/DNA

T h e re  w as a  strong  p o sitiv e  co rre la tio n  b e tw een  
stan d a rd  le n g th  and  n u m b e r o f daily  m ic ro in c rem en ts  
(Fig. 10, r  =  0.856; P  < 0 .001 ). S tan d a rd  le n g th  in ­
c reased  s tead ily  w ith  age u p  to  approx im ate ly  4 6  days 
(40 m ic ro in c rem en ts)  a n d  th e n  levelled  off as age 
c o n tin u e d  to  increase. T h e  average daily  g ro w th  ra te  
o f  sp ra t la rv ae  w ith  0 -4 0  daily  rings was c a lc u la te d  to
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Figure IO. Relationship between number of sagittal daily 
increments and standard length of sprat (Sprattus sprattus) 
larvae from the Irish Sea (<40 rings: 1998, y =  
0.432* + 6.590, r  =  0.904; 1999, y =  0.300* + 8.887, r  =  
0.822).
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0 20 40  60
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be 0 .382  m m  day -1 . L arvae cap tu re d  using th e  G u lf  
V II sam p le r ran g ed  from  12 to  70 days w h ile  those  
c o llec ted  in  th e  M IK  n e ts  w ere  aged b e tw een  34  and  
64 days.

C ondition and growth o f  sprat larvae

T h e  R N A /D N A  ra tio s  o f  sp ra t la rv ae  cap tu red  in  th e  
n o rth -w es te rn  Irish  S ea  in  M a y -Ju n e  1998 an d  1999 
w ere re la tiv e ly  v ariab le  ra n g in g  from  2.4 to  10.4 
(Fig. I l a ) .  H ow ever, 89%  o f  a l l  larvae  analysed  h a d  
ra tio s b e tw een  5 an d  7. R e c e n t g row th  ra tes o f  sp ra t 
larvae  ran g ed  from  0 .14  to  1 .00  m m  d a y "1 (Fig. 12a). 
N u tr i t io n a l c o n d itio n  was n o t  re la te d  to  larval age or 
stan d a rd  le n g th  w h ile  re c e n t g ro w th  rates decreased  
sign ifican tly  w ith  in creasin g  a g e  an d  len g th  (Figs l i b  
an d  12b respec tive ly ).

Factors affec ting  g ro w th  a n d  co n d itio n  o f  sp ra t 
larvae  a re  show n in  T ab le  5. V a riab le s  w h ich  d id  n o t  
ex e rt a  sig n ifican t effec t o n  R N A /D N A  ratios (tim e  o f 
cap tu re  i.e . day versus n ig h t)  a n d  g row th  ra te  (le ft 
versus r ig h t o to lith , tim e  o f  c a p tu re )  o f sprat larvae 
w ere ex c lu d ed  from  th e  G L M  analysis. A s a lm ost a ll 
larvae w ere  dead  u p o n  c a p tu re , la rv a e  cau g h t live (five 
o f 530  la rv ae ) w ere rem o v ed  f ro m  th e  d a ta  se t p rio r to  
analysis. T h e re  w as n o  s ig n if ic a n t effect o f  n e t  o n  th e  
re c e n t g ro w th  ra te s  o f  sp ra t la rv a e  b u t larvae co llec ted  
using th e  G u lf  V II sam p le r h a d  significantly  h ig h e r 
R N A /D N A  ra tio s  th a n  th o s e  cap tu re d  in  th e  M IK  
nets . U n d am ag ed  sp ra t h ad  h ig h e r  R N A /D N A  ra tios 
th a n  d am ag ed  larvae.

S p ra t larvae  show ed  s ig n if ic a n t in te ra n n u a l v a ri­
a tio n  in  n u tr i t io n a l c o n d it io n  a n d  g row th  ra tes w ith

© 2006 T he A uthors, Fish. O ceanogr., 15:6, 490-507.

Figure 11. Relationship between (a) R N A /D N A  ratios and 
standard length for sprat (Sprattus sprattus) larvae collected 
in  the Irish Sea in M ay-June, 1998 and 1999 and (b) average 
R N A /D N A  ratios (±SD) for each 1 mm length category 
betw een 7 and 27 mm.
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h ig h e r  va lues observed  in  1998 th a n  in  1999 (Figs l i a  
a n d  12a). T h is  was reflec ted  in  le n g th  a t age o f larvae  
-  la rvae  c ap tu red  in  1998 w ere larger a t  a  g iv en  age 
th a n  th o se  co llec ted  in  1999 (A N C O V A , r 2 =  0 .760 , 
P  < 0 .001; Fig. 10) w ith  an  average daily  g ro w th  ra te  
o f  0 .432  m m  day-1 in  1998 co m p ared  w ith  
0 .3 0 0  m m  day -1 in  1999 for sp ra t la rvae  < 4 6  days o ld . 
T h e  R N A /D N A  ra tios also show ed  sign ifican t 
m o n th ly  v a ria tio n  b e tw een  M ay an d  Ju n e  w h ic h  w as 
c o n s is te n t w ith  th a t  observed  for d ab  la rvae  1 0 -  
13 m m  (1998: M ay >  Ju n e , 1999: Ju n e  >  M ay). 
H o w ever, d ifferences in  c o n d itio n  from  M ay to  Ju n e  
w ere n o t  reflec ted  in  th e  g row th  of sp ra t la rvae  w h ic h  
d id  n o t  vary  m o n th ly . R N A /D N A  ra tio s  a n d  re c e n t 
g ro w th  ra te s  o f sp ra t la rvae  d id  n o t d iffer sign ifican tly  
b e tw e e n  m ixed , fron ta l, an d  stra tified  w a te r m asses on  
any  o f  th e  sam pling  da tes  (T ab le  6 ).

A  sign ifican t positive  co rre la tio n  was observed  b e ­
tw een  la rv a l g row th  an d  d ep th . T h e  re la tio n sh ip  b e ­
tw een  tem p e ra tu re  and  ch lo ro p h y ll a  an d  R N A /D N A  
ra tio s  a n d  g row th  ra tes d id  n o t show  a c o n s is te n t 
p a tte rn  a n d  varied  d ep en d in g  o n  c o n d it io n  in d e x  used

+1998
o1999
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Figure 12. Relationship between (a) growth rates and 
standard length for sprat (Sprattus sprattus) larvae collected 
in the Irish Sea in May-June, 1998 and 1999; (b) average 
growth rates (±SD) for each 1 mm length category between 
10 and 26 mm (y — -0 .017x  + 0.701).
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a n d  o n  w here  e n v iro n m e n ta l m easu rem en ts  w ere ta ­
k e n  (surface, b o tto m , or average  values).

T ab le  7 show s th e  fac to rs  in c lu d ed  in  th e  final 
g enera l lin ea r m odel used  to  ex p la in  v a riab ility  in  
c o n d itio n  an d  g row th  o f  sp ra t la rvae  in  th e  n o r th ­
w estern  Irish  Sea. T h e  v a ria n c e  exp la in ed  fo r R N A / 
D N A  ra tio s  w as very low  a t  7 .6%  an d  was a ttr ib u te d  to  
d ifferences due to  year o f  sam p ling  an d  n e t  type. In  
c o n tra s t, 54%  o f th e  v a riab ility  in  g row th  ra te s  could 
be exp la ined  by larval age, y ear o f  sam pling , and 
d e p th . T h e re  w as n o  sig n ifican t co rre la tio n  b e tw een  
n u tr it io n a l c o n d itio n  a n d  re c e n t g ro w th  estim ates 
m easu red  for in d iv id u a l sp ra t larvae  (Fig. 13; r  =  
0 .021 , P  =  0 .689).

DISCUSSION

Tem poral variability in  grow th and condition 

Y early fluc tua tions in  th e  d is tr ib u tio n  o f dab  a n d  sprat 
la rvae  w ere reco rded  w ith  low er c o n c e n tra tio n s  o f 
b o th  species fo und  in  1999 com pared  w ith  1998. 
C o n d itio n  an d  g row th  o f  d ab  larvae  >11 m m  an d  all 
sp ra t la rvae  also show ed sig n ifican t in te ra n n u a l vari­
ab ility  w ith  h ig h e r R N A /D N A  ra tios an d  faster 
g row th  ra tes in  1998 th a n  in  1999. S im ila r d ifferences 
w ere also observed  in  dab  la rv ae  <11 m m  b u t w ere n o t 
as significant. In te ra n n u a l v a ria tio n s  in  c o n d it io n  and 
g row th  o f  ic h th y o p la n k to n  has b e e n  w idely  recorded  
in  th e  lite ra tu re  an d  has b e e n  a ttr ib u te d  to  d ifferences

log io R N A /D N A Growth

N 530 356
Age r  = 0.012, P = 0.821 r = 0.802, P < 0.001
Length r  = -0 .069 , P =  0.114 r  = -0 .431 , P <  0.001
Depth r  = -0 .082 , P = 0.058 r  =  0.144, P <  0.001
Year P < 0.001 P <  0.001
M onth P =  0.006 P = 0.089.
Stratification P = 0.214 P = 0.213
Day/night P = 0.535 P = 0.251.
Live/dead Live removed Live removed
N et P < 0.001, G ulf > MIK P = 0.742
Damaged/ P = 0.018, undamaged > damaged N /A

undamaged
Left/right N /A P = 0.996

Relationship between continuous variables was investigated using Pearson’s cor­
relation. Effect of categorical variables was tested using A N O V A  (for RNA / 
DNA) and A NCOV A  using age as a covariate (for growth), n , num ber of larvae 
analysed (stratification param eter values were no t interpolated for all MIK sta­
tions, therefore numbers of larvae analysed for stratification was lower, see 
Table 6); n.s., no t significant; N /A , no t applicable.

Table 5 . Relation of factors to  RNA/ 
DNA ratios and recent growth rates of 
sprat (Sprattus sprattus) in the Irish Sea 
in 1998-99.

© 2006 T he Authors, Fish. Oceanogr., 15:6, 490-507.
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Table 6 . RNA/DNA ratios and growth rates (mean ± SD) 
of Sprattus sprattus larvae in mixed, frontal and stratified 
waters in the Irish Sea in M ay-June 1998 and 1999 (the 
number of larvae analysed for each water mass is given in 
parentheses).

log io R NA /D NA  Growth rate

Mixed 5.17 ± 1.19 (149) 0.424 ± 0.118 (116)
Frontal 5.30 ± 1.13 (136) 0.427 ± 0.131 (103)
Stratified 5.32 ± 0.83 (225) 0.441 ± 0.134 (137)

Table 7. Significance levels of independent factors included 
in general linear models (GLMs) for sprat (Sprattus sprattus) 
larvae in the Irish Sea in M ay-June 1998 and 1999 with 
R N A /D N A  ratios and growth rates as dependent variables.

RNA /D NA Growth

N 525 354
r2 0.076 0.541
Age (P) - <0.001
Year (P) <0.001 <0.001
Depth (P) - <0.001
N et (P) <0.001 -

Factors w ith significance values >0.15 were excluded from 
the models.

Figure 13. Regression of recent growth rates on  R NA /D NA  
ratios measured for individual sprat (Sprattus sprattus) larvae 
captured in the Irish Sea in M ay-June 1998 and 1999.

1 _2T  -----

0-1   , , ,   , , i
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RNA/DNA

in  tem p era tu re  an d  prey  c o n c e n tra tio n s  (T h e ilack e r 
et al., 1996). T h e  in te ra n n u a l d iffe rences observed  in 
th e  c u rre n t study  a re  m ost like ly  because  o f  poor 
feed ing  c o n d itio n s  in  1999 co m p ared  w ith  1998. 
T h e re  w ere n o  s ig n ifican t d iffe rences in  average te m ­
pera tu re  o f  th e  w a te r co lu m n  b e tw een  years a lth o u g h  
th e  w aters had  a s ign ifican tly  h ig h e r  surface tem p era ­

tu re  in  1999. T h e  p a tte rn  o f  stra tifica tio n  was also 
q u ite  s im ila r in  b o th  years. In  co n tra st, th e  average 
ch lo ro p h y ll a c o n c e n tra tio n s  (proxy o f prim ary  p ro ­
d u c tiv ity ) w ere fo und  to  be  sign ifican tly  low er in  1999 
th a n  1998. Low p rim ary  p ro d u c tiv ity  could  u ltim ate ly  
affect secondary  p ro d u c tio n  (G o w en  et al., 1998) thus 
y ie ld ing  larvae  in  po o rer c o n d itio n  and  grow ing a t a 
slow er ra te . In  an  in v es tig a tio n  m odelling  copepod  egg 
p ro d u c tio n  in  th e  Ir ish  S ea , P restidge et al. (1995) 
co n c lu d ed  th a t  th e  use o f  surface ch lo ro p h y ll c o n ­
ce n tra tio n s  was a  p rom ising  first ap p ro ach  to  p re d ic t­
ing copepod  egg p ro d u c tio n . T h e  W IS  does e x h ib it 
an n u a l d ifferences in  p h y to p la n k to n  dom in an ce  (e.g. 
d ia tom s versus d inoflagella tes, R.J. G ow en , pers. 
com m ., D e p a rtm e n t o f  A g ricu ltu re , N o r th e rn  Ire land , 
U K ) and  th e  d o m in an ce  o f  copepod  species (N ash  an d  
G effen , 2004). In  lig h t o f  th e  resu lts  o f th e  p resen t 
study, a n  in v es tig a tio n  o f  la rv a l g row th  rates fo r years 
o f  co n tra s tin g  food  av a ilab ility  an d  qua lity  w ould  give 
a va luab le  in s ig h t in to  fac to rs affecting  la rva l survival 
and  p o te n tia lly  re c ru itm e n t variab ility . In te ra n n u a l 
d ifferences in  c o n d itio n  m ay  also be  re la ted  to  d iffer­
ences in  p red a to r c o n c e n tra tio n s  -  c ten o p h o re  d en si­
ties w ere sign ifican tly  h ig h e r  in  1998 th a n  in  1999 (M . 
D ickey-C ollas, u n p u b l. d a ta ) . A  m ore  com prehensive  
in v es tig a tio n  o f p re d a to r  p ressure w ou ld  b e  necessary  
to  fully assess th e ir  in fluence  o n  la rva l co n d itio n .

In  th e  p re sen t in v es tig a tio n , th e  average g row th  
ra te  o f  sp ra t larvae cap tu re d  in  1998 (0 .432  m m  day-1 
for larvae  w ith  < 40  daily  rings) is sim ila r to  th a t  re ­
co rded  in  p rev ious stud ies. S h ie ld s  (1989) fo und  
in teg ra ted  som atic  g row th  ra te s  th a t  varied  from  0.37 
to  0 .49  m m  day-1 fo r sp ra t (S . sprattus) la rvae  in  th e  
sam e age b rack e t in  th e  Ir ish  Sea. R é  and  G o n ça lv es 
(1993) rep o rted  a n  in te g ra te d  g row th  ra te  o f 
0.41 m m  day -1 for sp ra t (S . sprattus) larvae  w ith  < 40  
daily rings in  th e  G e rm a n  B ig h t of th e  N o r th  Sea. In  
c o n tra s t, in  1999, th e  average larval g row th  ra te  is 
sign ifican tly  low er th a n  in  1998 an d  a t  0 .30  m m  day -1 
is w ell be low  th e  ranges observed  by  S h ie lds (1989) 
a n d  R é an d  G o n ça lv es  (1 9 9 3 ) for S. sprattus. T h ese  
resu lts su p p o rt th e  hy p o th es is  th a t  these  larvae  are  
ex p erien c in g  less favourab le  feed ing  co n d itio n s  in  th a t  
year.

S ig n ifican t v a riab ility  in  g row th  and  c o n d itio n  of 
la rvae  b e tw een  sam pling  d a tes  w ith in  each  year was 
observed  in  th e  c u rre n t in v es tig a tio n . M o n th ly  v a ria ­
tio n s  w ere c o n s is te n t fo r sp ra t a n d  dab  larvae of 
<13 m m  w ith  h ig h e r R N A /D N A  ra tio s  in  M ay th a n  
in  June  1998 a n d  in  Ju n e  th a n  in  M ay 1999. D ab 
larvae 1 1 -13  m m  also show ed  a  s im ila r p a tte rn  for 
g row th  rates. R illing  an d  H o u d e  (1998) reco rded  
seasonal d ifferences in  c o n d itio n  o f bay anchovy
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(Anchoa mitchilli) larvae a n d  a ttr ib u ted  th e  v a ria tio n  to  
a  co m b in a tio n  o f food availab ility  a n d  tem pera tu re  
d ifferences. W a te r  tem p e ra tu re  has b een  show n to  
h av e  a  sign ifican t effec t o n  o to lith  m ic ro in c rem en t 
w id th s (K arak iri an d  v o n  W e ste m h a g e n , 1989) an d  on  
R N A /D N A  ratios (B uckley , 1984). H ovenkam p  
(1990) fo und  th a t  p la ice  (Pleuronectes platessa) larvae 
in  th e  N o r th  S ea  w ere grow ing fas te r o n  22 M arch  
w h en  com pared  w ith  8 -9  M arch . H e  co n c lu d ed  th a t  
tem p era tu re  d ifferences w ere  too sm all to  ex p la in  th is 
d ifference, an d  th a t  tem p o ra ry  food  lim ita tio n  m ay 
h av e  occu rred . In  th e  p re se n t inves tig a tio n  it  is likely 
th a t  th e  m o n th ly  variab ility  in  g row th  an d  c o n d itio n  
o f  dab  an d  sp ra t larvae m ay  be  p rim arily  a ttr ib u te d  to  
food ava ilab ility . T h e re  w as n o  c lea r re la tio n sh ip  b e ­
tw een  larval co n d itio n  a n d  tem p era tu re . T h ese  p rop ­
erties are difficult to  m easu re  w ith in  th e  tem pora l and 
spa tia l scales th a t  a ffec t fish la rvae  (D ow er et a i ,  
2002). A s v e rtic a l sam p ling  was n o t  co n d u c ted  in  th e  
p re sen t study, it is u n c lea r w here  in  th e  w ate r co lum n  
and  u n d e r w h a t e n v iro n m e n ta l c o n d itio n s  (e.g. te m ­
p era tu re ) th e  larvae  w ere residing.

I t  is possib le th a t  so m e m o n th ly  v a ria tio n  in  larval 
c o n d itio n  m ay be re la ted  to  w in d -in d u ced  tu rbu lence . 
A lth o u g h  average w in d  speeds d id  n o t  reach  sto rm  
levels d u ring  th e  surveys, d ab  an d  sp ra t larvae w ere in  
b e tte r  c o n d itio n  in  M ay 1998 w h en  w ind  speeds w ere 
low com pared  w ith  M ay  1999 w h en  average w ind 
speeds w ere h igher. T h is  w ould suggest th a t  som e 
en v iro n m en ta l s tab ility  is req u ired  fo r good feed ing  
c o n d itio n s  (B ergeron, 2 0 00 ).

Spatial variability in growth and condition

W ith in  th e  W IS , s tra tified  w aters h av e  b een  associ­
a ted  w ith  m ore favourab le  feed ing  co n d itio n s  for fish 
larvae (S crope-H ow e a n d  Jones, 1985; C oom bs et al., 
1994; D ickey-C ollas e t al., 1996). T herefo re , larvae  
from  stra tified  w aters w ou ld  be  ex p ec ted  to  be in  
b e tte r  c o n d itio n  th a n  th o se  cap tu red  w ith in  th e  
fro n ta l a n d  m ixed  w aters . H o w ever, in  th e  cu rren t 
study, seasonal s tra tifica tio n  o f  th e  w a te r co lum n  was 
fo und  to  vary  in  its e ffec t o n  la rv a l g row th  and  c o n ­
d itio n . D ab larvae <13 m m  in  le n g th  w ere in  b e tte r  
n u tr it io n a l co n d itio n  in  th e  fro n ta l w aters th a n  in  th e  
stra tified  a n d  m ixed w a te r m asses. In  con trast, th e  
degree o f w ate r co lu m n  s tab ility  h a d  n o  influence o n  
th e  R N A /D N A  ratios o f  sp ra t la rvae  in  th e  n o r th ­
w estern  Ir ish  Sea.

F ro n ta l struc tu res  h a v e  b e e n  show n  to  prov ide m ore 
favourab le  feed ing  c o n d itio n s  fo r fish larvae  in  a 
n u m b er o f  studies (M u n k  et a i ,  1995; H ays et al., 
2001) y ie ld ing  larvae in  b e tte r  c o n d itio n  an d  w ith  
h ig h e r g row th  rates. N a k a ta  et al. (1996) recorded

h ig h e r R N A /D N A  ra tio s  fo r Japanese sa rd ine  (Sar­
dinops m elanostictus) larvae  in  th e  K urosh io  fro n ta l 
reg ion  th a n  in  th e  offshore w aters. T h e  g row th  o f  sp ra t 
(S. sprattus) la rvae  was fo u n d  to  be sign ifican tly  re la te d  
to  d is ta n c e  from  a tid a l f ro n t in  th e  N o r th  S ea  w ith  
h ig h es t g ro w th  ra tes observed  close to  th e  fro n ta l zone 
(M u n k , 1993).

In  th e  p re se n t inv estig a tio n , dab  larvae  < 13  m m  
w ere in  b e tte r  c o n d itio n  in  th e  fro n ta l zone th a n  those  
fo und  in  th e  stratified  o r  m ix ed  w aters. T h is  m ay be  
because  o f  im proved  feed in g  co n d itio n s  associa ted  
w ith  th e  tid a l-m ix in g  fro n t. If  th is  is th e  case, c o n d i­
tio n  o f  d ab  la rvae  <13 m m  is food lim ited , o r influ­
en ced , a n d  larvae  m ust b e  loca ted  in  fro n ta l w aters 
long  en o u g h  to  be d is tin g u ish ed  from  larvae in  s tra ti­
fied w aters based  o n  th e i r  n u tr itio n a l co n d itio n . 
S cro p e-H o w e an d  Jones (1985 ) reco rded  Z ooplankton  
m ax im a a t th e  fro n t o n  tw o  occasions (July 1980 an d  
M ay 1981) during  th e ir  survey o f th e  W IS , A p ril 1980 
to  N o v e m b e r 1981. A s th e  copepod  p o p u la tio n  w ith in  
th e  f ro n ta l zone c o n ta in e d  significantly  h ig h e r n u m ­
bers o f  n a u p lii th a n  in  a d ja c e n t w aters, th ey  a ttr ib u te d  
th ese  h ig h e r  Z ooplankton c o n cen tra tio n s  to  increased  
co p ep o d  p ro d u c tio n  ra th e r  th a n  m ech an ica l aggrega­
tio n . I t  w as n o t  feasible to  te s t  g row th  and  c o n d itio n  o f 
dab  > 13  m m  in  1999 in  re la tio n  to  w ate r co lu m n  
stab ility  as a lm ost a ll la rvae  o f th is size w ere co lle c ted  
from  th e  stra tified  w aters. H ow ever, th is d is tr ib u tio n  
p a tte rn  im plies th a t  stra tified  w aters prov ide a m ore 
favourab le  feed ing  e n v iro n m e n t for th e  larger dab  
larvae  as th e y  c a n  survive h e re , o r less likely, th a t  they  
c a n  a c tiv e ly  se lec t th e ir  h a b ita t  o f choice .

T h e re  was n o  sign ifican t d ifference in  g ro w th  or 
c o n d itio n  o f sp ra t larvae b e tw een  stratified , fro n ta l, 
an d  m ix ed  w ate r masses. T h is  con trasts  w ith  th e  r e ­
sults o f  M u n k  (1993) for sp ra t larvae in  th e  eas te rn  
N o r th  S ea  an d  also w ith  th e  results for dab  larvae 
<13 m m  from  th e  p re sen t investiga tion . T h e re fo re , 
g ro w th  an d  c o n d itio n  o f  sp ra t larvae m ust b e  influ­
e n ced  by d iffe ren t factors in  com parison  w ith  those  
a ffec ting  g ro w th  o f  dab  la rvae  o f  th a t  size. D ab  an d  
sp ra t la rvae  in  th e  N o r th  S ea  h av e  b een  show n to  have  
very  sim ila r d ie ts  d o m in a ted  by th e  copepod ites  o f 
Pseudocalanus m inutes, T em ora  bngicom is an d  O ithona  
helgolandica (L ast, 1980). T h e se  results co rrespond  
w ith  th o se  reco rded  by C oom bs et al. (1992) fo r sprat 
la rvae  in  th e  Ir ish  Sea. H ow ever, a lth o u g h  th e y  share  
s im ila r feed in g  preferences, it  is possible th a t  sp ra t 
g row th  is n o t  lim ited  by food  availab ility  to  th e  sam e 
e x te n t  as dab  larvae  (< 13  m m ). H ap e tte  et al. (1991) 
fo und  n o  sign ifican t d ifferences in  co n d itio n  (v ita m in  
C  c o n te n t p e r u n it w eigh t) o f  sp ra t larvae from  s tra ­
tified  a n d  m ixed  sites d esp ite  th e  presence o f  h ig h e r
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prey co n c e n tra tio n s  in  th e  s tra tified  w aters. F u rth e r­
m ore, research  c o n d u c te d  o n  sp ra t larvae in  th e  G e r­
m an  B ig h t o f th e  N o r th  S ea  reco rd ed  n o  sign ifican t 
d ifferences in  g row th  ra te s  in  stra tified  and  m ixed  sites 
(Ré an d  G onça lves, 1993) a n d  fo u n d  n o  re la tio n sh ip  
b e tw een  sp ra t larval c o n d it io n  an d  availab le  food 
using lip id  an d  e lem en ta l analysis (H âk an so n  et a l ,  
1994). If  o n ly  sm all d ifferences in  su itab le  prey  ava il­
ab ility  ex is t b e tw een  th e  f ro n ta l zone and  stra tified  and 
m ixed  w aters, these  m ay n o t  be  d e te c te d  in  th e  g row th  
o f  sp ra t la rvae . A lth o u g h  sp ra t h a v e  a sim ilar d ie t to  
dab larvae , i t  is possib le th a t  th e y  are  m ore efficient 
foragers a n d  cope w ell w ith  in te rspec ific  com p e titio n . 
T h is  c o u ld  ex p la in  w hy th e  v a riab ility  in  dab  grow th  
in  re la tio n  to  th e  fro n ta l zone is n o t observed in  th e  
g row th  o f  sp ra t larvae.

R N A J D N A  ratios and otolith m icroincrement widths 

T h is  study  gave a n  in s ig h t in to  th e  use o f b o th  R N A / 
D N A  ra tio s  and  o to l i th  m icro  in c re m e n t w id ths as an  
index  o f  c o n d itio n  an d  g row th  o f  dab  an d  sp ra t larvae. 
S p a tio -tem p o ra l p a tte rn s  in  la rv a l co n d itio n  iden tified  
using R N A /D N A  ra tio s  g en era lly  agreed w ith  those 
found  from  re c e n t g row th  ra te s . H ow ever, som e 
in co n sis ten c ies  d id  o ccu r b e tw e e n  c o n d itio n  and  
grow th  estim ates. T h e se  d iffe ren ces are m ost likely due 
to  th e  variab ility  in  la ten cy  p eriods for b o th  ind ices 
and  m ay iden tify  periods o f  tem porary  starvation . 
R N A /D N A  ra tios reflec t c o n d itio n s  over th e  previous 
day (M a rtin  an d  W rig h t, 1987) w h ile  th e  last 3 days of 
g row th  w ere m easured  using o to l i th  m ic ro in c rem en t 
w idths. In  g enera l, b o th  ind ices ap p ea r to  give a good 
in d ic a tio n  o f  th e  n u tr it io n a l s ta tu s  o f  b o th  dab  and  
sp ra t la rvae . L abora to ry  stud ies o n  R N A /D N A  ratios 
o f  dab a n d  sp ra t larvae  w ou ld  im p ro v e  th e ir  p red ic tive  
capacity  as a c r itic a l ra tio  c o u ld  be d e te rm in ed  to  
iden tify  larvae  p ro n e  to  s ta rv a tio n . T h e  re la tio n sh ip  
b e tw een  R N A /D N A  ra tios a n d  re c e n t g row th  ra te  
cou ld  also be  clarified.

SUMMARY

T h e  ex is ten ce  o f  c o n s is te n t te m p o ra l v a ria tio n s  in  
g row th  a n d  c o n d it io n  o f  dab  a n d  sp ra t larvae w ith in  
th e  Irish  S ea  was d e m o n s tra te d  in  th e  c u rren t study. 
B o th  species show ed  sim ila r p a tte rn s  o n  a n  in te ra n ­
n ua l an d  m o n th ly  scale . S u ch  tem p o ra l variab ility  in  
larval g ro w th  a n d  c o n d itio n  h a s  im plica tions fo r th e  
re c ru itm e n t success o f  th ese  sp ec ie s  in  th e  Irish  Sea. 
T h e  in fluence  o f  w a te r  c o lu m n  stra tifica tio n  o n  larval 
g row th  a n d  c o n d it io n  was fo u n d  to  be m ore com plex  
th a n  has b e e n  suggested  in  p rev io u s  studies. A lth o u g h  
dab  larvae  w ere in  b e tte r  c o n d it io n  in  fro n ta l w aters,

n o  s ig n ifican t d ifferences in  c o n d itio n  o f  sp ra t la rvae  
w as ob serv ed  in  re la tio n  to  w ater co lu m n  stab ility . 
T h e re fo re , th e  m ore favourab le  feed ing  c o n d itio n s  
a sso c ia ted  w ith  fro n ta l an d  stra tified  w aters in  th e  Irish  
S ea  a re  n o t  necessarily  re flec ted  in  im proved  n u tr i ­
tio n a l s ta tu s  o f  fish larvae.
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