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Abstract. Eurasian perch (Perca fluviatilis) is a promising new candidate species for inland aquaculture. 

However, the development of its reproductive system is largely influenced by water temperature in 

certain periods. The present study aimed to elucidate the annual reproductive cycle of Eurasian perch, at 

different water temperature profiles, more than one century since its introduction from a colder 

environment in Europe to a warmer place, in Western Australia. Female fish (mean body weight of 

133±43 g and total length of 175±9 mm) were caught monthly from colder temperatures in Manjimup 

(34°11’08.97” S, 116°04’18.09” E), and compared every two-months with samples from a warmer 

temperature in Gingin (31°20”05.53” S, 115°46’20.51” E) and in the Curtin Aquatic laboratory, Bentley 

(31°59’38.26” S, 115°53’18.09” E) for a period of one year. From the sampled fish, the gonadosomatic 

index (GSI) was calculated and oocyte diameters (OD) were measured. The results showed that the 

gonad development of the colder temperature population commenced in May and spawning lasted until 

October. However, no gonadal development and spawning were observed in warmer temperatures either 

in ponds or in tank populations. Even if redfin perch has been adapted to Western Australia’s 

environment for a long time, it could not breed naturally in warmer temperatures. 
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Introduction. The Eurasian perch or English perch or more popularly called a redfin 
perch in Australia, Perca fluviatilis (Hoese et al 2006), is originally from northern Europe 

(Morgan et al 2002) but was introduced into Tasmania in 1862, to Victoria in 1868 
(Hoese et al 2006), and to Western Australia during the 1890s (Weatherley 1977). In 

Western Australia, Eurasian perch is commonly found in Donnelly and Warren River 
systems in the Manjimup area (Morgan et al 2002) and is considered good for sporting 

and meat consumption (Allen 1982). Mature adults commonly reach 400-450 mm in total 

length and 1-2 kg in weight (McDowall 1980). Its success in adapting to the Australian 
environment is attributed to its ability to reach early maturation, broad environmental 

and habitat tolerances, and the absence of predators (Morgan et al 2002). Gonadal 
development is initiated in late summer, with peak spawning between August and 

September. Males and females attain earlier maturity than reported for most Northern 
Hemisphere populations which is the result of their adaptation to a warmer climate 

(Morgan et al 2002). 
Seasonal spawning behavior is common for temperate fish species (Bromage et al 

2001) which can halt the production of its seed. Similarly, the reproductive cycle of the 

Eurasian perch needs to be controlled and confined to a season, to manage its spread 
under natural conditions and maintain its seed production, when required,under farming 

conditions (Migaud et al 2002; Migaud et al 2004; Migaud 2006; Wang et al 2006). The 
decreased temperature and the photoperiod are the two most important environmental 

factors that affect the reproductive induction in Eurasian perch (Wang et al 2006). 
Further, this species has successfully adapted to much higher temperatures 

(Weatherley & Lake 1967) for more than a century since its introduction into Australian 
waters. Therefore, the reproductive cycle and growth performance of the species in 

Australian waters may differ from European populations. The species has also been 

considered a promising new candidate species for inland aquaculture (Fontaine et al 
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1996; Kestemont 1996) due to its positive attributes such as its possibility to be weaned 

onto dry artificial diets (Kestemont et al 1996), cultural possibilities in a variety of 
production systems, for example, floating net cages, recirculating tanks and flow through 

systems (Fontaine et al 1997) and tolerance to high stocking densities.  
 The peak spawning season of the species in Western Australia is estimated 

between August and September while in the northern hemisphere, it occurs between 

March and July (Morgan et al 2002). Further details about the reproductive biology of the 
Eurasian perch in Western Australia are necessary to manage its natural population in the 

wild and support the seed production techniques for its aquaculture development. The 
present study aimed to compare the reproductive biology between colder and warmer 

temperature populations of female Eurasian perch in Western Australia.  
  

Material and Method. This experiment was approved by the Animal Ethics Committee 
of Curtin University (approval number AEC_2011_70) and performed according to the 

Australian Code of Practice for the care and use of animals for scientific purposes. 

 
Fish sampling. Two groups of female fish were collected from Manjimup, at 

34°11’08.97” S, 116°04’18.09” E, and stocked into a 1,000 m2 pond (depth 0.5-1.5 m) 
in Gingin, at 31°20”05.53” S, 115°46’20.51” E (ponds population), and another group 

was held in two 5000 L fiberglass tanks at Curtin Aquaculture Research Laboratory in 
(CARL) Bentley, at 31°59’38.26” S, 115°53’18.09” E (tanks population), Western 

Australia, two months before the commencement of the trial in 2012. The pond 
population was fed on natural food available in the pond while tank populations fed once 

every two days with fresh prawns, Metapenaeus monoceros. The rearing tanks were set 

as semi-close recirculating systems equipped with gentle aeration. The tanks were 
cleaned once every week. Another group of female fish was caught monthly from natural 

waters in Manjimup, Western Australia, at 34°11’08.97” S, 116°04’18.09” E (wild 
population), and compared every two-months with samples from all pond and tank 

populations. The wild population of Eurasian perch from Manjimup waters was sampled 
monthly with hook and lines, from January to December 2012 where pond and tank 

populations were sampled once every two months. At least three female fish were 
sampled at each sampling time for reproductive examination. After the fish were caught, 

the total length (TL) and weight (W) of each fish were measured to the nearest 

millimeter and 0.1 g, respectively. 
 

Natural temperature and day length of sampling sites. Water temperatures at four 
sampling sites , in the wild and in confined waters (pond and tank), were recorded using 

a temperature data logger (Onset HOBO). Day lengths for the wild population were 
gathered from the day-length records of Albany, Western Australia, and for the pond 

population, based on the day length data records from the Perth region 
(http://wwwtimeanddate.com). 

 

Gonadal maturity stage. The sex of each fish was confirmed to be female after 
performing dissections on them; the gonads were removed, weighed to the nearest 

milligram, and their maturity was determined following the characteristics, as described 
by Laevestu (1965). Based on the developmental stages of the gonads, they were 

grouped into various stages such as stage I, virgin; stage II, maturing virgin or 
recovering spent; stage III, developing; stage IV, developed; stage V, mature or gravid; 

stage VI, spawning; stage VII, spent; and stage VIII, resting. The stages of gonadal 
maturity were based on the most developed oocytes (West 1990). The gonadosomatic 

index (GSI) was calculated as follows:  

 
GSI=(GW × 100)/BW, where GW is the weight of the eggs (g) and BW is the weight of 

the body. 
  

Statistical analysis. All quantitative data were expressed as means±SE (standard 
error). Statistical analysis of regularly analyzed GSI for each three populations was 
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performed using the SPSS with general linear model (GLM) procedures for unbalanced 

one-way analysis of variance (ANOVA) (IBM SPSS Statistic 22). The comparison of the 
maximum GSI and OD between the three populations was performed using one-way 

ANOVA. The mean differences between data were analyzed using the Tukey test. Before 
statistical analysis, inhomogeneous values were transformed, using a logarithmic or 

square-root transformation, to satisfy tests for normality and homogeneity of variances. 

Statistical analysis was applied to transformed data, but untransformed data was used to 
provide real measurements. Normality was tested by the Shapiro-Wilk test (sample size 

n<2,000). A few data were excluded from statistical analysis because of the abnormality 
of distribution, even after the logarithmic transformation of the data. The GSI of each 

population was also compared to the previously recorded GSI reported by (Morgan et al 
2002) using a one-sample t-test. The correlation between GSI and temperature or GSI 

and day length was calculated using the Pearson correlation method. An independent-
sample t-test was conducted to compare temperature and day length between 

populations. The minimum level of all significance was set at p<0.05. 

 
Results. The water temperature varied from 10°C in July to 29°C in January, from 11°C 

in July to 32°C in January, and from 16°C in July and 24°C in January for wild, pond and 
tank waters, respectively (Figure 1). The water temperature pattern of the wild and pond 

site followed a natural seasonal pattern, with higher temperatures recorded in mid-
summer (January) and lower temperatures recorded during mid-winter (July). The water 

temperature pattern in the tank deviated from the natural pattern above: higher 
temperatures occurred from late spring to mid-autumn and lower temperatures were 

recorded between mid-autumn and mid-winter. An independent-sample t-test conducted 

to compare temperature between populations showed that there was a significant 
difference (P<0.05) between wild and pond, between wild and tank, and between pond 

and tank. Like water temperature, day length also varied along the year during the 
experiment. The lowest day length recorded at 9.8 and 10.1 h for wild and pond 

populations, respectively, occurred in wintertime (June). From June, the day length 
increased during the rest of the year and reached the maximum in summer, 14.5 and 

14.2 h in December, for wild and pond populations, respectively (Figure 2). However, 
there were no significant differences (p>0.05) between the wild and the pond. 

The wild population was dominated by immature gonads (stages I and II) from 

January to March and gonad development (stage V) did not initiate until May (Figure 3). 
Mature gonads (stage V) were first observed in June, 60 % of the total, and increased to 

maximum values in July, when all fish were at the matured stage. The first spawning was 
detected in August and gonad stage VII (spent), which was evident from September to 

November, with a maximum contribution in September. During the rest of the year 
(October to December), similar to the period from January to March, gonadal stages I 

and II dominated.  
The gonads of the wild population (mean TL 219 mm) stayed undeveloped from 

January to February, with the mean GSI ranging between 0.6 and 0.7%. The GSI in this 

period had no significant (p>0.05) difference in monthly variations. However, the GSI 
showed a significant increase (p<0.05) each month from March to July when it reached 

the maximum value of 11.62±0.36%. Significant decreases in GSI (p<0.05) were 
observed in September and fell to the lowest value in October (0.5±0.06 %), when the 

gonad development cycle restarted (Figure 3).  
The onset of ovarian development occurred in April followed by the early deposit of 

yolk vesicle and endogenous vitellogenesis. This corresponds to a decrease in water 
temperature (Figure 4). The GSI is negatively correlated to temperature: the maximum 

GSI coincides with the minimum temperature during wintertime in July (Figure 4). August 

is the peak of the spawning season when water temperature starts rising. There was a 
significant negative relationship between GSI and temperature, r(10)=0.94, p=0.000, 

and also between GSI and day lengths r(10)=0.94, p=0.003 (Table 1). 
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Figure 1. Water temperature profile recorded in the wild (A), ponds (B), and captive 

tanks (C). Solid line: daily fluctuation of water temperature and solid circle: monthly 
mean water temperature. 

 
Like the wild population, the gonad maturation of ponds-stocked Eurasian perch 

steadily increases from January to July when all females reach their maximum stage of 

maturity. In January, all fish had immature gonads of stage I or II, and gonadal 
development started in March. However, no matured and higher gonadal stages nor 

spawned fish were observed during the experimental period. Following maturity 

development, the trends of GSIs of the ponds population of Eurasian perch increased 
sharply from January to July, where the maximum mean GSI reached 7.02±0.0%, which 

is significantly higher (p<0.05) than the other monthly GSIs (Figure 5). This increase 
coincided with the growth of the gonadal maturity, before a steep decrease through 

September, which in turn corresponds to the decrease of water temperature during 
winter (Figure 1 and Figure 5). The GSI is negatively correlated to temperature:the 

maximum GSI coincides with the minimum temperature during wintertime in July (Figure 
6). Like the wild population, there was a significant negative relationship between GSI 

and temperature, r(4)=0.92, p=0.008 as presented in Table 1. On the other hand, GSI 
and day length did not show any significant relationship r(10)=0.67, p=0.143 (Table 1). 
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Table 1 

Pearson correlation (r), between GSI and water temperature and between GSI and day 
length of wild, ponds, and tank populations of Eurasian perch  

 

Parameters Pearson correlation (r) df Significance 

Wild 

GSI vs temperature -0.857 10 0.000 

GSI vs day length -0.770 10 0.003 

Pond 

GSI vs temperature -0.927 4 0.008 

GSI vs day length -0.673 4 0.143 

Tank 

GSI vs temperature -0.843 4 0.035 

GSI vs day length -0.655 4 0.158 

 

Figure 2. Day-length profile recorded in the wild (red); ponds and captive tanks (blue). 

 

 
Figure 3. The monthly percentage contribution of different gonadal maturity stages for 
wild female Eurasian perch from Manjimup waters (the number of fish (above) and the 

variations in the gonadosomatic index (GSI) during an annual reproductive cycle 
(January-December) are also given for each month). 
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Figure 4. Mean gonadosomatic indices for wild female Eurasian perch from Manjimup 
waters showed an inverse relationship against water temperature during the year 2012. 

The monthly GSI with the same superscript was not significantly different (p<0.05).  

 
The pattern of gonad maturation of captive tank-reared Eurasian perch is like in the 

ponds-reared fish (Figure 6). Both ponds-reared and captive populations reached the 
maximum gonadal development at stage IV in July and then declined to stage III in 

September and November, without spawning. The difference was shown by the 
contribution of gonadal maturity in March and May, when all tank-reared fish reached 

stages III and IV, the pond-stocked females reached stages II, III, and IV. The highest 
GSIs of the captive population reached 8.02±0.03% in July (Figure 3B), while the lowest 

value (1.58±0.00%) was recorded in January. GSI increased steadily from January to 

July, coinciding with the growth of gonadal maturity, before a sudden decrease through 
September and November. There is a significant negative relationship between GSI and 

temperature, r(10)=0.84, p=0.035 (Figure 5). Similarly, GSI and day length also 
demonstrated a significantly negative relationship r(10)=0.65, p=0.158 (Figure 6). 

 

 
Figure 5. The bimonthly percentage contribution of different gonadal maturity stages and 

the variations in the Gonadosomatic Indices (GSI) for female Eurasian perch reared in 

ponds (3 samples bimonthly) during an annual reproductive cycle (January-November). 
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Figure 6. The mean gonadosomatic indices for female Eurasian perch reared in ponds 

showing an inverse relationship against water temperature during the year 2012. The 

GSI with the same superscript were not significantly different (p<0.05). 
 

Discussion. Eurasian perch, reared in indoor recirculated tanks showed that they can 
survive even if they are exposed to temperatures up to 32oC for several hours per day 

during a week, in the summer season. This could be the new level of temperature 
tolerance after their introduction to Western Australia. The spread of Eurasian perch is 

limited to the cooler, non-saline waters (Morgan et al 2002) of southern Western 
Australia mainly because of their inability to tolerate water temperatures of more than 

31oC (Weatherley & Lake 1967). The temperature plays an important role in the control 

of final gametic maturation, ovulation, and spawning (Pankhurst et al 1996). Despite the 
adaptation to the warm climate in Australia, the gonadal maturation pattern remained 

similar to freshwater species of the northern temperate hemisphere, where the females 
undergo significant ovarian development during winter (Brasfield et al  2013).  

The difference in temperature profiles (Figure 1) at different regions has led to 
different maturity stages and GSI of Eurasian perch (Figure 2 and Figure 3) during the 

year 2012. At lower temperatures and for a longer fish exposure to low temperatures 
during the winter months, a higher maturity stage and GSI are reached. The wild 

population of fish exposed to lower daily average temperatures (10-15oC) for more than 

three months (June-August) has reached higher gonadal maturity (at least stage VI) 
compared to the pond and tank populations which could only reach as high as stage IV. 

The temperature in ponds and tanks during winter (June-August) were 12-17oC and 16-
20oC respectively, which were probably too high and outside the favorable range for 

optimal gonad development of Eurasian perch. The gonad development and spawning 
success may be delayed at high temperatures for the fish that spawn naturally at low 

temperatures (Mylonas et al 2010), as occurred in rainbow trout, Orcorhynchus mykiss 
(Pankhurst et al 1996; Pankhurst & Thomas 1998). According to Lake (1967), supported 

by Thorpe (1977) and Gillet et al (1995), Eurasian perch require temperatures from 4 to 

14oC to spawn in its original European climate. The Eurasian perch had also been 
reported to spawn when temperatures increased from 10-11oC to 14-15oC (Sulistyo et al 

1998). This is quite similar to the spawning season in Big Broom Dam, down south of 
Western Australia, with temperatures between 11 to 15oC (Morgan et al 2002), which is 

comparable to the range found in this study for the wild population at Manjimup waters 
(11 to 16oC). Other temperate species that also show female gonadal development over 

the wintertime include the roach, Rutilus rutilus, bleak, Alburnus alburnus, white bream, 
Blicca bjoerkna (Rinchard & Kestemont 1996; Rinchard et al 1997) and chub, Leuciscus 

pyrenaicus (Encina & Granado-Lorencio 1997). 

In the Murray-Darling waters, Eurasian perch begin to spawn at temperatures of 
12oC (Weatherley & Lake 1967), which is similar to that in the Windermere population in 

England (Bagenal 1982; Le Cren 1951). Even if Lake (1967) suggested a possible 
disruption of egg development by high pre-spawning temperatures in Eastern Australia, 

Eurasian perch could still spawn at 15oC, and yellowfin perch, Perca flavescens (the 
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closely related species) can produce viable spawn over the ambient range of 3.9-18.6oC 

(Hokanson 1977). Following the development of the gonad maturity stage, the GSI 
grows; wild fish reached significantly higher GSI, 11.6%, compared to 7.0%, and 8.2% 

for pond and tank populations, respectively. The GSI of wild fish here is ready for 
spawning. However, in comparison to the maximum GSI, recorded by Morgan et al 

(2002) for the sample captured from Big Brook Dam, of 14%, the results in this study 

were significantly lower (p<0.05). The maximum GSI, reported by different studies on 
fish of European origins, was even higher (14-25%) compared to the GSI in this study 

(Jellyman 1980; Morgan et al 2002; Sulistyo et al 1998).  
Not only temperature, but photoperiod is also known as a key of success for 

Eurasian perch maturation and spawning (Bromage et al 2001). The combination of 
temperature and photoperiod in pond and tank populations did not support the 

development of gonads to the mature stage. The combination of the lowest temperature 
and the lowest day length could promote gonad maturity, which leads to spawn, as it 

occurs only in the wild population. According to Migaud et al (2002), in early spring 

spawners like percids, both variations of temperature and photoperiod are involved in the 
initiation of the reproductive cycle. The decrease of photoperiod from 14h in January to 

about only 10h in June succeeded in promoting spawning in the wild population. A high 
decrease in photoperiod (more than 4 h) is recommended to induce ovarian development 

and obtain out-of-season spawning in Eurasian perch (Abdulfatah et al 2011). The cycle 
of gonad development of female wild population Eurasian perch here was similar to the 

population from Big Broom Dam, but the development in gonad tissue was much lower 
than reported by Morgan et al (2002) and Sulistyo et al (1998), although still higher than 

in pike, Esox zucius L. (Treasurer 1990). This may be a feature of fish populations under 

severe climatic conditions.  
 

Conclusions. Even if the Eurasian perch has been adapted to Western Australia’s 
environment for a long period, it could not breed naturally in the pond and tank in Gingin 

and Bentley respectively. Therefore, an effort on environmental and hormonal 
manipulation of Eurasian brood stock may need to be performed to attain oocyte 

maturation and spawn in respective environments. 
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