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Abstract:  Biometric relationship between bone dimensions and body size are presented for non-native 

gibel carp and native black sea roach in Iznik Lake, Turkey. Regressions of the data were 
highly significant, with coefficients variation of the determination > 89% in most of cases. 
Non-linear and linear functions provided the best fit for black sea roach and gibel carp, respec-
tively. The maximum values of relative errors of different structure’s measures for black sea 
roach were considerably higher than those of in gibel carp. Such information facilitates the as-
sessment of the potential role of these fish species in the diet of piscivorous fauna. 
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Introduction 
Identification and analysis of the size and 

composition of prey taken by piscivorous 
predators assists in the further understanding of 
the ecology of piscivorous fauna (Mann and 
Beaumont, 1980; Hansel et al., 1988; Copp and 
Roche, 2003). Various methods developed for 
estimating the proportion of prey that ex-
pressed as biomass is usually considered as 
most closely quantifying actual diet compo-
sition (Bekker and Nolet, 1990; Pierce and 
Boyle, 1991; Prenda and Granado – Lorencio, 
1992). This requires an estimation of the num-
ber of individual prey items taken, as well as 
their length and weight; both usually back-cal-
culated from regressions based on the meas-
urements of species-specific (diagnostic) bones 
found in the feces or gut. Such data not only 
help to identify possible species or size prefer-
ences within the diet, but also help to identify 
preferred foraging sites or habitats, which is 
important, when the fish is considered as an 
economic value. 

Non-native gibel carp Carassius gibelio 
(Bloch, 1782) and native black sea roach 
Rutilus frisii (Nordmann, 1840) may be poten-
tial prey for native species in Turkey. Gibel 
carp was introduced to Turkish waters in the 
late 1980’s (Baran and Ongan, 1988) where 
they have developed extensive populations 
(Özuluğ et al., 2004; Gaygusuz et al., 2007). 
Gibel carp was first reported in Iznik Lake in 
2004 (Gaygusuz et al., 2005) with increasing 
density and recognized as dominant prey spe-
cies for water snakes (Acıpınar et al., 2006), 
and water birds (unpublished data) in the lake. 
Increasing abundance of gibel carp would af-
fect the population status of black sea roach 
and other native fish species in the lake as 
similar reports elsewhere in Turkey showed 
similar patterns (Şaşı and Balık, 2003; Balık et 
al., 2003, 2004; Gaygusuz et al., 2007). These 
reports have emphasized that it is necessary to 
identify these two species as part of the native 
predators’ diet. 

Therefore, the aim of the study was to 
elaborate the biometric relationships between 
bone dimensions and body size of gibel carp 
and black sea roach. Head and spin bones of 

fish are particularly useful for identifying the 
size and composition of prey species from the 
food remains of predators, as they withstand 
digestion and are taxonomically valuable 
(Copp and Kováč, 2003). 

Materials and Methods 
Specimens of gibel carp and black sea 

roach were collected from Iznik Lake between 
October 2003 and September 2004 using gill-
netting and beach-seine. When the fish were 
brought to the laboratory, the fish were meas-
ured for total length (TL) as millimeter (mm) 
and for weight as gram (g), which are given in 
Table 1 and 2. After that the fish were frozen 
for later analysis.  

Fish were boiled in water until flesh was 
easily detached, after which the bones were left 
to air dry. Replicate measurements were taken 
to examine the relationships between bone 
dimensions and body size of fish, (to the near-
est 0.01 mm).  The bones were used a digital 
caliper from both the left and right sides, 
which was taken five measurements of the 
pharyngeal bone, six measurements of the 
opercula, four measurements of the cleithra, 
and one measurement of the anal and dorsal 
spines (Fig. 1). 

Linear (y = ax + b) and non-linear (y = axb, 
power model) regression equations and analy-
sis of variance (ANOVA), where y = TL, were 
fitted to determine what equations best de-
scribed the relationships between fish size and 
bone dimensions. Relationships with the high-
est coefficient variation of determination (r2) 
were adopted as the best predictor (Zar, 1999). 
To test whether left and right side provided 
similar results, the linear and non-linear re-
gression were calculated for all measurements, 
respectively. Data for left and right sides of a 
measure were pooled according to Analysis of 
Co-variance (Zar, 1999). The measurements 
providing the most accurate estimates of the 
back-calculated lengths were determined by 
calculating the confidence limits (95%) and 
then comparing the maximum values of rela-
tive error (confidence limit/calculated length) 
between measures (Radke et al., 2000). 
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Table 1. Maximum and minimum and mean values of length of R. frisii and C. gibelio from Iznik Lake.  
 

Total Length (mm) Minimum-Maximum n Mean S. E. 

Rutilus frisii   60 – 397 148 220 5.42 

Carassius gibelio 108 - 302 134 167 3,84 
S.E: Standard errors, n: sample number 
 
 
Table 2.  Maximum and minimum and mean values of weight of R. frisii and C. gibelio from  

Iznik Lake.  
 

Weight (g) Minimum-Maximum n Mean S. E. 

Rutilus frisii   1.7 – 585.1 148 122.8 8.12 

Carassius gibelio 13.2 - 565.2 134 105.1 9.82 
S.E: Standard errors, n: sample number 
 

 

 
 

Figure 1. The measures of the bones for fish 
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Results and Discussion 
The bones were generally sturdy in gibel 

carp and more delicate in black sea roach. The 
left and right side measurements of all studied 
structures were pooled for gibel carp while 
only two measurements were analyzed sepa-
rately for black sea roach. Non-linear functions 
provided the best fit for black sea roach how-
ever, linear functions were most suitable for 
gibel carp. All regressions were highly signifi-
cant (P<0.001) and analysis of bone mor-
phometric parameters versus TL showed that 

the regression model explained more than 89% 
of the variance in both species (Table 3 and 4). 
The maximum values of relative errors of dif-
ferent structure’s measures for black sea roach 
were considerably higher than those of in gibel 
carp (Table 3 and 4). Measurements and 
structures studied within gibel carp did not 
show significant differences (P>0.001) (Table 
4). Nevertheless, measurements in cleithrum 
had significantly lower maximum relative er-
rors as compared to pharyngeal and operculum 
bones of black sea roach (Table 3).    

 

 

 

 

Table 3.  Regression statistics for power model (y = axb) relating measurements (mm) of bones (pharyngeal, 
operculum and cleithrum) to total length and percent relative errors of each structure for R. frisii. 
Coefficient of determination (r2) and number of data pairs in regression (n). 

Bones Measure Orientation Type of 
Regression a b r2 n Relative 

Error (%) 

Pharyngeal AB Pooled Non-linear 16.767 0.996 0.99 139 13.022 
 BD Pooled  Non-linear 26.802 0.969 0.97 142 13.275 
 CE Left Non-linear 29.098 1.002 0.96 142 12.733 
 CE Right Non-linear 28.863 0.964 0.95 139 23.576 
 DA Pooled Non-linear 21.749 0.895 0.98 142 12.191 
 BF Pooled  Non-linear 15.680 0.983 0.98 142 12.213 

Operculum A Pooled Non-linear 26.006 0.944 0.97 134 13.874 
 B Pooled  Non-linear 16.080 0.925 0.98 136 11.994 
 C Pooled Non-linear 14.367 0.962 0.99 136 11.336 
 D Pooled  Non-linear 14.140 0.970 0.99 133 10.954 
 E Pooled Non-linear 27.090 0.922 0.96 136 11.716 
 F Left Non-linear 14.630 1.040 0.98 131 15.161 
 F Right Non-linear 15.196 1.020 0.98 137 13.212 

Cleithrum A Pooled Non-linear 15.859 0.933 0.98 129 12.091 
 B Pooled  Non-linear 14.625 0.904 0.97 126   7.724 
 C Pooled Non-linear 10.702 0.942 0.98 126   7.374 
 D Pooled  Non-linear 26.388 0.863 0.96 125   7.842 
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Table 4.  Regression statistics for linear and non-linear functions relating measurements (mm) of bones 
(pharyngeal, operculum, cleithrum, dorsal and anal spin) to total length and percent relative errors 
of each structure for C. gibelio. Coefficient of determination (r2) and number of data pairs in re-
gression (n). 

Bones Measure Orientation Type of 
Regression a b r2 n Relative 

Error (%) 

Pharyngeal AB Pooled Linear 11.232   -9.491 0.95 127 5.126 
 BD Pooled Linear 21.522    9.929 0.91 126 4.829 
 CE Pooled Linear 38.658 -21.513 0.90 126 4.814 
 DA Pooled Linear 15.023 -10.460 0.95 126 5.118 
 BF Pooled Linear 11.478 -10.572 0.96 126 5.175 

Operculum A Pooled Linear 15.606    7.514 0.95 128 5.019 
 B Pooled Linear   8.701    3.268 0.96 130 5.261 
 C Pooled Linear   8.376    3.790 0.97 130 4.905 
 D Pooled Linear   7.453    4.003 0.97 128 4.959 
 E Pooled Linear   9.973    8.310 0.95 128 5.189 
 F Pooled Linear 13.443 - 6.455 0.93 130 4.781 

Cleithrum A Pooled Linear   7.375   4.229 0.97 126 5.231 
 B Pooled Linear 10.181 10.405 0.96 110 6.501 
 C Pooled Linear   5.247 10.074 0.98 110 5.941 
 D Pooled Linear 17.135 12.894 0.94 126 5.140 

Dorsal Spin A Pooled Non-linear   8.766   0.996 0.89 108 5.689 
Anal Spin B Pooled Linear   9.380 -16.578 0.90 122 5.543 

 
Linear functions were usually adequate to 

describe bone size-fish length relationships 
(Mann and Beaumont, 1980; Hansel et al., 
1988; Prenda and Granado-Lorencio, 1992), 
although some authors found that curvilinear 
relationships provided the best fit for some 
fishes (Newsome, 1977; Radke et al., 2000) 
which is agreement with the present study. Left 
and right measurements of the some bone 
structures do not always provide the same es-
timate of prey fish length (Raczynski and 
Szuba, 1997), thus the pooling left and right 
measurements should be undertaken after ade-
quate statistical analysis (Radke et al., 2000; 
Copp and Kováč, 2003). In the present study, 
left and right measurements were mostly 
pooled for the analyzed structures according to 
statistical examinations.  

The data for cleithra, opercula, dorsal and 
anal spins could not be compared with those 
from the literature due to differences in the 
models and lengths used. However, the ob-
served relationships between pharyngeal bone 
length and TL for gibel carp, (Table 3 and 4) 
are similar to those reported by Radke et al. 
(2000). This suggests that the relationship be-
tween bone size and body length are relatively 
constant within species across geographical 
ranges (Copp and Kováč, 2003).  

Problems might occur when the bones used 
to estimate the length and weight of fish taken 
as prey. The influence of the digestive process 
and the drying of the bones in preparation for 
examination may inflict bias in terms of bone 
disfiguration (Britton and Shepherd, 2005). 
Use of hard structures may also bias data on 
food habits by favoring larger over smaller 
prey fish because their bones may be more 
resistant to digestion (Hansel et al., 1988). 
These factors may play a role when consider-
ing the accuracy of estimates, which should 
probably be used as suggestive (rather than 
absolute measures) of prey size. 

Fish weight can also be estimated by two-
step procedures, first using a relationship be-
tween fish length and weight and then applying 
a fish length/fish weight equation. Data for 
length-weight relationships of fishes studied in 
the present study were given in Acıpınar 
(2005) and Tarkan et al. (2006). 

The use of biometric relationships to facili-
tate diet reconstruction is vital in ecology and 
vertebrate biology. The outputs of this study 
provide a tool for biometric relationships that 
enable estimation of length and weight using 
head and spine bones of gibel carp and black 
sea roach. This information should facilitate 
the assessment of the diet of piscivorous fauna 
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in Turkey, wherever potentially these gibel 
carp and black sea roach can be found. 
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