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Abstract:
The effects of water temperature on pollack (Pollachius pollachius) spawning features were
individually assessed. During the spawning period, nine fish sets, each composed of one female and
two males (mean body weight: 2.5±1.0 kg), were placed in small-volume tanks (2 m3). Fish sets were
held at 8, 10, or 12 °C (n=3 for each temperature).
Three females released eggs at 8 and 10 °C, while only two spawned at 12 °C. One hundred thirtyone individual spawns were collected from the eight spawning fish sets. The number of spawns
collected per female was significantly lower at 12 °C (3.0±3.6), compared to 10 °C (17.3±10.1) and 8
°C (23.3±2.5). Egg number (eggs kg−1 BW) was significantly lowered at 12 °C (26,068±35,989)
compared to 10 °C (323,230±136,796) and 8 °C (599,612±249,545). The number of viable eggs (eggs
kg−1 BW) was significantly lower at 12 °C (4,175±7,167) compared to 8 °C (192,034±145,870).
When incubated at a common temperature of 10 °C, hatching and malformation percentages were
significantly enhanced for breeders maintained at 8 °C (respectively, 35.8±8.5–7.3±1.4%) compared to
10 °C (9.8±8.0–2.3±1.8%). Then, pooling data were recorded at the three temperatures; a significant
decrease of egg diameter with time was observed.
The individual reproductive activity of pollack experienced by breeders was deeply affected by
temperature during the spawning period. A temperature of 12 °C is suggested to be close to the
temperature reproduction upper limit in this species.
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1) Introduction

The candidature of pollack for the development of temperate finfish aquaculture
is sustained by its rapid growth (600g for 2-year-old animals) compared to presently
reared species such as seabass (Dicentrarchus labrax) or seabream (Sparus aurata), its
ability to water temperature conditions of Northern coasts of France, its high flesh
quality and the availability of wild fish for broodstock (Suquet, 2001; Buchet et al.,
2002).
In captivity, first maturity was observed in 2 year old males (0.7kg) and 3 year
old females (1.1 kg). Reproductive cycle of pollack was described in terms of steroids
concentration and oocyte development (Omnes et al., 2002). Spontaneous spawning in
captivity has been reported for pollack broodstock held in 15m3 tanks for temperature
ranging from 9.5 to 11.8°C (Suquet et al., 1996). Pollack is a batch spawner (mean: 5
batches per female from January to April), having a high fecundity (close to 600,000
eggs.kg-1). However, large variations of egg quality were recorded (Omnes et al., 2002).
In the literature, egg output of different fish species is mainly recorded from
groups of breeders, but these estimates do not provide information on individual
variations in egg batch production, quantity and quality of egg released. Egg production
of adult pairs of Atlantic cod (Gadus morhua) and haddock (Melanogramus aeglefinus)
were monitored over the spawning period and showed high variability among
individuals (Trippel et al., 2000; Ouellet et al., 2001). In order to estimate this variation,
individual performances of pollack breeders were recorded in this work.
Fish reproduction is highly sensitive to water temperature (Van der Kraak and
Pankhurst, 1996). Temperature may modulate hormone action at all levels of the
reproductive endocrine system, affecting the different phases of fish reproduction and
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especially ovulation and spawning. Mathematical modelling demonstrates a significant
correlation between water temperature and recruitment of cod stocks (Poertner et al.,
2001). Brander (1996) stated that about 28% of the variability observed in Northeast
Arctic cod recruitment was probably due to changes in water temperature. On the other
hand from 1919 to 1994, fluctuations in cod and pollack along the Norwegian
Skagerrak coast were related neither to the North Atlantic Oscillation nor to sea surface
temperature (Fromentin et al., 1998). However, these authors used temperature values
recorded in winter (from December to March) before the spawning period of pollack.
Furthermore Skagerrak populations of cod and pollack being in the middle of their
distributions, they suggested that the effect of temperature changes could be less
important than for populations which are closed to their geographical boundaries. In
captivity, fertilization and hatching rates of Atlantic halibut (Hippoglossus
hippoglossus) eggs decreased when water temperature exceeded 8°C (Brown et al.,
1995). Ovulation of common wolffish (Anarhichas lupus) was delayed at 8 and 12°C,
compared to 4°C and the survival of eggs incubated at a common temperature of 6°C,
was significantly decreased for breeders exposed at 12°C (Tveiten et al., 2001).
Increasing temperature from 8°C to 12°C decreased the percentage of ovulating cod
females (Johansen et al., 1999) while in the same species, the fertilization percentage
decreased when water temperature was higher than 10°C (Van der Meeren and
Ivannikov, 2001).
In the wild, pollack reproduction is observed from a temperature of 10°C (Quéro
and Vayne, 1997) but the range is not reported in the literature. However, the effect of
water temperature on the reproductive activity of pollack is not yet reported in the
literature. The present study provides information on this topic both required for rearing
but also for a better comprehension of recruitment mechanisms in this species.
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2) Material and methods

2.1 Broodstock

Pollack caught in the wild were maintained for three years in 15m3 (surface:
15m2) outdoor circular tanks and exposed to natural variations of daylength (from
8h30L:15h30D to 16hL:8hD) and temperature (8-17°C). They were fed ad libitum twice
a week with fresh food (sardines- sardina pilchardus, mackerel- Scomber scombrus and
shrimps- Pandalus borealis). One month prior to the spawning period (March to May
2002), oocyte development was monitored weekly by biopsy, after fish anaesthesia in
Ethylene glycol monophenylether (200 ppm). The diameter of the largest 30 oocytes
was recorded. When mean oocyte diameter reached 650µm, females were considered
ripe and transferred to the experimental tanks for temperature manipulation.

2.2 Experimental design

Experimental facilities were composed of nine indoor 2m3 (surface 4m2) tanks.
Nine fish sets, each composed of one female and two males (mean body weight:
2.5±1.0kg), were randomly placed in the experimental tanks. Fish were held during the
spawning period at 8°C, 10°C or 12°C (n=3 for each temperature). Only males having
milt showing motility higher than 50% motile spermatozoa (dilution sperm:seawater
1:100) were selected. Fish were exposed to the natural variations of daylength and
seawater renewal was 30% tank volume.hour-1. Tanks were fitted with 40 l devices that
collected all released eggs from both the surface and the drain. Collectors were
examined daily.
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For each spawn, egg number and fertilization percentage were assessed through
a dissecting microscope from three 15 ml samples. Eggs were considered viable when 2
blastomeres or more were observed. Fertilization percentage [(the number of viable
eggs/the total number of eggs)*100] was calculated.
For each batch having a fertilization percentage higher than 10%, the diameters
of 30 viable eggs were recorded. Then, duplicate batches of 500 eggs were transferred
into 1-L cylindroconical tanks and incubated at a common temperature of 10°C. A
300% water renewal per hour was added. Dead eggs were collected daily from the
bottom of each incubator by sampling 150 ml water and then counting eggs. Hatching
was observed after 7 days. The total number of viable larvae and non viable larvae
(dead and malformed: V shaped larvae) was counted. Hatching percentage [(number of
larvae/total number of eggs transferred to incubators)*100] and malformation
percentage [(number of non viable larvae/total number of larvae)*100] were recorded.
At the beginning of the experiment, the prespawning condition factor of females
[Kpre: (body weight/length3)*100] was calculated. Then at the end of the experiment,
the postspawning (Kpost) condition factor of each female was determined. Furthermore,
K losses of females (KL) were calculated according to the following formula:
KL (%) = [(Kpre-Kpost)/Kpre]*100.
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2.3 Statistical analysis

Data were expressed as mean ± SD. Egg counts were subjected to square root
transformation and fertilization, hatching and malformation percentages to angular
transformation. Data were compared using a one-way ANOVA. When the differences
were significant (P<0.05), a Newman-Keuls a posteriori test was used for comparison
purposes. Then, pooling performances recorded in all females, changes in oocyte
diameter but also fertilization, hatching and malformation percentages with time were
evaluated by linear regression for transformed data.

3) Results

At the beginning of the experiment, the mean length (59.1±3.4cm), the mean
weight (3.0±0.5kg) and the mean prespawning condition factor (Kpre:1.43±0.10) of
females did not show any significant differences between the three groups of fish
subjected to the different temperatures. One hundred and thirty one individual
spontaneous spawns were collected from the nine 2 m3 experimental tanks. Three
females released eggs at 8 and 10°C, compared to two females at 12°C. The number of
days recorded between the observation of a 650µm mean oocyte diameter and the first
collection of egg batch was not significantly different between the three temperatures
(3.2±3.3 days). On the other hand, the duration of spawning period was significantly
higher at 8°C, compared to 10 and 12°C (Table 1). Furthermore, the number of spawns
collected per female was significantly lower at 12°C, compared to 8 and 10°C (Table 1).
The interval between two consecutive egg batches (8.6±14.8 days) was not significantly
different between the groups.
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The number of eggs collected was very variable and it generally decreased at the
end of the spawning period (Fig.1). A significantly lower total egg number per kg B.W.
was observed at 12°C, compared to 8°C and 10°C (Table 1). Furthermore, the number
of viable eggs per kg B.W. was significantly lower at 12°C compared to 8°C but not to
10°C. Fertilization percentages were not significantly different between the three
temperatures.
The hatching and the malformation percentages were significantly higher at 8°C
compared to 10°C (Table 1). Egg diameter was not significantly different between the
three

temperatures

(1184±54µm).

The

postspawning

condition

factor

(Kpost=1.15±0.09) and K losses (KL=18.8±7.4) were not significantly different among
the three groups of fish.
When pooling data recorded from the nine females, the total egg number
released per female was significantly related to the decrease of the condition factor
(Kpre-Kpost) (Fig.2). Furthermore, a significant decrease of viable egg diameter with
time was observed (Fig.3). On the other hand, no significant changes of fertilization,
hatching and malformation percentages with time were observed.

DISCUSSION
Information on individual reproductive activity in fish species is rarely reported
in the litterature since it requires well adapted facilities to be performed. Furthermore,
this experimental design is time consuming because each spawn is managed
individually in terms of number of eggs, fertilization percentage, hatching percentage
and larval deformities and especially in batch spawner fish species such as pollack.
A small tank volume may prevent the reproductive activity of some fish species.
For instance, seabass females did not spawn spontaneously in 2m3 tanks (Fornies et al.,
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2001). On the other hand, cod eggs were collected in 1.2 and 3.5m3 tanks (Trippel,
1998; Trippel et al., 2000; Ouellet et al., 2001). In this work, one hundred and thirty one
spontaneous spawns of pollack were collected in small volume tanks (2m3). Fecundity
observed in 2m3 tanks was closed to that reported in a 15m3 tank (Suquet et al., 1996),
indicating a good adaptation of pollack to these small volumes.
Fish species ovulate over a limited temperature range. This temperature
“window” was suggested to be conducive to larval survival (Bye, 1984). Increasing
water temperature from 8 to 12°C decreased the number of ovulating female pollack. A
similar decrease is reported in other fish species: the percentage of ovulating rainbow
trout (Oncorhynchus mykiss) decreased above 15°C (Pankhurst et al., 1996). 57% of
Atlantic salmon (Salmo salar) ovulated at 13-14°C, compared to 98% at 5-7°C
(Taranger and Hansen, 1993). In cod, the percentage of ovulating females was higher at
8°C (89%), than at 12°C (75%) and at 15°C (77%) (Johansen et al., 1999). However,
this result was observed in Northeast Arctic cod but not in coastal cod, reflecting
different requirements to environmental conditions between strains. Seabass failed to
spawn spontaneously unless water temperature was reduced below 16°C (Carillo et al.,
1993). In these different species, it was suggested that ovulation could be altered or
prevented under temperature conditions detrimental to gamete survival.
The spring spawning grounds of pollack extend from Norway to Portugal at
depths ranging from 0 to 150 m (Quéro and Vayne, 1997) which encompass a
temperature range of 9-13°C during the spawning period (Maillard, 1986; Levitus and
Boyer, 1994). These values are in the same range of those used in the present work..
Increasing temperature from 8°C to 12°C had a negative impact on pollack
spawning performance since it significantly decreased the total number of eggs by 96%
and the number of viable eggs by 98%. Compared to temperatures of 5-7°C, a 33 to
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40% decrease of total egg production was reported in Atlantic halibut maintained at
temperatures ranging from 4 to 11°C (Brown et al., 1995). Egg production of rainbow
trout was similar between 9 and 15°C but significantly decreased at 18°C and 21°C
(Pankhurst et al., 1996). In this species, the decrease of egg production and the
observation of atretic oocytes suggest a partial ovulation, associated with elevated
temperatures.
The fertilization percentage of pollack eggs was not significantly affected by
water temperature in the range of 8 to 12°C. According to these results, the fertilization
rates of wolffish eggs were not significantly different between groups of females
maintained at 4, 8 or 12°C throughout the spawning season (Tveiten et al., 2001). When
incubated at a common temperature of 10°C, a higher hatching percentage and
malformation percentage of pollack larvae were observed when breeders were kept at
8°C compared to 10°C which resulted in a higher production of good quality larvae at
8°C. Compared to 6°C, the hatching rate of Atlantic halibut eggs was lowered when
breeders were maintained at water temperature exceeding 8°C (Brown et al., 1995). A
30 to 50% reduction of fertilization percentage and an increase in deformities
percentage was reported in cod when water temperature exceeded 10°C in the spawning
tank (Van der Meeren and Ivannikov, 2001). When incubated at a common temperature
of 11°C, egg survival to the eyed stage was significantly lower in rainbow trout breeders
subjected to 18 and 21°C than results observed for fish kept at 9, 12 and 15°C
(Pankhurst et al., 1996). In pollack as in these different fish species, these observations
show that temperature experienced by breeders during ovulation can have long term
effects on embryo development.
The mean diameter of pollack eggs (1184±54µm) observed in this study was
close to the value reported by Hislop and Bell (1987) in this species (1160µm). As
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recorded in numerous fish species (Brooks et al., 1997), a significant decrease in egg
diameter with spawning date was observed in pollack. A similar decrease is especially
reported in other Gadoids such as cod (Trippel, 1998) and haddock (Trippel et al.,
2000). Similar to observations carried out in wollfish (Tveiten et al., 2001), temperature
experienced by pollack breeders during the spawning period had no influence on egg
diameter. On the contrary, significant differences were reported in wollfish egg
diameter submitted to different temperatures during the vitellogeneis (Tveiten and
Johnsen., 1999), suggesting the effect of temperature on yolk deposition during this
phase but also the different effects of temperature when applied during different phases
of the reproductive cycle. As observed in cod (Ouellet et al, 2001), the diameter
decrease of pollack eggs with time was not associated with significant changes of
hatching percentage.
In conclusion, temperatures experienced by pollack breeders during the
spawning period deeply affect reproduction in terms of number of spawning females,
duration of the spawning period, number of spawns collected, total and viable egg
output, and hatching and malformation percentages of larvae. The very low spawning
performances recorded at 12°C suggest that this value is close to the temperature
reproduction upper range of pollack. Further investigations are needed to describe
physiological mechanims mediating these effects. A better understanding of the effect
of temperature on the reproductive function in pollack but also in other fish species
would be helpful both for aquaculture and the study of fish recruitment.
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Table 1. Effect of water temperatures on spawn duration and frequency (different letters superscripts indicate significant differencies among
means).
Parameter

8°C

10°C

12°C

P

Duration of the spawning period (days)

65.3±0.6a

42.3±11.8b

47.0±1.4b

0.05

Spawn number

23.3±2.5a

17.3±10.1a

3.0±3.6b

0.05

Egg number (x103.kg-1B.W.)

599612±249545a 323230±136796a 26068±35989b 0.01

Viable egg number (x103.kg-1B.W.)

192034±145870a 56479±19614ab

4175±7167b

0.05

Fertilization rate (%)

28.7±19.8

16.0±0.6

7.6±10.3

N.S.

Hatching rate (%)

35.8±8.5

9.8±8.0

*

0.05

Malformation rate (%)

7.3±1.4

2.3±1.8

*

0.05

* because of the low number of spawn collected at 12°C, hatching and malformation percentages are only presented for 8 and 10°C.
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Fig. 1. Changes with time of individual egg production and fertilization percentage in response to exposure to different water temperatures
(
:egg number,
: fertilization percentage).
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