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 A population of Barbus grypus inhabiting for influence of maternal condition (total 

length, weight body and age class in years) and environmental factors (water 
temperature and salinity) on fecundity, egg size and net annual reproductive effort (ER, 

defined as the ratio of total egg production mass to body mass) within several stocks. 

Regardless of location within the Dalaki and Halle rivers, Barbus grypus reproduction 
was asynchronous, fecundity range was from 950 to 57400 eggs per female. As with LT 

fecundity increased with age, although the difference between other age classes. Egg 

diameter also increased with age from age 2 to 5 years, but then tended to decrease 
from age 5 to 6 years. Multiple stepwise regression was used to examine the effect of 

female LT, body weight, water temperature and salinity on Barbus grypus egg 

production for each of the five age classes (2, 3, 4, 5 and 6 years) separately. When 
statistically significant, water temperature always had positive effect on fecundity, egg 

size and ER. 
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INTRODUCTION 

 

 Many studies have shown phenotypic plasticity of reproductive traits among teleosts and have explained the 

variations by changes in maternal and environmental factors [2, 8, 9, 10, 11, 21, 22, 26, 31, 35]. Biotic 

homogenization through of invasive and the extinction of native species is now recognized as one of the main 

threats to biodiversity and ecosystem function, particularly in freshwater ecosystems. However, there are few 

studies on effects of salinity and temperature on Barbus grypus biology, but these effects studied on other 

species [1, 29]. Absolute fecundity increases with female body size [4, 20], whereas the effect of female age on 

fecundity is variable [47]. Egg size may be positively dependent on parental size, but parental age seems to be 

the main factor. Female fishes spawning for the first time tend to produce small eggs, whereas eggs produced 

during the second year are larger, and old spawners again lay smaller and lighter eggs [16, 20, 24]. Age and 

body size in fishes, however, are strongly correlated, so there is a need to clearly isolate the effects of body size 

and age class on both egg size and egg number. 

 According to the model of Smith and Fretwell [37] and Sargent et al. [36], egg number, not egg size, varies 

with the amount of resources available for reproduction, so each population tends to have a single optimal egg 

size. Bagenal [4] also assumed a positive relationship between egg size and juvenile size, and Einum and 

Fleming [13] demonstrated that brown trout Salmo trutta L. juveniles from large eggs were larger at emergence, 

providing them with a competitive advantage over siblings from small eggs, under certain environmental 

conditions. They also predicted, in agreement with Einum [12] and Jonsson et al. [19], a decrease in the optimal 

egg size with increasing environmental quality. 

 Among abiotic factors which are likely to act on egg production, water temperature has direct effects on the 

processes of oocyte maturation and spawning [21, 23, 35). Despite the complexity of the different ways by 

which temperature can affect annual and cumulative reproductive effort, defined as an organism’s investment in 

any act of reproduction, there is a general tendency for an increase in the amount of energy allocated to 

reproduction at higher temperatures [18]. 
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 Some authors demonstrated an influence of food ration on egg size [43], but most authors found no such 

relationship [20]. Faced with a reduction in food resources, fishes will tend to maintain egg quality at the 

expense of egg numbers. In such situations, competition between the female increases and egg production can 

be regulated by density dependent mechanisms. 

 

MATERIAL AND METHODS 

 

Study area: 

 The study was conducted in the Dalaki and Helle rivers in the southern of Iran (figure 1). This area was about 

150Km long, 5-60m wide and 30-300cm deep. 

 

 
 

Fig. 1: Location of the seven sites within the Dalaki and Helle rivers (Boushehr, Iran).  

 

Methodology: 

 Specimens were captured monthly between January 2006 and February 2007 using nets (10-30mm mesh 

size). They were frozen immediately and transported to the laboratory where, once thawed, total length (LT), total 

weight (W), gonad weight (Wg) and sex were recorded. Age was determined from microscopic examination of 

scales and operculum. Ten to fifteen scales from the left side of the body between the lateral line and dorsal fin 

were removed and mounted dry between two slides for binocular microscopic study. 

 Prior to dissection, each female was measured (LT) and weighed to the nearest 0.5mm and 0.01g, 

respectively. Female LT was considered to be a good descriptor of maternal condition: for a given age class, faster 

growth (larger females) was assumed to be due to comparatively more favorable environmental conditions. 

 To estimate fecundity, ovaries were removed from females, weighed, and then placed in Gilson fluid for a 

minimum of 3 weeks to harden eggs and dissolve ovarian membranes. Both ovaries were used to estimate the 

total number of eggs. All eggs >0.5mm in diameter were counted [39]. Average egg diameter was examined by 

measuring 30 eggs (chosen randomly) for each female. Measurements were made to the nearest 0.5mm with an 

ocular micrometer microscope. Eggs were spherical, hence diameter measurements approximate to true 

diameters. There are numerous ways in which to express reproductive effort [6, 20]. If the relationship between 

annual reproductive effort, in terms of egg number and egg size, and young survival [38], is considered, this net 

result of the reproductive effort is appropriate to evaluate the fitness of a female [41]. This net annual 

reproductive effort (ER) is expressed as the ratio of total egg mass (ME) to somatic body mass (MS). For each 

female, ME was derived from the egg radius estimated for each measured egg, considering their form to be 

spherical and their density (d) to be 1.091 [20], from ME = 1.33πR
3
 dN, where N= total number of eggs. 

 Chang in ovarian content is linked both to the direct accumulation of protein and lipid within the ovary and 

to their transfer from the somatic body during previous growth periods [20]. The environmental conditions (water 

temperature and salinity) with a reproductive period at each site was therefore defined as being the mean 

temperature and salinity recorded at each sites during cached period (14 months). 

 

Statistical analysis: 

 Relationships between fecundity, egg diameter, reproductive effort and female LT were tested using simple 

linear regressions. To test the null hypothesis of significant differences in the three biological variables among 

age classes, ANOVA and Bonferroni tests for unplanned comparison [40] were used. The effects of female LT, 

water temperature and water salinity on fecundity, egg diameter and reproductive effort were tested using 
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stepwise multilinear regression analysis. Variable selection during the stepwise procedure was based on the 

Aquaike information criteria (Aic) [17]. Analysis was performed separately for the females of each age class. The 

individuals of age classes 5, 6 and 7 years were grouped to have a number of individuals at least equal to 30. All 

statistics were computed using systat
®
9.0 software. 

 

Results: 

Enviromental variabeles: 

 Mean annual discharges during 14 month (2006-2007) studied and the station number 7 had highest 

discharge (25-120 m
3
s

-1
). The station number 7 exhibited the highest mean water temperature and salinity 

recorded during study period (23.8 °C , 25.6ppm), whereas the stations number 1 and number 2 were lower most 

temperature and salinity (21 °C, 3.2ppm). The station number 7 showed a river depth (2m) and width (38m) 

greater than other stations (0.5-1.2m and 12-35m respectively). 
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Fig. 2: Monthly average water temperature from January 2006 to February 2007 in the seven study sites (see  

Fig. 1): Site 1(♦), Site 2(■), Site 3(▲), Site 4(ҳ), Site 5(*), Site 6() and Site 7(+) 

 
Table 1: Site characteristics within each of the seven locations studied in the Dalaki and Helle rivers. 

Site characteristics 1 2 3 4 5 6 7 

Elevation (m) 165 95 80 65 45 15 3 

Mean river width (m) 12 12.5 15 16 28 35 38 

Mean river depth (m) 0.5 0.5 0.68 0.88 1.2 2 2 

Mean water temperature (°C) 21 21.6 22 22.2 22.8 23.7 23.8 

Mean air temperature (°C) 24 24.6 25 25 25.4 25.6 25.6 

Salinity (ppm) 3.2 3.2 3.9 4.2 4.6 5.6 6.4 
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Fig. 3: Monthly average water salinity from January 2006 to February 2007 in the seven study sites (see Fig. 1):  

Site 1(♦), Site 2(■), Site 3(▲), Site 4(ҳ), Site 5(*), Site 6(●) and Site 7(+) 
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Gonad development and egg size: 

 Females spawned in May to July in the stations number 1, 2, 3 and 4, and in early May to late June in the 

stations number 5, 6 and 7. Gonad maturation followed a similar pattern in the stations number 1, 2 and 3, and in 

the other stations were similar. Frequency histograms of ripe oocyte sizes showed a single spawning mode 

(Figure 4) indicating that females of 1, 2 and 3 stations laid all their eggs during the same period, but other 

stations showed tow spawning mode. 

 

General relationships between fecundity, egg size, reproductive effort and female total length: 

 Among actively reproducing Barbus grypus females, maximum age, LT mass were respectively 7 years, 

615mm and 1251g (station number 3). Whereas the smallest gravid female was 2 years, 98mm and 10.73g 

(station number 5). Fecundity ranged from 950 to 57400 and was significantly correlated with LT (r=0.911, 

P<0.0001). Egg diameter ranged from 0.837 to 1.943mm but this correlation was lower than for fecundity 

(r=0.134, P<0.05). ER varied between 3.164 to 328.310. The correlation with LT was significant but weak  

(r=0.160, P<0.01). 

 

 
 

Fig. 4: Egg-diameter frequency distributions of ripening female Barbus grypus from (a) site 1, (b) site 2, (c) site  

3, (d) site 4, (e) site 5, (f) site 6, (g) site 7, (h) all sites 

 

 
 

Fig. 5: Relationships between fecundity, egg diameter and total length (In scale) [age classes: 2(ҳ), 3(+), 4(●),  

5(▲), 6(◄),]. The curves were fitted by (fecundity- total length) y= -5.583+2.549x (r
2
=0.829,  

P<0.0001) and (egg diameter-total length) y= -0.010+0.054x (r
2
=0.134, P<0.05) 

 

Relationships with age class: 

 Conferring tests showed that female LT increased significantly between age classes, except between age 

classes 5 and 6 years (Table 2). Mean fecundity mainly increased from age classes 2 to 5 years {from 7.747 to 

10.269 (In scale)}. Mean egg diameter demonstrated a similar pattern with an increase between age classes 2 

and 4 {0.272-0.296 (In scale)}, and value close to 0.346 for the oldest females. Young females (age 2, 3 and 4 
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years) had smaller ER than age class 5 year and similar to egg diameter, age class 6 years females had a lower 

mean ER.  

 When pooling all age classes (Table 3), fecundity, egg diameter and ER were positively correlated with 

temperature, body weight and LT. Salinity only negatively affected fecundity. 

 When considering each of age classes separately, multiple stepwise regression analysis also indicated that 

temperature affected ER for all age classes and fecundity except age class 4 year (Table 3). LT had a positive 

effect on fecundity, egg diameter and ER for 4 year-old fish. Fecundity was positively related to temperature and 

body weight for age classes 2 and 3 years. Egg diameter was affected by temperature for age classes 3 and 4 

years. For ER, all age classes were positively affected by temperature (Table 3). 

 
Table 2: Bonferroni results for the test of significant differences in total length, fecundity, egg diameter and net annual reproductive effort  

(ER) among age classes of Barbus grypus from the Dalaki and Helle rivers. Mean values with the same superscript (a, b) do not  

differ significantly (P>0.001).  

Age group (years) (n) Mean ±S. E. In LT (mm) Mean ±S. E. In 

fecundity 

Mean ±S. E. In egg 

diameter (mm) 

Mean ±S. E. In ER 

2 (83) 5.189±0.202a 7.747±0.724a 0.295±0.160a 3.877±0.789a 

3 (118) 5.498±0.086b 8.347±0.420b 0.272±0.155a 4.048±0.698b 

4 (26) 5.841±0.089c 9.108±0.503c 0.291±0.149a 4.008±0.833b 

5 (30) 6.130±0.055d 10.269±0.462d 0.346±0.103a 6.130±0.055c 

6 (27) 6.286±0.045d 10.420±0.589d 0.308±0.152a 4.272±0.686d 

 

Table 3: Multiple stepwise linear regression of fecundity, egg diameter, net annual reproductive effort (ER) and total length, water  
temperature, weight body, water salinity for each of the four age classes (2, 3, 4, and 5-7 years) 

 All ages 2 years 3years 4 years 5-7 years 

Fecundity      

R2 0.869*** 0.801*** 0.284*** 0.247*** 0.172*** 

N 283 83 118 26 56 

Intercept -15.617*** -90.929*** -8.639*** -6.764*** 10.338*** 

LT NS NS NS 2.710*** -1.469* 

Weight 1.067**** 0.965**** 1.337**** NS 1.383*** 

Salinity -0.700* -1.255* NS NS NS 

Temperature 6.400*** 8.538** 3.391**** NS NS 

Egg diameter      

R2 0.363*** 0.410*** 0.330*** 0.653*** 0.603*** 

N 264 83 110 24 47 

Intercept -7.038*** -0.864*** -6.666*** -6.323*** -7.259*** 

LT NS NS NS 1.434**** NS 

Weight 0.055**** 0.075**** NS -0.323*** 0.351**** 

Salinity NS 0.512**** NS NS NS 

Temperature 2.260**** 0.699**** 2.227**** 2.618*** NS 

ER 
     

R2 0.233*** 0.198*** 0.220*** 0.414*** 0.174*** 

N 282 83 118 26 55 

Intercept -25.857*** -30.317*** -25.90*** -25.199*** -19.677*** 

LT NS NS NS 0.908*** NS 

Weight 0.237**** NS NS NS NS 

Salinity NS NS NS NS NS 

Temperature 9.193**** 10.920**** 9.562**** 7.691**** 7.710*** 

 

Discussion: 

 Fecundity of Barbs grypus within the Helle and Dalaki rivers varied between 950 and 57400 eggs per fish, 

corresponding to a range of 210-692mm LT. This result is approximately in agreement with values obtained 

previously by other authors; Tigris and Euphrates rivers, 2500-90000 oocyte per female for a range 580-810mm 

LT [25]. Karkhe river, 800-44200 oocyte per female for a range 235-584mm LT [30]. Regardless location 

reproduction of Barbus grypus to be relatively asynchronous.  

 Fecundity also increased with age, even if the difference between age classes 5 and 6 years was less than 

between other age classes. In contrast, age diameter only increased with age after 4 years. This results 

approximately in agreement with values obtained previously by other authors [30], they showed that a positive 

correlation was between fecundity and age for Barbus grypus [25]. Similar patterns have been described for 

several cyprinids and salmonids [20]. These studies showed that female fishes spawning for the first time 

produce the smallest eggs. Egg diameter increased clearly between fiftieth and sixtieth spawning. 

 Multiple stepwise regressions allowed the effect of the maternal condition (LT and Body weight), water 

temperature and water salinity on Barbus grypus egg production for each of the age classes to be examined.  

 There is a widespread trend for fecundity in fishes to be positively correlated with length. But for Barbus 

grypus this trend remains consistent when considering fecundity and body weight relationships separately for 

each age classes. But for LT this correlation remains for 4 years. A positive parental effect (LT and body weight 
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in the present study) on egg size has been observed in many studies on various groups of animals, and especially 

for fishes [20]. Other authors, however, did not find any increase of egg size with parental size, and Kamler [20] 

suggested that female body size may result from age differences. Here a positive effect of LT and body weight 

exclusively among females reaching maturity was observed, which is in agreement with previous studies on 

Barbus grypus, Barbus sharpeyi and Barbus xanthopterus [25] and Cyprinus carpio L. [20, 37, 48]. For females 

reaching reproductive maturity, better environmental and fitness conditions, i.e. better growth during the 

juvenile period, could lead to large egg size and better juvenile survival, assuming a positive relationship 

between egg size and larval size and survival [4]. As for egg diameter, it can also be hypothesized, as a 

proximate cause, which, for 2 year-old female, their capacity to transfer protein and lipids from the somatic 

body to the oocyte in maturation will be limited by smaller body size. Similarly, several authors observed that, 

in conditions of limited food availability, juvenile growth is too weak so the first year of reproduction is omitted 

to allow females to grow to a minimal adequate body weight. 

 For females of average age (2-3 years old), egg size was independent of parental size, which agree with the 

hypothesis that there should be an optimal egg size for given environment [38, 41]. There was still considerable 

variation, however, in egg diameter within and between females collected at the same site for the same months. 

This variability is mainly related to the position of the egg relative to blood vessels in the female ovary [20], 

McGinley et al. [27] proposed that, in relation to temporal variation in environmental conditions, intra-female 

variation in offspring size may be optimal for the mother’s fitness; by decreasing competitive intensity between 

juveniles. But this hypothesis remains controversial, and Einum and Fleming [14] observed that maternally 

induced heterogeneity through variation in egg size does not influence competitive intensity among sibling 

Atlantic salmon Salmo salar. We found that at the start of reproductive season, females from brackish waters 

increased reproductive effort and had larger GSI and brood sizes. Our results are similar to those reported by 

Stearns and Sage [42] and Brown-Peterson and Peterson [5] and Alcarez and Garcia-Berthou [7], the only 

similar previous studies. Both males and females of the Poeciliid Poecilia latipinna grew faster and matured 

earlier in relatively salty water [45], and environmental factors had a more pronounced influence on females 

than on males [7, 44], we observed for Barbus grypus. Similarly, the fecundity and GSI values for both males 

and females of Caspian roach (Rutilus rutilus caspicus) [28] were greater in saline habitats than in fresh water; 

while in environments with high salinity the black-chinned tilapia (Sarotherodon melanotheron) and the bonga 

shad (Ethmalosa fimbriata) reduced size-at-maturity and increased fecundity [32, 33]. Therefore, the pattern of 

increased reproductive investment with salinity seems widespread among euryhaline fish. 

 Temperature had a positive effect on fecundity for all age classes, except for the oldest female. Evidence of 

increased fecundity with increased temperature has been given by various authors [47]. The results also tend to 

demonstrate a positive effect of temperature on egg size except for youngest females (2 years old). As for other 

developmental stages, however, temperature in generally recognized as having a negative effect on egg size [3]. 

But, even if this tendency in widespread and consistent, a clear functional explanation is always [15, 34]. Some 

authors argued that because of the relationship between metabolic rate and size, higher temperatures will 

accelerate development but given smaller egg size [36, 46].  

 The response ER to LT, water temperature, body weight and salinity summarizes that influence of these 

factors on the capacity of Barbus grypus to produce eggs, in terms of both quality and quantity. The ER, here 

defined as the ratio of total egg mass to body mass, is always positively affected by water temperature, in 

accordance with the results with egg size and numbers. Previous authors have also demonstrated experimentally 

such an increase in the amount of energy allocated to reproduction at higher temperature [18]. The ways in 

which temperature ultimately affect reproduction, however, remain complex [20]. Maternal LT had positive 

influences on ER of young fish (2 years), no effect on oldest females. 

 Abdoli et al. [1] described similar results for old spawners in Cottus gobio. This demonstrates that parental 

size is important for females just reaching maturity. This result needs to be confirmed by experimental studies 

but they demonstrate the interest of Barbus grypus as a model for population dynamics studies. 
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