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Distribution of Nephrops norvegicus (L.) larvae in the western Irish 
Sea: an example of advective control on recruitm ent
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A b strac t. R esu lts  o f a  survey o f  N ep h ro p s  norveg icus  larvae co n ducted  in  th e  w estern  Irish  Sea 
during  M ay 1984 a re  discussed. T h e  la rva l d is trib u tio n s  show  a p ro n o u n ced  to n g u e  o f h igh  num bers 
ex tend ing  sou thw ard  from  th e  m uddy  a re a  w h e re  th ey  a re  h a tch ed . T h e  in fe rred  density-driven 
c ircu la tion  a t th e  tim e o f th e  su rvey  is co n sis ten t w ith  the  so u th w ard  tra n sp o rt o f  larvae. B ecause 
N . norvegicus  requ ires  a m uddy  su b s tra te  fo r successful la rva l se tt lem e n t, th e  processes which 
in fluence  th e  c ircu la tion  m ay  p ro v id e -an  im p o r tan t co n tro l o n  th e  level o f  rec ru itm en t.

Introduction

N ephrops norvegicus (com m only know n as the D ublin Bay praw n o r Norway 
lobster) is a m arine benthic decapod and is one of the im portan t, com mercially 
fished, dem ersal species w ithin the  Irish Sea. T he distribution of adults is tightly 
controlled by the ir requirem ent for a m uddy substrate in which to construct 
burrow s (F arm er, 1975). T he d istribution  of their p lanktonic larval stages, on 
the o ther hand, is m ore likely to  be determ ined  by the oceanographic controls on 
the pelagic environm ent.

In  this paper observations are p resen ted  of the larval distributions of 
N .norvegicus in the  w estern  Irish Sea in M ay 1984 which ind icate th a t, during 
this period , larvae w ere advected a considerable distance southw ard of the 
m uddy region suitable for juvenile  recru itm ent. T here  is som e evidence tha t this 
was not an isolated occurrence of the phenom enon, and som e of its general 
im plications fo r the  N ephrops  fishery are discussed.

Biology and ecology o f  the larvae

T he distribution of adult N ephrops  is confined to  regions of m uddy substrate 
w here burrow s can be constructed  (F arm er, 1972). T here  are tw o such muddy 
areas within the  Irish Sea, a sm all region off the  C um brian  coast o f northw est 
E ngland and a much larger area  in the w estern Irish Sea, bo th  of which are 
shown in Figure 1. T h e  n a tu re  of the  m ud region in the w estern  Irish Sea has 
been described by B anner et al. (1979). T he location of m ud in this area is 
probably rela ted  to  the low energy tidal regim e of the w estern Irish Sea which 
prevents scouring of the sea floor in a sim ilar m anner to  tha t discussed by 
Pingree and M addock (1977). S tock biom ass estim ates of adult Nephrops have 
h itherto  been ra the r difficult to  obtain. N evertheless, the  know n location of 
com m ercial fishing activity fo r N ephrops  (O ’R iordan , 1964) may b e  used to  infer 
the adult d istribution. T he fishing grounds for Nephrops a re  superim posed on 
Figure 1 and show th a t the  adu lt population  is indeed closely confined to  the 
muddy region of sea floor in th e  w estern Irish Sea.
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f i s h i n g  g ro u n d s

Fig. 1. Sim plified d istribu tion  o f  surfic ia l sed im en t types in  th e  n o rth e rn  Irish  S e a , based  on the 
B ritish  G eo log ical S urvey  1:250000 series . S u perim posed  a re  th e  N .norveg icus  fish ing  g rounds in the  
Irish  Sea.

A ccounts of the reproductive cycle of ¿V. norvegicus have been given by 
F arm er (1974). G enerally , the adult fem ale m oults during spring and  mating 
takes place whilst the exoskeleton is still soft. D uring the sum m er, eggs are laid 
and attached to  the pleopods w here they are incubated  for 6 -10  m onths. W hilst 
carrying the eggs, the ovigerous fem ales are confined to  their burrow s. In  the 
Irish Sea, the fem ale Nephrops m atu re  at 3 years and the males a t an  unknown 
age (Hillis, 1979).

H atching takes place from  M arch to  July w ith a peak  of larval occurrence in 
M ay (Thom as, 1964). T he newly hatched larvae pass through th ree  pelagic larval 
stages (I, II and III) before m etam orphosing to  the  juvenile o r post-larval stage 
(IV ). The post-larval stage resem bles the adult in m ost features and com m ences 
a benthic existence by settling on the  sea bed  (Figueiredo and T hom as, 1967; 
F arm er, 1975). Few reliable observations of developm ent of larvae in relation  to 
tem peratu re  have been m ade, b u t it is estim ated tha t they spend —60 days in the 
plankton (Nichols et al., 1987).

Materials and methods

The econom ic im portance of the  N ephrops fishery has m otivated  attem pts to 
estim ate the spawning stock of th e  organism s from  the  production  of the  larvae.
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Larval abundance surveys have been carried  ou t by the M inistry of A griculture, 
Fisheries and F ood, Low estoft, in the w estern  Irish Sea and these have been 
repo rted  by N ichols et al. (1987) and T hom pson  et al. (1986).

A  N ephrops  larval survey was conducted  during a cruise of the  research  vessel 
‘C irolana’ from  25 to  27 M ay 1984. T h e  larvae w ere sam pled using a ne t of 
270 |xm apertu re  with a m ultipurpose L ow estoft H igh Speed sam pler (Milligan 
and R iches, 1983) com bining a 76-cm -diam eter M G 82 tow net w ith a 40-cm nose 
eone, based on the tow net described by B everton  and T ungate (1967). B o th  
in ternal and ex ternal flow m eters w ere attached  to  the sam pler in o rder to assess 
its efficiency. T he results of the calibrations of th e  sam pler and flow m eters are 
given in M illigan and Riches (1983).

A  CTD unit was attached  to  the sam pler which continuously m onitored  (every 
2 s) the conductivity ratio , tem pera tu re  and dep th . T em peratu re  and salinity 
values w ere averaged into 1 m -depth  bands and a corresponding value of density 
was com puted using the  in ternational equation  o f sta te  for sea w ater (U N E SC O , 
1981).

P lanktonic larvae w ere collected using double-oblique hauls of th e  tow net 
starting from  the surface, sam pling the  to ta l w ater colum n to w ithin 3 m of the 
bo ttom , and then  back to  the surface. T h e  ne t was usually tow ed at a speed of 
4 -5  knots fo r an average of 20 min. D a ta  ob ta ined  from  tow net hauls are 
p resented  a t nom inal stations, the positions of w hich are determ ined as the m id
point of a su rface -b o tto m -su rface  undulation ; these positions have also been 
tidally corrected. N om inal station  positions ob ta ined  by this procedure are 
superim posed on a bathym etric m ap of the  region in Figure 2. U pon retrieval of 
the net, p lankton sam ples w ere im m ediately fixed in a solution of 4%  buffered 
form aldehyde and re tu rned  to  the  labora to ry  for sorting.

N ephrops  larvae w ere picked out from  the  to tal p lankton  sam ples and 
separated  according to  the  th ree  zoeal stages and the  post-larval stage 
(W illiam son, 1983). Studies o f the vertical d istribution of th e  larvae (Hillis, 
1974; H arding and N ichols, 1987) have indicated  tha t they spend m ost o f their 
planktonic life w ithin the surface 60 m. T he num bers in each stage p er hau l were 
thus converted to  num bers per square  m etre  of sea surface using calibrated 
flowm eter readings. A n alternative, and  essentially equivalent, approach would 
be to  com pute the num bers p er cubic m etre of sea w ater and correct these for 
depth to  account fo r th e  concentra tion  of larvae in the surface 60 m ; the two 
m ethods produce sim ilar distributions.

Results

The distributions of stage I, II and III  N ephrops  larvae observed in M ay 1984 
are shown in F igure 3. T he highest concentra tions of each of the  larval stages are 
found in an area close to  the  Irish coast, no rth -east of D ublin (~53°30 'N  and 
05°40'W ), which corresponds to  the location of the adult population  described 
previously. A  zone of high num bers, how ever, extends southw ards, fo r each of 
the larval stages, in a band overlying the deep channel o f the  central Irish Sea 
(see F igure 2 for bathym etry). A s a resu lt stage I larvae w ere found a
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Fig. 2. B ath y m etry  o f  th e  n o rth e rn  Irish  Sea show ing th e  tida lly  co rrec ted  sam pling  positions.

considerable d istance (40 km) south of the observed region to which the adult 
population  is confined. H igh larval concentration  probably ex tended  further 
south than  this although sam pling was lim ited to  no rth  of 53°10'N. Stage III 
larvae appeared  to be d ispersed further southw ard than  the ea rlier stages, 
suggesting tha t the extent o f the southw ard excursion increased with age. Figure 
3 also shows tha t areas o f m axim um  larval population  density tend  to  occur 
south of the  centre of adult d istribution.

In  o rder to  assess the possible mechanism s controlling the observed 
distribution of larvae, the corresponding tem peratu re , salinity and density fields 
have been exam ined and are shown in F igure 4.

A  core o f high salinity w ater in the deep central channel of the Irish Sea 
separated  low er salinity w ater close to the W elsh and Irish coasts. This general 
pattern  of surface salinity in 1984 is consistent w ith previously published 
observations such as those described by B ow den (1950). R educed salinity on th e  
eastern  side of the Irish Sea results from  fresh w ater discharge into L iverpool 
Bay whilst th a t close to the  Irish coast is caused by local fresh w ater discharge 
from  rivers along the Irish east coast. T he fresher w ater, close to  the Irish coast, 
was also w arm er during the observation period so th a t the com bined 
tem peratu re  and salinity effects resulted in a low density w ater mass against the 
Irish coast. T he accom panying vertical structure of th e  therm ohaline field is
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54*-
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a

b c

Fig. 3. D is trib u tio n  o f  N ephrops  zoea  as num b ers  (m -2 ) in th e  w estern  Irish  Sea in M ay 1984: (a) 
s tage  I N ephrops  zo ea ; (b ) stage  II N ephrops  z o e a ; (c) s tag e  I I I  N ephrops  zoea . E ach  o f  these  
d istribu tions show s a  p ro n o u n ce d  b an d  o f h igh  la rva l n u m b e rs  ex ten d in g  sou thw ards.

illustrated in Figure 5. Figure 5a shows an  approxim ately east-w est section in 
the southern part of the survey area. H ere  tem peratu re , salinity and density 
gradients w ere essentially horizontal w ith warm  fresh w ater confined to  within 
20 km of the Irish coast (inshore of about station  16). T here  is little evidence of 
therm al stratification in this section and the density field is dom inated  by 
salinity. T he physical structure on the  n o rthern  section, how ever, is rather 
different as shown in F igure 5b. H ere , again low salinity w ater was found close 
to  the coast but the density field was determ ined  prim arily by tem perature . 
T herm al stratification was well developed on  the  section with a seasonal 
therm ocline established at a dep th  of 50 m.

T he extent o f the  stratified region is show n in F igure 4d, which shows contours
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Fig . 4. D is trib u tio n  o f  (a) su rface te m p e ra tu re  (°C ); (b ) su rface  salin ity ; (c) su rface density  (<rr) ;  (d) 
s tra tifica tio n  p a ra m e te r  ({(>) in  th e  w este rn  Ir ish  S ea  d u rin g  2 5 -2 7  M ay 1984 show ing  w arm  fresh 
w a te r  close to  th e  Irish  coast. T h e rm al s tra tifica tio n  w as w eak ly  d e v elo p ed  over m o s t o f  th e  region 
excep t fo r a t th e  n o rth e rn  lim it o f  th e  su rvey  area .

of the po ten tia l energy anom aly defined by Sim pson (1981) and which is 
ob ta ined  from  the  vertical density profile, p(z), according to

$  =  - Y ? - h  g z {P  -  p ( z ) )  d z

w here z  is the  dep th  beneath  th e  sea surface (negative), h  is the to ta l w ater 
dep th , p is the  depth  average density , i.e .

p  = ~ y  I - a  p O )  d z
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Fig. 5. T e m p e ra tu re , salin ity  and  density  sec tions in an  app ro x im ate ly  e a s t-w e s t d irec tion  in  M ay 
1984. (a) S o u th e rn  tra n sec t show ing  w arm  fresh  w a te r close to  th e  Ir ish  coast in  w hich p ro p erty  
g rad ien ts  a re  p rinc ipa lly  h o riz o n ta l. R e fe r  to  F igu re  2  fo r s ta t io n  positions.

Physically, ó  represen ts the am ount o f energy requ ired  to  vertically mix a 
w ater colum n to a com pletely hom ogeneous sta te  and 4> increases with 
increasing stratification  w ith <j> =  0 representing  com plete vertical hom ogeneity. 
In the fully stratified regim e in  the  w estern Irish Sea, 4> typically has values of

741



R.G .W hite, A .E .H ill and D .A .Jones

1 2 0 -

TEM PERATIJRE

(*c)

-34-1
34-1

34-2
34-1

34-0

' 34-3

r U U N I T Y

D E N S IT Y

Fig. 5. (b) N o rth e rn  tran sec t iri\w hich th e rm a l s tra tifica tio n  is w ell d ev e lo p ed . R e fe r  to  F igu re  2  for 
s ta tion  positions.

80-100 J m ~J (Simpson and Bow ers, 1981; Lavin-Peregrina, 1984). In  the 
p resen t case, therefore, stratification is only weakly developed over m ost of the 
region except a t the northern  m argin of the  survey area . D ynam ically, the 
presence of low density w ater close to the Irish coast m ay be expected to  induce
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a southw ard flowing geostrophic curren t. The observed density distribution has 
been used to  estim ate the dep th  m ean , density driven curren t field by using the 
vertically averaged therm al wind relation

y  =  8 h  (Pi -  Pe)
2 L f  p

and

- =  (Pi +  P2)
P 2

where and p2 are the average w ater colum n density for stations 1 and 2 
respectively (kg m -3 ) , L  is the  d istance betw een nom inal station positions (m ), g  is 
the acceleration due to  gravity (9.81 m s -1 ), h  is the w ater depth (m ), ƒ  is the 
coriolis param eter (1.4 x  IO-4  s _1) and V  th e  depth m ean current velocity 
(m s“ 1). The com puted density cu rren t vectors are depicted in Figure 6 which 
shows tha t the strongest southw ard cu rren ts, —11.5 km day-1 are associated with 
the maximum density gradient in deep w ater off the Irish coast. The inferred 
current field is thus consistent w ith th e  distribution of N ephrops  larvae which 
suggests them  to be transpo rted  southw ard away from  the  region of adult 
distribution. In contrast w ith the  sou thern  m argin of the  survey area, the 
distributions of larvae and adults conform  qu ite  closely in the  eastern  region, 
suggesting very little dispersion away from  th e  hatching area in an easterly 
d irection . This is , in d eed , consistent w ith th e  curren t field shown in Figure 6 which 
shows tha t the currents have a very w eak eas t-w est com ponent in tha t area.

Discussion

The distribution of the  th ree  larval stages o f N .norvegicus during M ay 1984 
shows that larvae are transported  som e considerable distance southw ard of the 
m uddy area in the w estern Irish Sea w here they are hatched. Southw ard 
transport o f larvae is consistent with the in ferred  density driven current field in 
the region at the  tim e of the  1984 survey. The extensive tem peratu re  and salinity 
data set p resented by Slinn (1974) suggests th a t th e  presence of w ater o f low 
salinity and density confined close to  th e  Irish coast (as in F igure 5a) is a 
com m on feature of the hydrographic regim e o f the w estern Irish Sea during 
w inter and early spring. A  southw ard flowing coastal curren t, sim ilar to  that 
inferred from  the  p resen t observations, may the re fo re  be a  typical feature of the 
w inter and early spring regim e although there are insufficient direct current 
observations to verify this. In la te spring and sum m er, how ever, pronounced 
therm al stratification develops in the  w estern Irish Sea as described by Simpson 
(1971) and Sim pson and H u n te r (1974), and a m arked  frontal system separates 
the stratified w ater in the w estern  Irish Sea from  th e  vertically hom ogeneous 
(mixed) w ater to  the south and east. S tratification develops in the w estern Irish 
Sea during late spring and sum m er because the  supply o f tu rbu len t kinetic
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Fig . 6. D e p th  m ean ed  geo stro p h ic  c u rre n t vecto rs  in fe rred  fro m  th e  o b se rv ed  density  field . T he  
cu rre n t d is tribu tion  is co n sis ten t w ith  so u th w ard  tra n sp o rt o f  la rv ae  from  th e  hatch ing  a re a  suggested  
b y  th e  observed  la rva l d istribu tions.

energy, generated  by relatively w eak tidal stream s in  the  deeper w aters of the 
w estern Irish Sea, is insufficient to m aintain vertical mixing against the  supply of 
buoyancy a t the sea surface due to solar heating  (Sim pson and H u n ter, 1974). 
T he present set of observations are transitional betw een the  w inter and sum m er 
regim es. The sou thern  section (Figure 5a) displays fea tu res typical o f the  w inter 
and early spring season whilst the  northernm ost section (Figure 5b) exhibits 
therm al stratification. D uring the sum m er season, the com bined effects of 
reduced  fresh w ater discharge from  the Irish coast and strong therm al 
stratification cause th e  density field to  be contro lled  principally by tem peratu re  
(Sim pson and H u n ter, 1974; Lavin-Peregrina, 1984). In these circum stances, a 
southw ard flowing density cu rren t, close to the Irish coast, w ould be expected to 
be severely reduced. A lthough a locally southw ard density-driven flow has been 
in ferred  close to  the Irish coast it is widely accepted tha t the  long-term , basin- 
w ide, m ean transport is northw ard in the Irish Sea, as indicated by the  budgets 
of salinity and caesium  (Bow den, 1950; W ilson, 1974). This is because o ther 
forcing agents, besides density, are also im portan t in driving the m ean 
circulation in the  Irish Sea. A  num erical m odel sim ulation undertaken  by

744

Distribution o f N ephrops norvegicus larvae

Pingree and G riffiths (1980), fo r exam ple, shows tha t a northw ard flowing 
coastal current close to  the Irish coast is the  response to  a steady, m ean wind 
stress from  the south-w est (the prevailing wind d irection). T he M ay 1984 survey 
was undertaken  during a  period  of light w inds, how ever, so tha t the 
m eteorologically driven com ponent of circulation m ay be expected to  have been 
ra the r small at the tim e. The observations of M ay 1984 taken together with 
historical data sets (e.g. Slinn, 1974) suggest tha t a locally southw ard flowing 
density current may be a fea tu re  of the  early  spring situation in the w estern Irish 
Sea. Such a flow p a tte rn , how ever, is likely to be severely m odulated  bo th  on a 
seasonal basis (as a  result o f th e  onset o f therm al stratification) and 
interm ittently  as a result o f changing pattern s of m eteorological forcing. The 
presence of locally southw ard density-driven flow close to  the Irish coast is also 
supplem ented by tidally induced residual currents in the region. These currents, 
which arise because of the non-linearity  in the  propagation  of the tidal wave in 
shelf seas, have been com puted using a three-dim ensional num erical hydro- 
dynam ic m odel of the  north-w est E u ropean  shelf by D avies (1983). The m odel 
shows southw ard tidally induced residual flow of 4 -6  cm s_1 a t the sea surface 
and 2 -4  cm s-1 a t the sea bed  close- to  the Irish coast in the sou thern  region of 
the survey area p resen ted  here . T he tidally driven residual flow is unaffected by 
changes in m eteorological forcing so tha t it form s a persistent com ponent of the 
flow regim e subject only to  m odulation  in m agnitude over a springs4neaps cycle. 
T he picture which thus em erges of the  m ean circulation in the region is one of a 
com paratively w eak bu t persisten t local sou thw ard  tidally induced flow, a rather 
stronger quasi-persistent density driven flow caused by th e  m ean offshore 
density gradient arising from  the influence of coastal freshw ater discharge. The 
la tte r flow com ponent is, how ever, p robably  severely m odulated  on a seasonal 
tim e scale by the onset o f therm al stratification. Superim posed on  the quasi
steady flow com ponents is a highly variable (both in m agnitude and direction) 
m eteorologically driven circulation which nevertheless tends to  drive a m ean 
northw ard flow because the prevailing direction of wind forcing is from  the 
south. T he net transport o f w ater averaged over the  w idth of the Irish Sea basin 
is northw ard although in a relatively narrow  zone close to  th e  Irish east coast the 
indications are of a local southw ard flow.

T he observations p resen ted  here have in teresting  im plications regarding 
recruitm ent to the adult stock of N ephrops  in th e  w estern Irish Sea. Larval 
survival is generally regarded  as a critical fac to r influencing the m agnitude of 
recruitm ent in a given year. Because Nephrops populations are substrate 
specific, and do no t m igrate before spawning, ano ther critical factor is retention  
of larvae within suitable settling ou t areas. T he two com prehensive Nephrops 
larvae surveys conducted by M A F F  in 1982 (Nichols et al., 1987) and 1985 
(Thom pson et al., 1986) over the  com plete hatching season (early A pril to  late 
June) also exhibit d istributions broadly  in accord with the p resen t data; in 
particular they display southw ard transpo rt of larvae away from  the hatching 
area. F urtherm ore , these data sets indicate tha t the  peak  of larval occurrence in 
the w estern Irish Sea is in M ay. Survival o f the  adult population  depends upon 
sufficient larval re ten tion  despite the advective losses to the  system. The
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southw ard advection by the coastal curren t is clearly an  im portan t control on the 
level of recru itm ent to  the adult population . It is apparen t, how ever, tha t the 
level o f recru itm ent may be ra the r critically determ ined by processes that 
influence the  current. A  com bination of events such as exceptional coastal 
runoff conditions (controlling the m agnitude of the density curren t), wind 
conditions (affecting w ind-driven coastal flows) o r early o r late developm ent of 
stratification m ay resu lt in either anom alously high advective losses from  the 
juvenile recru itm ent area  o r, conversely, especially favourable conditions for 
re ten tion  in th a t area; these influences w ould correspondingly be revealed  in the 
abundance of a particular year class. N ephrops, how ever, are not readily 
separated  into year classes as there are no distinctive physiological indicators of 
age in the  adult. P resen t statistics of the N ephrops  fishery in the w estern Irish 
Sea are also inadequate  fo r assessing changes in larval recruitm ent.

A n alternative approach to  assessing changes in larval recru itm ent involves 
predicting (o r hindcasting) periods of high or low advection on the  basis of 
m eteorological observations. T he difficulty which arises here , how ever, is tha t 
the  dynamics of the coastal flow is affected by a range of coupled m eteorological 
influences (fresh w ater discharge, solar heating  and wind stress) so tha t a 
dynam ical m odel incorporating  all these influences will probably be necessary to 
properly  pred ic t the m odulations of the coastal curren t which contro l recru it
m ent.

I t is of in te rest to  consider the  fate  of the advected post-larvae once ou t of 
suitable se ttlem ent areas of m uddy substrate. T he m ost probable outcom e is 
they fall p rey  to  o th e r organism s and are com pletely lost to  the  system, as 
evidenced by the  lack of any reports of adult N ephrops  found outside the  known 
fishing grounds. H ow ever, very little is known of the behaviour of stage IV 
larvae and a question arises in this regard  concerning w hether it is possible for 
juveniles to  m igrate back along the sea bed to the  suitable settlem ent areas. A n 
extensive m igration o f this kind is know n to occur, for exam ple, in the  benthic 
juvenile edible crab Cancer pagurus (Nichols et al., 1982) w here they apparently  
travel distances along the  sea bed of up to 50 km in th e  N orth  Sea, p rior to 
recruitm ent to  the  com m ercial fishery.
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