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Vertical distribution of fish eggs and larvae in the Irish Sea and
southern North Sea

D. V. P. Conway, S. H. Coombs, and C. Smith

Conway, D. V. P., Coombs, S. H., and Smith, C. 1997. Vertical distribution of fish
eggs and larvae in the Irish Sea and southern North Sea. – ICES Journal of Marine
Science, 54: 136–147.

Fish eggs and larvae were analysed from 63 vertically stratified plankton hauls in the
Irish Sea and southern North Sea. The dominant species were sprat (Sprattus sprattus),
dragonet (Callionymus spp.), dab (Limanda limanda) and to a lesser extent rockling
species, sandeel (Ammodytes spp.), whiting (Merlangius merlangus) and flounder
(Platichthys flesus). There was little difference between species in the vertical distribu-
tion of either eggs or larvae. Most were concentrated in the upper 50 m of the water
column, eggs in progressively increasing numbers towards the surface and larvae with
a sub-surface peak at a depth of 10–15 m. The vertical distribution of eggs extended
deeper in the water column than larvae, possibly due to some combination of eggs
being spawned deeper and their passive susceptibility to turbulent mixing. There were
no significant differences between day and night distributions and under mixed or
isothermal conditions.
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Introduction
In temperate neritic waters, the majority of pelagic
marine fish eggs are spawned at shallow depths (<50 m)
and are neutrally or slightly positively buoyant (Sundby,
1991). These attributes favour hatching in the more
productive surface waters. However, in European
shelf waters many fish species spawn early in the year
(Harding and Nichols, 1987; Nichols et al., 1993), either
before the establishment of a seasonal thermocline, or in
areas that remain well-mixed throughout the year. This
absence of water column stability may result in eggs and
larvae being mixed deeper in the water column and in
larvae being retained at a depth where food supply is
inadequate or less suitable.
Information on the vertical distribution of fish eggs

and larvae is sparse, partly due to sampling difficulties
associated with their presence in generally low numbers
and the specialised sampling equipment required to
obtain vertical resolution (e.g. Longhurst Hardy Plank-
ton Recorder – LHPR, Pipe et al., 1981; Williams et al.,
1983; Multiple Opening/Closing Net and Environment
Sensing System – MOCNESS, Wiebe et al., 1976;
pumps, Fortier and Harris, 1989). In the North Sea a
1054–3139/97/010136+12 $25.00/0/jm960176
few studies have provided information on the vertical
distribution of eggs and larvae of individual fish
species (e.g. Coombs et al., 1981; Heath et al., 1991;
Kloppmann, 1991) or for a limited range of species
(Harding and Nichols, 1987). In the Irish Sea, less
sampling has been carried out for the vertical distri-
bution of ichthyoplankton, with the descriptions being
restricted to one species (Coombs et al., 1992).
Between 1987 and 1990 sampling was carried out in

the central Irish Sea and southern North Sea as part of
a programme examining zooplankton production pro-
cesses during the spring and early summer (Coombs
et al., 1994; Lindley et al., 1994). At the same time the
opportunity was taken to describe the vertical distri-
bution of fish eggs and larvae under different environ-
mental conditions. Results from the analysis of this
material is presented here.

Methods
Zooplankton sampling
Fish eggs and larvae were sampled in the Irish Sea (Fig.
1a) and southern North Sea (Fig. 1b) using a modified
? 1997 International Council for the Exploration of the Sea
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Figure 1. (a) Positions of LHPR stations in the Irish Sea; the four main sampling sites are identified as IC (Irish Coastal), CS
(Central Stratifying), CM (Central Mixed) and WC (Welsh Coastal). Other haul positions are marked individually. (b) Positions
of LHPR stations in the North Sea for June 1989 (-) and April 1990 (0).
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LHPR sampler (Longhurst et al., 1966; Williams et al.,
1983). This system collects plankton between two rolls
of filtering gauze which are advanced at intervals inside
a codend box to give a series of consecutive samples. The
LHPR was towed at 3–4 knots on oblique hauls, sam-
pling from the surface to near bottom while taking
samples at intervals of 1 min, equivalent to approxi-
mately 5 m depth intervals. Mesh aperture of the collect-
ing net and filtering gauze for all the hauls was 200 ìm.
Water temperature was recorded throughout the hauls
and flow rate was monitored by a flowmeter mounted in
the intake aperture, approximately 10 m"3 of water
being filtered for each sample. On recovery of the
sampler, the individual plankton samples were preserved
in 4% borax buffered formaldehyde prepared using fresh
water and subsequently sorted and analysed for fish eggs
and larvae, with nomenclature following that of Russell
(1976). Conductivity, temperature, depth (CTD) profiles
were taken either by a Neil Brown or Guildline CTD
before and after each LHPR haul.
In the Irish Sea four main sites were studied between

March and June for the years 1987 to 1989 (Fig. 1a).
These were: (a) a seasonally thermally stratified site of
240 m depth close to the Irish coast, (b) a more central
Irish Sea site of 2130 m depth which becomes strongly
seasonally stratified, (c) a central Irish Sea, continuously
mixed, isothermal site of 270 m depth and (d) a site off

the coast of north Wales of 250 m depth, which is
subject to considerable mixing. Two LHPR hauls were
usually taken each time a site was visited, one at approxi-
mately midday and the other at near midnight (Table 1a).
LHPR sampling was also carried out at a few additional
positions in the Irish Sea as indicated in Fig. 1a.
In the southern North Sea, LHPR hauls were taken in

June 1989 and April 1990 (Fig. 1b) at various times of
the day and night, with some day/night pairs at the same
position (Table 1b). Station positions were distributed
over a wide area of the southern North Sea but with a
higher concentration in the region of the German Bight;
all are referred to collectively as North Sea samples.
Sampling depths in the North Sea (11–67 m) were
shallower than in the Irish Sea (16–125 m), reflecting
differences in maximum water depth between the two
areas. Further details of the environmental conditions in
the two areas for the period when sampling took place
are given in Coombs et al. (1992), Lindley et al. (1994)
and Nichols et al. (1993).

Data processing

Results were used from 34 LHPR hauls (617 samples,
Table 1a) in the Irish Sea and from 29 hauls in the North
Sea (321 samples, Table 1b). For each individual species
or group of species the vertical distribution data were
processed only for those hauls on which there were a
minimum of 20 eggs or 10 larvae, numbers below these
levels representing sporadic occurrence only. Numbers
of eggs and larvae in each haul were first standardised
to give numbers m"3 in 5 m depth bands, using the
measured volume filtered and depth range over which
each sample was taken. These values were then con-
verted to percentage depth distributions, both for com-
parability of presentation and to facilitate statistical
analysis. Groups of hauls were combined to give overall
mean depths by averaging the percentages (i.e. equal
weighting being given to each haul). For comparison of
depth distributions under different environmental con-
ditions, weighted mean depth values (Roe et al., 1984;
Barenge, 1990) were calculated for each species or group
on each haul and compared by single factor analysis of
variance (ANOVA) using logarithmically transformed
data where appropriate.

Results

Environmental conditions in the Irish Sea and
North Sea

In the Irish Sea there is a restricted area of deep water
(>100 m depth) in the west, with most other areas being
<50 m in depth. There is strong tidal mixing in the
shallower areas of the eastern Irish Sea (Dickson, 1987;
Burkart et al., 1995) and relatively low fresh water input,
which is confined mainly to coastal areas in the east.
These conditions were reflected in the observed hydrog-
raphy. There was little thermal structure in the water
column at all sampled sites in April (Fig. 2a, Table 1a).
Seasonal stratification was not evident until about mid-
May and had only developed to any extent by the end of
May at the deep water central stratified site (0–50 m Ät
of 2.5)C; Fig. 2b, Table 1a). Surface salinity at the
sampled stations varied between 33.02–34.31 ppt with
little observed salinity stratification (0–50 m Äs of
<0.59 ppt at all stations) in any month of sampling.
The southern North Sea is largely <50 m in depth

with increasing tidal mixing towards the shallower
coastal areas. Relatively high levels of freshwater input
can enhance stratification in coastal areas, especially in
the German Bight and along the Dutch coast (Visser
et al., 1991). At all the sampling stations in April the
water column was well mixed with negligible thermal
stratification (Fig. 2c, Table 1b). During June the more
coastal stations (e.g. NS1, NS3) generally showed devel-
opment of a weak thermocline (0–50 m Ät of 1.2–3.9)C),
while at the more offshore stations (e.g. NS6, NS8) there
was a more marked development of thermal structure
(0–50 m Ät of 7.2–9.6)C). On the most southerly haul
(NS11), taken in the shallower water of the Southern
Bight, the water column was fully mixed. Surface salinity
at the North Sea sampling stations in April 1990 varied
between 33.44–35.10 ppt with little salinity stratification
(0–50 m Äs of <0.51 ppt at all stations). In June 1989
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surface salinity was lower (30.00–33.71 ppt). Salinity
stratification was greatest at the inshore German Bight
stations (e.g. NS2 and NS3, 0–50 m Äs of 2.03–2.52 ppt)
due to fresh water outflow. Tidal mixing at the most
inshore station (NS4) prevented the establishment of
any (observed) salinity stratification.

Fish eggs and larvae

The species composition and occurrence of fish eggs and
larvae on LHPR hauls in the Irish Sea and North Sea
are given in Table 2. In the Irish Sea, 21 species of eggs
and 27 species of larvae were identified, a wider range
than from the less intensive sampling in the North Sea
where 15 species of eggs and 20 of larvae were recorded.
Of the eggs, those of sprat (Sprattus sprattus), dragonet
(Callionymus spp.) and dab (Limanda limanda) were the
most abundant, together comprising 68% of all eggs in
the Irish Sea and 92% in the North Sea. Eggs of rockling
species were also relatively common in the Irish Sea
(5.9% of all eggs). Larvae of S. sprattus (3–22 mm in
length), Callionymus spp. (2–7 mm) and L. limanda
Table 1. LHPR haul information. The four sampling sites are IC (Irish Coast), CS (Central Stratifying), CM (Central Mixed) and
WC (Welsh Coastal). Their positions are shown in Fig. 1a.
(a) LHPR haul information for the Irish Sea

Haul
number Date

Time
GMT

Station
position

Sampling
site

Bottom
depth
(m)

Sampled
depth
(m)

Number of
samples

0–50 m
Ä t)C

RRS ‘‘Challenger’’ 29 March–19 April 1987
IS3 2-4-87 12:28 53)35*N 05)56*W — 52 50 22 0.1*
IS4 5-4-87 17:18 54)21*N 05)10*W — 132 125 36 0.0
IS5 6-4-87 13:35 53)52*N 05)40*W CS 101 100 31 0.1
IS6 9-4-87 12:38 53)53*N 05)58*W IC 41 35 13 0.1
IS7 9-4-87 23:05 53)53*N 05)57*W IC 41 39 13 0.1
IS8 11-4-87 12:10 53)50*N 05)28*W CS 130 115 33 0.3*
IS9 11-4-87 23:46 53)50*N 05)28*W CS 130 120 32 0.3*
IS11 15-4-87 12:34 53)40*N 03)59*W WC 46 42 12 0.2

RV ‘‘Cirolana’’ 26 May–7 June 1987
IS13 29-5-87 19:48 53)36*N 03)53*W WC 42 38 12 0.6
IS14 30-5-87 15:11 53)29*N 05)49*W — 74 73 23 1.5
IS15a 1-6-87 18:42 53)59*N 03)30*W — 23 19 10 0.1
IS15b 1-6-87 19:00 53)59*N 03)30*W — 23 16 10 0.2
IS16 4-6-87 13:21 54)36*N 04)14*W — 60 47 26 0.9
IS17 4-6-87 23:42 54)36*N 04)15*W — 56 50 20 0.9

RV ‘‘Cirolana’’ 9–21 April 1988
IS18 11-4-88 23:29 53)47*N 05)49*W IC 63 62 14 0.5
IS19 12-4-88 11:56 53)45*N 05)50*W IC 56 50 12 0.5
IS20 14-4-88 12:09 53)51*N 05)32*W CS 102 100 27 0.7
IS22 15-4-88 23:23 53)51*N 05)32*W CS 108 106 24 0.3
IS23 17-4-88 12:23 53)41*N 03)59*W WC 48 45 14 0.0
IS24 17-4-88 22:59 53)40*N 04)00*W WC 48 40 13 0.0

RRS ‘‘Challenger’’ 21 May–4 June 1988
IS25 25-5-88 00:13 53)49*N 05)33*W CS 93 85 24 2.5
IS26 25-5-88 12:47 53)49*N 05)31*W CS 105 100 20 2.3
IS27 26-5-88 14:51 53)24*N 03)43*W WC 25 20 4 0.6
IS28 29-5-88 23:41 53)48*N 05)49*W IC 47 40 12 2.2
IS29 30-5-88 12:55 53)48*N 05)56*W IC 45 40 13 1.6
IS30 1-6-88 12:12 53)43*N 04)37*W CM 65 60 18 0.1

RV ‘‘Cirolana’’ 14–29 April 1989
IS32 19-4-89 13:05 53)29*N 03)45*W WC 37 34 12 0.2
IS33 19-4-89 23:44 53)28*N 03)53*W WC 38 32 14 0.1
IS34 21-4-89 12:29 53)50*N 06)06*W IC 31 28 9 0.5
IS35 21-4-89 23:01 53)48*N 06)05*W IC 31 28 11 0.3
IS36 22-4-89 23:09 53)45*N 05)29*W CS 104 100 25 0.4
IS37 23-4-89 12:42 53)45*N 05)30*W CS 107 99 22 0.4
IS39 25-4-89 12:56 53)41*N 04)35*W CM 70 62 18 0.0
IS40 25-4-89 22:54 53)38*N 04)40*W CM 86 85 18 0.1

*Increase in temperature towards bottom.
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(2–17 mm) together comprised 64% of all larvae in the
Irish Sea and 80% in the North Sea. Also common in the
North Sea were larvae of sandeel (Ammodytes spp.)
(6–26 mm in length; 7% of all larvae), whiting (Merlan-
gius merlangus) (2–17 mm; 5.6%) and flounder (Platich-
thys flesus) (5–10 mm; 2.6%). Measurements taken make
no allowance for larval shrinkage due to sample process-
ing and preservation, but since this procedure was
standardised for all hauls, shrinkage should be similar,
at least within species. Typical shrinkage values for fish
larvae preserved in 4% formaldehyde fall between 5 and
10% (Fox, 1996), but there are variations due to inter-
and intra-specific differences and to processing routine
and composition of the preservation fluid (Jennings,
1991). However, accurate length measurements were not
an important component of the present study.

Vertical distribution of eggs and larvae

The variability in the mean depth distribution of the
eggs between hauls was generally low, both within and
between the Irish Sea and North Sea (range 13.1–22.8 m,
S.E. <4.9 m; Table 3a). Exceptions were Callionymus
spp. on stratified hauls (Ät >0.5)C) and rockling species
on night hauls (S.E.s of 13.5 m and 19.7 m respectively).
There were no significant differences between mean
depths due to time of day (p=0.531–0.841) or tempera-
ture structure (p=0.104–0.390).
Comparable information for the more abundant fish

larvae is given in Table 3b. The weighted mean depths
again fell within a relatively narrow range (12.3–26.2 m)
as did most standard errors which were <8.7 m, except
P. flesus (10.6 m, but based on 3 hauls only). There were
also no significant differences between hauls related to
temperature structure or time of day, except L. limanda
where there was a significant difference in the distri-
butions between mixed (mean depth 13.5 m) and
stratified conditions (mean depth 21.8 m).
Due to the similarity in depth distributions between

all hauls, it was justifiable to combine all hauls for each
species or group to give a description of their overall
Table 1. LHPR haul information. The four sampling sites are IC (Irish Coast), CS (Central Stratifying), CM (Central Mixed) and
WC (Welsh Coastal). Their positions are shown in Fig. 1a.
(b) LHPR haul information for the North Sea.

Haul
number Date

Time
GMT

Station
position

Bottom
depth
(m)

Sampled
depth
(m)

Number of
samples

0–50 m
Ä t)C

RRS ‘‘Challenger’’ 9–21 June 1989
NS1 11-6-89 12:25 54)00*N 06)09*E 29 27 11 1.2
NS2 12-6-89 13:20 54)06*N 08)00*E 29 21 7 3.5
NS3 12-6-89 22:40 54)08*N 07)47*E 39 37 12 3.9
NS4 13-6-89 17:06 53)52*N 07)54*E 16 11 6 0.3
NS5 15-6-89 11:27 54)27*N 06)51*E 35 33 12 7.6
NS6 15-6-89 21:12 54)27*N 06)51*E 36 34 13 8.2
NS7 16-6-89 11:23 54)47*N 06)03*E 39 37 15 7.2
NS8 17-6-89 11:00 55)19*N 04)55*E 47 46 17 8.0
NS9 20-6-89 10:17 54)10*N 03)49*E 44 42 18 8.3
NS10 20-6-89 21:36 54)10*N 03)49*E 44 42 20 9.6
NS11 21-6-89 11:53 52)42*N 02)51*E 42 13 5 0.0

RV ‘‘Cirolana’’ 10–24 April 1990
NS12 12-4-90 12:51 53)53*N 00)57*E 45 41 16 0.4
NS13 12-4-90 22:06 53)51*N 00)55*E 45 40 12 0.1
NS14 13-4-90 12:26 54)37*N 01)03*E 46 45 10 0.1
NS15 13-4-90 22:10 54)38*N 01)06*E 47 46 9 0.0
NS15a 13-4-90 22:50 54)38*N 01)06*E 43 40 9 0.2
NS16 15-4-90 12:09 55)14*N 03)34*E 26 24 6 0.0
NS17 15-4-90 22:08 55)14*N 03)37*E 27 26 6 0.0
NS18 16-4-90 12:03 55)52*N 03)16*E 69 66 19 0.3
NS19 16-4-90 21:35 55)52*N 03)17*E 68 67 16 0.3
NS20 18-4-90 22:02 55)49*N 06)43*E 39 38 11 0.1
NS21 19-4-90 11:57 55)24*N 07)03*E 30 29 8 0.1
NS22 19-4-90 21:40 55)26*N 07)06*E 30 29 8 0.1*
NS23 20-4-90 22:51 54)05*N 07)50*E 42 41 11 0.2
NS24 21-4-90 12:31 54)05*N 07)47*E 41 40 9 0.4
NS24a 21-4-90 12:45 54)05*N 07)47*E 40 34 9 0.3
NS25 22-4-90 20:14 54)33*N 06)30*E 38 37 8 0.3
NS25a 22-4-90 21:15 54)33*N 06)30*E 39 38 9 0.3
NS25b 22-4-90 21:30 54)33*N 06)30*E 39 38 9 0.2

*Increase in temperature towards bottom.
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pattern of vertical distribution. The resulting vertical
distribution of eggs and larvae of L. limanda, S. sprattus
and Callionymus spp., representing those species which
were taken in higher numbers as both eggs and larvae,
are plotted in Figure. 3. Their distributions were
restricted mainly to the upper 60 m of the water column,
with most within the top 30 m. Abundance of eggs of all
three species increased towards the surface, whereas for
larvae only those of L. limanda were most abundant at
the surface, those of S. sprattus and Callionymus spp.
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Figure 2. Representative CTD temperature profiles from the four sites, identified as IC (Irish Coastal), CS (Central Stratifying),
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showing sub-surface peaks at 5–10 m and 10–15 m
respectively.
The depth distributions of eggs of rockling species and

larvae of M. merlangus, Ammodytes spp. and P. flesus,
all of which were taken in moderate numbers as either
eggs or larvae, are plotted in Figure 4. Eggs of rockling
species, larvae of P. flesus and, to a lesser extent larvae
of M. merlangus showed increased abundance towards
the surface. There was some evidence of bimodality in
the depth distribution of rockling eggs, possibly due to
the presence of eggs of more than one species, which
may also have accounted for the observed high standard
error (19.7 m, Table 3a) of the mean depth. Larvae of
Ammodytes spp. had a more even distribution down the
water column, this possibly being related to the eggs
being spawned demersally. Both M. merlangus and P.
flesus had noticeably shallower distributions (<40 m)
than other larvae taken (cf. Figs 3 and 4).
The combined distributions of all eggs and all larvae

have been amalgamated in Figure 5. This figure high-
lights the deeper distribution of eggs (weighted mean
depth of 35 m), which were taken down to the maximum
depth sampled (100 m), compared to larvae (weighted
mean depth of 20 m) which were restricted to depths
above 55 m. Eggs were found in peak numbers at
the surface while larvae have a sub-surface peak of
abundance.

Discussion

There were few significant differences between the vertical
distributions of different ichthyoplankton species from
the Irish Sea and North Sea, either for eggs or larvae. In
part, this may be due to the effects of averaging results
from a number of hauls taken at different times and
under different biological and hydrographic conditions.
For pelagic eggs, their vertical distribution is deter-

mined by the relationship between physical properties of
the eggs, seawater density and the degree of vertical
mixing of the water column (Sundby, 1991; Nissling et
al., 1994). The distributions observed, with increasing
numbers of eggs towards the surface, is as expected for
passive buoyant particles under the dominant influence
of wind mixing at the surface (Sundby, 1991). The
Table 3a. Weighted mean depths and standard errors of the means for the more abundant fish eggs
from all positive LHPR hauls in the North Sea and Irish Sea combined. The weighted mean depth
range for all hauls, the number of hauls (n) and the probability (p) value from ANOVA analysis are
also shown.

Species

Temperature
structure/time

of day

Mean
depth
(m)

Standard
error

Range of
mean depths

(m) n p

Limanda limanda Day 15.2 3.2 4.9–33.5 17 0.841Night 14.8 2.5 10.6–24.4 11
Isothermal 14.9 2.2 4.9–33.5 27 —Stratified 18.6 — — 1

Total 15.1 2.1 4.9–33.5 28

Sprattus sprattus Day 14.1 3.2 4.4–28.4 20 0.698Night 15.1 2.2 9.3–19.9 9
Isothermal 15.2 3.0 5.4–28.5 19 0.390Stratified 13.1 3.6 4.4–19.1 10

Total 14.4 2.3 4.4–28.4 29

Callionymus spp. Day 18.4 4.9 4.9–50.1 18 0.546Night 16.4 3.0 10.1–26.9 12
Isothermal 16.3 2.1 11.2–31.4 24 0.213*Stratified 22.8 13.5 4.9–50.1 6

Total 17.6 3.2 4.9–50.1 30

Rockling spp. Day 14.1 9.1 8.0–27.6 4 0.643*Night 20.7 19.7 6.8–39.7 3
Isothermal 16.9 9.3 6.8–39.7 7 —Stratified — — — —

Total 16.9 9.3 6.8–39.7 7

*Using logarithmically transformed data.

J
J

J
J

J
J

J
J



144 D. V. P. Conway et al.
occurrence of eggs in significant numbers in relatively
deep water (>50 m depth) where wind mixing has little
effect, may be attributed, in part, to tidal mixing, which
is strong in many areas of the Irish Sea and possibly also
to some species spawning deep in the water.
While the mean depth distributions of larvae were

similar, the pattern of their distributions was variable.
The vertical distribution of larvae is influenced by the
same physical factors as for eggs but with the additional
effects of ontogenetic and behavioural differences in
response to environmental factors. There is a general
feeding advantage in being distributed in the upper,
more productive, layers of the water column, where food
particles are present in higher abundance (e.g. Coombs
et al., 1992; Coombs et al., 1994) and, more specifically,
some studies have found the vertical distribution of
larvae to be related to the depth of highest abundances
of copepod nauplii (e.g. Haldorson et al., 1993).
Additionally, there is the influence of predation which
may lead to the observed peak of larval abundance, this
being the optimum balance between visual avoidance
and food availability (Fortier and Harris, 1989).
The observed sub-surface peak of larval abundance

may also reflect some aspect of diel migration, or net
Table 3b. Weighted mean depths and standard errors of the means for the more abundant fish
larvae from all positive LHPR hauls in the North Sea and Irish Sea combined. The weighted mean
depth range for all hauls, the number of hauls (n) and the probability (p) value from ANOVA
analysis are also shown.

Species

Temperature
structure/time

of day

Mean
depth
(m)

Standard
error

Range of
mean depths

(m) n p

Limanda limanda Day 17.6 4.3 2.7–26.1 11 0.637Night 15.9 5.8 4.3–28.1 9
Isothermal 13.5 4.1 2.7–26.1 12 0.015Stratified 21.8 4.4 10.0–28.1 8

Total 16.8 3.5 2.7–28.1 20

Sprattus sprattus Day 13.7 2.7 4.9–23.2 16 0.236Night 16.3 3.0 9.3–24.4 10
Isothermal 14.4 2.4 4.9–21.2 16 0.619Stratified 15.4 3.9 6.7–24.4 10

Total 14.8 2.1 4.9–24.4 26

Callionymus spp. Day 14.6 4.7 5.9–24.7 7 0.350Night 12.3 6.7 4.1–20.2 4
Isothermal 13.1 8.7 4.1–24.7 4 0.789Stratified 14.2 3.8 5.9–20.2 7

Total 13.8 3.9 4.1–24.7 11

Merlangius merlangus Day 14.3 2.5 10.1–18.0 5 0.499Night 16.1 4.1 7.2–19.7 6
Isothermal 15.3 2.7 7.2–19.7 10 —Stratified 14.6 — — 1

Total 15.3 2.7 7.2–19.7 11

Ammodytes spp. Day 19.8 3.9 11.4–26.5 8 0.143Night 26.2 7.2 10.2–41.8 8
Isothermal 23.6 4.8 10.2–41.8 14 —Stratified 18.4 — 15.8–21.0 2

Total 23.0 4.3 10.2–41.8 16

Platichthys flesus Day 18.7 — — 1 —Night 13.7 10.6 8.2–24.3 3
Isothermal 14.9 7.9 8.2–24.3 4 —Stratified — — — —

Total 14.9 7.9 8.2–24.3 4
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avoidance in the more strongly illuminated surface
layers. Although there was no direct evidence in the
present study for diel migration of larvae, this can be
difficult to detect unless it is synchronised amongst
individuals (Pearre, 1979) and consistent over a particu-
lar size range of larvae. Röpke (1989) observed larvae of
a number of species performing diel vertical migrations,
but concluded that two of the species recorded in the
present study (Callionymus spp. and M. merlangus) did
not exhibit it. Similarly, Fortier and Harris (1989) found
little difference in the diel vertical distribution of a range
of fish larvae (mainly sampled within the top 40 m)
except that larger larvae were sampled deeper in the
water column with increasing size. Many studies have
suggested that diel changes are simply a dispersal of
larvae once the light stimulus disappears (Kloppmann,
1991; Leis, 1991), with the distance of dispersal being
related to swimming ability. However, changes in
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Figure 3. Vertical distribution of eggs and larvae of Limanda limanda, Sprattus sprattus and Callionymus spp. plotted as the mean
percentage occurrence on all LHPR hauls from the Irish Sea and North Sea on each of which there were >20 eggs or >10 larvae. Also
shown are the number of hauls (N) and total number of larvae (n) on which the distributions are based, together with the weighted
mean depth (WMD) of the distributions. The maximum depth to which sampling was carried out is marked with a broken line.
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vertical distribution can be difficult to demonstrate
unless larvae are present in high concentrations and
sampling is carried out at sufficient temporal and vertical
resolution.
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Figure 4. Vertical distribution of eggs of rockling species and larvae of Merlangius merlangus, Ammodytes spp. and Platichthys
flesus plotted as the mean percentage occurrence on all LHPR hauls from the Irish Sea and North Sea on each of which there were
>20 eggs or >10 larvae. Also shown are the number of hauls (N) and total number of larvae (n) on which the distributions are
based, together with the weighted mean depth (WMD) of the distributions. The maximum depth to which sampling was carried
out is marked with a broken line.
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Figure 5. Vertical distribution of all eggs and larvae plotted as the mean percentage occurrence on all LHPR hauls from the Irish
Sea and North Sea on each of which there were >20 eggs or >10 larvae. Also shown are the number of hauls (N) and total number
of larvae (n) on which the distributions are based, together with the weighted mean depth (WMD) of the distributions. The
maximum depth to which sampling was carried out is marked with a broken line.
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In the present study, there was little evidence of the
influence of thermal stratification on the vertical distri-
butions of larvae. Strong thermoclines, when present,
tended to be at around 30 m depth, with the majority of
larvae being above this depth irrespective of stratifi-
cation. Other studies have generally shown a restriction
of ichthyoplankton to the upper mixed layer (Coombs
et al., 1981; Boehlert et al., 1985) and more rarely, under
particular conditions, below the thermocline (Munk and
Nielsen, 1994, for S. sprattus and M. merlangus). In the
present study when a significant difference in depth
distribution was noted between mixed and stratified
conditions, as found for L. limanda larvae, the overall
difference in weighted mean depth was only 8 m.
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