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ABSTRACT: The variability in Stage I egg production and subsequent settlement of plaice Pleuro- 
nectesplatessa L. on the west side of the Isle of Man, Irish Sea, was investigated over the period 1992 
to 1998. This small spawning ground contributed approximately 0.6% of the total plaice egg produc- 
tion in the northern Irish Sea for 1995. The timing of peak egg production varied between years from 
approxunately the middle of February to the end of March. The tinung of peak egg production was 
related to the mean autumnal water temperature, with earlier spawning in warmer years. Egg produc- 
tion on the west side of the Isle of Man in 1995 was earlier than in the eastern Irish Sea, probably 
reflecting the slightly warmer water conditions in the central Irish Sea. The estimated Stage I egg 
production varied considerably between years, differing by a factor of 2.8 over all years. There was a 
positive relationship between the annual egg production and the numbers of individuals settling in 
Port Erin Bay. Interannual variation in abundance was greater at settlement than in either Stage I eggs 
or the size of the juvenile population in July. Higher inter-annual variability in the pelagic phase is 
dampened during the nursery ground phase. 
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INTRODUCTION 

In much of the research on stock and recruitment, 
spawning stock biomass is assumed to be an indicator 
of egg production (Marshal1 et a1.1998). In fact, Stage I 
egg production is often used as a fishery independent 
estimator of spawning stock biomass (e.g. Anonymous 
1997). However, Marshal1 et al. (1998), used cod Gadus 
morhua as an example to demonstrate that feeding 
conditions and age structure of the population can 
affect egg production. They also show that, in cod 
stocks at least, egg production for a given spawning 
stock biomass can vary by a factor of 2 in adjacent 
years. In the case of plaice, Rijnsdorp (1991) and 
Rijnsdorp et al. (1991) have demonstrated that long 
term changes in fecundity and variations in size or age 
at first maturity can influence the numbers of eggs 

spawned per unit biomass of spawning stock. Nash 
(1998), using a standard fecundity per unit length, 
showed variability in egg production based on the age 
structure of Irish Sea plaice. The viability or quality of 
eggs over the short term due to changes in population 
condition or age structure has not received much 
attention. 

Year class strength for plaice in the North Sea is gen- 
erally thought to be determined in the planktonic 
phase, during the egg and larval periods (Zijlstra & 
Witte 1985, van der Veer 1986). In general, predatory 
and feeding conditions are thought to be the main fac- 
tors determining survival (Shelbourne 1957, Harding 
et al. 1978, Pommeranz 1981, Hovenkamp 1989, 1990). 
Survival, and consequently the numbers of individuals 
arriving on the nursery grounds, is partially influenced 
by transport mechanisms from the spawning to nursery 
grounds (Pihl 1990, van der Veer et al. 1990, 1998, van 
der Veer & Witte 1999). In many of the pelagic survival 
models presented by Nash (1998), there was a clear 
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linear relationship between the numbers of eggs 
spawned and the numbers of individuals at metamor- 
phosis. In contrast to some earlier work, these models 
generally suggest that processes affecting survival of 
plaice in the pelagic stage cause only minor alterations 
to the ranking of high and low settlement years from a 
given number of eggs laid. 

The spawning grounds for plaice Pleuronectes pla- 
tessa L. in the Irish Sea are well documented (Simp- 
son 1959a). The main spawning grounds in the ICES 
Division VIIa are off St. Bees Head, southeast of the 
Isle of Man, off Great Orme Head, western Irish Sea 
(along the central-eastern Irish coast) and Cardigan 
Bay. Ellis & Nash (1997) also showed a small spawn- 
ing ground on the west side of the Isle of Man. There 
are fewer studies on the spawning period of plaice in 
the Irish Sea (Simpson 1959a, Harding & Talbot 1973, 
Nichols et  al. 1993, Ellis & Nash 1997, Anonymous 
1997) compared with the numerous studies in the 
North Sea (e.g. Simpson 1959b, Harding et al. 1978, 
Coombs et al. 1990, Rijnsdorp 1991, Rijnsdorp & 
Vethaak 1997). 

In the Irish Sea the eggs are not transported far from 
the spawning grounds (Simpson 1959a, Anonymous 
1997) and the spawning grounds are generally close 
to the nursery grounds (Riley et al. 1986, Anonymous 
1997). In the Irish Sea the effects of variable transport 
mechanisms may not be as influential as in the North 
Sea due to the relatively short distances between 
spawning and nursery grounds. Based on Stage I egg 
production, peak spawning of plaice in the Irish Sea is 
generally in mid-March (Simpson 1959a, Anonymous 
1997, Ellis & Nash 1997), which is similar to the pattern 
in the Celtic Sea (Horwood 1993a) but 4 to 6 wk later 
than in the Southern Bight of the North Sea (Harding 
et  al. 1978). 

Virtual population analyses (VPA) of Irish Sea plaice 
indicate that there were only small changes in the 
spawning stock biomass between 1991 and 1997 
(Anonymous 1998). Therefore, if SSB is directly related 
to egg production there should be only minor inter- 
annual differences in the abundance of Stage I eggs 
over this time period. 

In this study we examine the interannual variability 
in Stage I plaice egg production in relation to the esti- 
mated spawning stock biomass and timing of peak egg 
production from the spawning site on the west coast of 
the Isle of Man. We also examine the hypothesis that 
the production of Stage I eggs in plaice is a good pre- 
dictor of the numbers of plaice surviving through the 
pelagic phase to settle on the nursery grounds, by com- 
paring the egg production on the west side of the Isle 
of Man with settlement indices in Port Erin Bay, Isle of 
Man. Finally, we examine differences in interannual 
variability of the different indices which represent dis- 

tinct life history stages, i.e. spawning stock biomass to 
maximum measured population size on the nursery 
ground in July each year. 

MATERIALS AND METHODS 

Pelagic stage. Plaice eggs were sampled with an 
unencased Gulf V11 high-speed plankton sampler 
(Nash et al. 1998). All tows were double oblique. In 
1992 to 1995 and 1998 a CTD cast (SeaBird SeaCat 
SBE-19, SeaBird Electronic Inc., USA) was made at 
each station (see Ellis & Nash 1997). In 1996 and 1997 
a series of 33 CTD stations (see Fig. 1) was undertaken 
the day before plankton sampling to estimate mean 
water temperature across the area sampled. The same 
set of stations was sampled from 1992 to 1995 (see Ellis 
& Nash 1997). The number of stations was increased 
and the positions altered slightly from 1996 to 1998 
(see Fig. 1). 
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Fig. 1 Positions of plankton sampling stations (Gulf V11 plus 
CTD) (@) and CTD only stations (t) for the period 1996 to 1998 

on the west side of the Isle of Man. Irish Sea 
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Between 1992 and early 1995, a 50 cm Gulf V11 high- 
speed plankton sampler with a 20 cm diameter nose 
cone and a 333 pm mesh net was used. Volumes of water 
sampled were estimated from mechanical flow meters in 
the mouth of the nose cone (see Ellis & Nash 1997 for 
further details). Between 1994 and 1995 the maximum 
depth of the sampler was estimated from a FURUNO net 
sonde attached to the top side of the sampler. Between 
late 1995 and 1998, a ZO cm Gulf VII/PRO-NET high- 
speed plankton sampler (Nash et al. 1998) with a 40 cm 
nose cone was used. Maximum depth and volume 
filtered were recorded by the PRO-NET system. In all 
cases, sampling commenced each year in January or 
as soon after as weather permitted, and continued at 
intervals of approximately 2 wk until June. 

Upon recovery of the sampler the net was gently 
hosed down with seawater and the contents of the cod 
end preserved in 4 %  freshwater buffered formalde- 
hyde. Plaice eggs were identified according to Russell 
(1976) and were allocated to stages of embryonic 
development (I to V) according to Apstein (1909) and 
Ryland et al. (1975). No attempt was made to distin- 
guish between Stages IA and IB. 

Contour plots of the distribution of Stage I plaice egg 
densities (eggs m-') on the west side of the Isle of Man 
were made using SURFER (ver. 6.03 Golden Software 
Ltd). The kriging option was used to generate the grid 
files. Estimates of daily production of Stage I plaice 
eggs were made assuming all stations were contained 
within 1 stratum. The numbers of Stage I eggs present 
on a survey date were estimated from the mean abun- 
dance of all stations (with its associated variance). The 
total numbers of Stage I eggs were converted into a 
daily Stage I egg production using the average water 
temperature and the Stage I egg duration (see Anony- 
mous 1997, Nash 1998). The annual Stage I egg pro- 
duction was calculated by assuming that the estimate 
for a single sampling date was indicative of the egg 
production for the period from midway between the 
previous and the next sampling date (see Anonymous 
1997). Thus daily Stage I egg productions could be 
summed over the entire period to obtain annual egg 
production. The variance of this estimated annual egg 
production was calculated as the weighted sum of the 
survey variances. The number of days included for 
each survey estimate in the overall production esti- 
mate was used as the weighting factor. The data from 
Ellis & Nash (1997) were recalculated to make them 
compatible with the rest of the data set. Stage duration 
was calculated from the area weighted mean tempera- 
ture in the water column from the CTD casts. There 
was no stratification of the water column at this time of 
the year. The timing of peak egg production was esti- 
mated by calculating the date of 50% of the cumula- 
tive egg production in each year (Prodso). This method 

was judged better for interannual comparisons of the 
survey data than using maximum Stage I egg abun- 
dance data. ProdJO was calculated from polynomial 
curves (N= a + p X day + y X day2 + 6 X day3, where day 
is number of days from January 1, assuming a normal 
distribution in time) fitted to the Stage I egg production 
each year. Curves were fitted using GRAPHEK (Golden 
Software Ltd) 

Settlement of plaice in Port Erin Bay. Estimates of 
the number of newly settled plaice were obtained in 
Port Erin Bay between 1990 and 1998. For the years 
1990 to 1994 the numbers of individuals < l 7  mm long 
in the bay were estimated from a regular trawling 
series (5 parallel transects at right angles to the beach), 
using a 1.5 m beam trawl with a 3 mm mesh net 
throughout. The numbers of individuals per square 
metre were estimated from the length of tow, with 
a presumed 30% capture efficiency (Macer 1967) 
applied to the numbers caught. The average density, 
calculated for each transect, was raised to the total 
area sampled. This was taken as the total number set- 
tling per day. Between 1995 and 1998 a small D-net 
(0.33 m wide, Hastings 1980) was used in shallow 
water to estimate settlement. Estimates from five 30 m 
tows were averaged to give an estimate of density and 
an associated variance. The total settlement was esti- 
mated in a similar manner as Stage I egg production 
(settlement per day for each sampling date and 
summed over the whole settlement period, see above). 
The settlement index variance was calculated as the 
weighted sum of sampling variance, as described 
above. A series of drop-trap samples were taken in 
tandem with the D-net samples in 1997. The drop-trap 
is assumed to have an efficiency of close to 100% (see 
Wennahage et al. 1997) and there were no significant 
differences between estimated densities from the drop 
trap and the D-net. The density estimates from the 
D-net samples could then be raised to the area occu- 
pied by settling plaice in Port Erin Bay. The beam trawl 
and D-net catches provide an index of settlement in 
the Bay. 

RESULTS 

Plaice egg production on the west side of the 
Isle of Man 

The centre of Stage I plaice egg production on the 
west coast of the Isle of Man was similar in all years 
(1994 to 1998), in the vicinity of Contrary Head (Fig. 2). 
These distributions are similar to those recorded by 
Ellis & Nash (1997) in 1992 and 1993. In general, plaice 
eggs were restricted to the inshore coastal waters. 
Very few Stage I plaice eggs occurred in water >50 m 
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Fig. 2. Contour plots of Stage I plaice 
egg densities (number m~'),  on the 
west side of the Isle of Man, for dates 
of maximum egg  production for the 
years 1994 to 1998. Contour intervals 

at 0 4 Stage I eggs m-' 
Fig. 3. Temporal lstribution of 
Stage I plaice egg production for 
the years 1992 to 1998 on the west 
side of the Isle of Man. 1 SE 

is shown 

depth. The most complex distribution pattern occurred 
in 1996, when elevated abundances occurred to the 
south west of the 1sl.e of Man. 

Plaice spawn along the west side of the Isle of Man 
between mid-February and mid-April. The timing of 
egg production varied between 1992 and 1998 (Fig. 3). 
The earliest peak (around 21 February) occurred in 
1998, coinciding with exceptionalIy high winter water 
temperatures (Table 1).  The latest peak occurred 
around 27 March in 1993. Prodso, the date of 50% egg 
production, varied by 22 d and was related to water 
temperature during the previous autumn and winter 
(Fig. 4a). Generally, warm autumn to winter water 
temperatures were followed by earlier spawning. 

Data for Stage I plaice egg production in the east- 
ern Irish Sea was obtained from Anonymous (1997) 
(Fig. 5). The eastern Irish Sea plaice egg production 
curve was similar to that of the west side of the Isle 
of Man. However, the peak in plaice egg production 
on the west side of the Isle of Man occurred approxi- 
mately 9 d earlier. Considering the sampling fre- 
quency and the fact that the data for the eastern Irish 
Sea were collected over a 3 to 4 d penod, there may 
be no difference in the timing of peak egg produc- 
tion. However, the depth integrated temperatures for 
the Irish Sea (Anonymous 1997) indicate that the 
eastern Irish Sea was colder during the 1995 spawn- 
ing period than the west coast of the Isle of Man, 
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Table 1. Mean monthly sea surface temperature ("C) for 
February to April in Port Erin Bay, Isle of Man, between 1992 
and 1998. Data supplied by T. Shammon (Port Erin Marine 

Laboratory, Port Enn, lsle of Man) 

1992 1993 1994 1995 1996 1997 1998 

Mar 8.01 7.05 7.05 7.38 6.89 7.76 8.85 
8.28 8.10 7.39 8.37 7.72 8.26 9.02 

which may explain the slight difference in peak egg 
production. 

Stage I egg production on the west side of the Isle of 
Man was compared with the rest of the Irish Sea for 
1995. The total seasonal production of Stage I eggs in 
the study area off the west coast of the Isle of Man in 
1995 was equivalent to 1.58% of the total production in 
the eastern Irish Sea, or 0.60% of the total production 
in the northern Irish Sea (excluding Cardigan Bay). 

11 12 13 14 
Average temperature (1 Aug to 31 Dec) 

Fig. 4 .  The influence of the mean autumnal and early winter 
sea surface temperature (data from Port Erin Bay, lsle of Man) 
on (a) timing of 50% of Stage 1 egg production and (b) the 
annual Stage I egg production on the west side of the lsle of 

Man (1992 to 1998) 
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Fig. 5. Stage I plaice egg production In 1995 for the west 
side of the lsle of Man (West IOM) and for the eastern Irish 

Sea (Eastern IS) 

There was considerable variation in plaice egg pro- 
duction on the west side of the Isle of Man between 
1992 and 1998, >2.5x during the 7 yr period (Fig. 6a). 
There appeared to be a small decline in Stage I egg 
production between 1992 and 1995. Very large Stage I 
egg production occurred in 1996, followed by egg pro- 
ductions similar to the preceding years. There may be 
a weak relationship between Stage I egg production 
and pre-spawning temperature (Fig. 4b). However, 
there was no significant relationship between the 
mean temperature during the gonadal development 
and maturation period for adults and the level of egg 
production (F , ,6  = 0.152; p * 0.05). 

Plaice settlement in Port Erin Bay 

Between 1990 and 1998 in Port Erin Bay there were 
2 yr with large numbers of juvenile plaice at settle- 
ment, 1992 and 1996 (approximately 3.5 times the 
average for the other years) (Fig. 6b). Settlement in 
1990-1991 and 1993-1995 was remarkably constant. 
The years 1997 and 1998 indicate lower numbers of 
individuals settling in Port Erin Bay. The timing of 50% 
of settlement in Port Erin Bay has varied by only 
approximately 2 wk, 11 to 27 May. 

In general, higher plaice egg production on the west 
coast of the Isle of Man led to higher numbers of indi- 
viduals settling in Port Erin Bay (Fig. 7) .  There was a 
significant linear relationship: 
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Settlementpo,, Em Bay = 
(196.74 Egg productionwest coast Isle of  an) 
- 586.18 (FlB6 = 3 3 . 7 0 3 ;  p = 1 0 . 0 1 )  

where Stage I egg production is l o g  and settlement 
index is 103. The 1998 data set is the only one for which 
standard errors do not intersect the fitted regression 
line. 

There did not appear to be any relationship between 
the time of 50 % of Stage I egg production and the time 
of 50% settlement (Fig. 8). This could be due to differ- 
ences in the pelagic stage duration, which varies be- 
tween years as a function of the thermal regime. The 
pelagic stage duration varied between 58 and 81 d, but 
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Fig. 7. Relationship between annual Stage I plaice egg pro- 
duction on the west side of the Isle of Man and the numbers of 
juvenile plaice which settle on the Port Erin Bay nursery 

ground. Error bars: 1 SE 

was not significantly related to the water temperature 
in March (spawning time) nor the water temperature 
in late May (mid settlement time) (Fig. 9). Except for 
1998, when offshore and May water temperatures 
were considerably higher than other years, pelagic 
stage duration tended to be shorter in years with faster 
warming over the main part of the pelagic phase 
(Fig. 1 0 ) .  

19-Feb 26-Feb 4-Mar l l -Mar 18-Mar 
Fig. 6. Annual variations in (a) annual Stage I plaice egg pro- Date of 50% stage I egg production 
duction (1992 to 1998) for the west side of the Isle of Man, 
(b) settlement of plaice on the Port Erin Bay nursery ground, Fig. 8. Relationship between the date of 50% of Stage I egg 
and (c) spawning stock biomass in the Irish Sea (Division production on the west side of the Isle of Man and the date 

VIIa). Error bars: 1 SD of 50% of settlement in Port Erin Bay, Isle of Man 
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Mean temperature (March) 
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Fig. 9. Relationships between sea temperature and pelagic 
duration of young plaice on the west side of the Isle of Man. 
(a) Mean temperature for the survey (depth averaged) where 
maximum Stage I egg production occurred. (b) Sea surface 

water temperature on May 20 in Port Erin Bay, Isle of Man 

Interannual variability at different life stages 

Over the study period (1992 to 1998) the coefficient 
of variation (CV) in Stage I egg production on the west 
coast of the Isle of Man was 36% (Table 2). The inter- 
annual variability was higher for Stage I egg produc- 
tion than for the estimated spawning stock biomass for 
the same period (See Fig. 6a,c). A similar pattern and 
range in CVs is seen in the available data for the 
Southern Bight of the North Sea (Table 2). The vari- 
ability in abundance in the Irish Sea (Port Erin Bay) 
was greater at settlement than at earlier stages, or later 
in the season (July). The ratio of the highest and lowest 
abundances shows that Stage I egg production can 
vary by a factor of approximately 3, settlement by a 
factor of 7 which is reduced to a factor of 5 by July. On 
the Wadden Sea nursery grounds interannual variation 
(CV) similar to that in the Irish Sea was seen in the 
settlen~entlpeak data. However, the variation in July 
was considerably lower in the Wadden Sea than in Port 
Erin Bay. 

1 0  1.5 2.0 2.5 3.0 3.5 

Difference in mean temperature between 1st March and 20th May 

Fig. 10. Relationship between plaice pelagic stage duration 
and the rise in temperature between date of maximum Stage I 
egg production and 50% settlement in Port Erin Bay. Sea- 

water temperatures from Fig. 9 

DISCUSSION 

Numerous factors influence the abundance of plaice at 
different life hstory stages and contribute to, or mediate, 
interannual variability in abundance. Some of these fac- 
tors are related to characteristics of the spawning stock 
which can influence the location and timing of spawn- 
ing, as well as the abundance of eggs produced. 

There is a consistent pattern to the location of Stage I 
plaice eggs on the west side of the Isle of Man. The 
highest concentration of eggs is in the vicinity of Con- 
trary Head. In this area there is a division between the 
north- and south-running tidal streams (D'Oliveira & 
Featherstone 1998), suggesting either reduced tidal 
currents or a gyre. Therefore either the plaice spawn in 
this area and the eggs are generally retained, or the 
eggs are entrained into this area from nearby spawn- 
ings. Stage I eggs are less than 3 d old at ambient tem- 
peratures in March, suggesting that the high concen- 
trations are a reflection of the spawning area rather 
than entrainment of eggs. The surveys of Stage I plaice 
eggs in 1995, covering the whole of the Irish Sea, indi- 
cate that there is a high similarity in the distribution 
of Stage I and Stage V plaice eggs. This suggests that 
there is little residual tidal flow at Irish Sea spawning 
grounds, i.e. off St. Bees Head, Great Orme Head and 
along the eastern Irish coast. T h s  is in contrast to the 
plaice spawning in the Southern Bight of the North 
Sea, where the eggs are generally in an area of rela- 
tively high residual currents (Simpson 1959b, Harding 
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Irish Sea North Sea 
CV Variation CV Variation 
(%) (highesVlowest value) (%) (hghesfflowest value) 

Spawning stock biomass 13 1.5 9 1.3 
Stage I egg production 36 2.8 4 0 3.3 
Numbers"/peakb settling 72" 7.1' 6zb 
Population size in July 56 4.9 35 

Table 2. Variability in spawning stock biomass. Stage I egg production, numbers increases in productivity. Elevated lev- 
of individuals settling and population size in July for the Irish Sea and Port Erin ,ls of chlorophyll a fluorescence do not 
Bay, and the Southern Bight of the North Sea. The Irish Sea data cover the 
period 1992 to 1998 (spawning stock biomass data from Anonymous 1998, Port generally occur until the plaice larvae 

Erin Bay populations size in July from Nash unpubl. data). North Sea data have started On the 
(spawning stock biomass and Stage I egg production) are from 1957, 1962. 1963. nursery grounds. Young plaice larvae 
1968, 1969, 1971 and 1987 to 1989 (Harding et al. 1978, Heessen & Rijnsdorp are known to feed on phytoplankton 
1989, van der Land et al. 1990, Anonymous 1996). North Sea data for peak at (Last 1980), yet the phytoplankton con- 
settling and population sue In July on the Balgzand (Dutch Wadden Sea) from 
van der Veer et al. (1997). Note that in the North Sea the pelagic and nursery centrations between March and 

ground years do not necessarily correspond May are generally low. Probably the 
major prey items for plaice larvae (at 
least in the North Sea) are appendicu- 
larians and copepod nauplii (Last 
1980). Data for 1993 indicate that during 
the plaice larval phase on the west side 
of the Isle of Man these prey were at 
relatively low concentrations (Nicholas 
1995). Gowen et al. (1998) also show 
that copepod abundance over much of 
the Irish Sea, including Irish coastal 

et  al. 1978, van der Veer et al. 1998). In the Irish Sea waters, does not increase substantially until late May 
the nursery grounds are generally much closer to the each year. Despite the accepted statements concerning 
spawning grounds, and therefore there may be an potential survival and match-mismatch of larvae and 
advantage to spawning near retention features so that their food (Cushing 1969, 1990), it is clear that pelagic 
eggs are not transported very far. plaice survival is not linked to blooms in the same way 

Peak egg production occurs at approximately the same as for some species (Cushing 1969, Houde 1997). 
time on the west coast of the Isle of Man as in the broader The data presented here demonstrate considerable 
eastern Irish Sea. Simpson's (1959a) data suggest peak variation in Stage I egg production for a given spawn- 
egg production in the eastern Irish Sea is around March ing stock. This variability in abundance is generated 
10, which is consistent with the range of peak production independently of spawning stock biomass. The age 
times for the Isle of Man waters. The peak plaice egg structure of a population can have a major influence on 
production in the Southern Bight of the North Sea is the numbers of eggs produced. Marshal1 et al. (1998) 
generally earlier than the Irish Sea (Harding et  al. 1978, point out that the viability of cod eggs differs between 
Rijnsdorp & Vethaak 1997). The data from the west coast first-time and repeat spawners. Therefore, over the 
of the Isle of Man indicate that the timing of 50% of medium term there can be a drift in the relationship 
plaice Stage I egg production can vary by as much as between spawning stock biomass and viable egg pro- 
22 d. The mid-point of egg production in the Southern duction. This influences the perception of the relation- 
Bight of the North Sea varies by approximately 30 d, and ship between spawning stock biomass and recruitment. 
in the German Bight by 23 d (R~jnsdorp & Vethaak 1997). Over and above changes in age structure, Rijnsdorp 
In both the North Sea and the Irish Sea, peak egg (1991) has shown changes in fecundity over time for 
production tends to occur earlier, when the preceding North Sea plaice. Neither changes in age structure nor 
August-to-December water temperatures are higher changes in fecundity can really explain the relatively 
(data from Harding et al. 1978 and sea surface water large Stage I egg production in the west coast of the 
temperatures for Den Hel.der, NIOZ pers. comm). Rijns- Isle of Man piaice popuiation in 1992 and 1996. Vari- 
dorp & Vethaak (1997) al.so related warmer water tem- ability in the numbers of eggs produced could be due 
peratures at spawning with earlier spawning times. This to variability in the numbers of fish which spawn in the 
variability in the timing of spawning influences both area, since this is a sub-population of the Irish Sea 
the timing and shape of the settlement pattern on the plaice stock. At present, we are unsure of the fidelity 
nursery grounds (Hyder & Nash 1998). of individuals to specific spawning grounds. 

On the west side of the Isle of Man there is a link be- We estimated that the west Isle of Man spawning con- 
tween the thermal regime and the timing of spawning, tributes only 0.7 % to the total egg production in the 
Warmer years could produce earlier primary and sec- North Irish Sea, based on a direct comparison of egg pro- 
ondary production blooms, and plaice spawning time duction measured in 1995 (Anonymous 1997). Ellis & 
could be varying in synchrony with the production cy- Nash (1997) had estimated that annual egg production 
cles. However, there isn't much variation in timing of on the west side of the Isle of Man accounted for ap- 
peak spawning. Plaice spawn early in the season, prior to proximately 2 % of the eggs spawned by the Irish Sea 
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plaice stock, based on VPA estimates of stock size and 
fecundity-size relationships. VPA estimates of stock size 
were lower than estimates based on the egg production 
method (Anonymous 1997) for Irish Sea plaice, and con- 
sequently this affected the earlier calculations of egg 
production. Differences between VPA and egg produc- 
tion method estimates of stock size have been noted by a 
number of authors for other marine species (Bannister et 
al. 1974, Heessen & Rijnsdorp 1989, Horwood 1993a,b). 

Some of the variability in Stage I egg production 
could be caused by interannual variations in oocyte 
reabsorbtion, production of non-viable eggs and mor- 
tality of Stage I eggs. Mortality operating over the first 
2 to 3 d after the eggs are spawned would be difficult 
to distinguish from variability in egg production. 
Nonetheless, apparent egg production varies consider- 
ably between years, but the underlying reasons need 
further investigation. 

We found a direct relationship between the numbers 
of Stage I plaice eggs and the numbers of individuals 
that settle on the nursery grounds. This suggests that 
the variability generated on the nursery grounds origi- 
nated either from the spawning stock or very early in 
the pelagic phase. The estimated pelagic stage dura- 
tion (time from Prod,, to 50% settlement) on the west 
coast of the Isle of Man varies between 58 and 81 d. 
This is very similar to the pelagic drift period (60 to 
80 d )  for plaice eggs and larvae from the Southern 
Bight of the North Sea to the Wadden Sea nursery 
grounds (van der Veer & Witte 1999). 

The link between egg production and settlement 
contributes to interannual variability in abundance. 
However, there are processes occurring on the nursery 
ground that also affect juvenile plaice survival (van 
der Veer 1986), and these tend to reduce interannual 
variability in abundance. The interannual variability is 
highest at or around settlement, in agreement with van 
der Veer (1986), Beverton & Iles (1992), and Nash 
(1998). The subsequent reduction in interannual vari- 
ability in abundance by July supports the suggestion 
of regulatory processes operating through the nursery 
ground phase (van der Veer 1986, Nash 1998). 

In 1996 high densities of juvenile plaice were mea- 
sured both in Port Erin Bay and in the Wadden Sea 
(van der Veer & Witte 1999). There may be frequent 
concordance between the 2 areas. However, in the 
North Sea the numbers at settlement are related to 
February water temperatures and drift, whereas in 
Port Erln Bay no such relationships exist. 

In summary, it has been possible to examine the early 
stage population dynamics of plaice due  to the close 
proximity of the spawning and nursery grounds and the 
relatively long time series of both Stage I egg production 
and settlement. The data presented here agree with the 
Me history model for the young stages of plaice proposed 

by Beverton & Iles (1992), whereby there is an  increase 
in interannual variability in abundance between egg  
production and early stages on the nursery ground. Over 
the nursery ground phase there is a progressive reduc- 
tion in interannual variability. There appears to be pre- 
dictable environmental influences on the timing of Stage 
I egg production (spau~ning) and the duration of the 
pelagic phase. Importantly, there is a linear relationship 
between the numbers of Stage I eggs produced and the 
numbers of settling individuals on the local nursery 
ground, a relationship given in Nash (1998). 
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