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Summary 

Morphometric-based condition indices are widely used to assess proximate body 

composition and collaterally, feeding and living conditions of fish. However, the 

exact relationship between condition indices and proximate body composition of fish 
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and its relatedness to life history traits and seasonality have not been fully explored 

yet. Therefore, the aim of this study was to examine how the Fulton’s condition 

factor (K-factor) is related to the chemical composition (i.e., lipid, protein, water and 

carbon content, and molar carbon: nitrogen ratio), length and gonadal development 

of fish, and how these relationships are influenced by gender and seasonality in three 

freshwater fish species: Amur sleeper (Perccottus glenii), pumpkinseed (Lepomis 

gibbosus) and rudd (Scardinius erythrophthalmus). We found that the strength and 

direction of association between the K-factor and proximate body composition can 

vary markedly among fish species. The K-factor correlated positively with gonadal 

development in pumpkinseed and Amur sleeper, while no such relationship existed 

in rudd. Condition factor can be a reliable measure of lipid content; however, the 

relationship was stronger in species with higher and more variable lipid contents. 

Moreover, we found striking and consistently negative linkage between the K-factor 

and water content of the fish body, which correspond with the findings of several 

other studies. In turn, we could not detect any relationship between the K-factor and 

protein content of fish. Gender seemed to exert negligible effect on the relationship 

between the K-factor and proximate body composition, while seasonal variance was 

obvious in most relationships. 



Introduction 

A number of direct and indirect indices provide simplified methods to assess the 

nutritional status and relative health of fishes. The direct indices (e.g., gonado-

somatic, hepatosomatic, visceral somatic index) may describe the life history traits, 

nutritional status and responses of fish to environmental effects (Brown and Murphy, 

2004). The commonly used indirect indices (e.g., condition factor, relative weight), 

also known as morphometric indices, are based on external measures of length–

weight relationships and their applicability arise from the assumption that a heavier 

fish of a given length has greater energy reserves and consequently is in better 

condition (Bolger and Connolly, 1989). One of the most frequently used 

morphometric indices is the Fulton’s condition factor (K-factor thereafter), expressed 

as the ratio of body mass and the cube of length (Nash et al., 2006). Several studies 

confirmed the strong positive relationship between the K-factor and total lipid 

content of fish (e.g., Herbinger and Friars, 1991; Chellappa et al., 1995) and assigned 

K-factor as a simple proxy of energy reserves in fish body.  

Lipid reserves are among the most important energy resources in fish bodies, 

playing an essential role in the health, growth, reproductive fitness and overwintering 

survival of individuals (Love, 1970; Hurst and Conover, 2003). In addition, the size 

of lipid storages affects the ability of fish to cope with different environmental 

stressors, such as parasites or extreme weather conditions (Fechhelm et al., 1995; 

Neff and Cargnelli, 2004). Thus, the reliable assessment of the lipid density in fish 

can be the keystone in various levels of ecological investigations. Besides the 

positive coupling between K-factor and lipid content of fish, Pangle and Sutton 

(2005) demonstrated that there is a strong linkage between K-factor, protein content 

and water content of fish. Other authors also reported the occurrence of the same 



trends between length-weight based morphometric indices and proximate 

composition of fish (Brown and Murphy, 1991; Sutton et al., 2000). In turn, some 

other studies reported no or very weak correlations between morphometric-based 

indices and lipid content of fish. For instance, Davidson and Marshall (2010) found 

that the K-factor cannot be used as an accurate measure of fat content in North Sea 

herring (Clupea harengus), while McPherson et al. (2011) studied the same species 

and reported weak relationship between K-factor and whole body fat content. Similar 

results were obtained in Atlantic salmons (Salmo salar) (Kardi et al., 1995) and 

muskellunges (Esox masquinongy) (Jonas et al., 1996). Finally, a preceding study on 

the intraspecific differences in the elemental composition of fish (Boros et al., 2012) 

revealed significantly negative correlation between total carbon content and K-factor 

of roach (Rutilus rutilus), a widespread cyprinid fish species in Europe. As lipids 

consist mainly of carbon (Fagan et al., 2011), we can deduce that the relationship 

between K-factor and lipid content was also negative in that study. 

In the light of these conflicting results, the ultimate applicability of morphometric 

indices as reliable predictors of the proximate composition of fish is questionable and 

warrant more detailed examinations. The relationship between body composition and 

K-factor can be influenced by many factors; e.g., it can vary among populations 

(Kaufman et al., 2007) and seasons (Simpson et al., 1992), and it may also change 

with sexual maturity (McPherson et al., 2011). Because of the variability among the 

results of previous studies, we hypothesized that the relationship may have a species-

specific aspect, besides the impacts of the factors mentioned above. To test this 

assumption, three freshwater fish species were sampled simultaneously from the 

same habitat. The aim of the study was to examine how the K-factor is related to the 

chemical composition (i.e., lipid, protein, water and carbon content, and molar 



carbon to nitrogen ratio), body length and gonadal development (i.e., gonado-somatic 

index) of different fish species, and to what extent these relationships are influenced 

by gender and seasonality. 

 

Materials and methods 

Fish were sampled in a eutrophic oxbow lake connected to River Tisza, situated in 

the north-eastern part of Hungary (48º05’N, 21º27’E), during the spring (April), 

summer (July), and autumn (October) of 2012. The oxbow has a surface area of 0.9 

km
2
 and a mean depth of 1.8 m. The sampled fish species were the Amur sleeper 

(Perccottus glenii), pumpkinseed (Lepomis gibbosus) and rudd (Scardinius 

erythrophthalmus). We captured 192 specimens of the three fish species (see Table 1 

for more details). 

Standard length (mm), total length (mm) and wet mass (g) of the captured fish 

were recorded after sampling. Individuals were dissected to remove their gut 

contents, then gender and weight of ovaries were determined in the laboratory and 

finally ovaries and empty guts were placed back in the fish. The whole carcasses 

were dried to constant weight at 60ºC and dry mass was recorded. Afterwards, fish 

were coarsely homogenized with mortar and pestle, and were finally pulverized with 

a Retsch MM 301 ball mill. We calculated the percent water content of fish with the 

following formula:  

water content = [wet mass (g) – dry mass (g)]/wet mass (g) × 100. 

Total carbon and nitrogen content of whole fishes were measured with a Vario EL 

CNS elemental analyzer. The total nitrogen content was converted to protein content 

according to Pangle and Sutton (2005):  

protein content = 6.25 × total nitrogen content, 



expressed as proportion of dry mass. Carbon content was also reported as proportion 

of dry mass. On the base of carbon and nitrogen contents, we determined the molar 

carbon:nitrogen ratios in the whole bodies. The total lipid content of fish bodies was 

extracted with a 2:1 mixture of chloroform-methanol at 20ºC (Folch et al., 1957; 

Brown and Murphy, 2004). After centrifuging the suspension, the solvent was 

evaporated and finally the residual lipid content was measured gravimetrically. Lipid 

contents were also reported as the proportion of dry mass. Fulton’s condition factor 

was calculated as: 

K-factor = wet mass (g)/standard length (mm)
3
 × 100. 

Gonadal development was expressed by calculating gonado-somatic index, as: 

gonado-somatic index = wet mass (g)/wet mass of gonad (g) × 100. 

The relationship between the K-factor (response variable) and body composition 

(i.e., water content, lipid content, protein content, carbon content and carbon:nitrogen 

molar ratio), body size (total length) and gonadal development (gonado-somatic 

index) was tested by analysis of covariance (ANCOVA) with gender and season as 

factors (i.e., categorical variables) in the models. Additional ANCOVA models were 

run to test the relatedness of the lipid content (response variable) with the other 

descriptor variables, and gender and season were added again to the models as 

factors. To avoid collinearity, the effects of descriptor variables were tested 

individually in separate models. However, the interaction of gender and season was 

not included in the models due to limited sample sizes. Beta coefficients (i.e., the 

standardized regression slopes) were determined for each descriptor variable to 

compare the relative strength and direction of their relationships with K-factor and 

lipid content. Beta coefficients allowed the direct comparison of effects of different 

terms in linear models (Quinn and Keough, 2002). All statistical analyses were 



performed in the R environment (R Core Team 2013) and evaluated at P < 0.05 

significance level.  

 

Results 

In Table 1, we present means and standard deviations of the examined variables 

by species, seasons and genders. Lipid contents of the three species differed 

substantially; they ranged from 8.3% to 27.3% in rudd, from 9.3% to 19.4% in 

pumpkinseed and from 5.2% to 17.7% in Amur sleepers (Table 1).  

ANCOVA models revealed that the water content had the most consistent effect 

on the K-factor, showing significant negative relationships in all fish species (Table 

2). Significant positive relationship between the lipid content and the K-factor was 

found only in rudd. Furthermore, K-factor was positively related with the gonado-

somatic index in Amur sleeper and pumpkinseed, with carbon: nitrogen molar ratio 

in Amur sleeper and rudd, with carbon content in Amur sleeper and with total length 

in pumpkinseed. The effect of season was significant in each model, whereas gender 

only proved to influence the relationship between the K-factor and gonado-somatic 

index in pumpkinseed.  

ANCOVA models also indicated strong positive relationships between lipid 

content and carbon content, and carbon:nitrogen molar ratio in pumpkinseed and 

rudd (Table 3). In the Amur sleeper, lipid content decreased at higher 

carbon:nitrogen ratios and increased with total length. Water content was negatively 

related to lipid content in rudd. The effects of the categorical factors were roughly 

similar as found in the case of the K-factor: gender had negligible effect on body 

composition (it was significant only in one model), while season proved to be 

influential in the majority of the models. 



 

Discussion 

Preceding studies reported inconsistent results on the predictive power of K-factor 

about specific body composition traits, especially in case of the lipid content in 

fishes. In this study, we explored this ecologically and physiologically important 

issue by evaluating the relationship between the K-factor, body composition traits 

and other factors (such as size, gonadal development, gender of fish, and 

seasonality), which have been reported to influence this index (Simpson et al., 1992; 

McPherson et al., 2011). In line with some previous studies, we observed 

contradictory relationships regarding K-factor and lipid content, and found 

considerable interspecific differences. We presume that these findings can be 

partially explained by the various ranges of lipid contents in different fish species. 

Since changes of the K-factor reflects alterations of total body mass relative to the 

cube of fish length, the applicability of this index to indicate conditional changes is 

strongly dependent on to what extent the energy reserves vary and alter total body 

mass. The responses to the environmental effects were more intense in species with 

higher lipid contents, while stressors had less impact on the body composition of fish 

species with a narrower range of lipid content. We presume that a remarkable 

depletion in lipid content can lead to a substantial mass decrease which affects the 

length-weight relationships. Since generally lower lipid content does not allow such 

a high fluctuation, it probably has less effect on the length-weight relationships. On 

the other hand, although lipid reserves often constitute the primary energy resource 

in the body, carbohydrates (e.g., glycogen) also can be essential in storing energy 

(Chellappa et al., 1995). Because carbohydrate stores respond more rapidly to 

starvation than lipids (Love, 1970), we can deduce that higher proportion of 



carbohydrate stores can keep the lipid content at a relatively constant value. Thus, 

increased utilization of carbohydrates or any other non-lipid energy storing agents 

could reduce the strength of the relationship between lipid content and length-weight 

based condition indices. 

Since lipids consist mostly of carbon, an increment in the lipid storages implies 

higher total carbon content and higher carbon:nitrogen molar ratios in body (Fagan et 

al., 2011). On the basis of that, we expected that the lipid content will show strong 

positive correlation with carbon content and carbon:nitrogen ratio; however the 

Amur sleeper exhibited the inverse of the expected relationship. This contradictory 

finding was presumably the consequence of the narrow lipid range and the highly 

variable protein content of that species. In that case, the carbon:nitrogen ratios may 

reflect the alternations of protein contents (rich in N) rather than changes in lipid 

contents. However, changes in the protein content might not affect body mass 

appreciably, and we observed weak relationship between protein content and K-

factor similarly to the findings of Rønshold (1995). 

The observed consistent negative linear association between K-factor and the 

water content correspond with the finding of some previous studies. For instance, 

Brown and Murphy (1991) demonstrated that the relative mass and water content of 

fish were inversely related, and a similar type of relationship was reported between 

K-factor and water content by Pangle and Sutton (2005) as well. These results 

suggest that the morphometric indices can be reliable predictors of water content in 

fish. Since the water content and energy (e.g., lipid) content are negatively related 

(Lambert and Dutil, 1997), the K-factor can provide information indirectly about the 

energy reserves and the health of fish. In other words, higher water content in fish is 

usually coupled with lower K-factor values, which implies lower capability of fish to 



cope with environmental stressors, such as starvation. Several preceding studies 

pointed out that the water content of fish can serve as an alternative indicator of 

proximate composition, especially of lipid content (e.g., Love, 1970; Pangle and 

Sutton, 2005). However, our results seem to demonstrate that the negative coupling 

between lipid and water content does not apply universally to fish, although, its 

existence can be proven in some cases.  

The observed interspecific differences in the effect of gonadal development on K-

factor presumably arise from the completely different reproductive strategies of these 

species. The gonadal development and spawning of rudd is synchronized within the 

population, while the Amur sleeper and the pumpkinseed are nest-guarding species 

and spawn in several portions during much longer reproduction periods. 

Consequently, the gonadal development of the latter two species can be highly 

variable among individuals of the same population. Our spring sampling has 

presumably missed the peak period of gonadal development of rudd, meanwhile 

Amur sleepers and pumpkinseeds have shown considerable differences in their 

gonadal development, thus the effect of that on K-factor was proven to be more 

significant in the latter two species.  

In summary, our results demonstrated that the strength and direction of the 

relationship between K-factor and proximate body composition can be highly 

variable among fish species, and that the relationship can be influenced by the time 

of sampling but is independent of gender. We recognize that the present study has 

limitations and the results have to be treated with some caution due to the relatively 

low sample size in some treatments. Nevertheless, we believe that our findings can 

draw the attention to the importance of species-specific approaches when using the 

K-factor as a proxy of body component variables, and highlight that morphometric-



based condition indices may serve as differently efficient predictors of energy 

reserves in different fish species. 
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Table 1 Descriptive statistics (mean and standard deviation) of the studied specimens by species, season and gender. Abbreviations: SP 

– spring, SU – summer, AU – autumn; TL – total length, GSI – gonado-somatic index, WC – water content, LC – lipid content, PC – 

protein content, CC– carbon content, C:N – carbon:nitrogen molar ratio, K – Fulton’s condition factor. 

                                        

   
n TL GSI WC LC PC CC C:N K 

        mean SD mean SD mean SD mean SD mean SD mean SD mean SD mean SD 

A
m

u
r 

sl
ee

p
er

 SP 
male 11 6.40 1.14 0.85 0.43 79.51 0.56 11.74 2.01 64.57 0.82 40.83 0.66 4.61 0.10 2.42 0.24 

female 11 5.89 1.17 12.69 3.73 78.59 0.68 11.89 2.41 65.45 1.84 42.20 0.79 4.70 0.15 2.58 0.23 

SU 
male 10 7.30 0.59 0.59 0.39 78.97 1.42 10.98 1.28 68.16 1.36 40.09 1.68 4.29 0.15 2.08 0.14 

female 12 6.94 0.91 6.06 4.54 78.77 0.94 11.94 1.53 69.18 1.40 39.85 0.71 4.20 0.11 2.12 0.17 

AU 
male 15 7.20 1.56 0.33 0.21 78.78 0.60 10.50 2.59 62.83 2.41 38.39 1.39 4.46 0.20 2.25 0.13 

female 7 6.23 1.46 2.65 0.53 78.85 0.41 8.23 1.63 61.56 2.60 38.55 0.82 4.57 0.21 2.28 0.16 

p
u
m

p
k
in

se
ed

 SP 
male 15 8.38 1.66 0.39 0.47 76.67 0.79 14.41 1.85 67.25 0.78 40.02 0.58 4.34 0.07 3.22 0.37 

female 8 7.39 1.76 1.38 0.58 76.48 0.72 14.26 2.49 66.41 1.63 40.05 0.73 4.40 0.10 3.25 0.34 

SU 
male 20 8.29 1.74 3.20 2.04 77.48 0.74 13.69 1.95 67.11 2.08 38.25 1.60 4.16 0.16 3.06 0.23 

female 4 8.20 0.22 8.57 3.75 75.81 1.08 15.13 2.39 67.11 1.01 41.04 1.50 4.46 0.11 2.97 0.25 

AU 
male 12 9.08 1.17 0.24 0.09 75.57 3.24 14.49 3.12 65.52 1.11 38.82 0.51 4.32 0.09 3.47 0.17 

female 8 7.44 1.17 1.19 0.25 75.22 2.65 17.19 1.85 65.64 1.12 40.76 1.19 4.53 0.14 3.22 0.39 

ru
d
d
 

SP 
male 12 7.35 0.73 1.97 1.01 77.04 0.99 13.72 3.11 66.01 0.78 37.65 1.24 4.16 0.14 1.68 0.10 

female 9 7.64 0.86 3.38 1.28 77.35 0.83 13.54 3.30 65.67 1.75 37.05 1.16 4.11 0.08 1.70 0.07 

SU 
male 10 8.78 0.45 0.08 0.17 73.69 1.64 21.83 3.32 61.39 2.12 41.34 1.16 4.92 0.29 1.84 0.08 

female 6 8.57 0.54 1.59 0.29 73.84 0.65 20.15 2.57 61.77 0.59 40.64 1.07 4.80 0.15 1.81 0.10 

AU 
male 7 10.07 1.34 1.44 1.22 74.35 0.81 12.11 3.71 64.93 1.66 38.15 1.62 4.28 0.16 1.91 0.08 

female 15 9.92 1.13 4.70 0.92 74.56 0.75 13.64 2.45 64.85 1.29 38.25 1.37 4.30 0.15 1.87 0.08 



Table 2 Results of the ANCOVA models testing effects of the total length (TL), 

gonado-somatic index (GSI), water content (WC), lipid content (LC), protein content 

(PC), carbon content (CC), carbon:nitrogen molar ratio (C:N), as well as two 

categorical variables, gender and season, on K-factor (response variable). Adj. R
2
 – 

adjusted determination coefficient of the model. 

                          

 

  Response Variables Season Gender Model 
 

Adj. 

R
2
     Beta t p F p F p F p   

A
m

u
r 

sl
ee

p
er

 

TL -0.047 -0.459 0.648 21.515 0.000 2.249 0.138 13.790 0.000 

 

0.440 

GSI 0.375 2.568 0.013 20.937 0.000 0.476 0.492 19.820 0.000 

 

0.493 

WC -0.188 -2.027 0.047 29.285 0.000 1.541 0.219 15.640 0.000 

 

0.473 

LC 0.021 0.202 0.840 25.662 0.000 2.798 0.099 13.710 0.000 

 

0.438 

PC -0.134 -0.831 0.409 21.265 0.000 2.989 0.088 14.020 0.000 

 

0.444 

CC 0.276 2.008 0.049 18.250 0.000 1.686 0.199 15.600 0.000 

 

0.473 

C:N 0.302 2.268 0.027 6.552 0.002 2.143 0.148 16.130 0.000   0.482 

p
u
m

p
k
in

se
ed

 

TL 0.334 2.991 0.004 7.451 0.001 0.142 0.707 6.518 0.000 
 

0.250 

GSI 0.448 2.718 0.009 8.488 0.000 6.035 0.016 6.033 0.000 
 

0.233 

WC -0.242 -2.003 0.050 4.130 0.021 2.401 0.126 4.986 0.001 
 

0.194 

LC 0.084 0.694 0.490 5.976 0.004 1.815 0.182 3.890 0.007 
 

0.149 

PC 0.001 0.014 0.989 5.998 0.004 1.447 0.233 3.741 0.008 
 

0.142 

CC -0.018 -0.129 0.898 6.895 0.002 1.018 0.316 3.746 0.008 
 

0.142 

C:N -0.029 -0.190 0.849 6.445 0.003 0.845 0.361 3.752 0.008   0.143 

ru
d
d
 

TL 0.240 1.670 0.101 7.639 0.001 0.318 0.575 15.950 0.000 
 

0.507 

GSI -0.210 -1.163 0.250 30.320 0.000 0.192 0.662 15.210 0.000 
 

0.494 

WC -0.460 -2.847 0.006 7.829 0.001 0.074 0.785 18.710 0.000 
 

0.549 

LC 0.320 2.298 0.025 31.403 0.000 0.349 0.556 17.250 0.000 
 

0.528 

PC -0.110 -0.735 0.465 24.627 0.000 0.334 0.565 14.790 0.000 
 

0.487 

CC 0.280 1.923 0.059 25.186 0.000 0.082 0.774 16.430 0.000 
 

0.515 

C:N 0.420 2.225 0.030 25.864 0.000 0.088 0.767 17.080 0.000   0.525 

 



 

Table 3 Results of the ANCOVA models testing effects of the total length (TL), 

gonado-somatic index (GSI), water content (WC), protein content (PC), carbon 

content (CC), carbon:nitrogen molar ratio (C:N), as well as two categorical variables, 

gender and season, on lipid content of fish (response variable). Adj. R
2
 – adjusted 

determination coefficient of the model. 

                          

  

Response variables Season Gender Model 
 

Adj. 

R
2
     Beta t p F p F p F p   

A
m

u
r 

sl
ee

p
er

 TL 0.367 3.089 0.003 8.685 0.000 0.028 0.866 5.840 0.000 
 

0.229 

GSI 0.225 1.176 0.244 4.452 0.015 1.571 0.214 3.400 0.014 
 

0.128 

WC 0.114 0.957 0.342 5.494 0.006 0.125 0.724 3.260 0.017 
 

0.122 

PC 0.334 1.679 0.098 2.956 0.059 0.499 0.482 3.829 0.007 
 

0.148 

CC -0.145 -0.819 0.415 4.745 0.012 0.163 0.687 3.187 0.019 
 

0.118 

C:N -0.343 -2.031 0.046 7.452 0.001 0.126 0.723 4.220 0.004   0.165 

p
u
m

p
k
in

se
ed

 TL 0.039 0.321 0.748 2.935 0.060 4.061 0.048 2.487 0.052 
 

0.082 

GSI 0.223 1.255 0.214 5.087 0.008 1.307 0.257 2.913 0.028 
 

0.103 

WC -0.011 -0.082 0.926 2.139 0.126 3.865 0.053 2.459 0.054 
 

0.081 

PC 0.144 1.116 0.268 3.380 0.040 4.481 0.038 2.818 0.032 
 

0.099 

CC 0.399 2.951 0.004 2.703 0.074 0.266 0.607 4.890 0.001 
 

0.194 

C:N 0.342 2.194 0.031 0.995 0.375 0.341 0.561 3.851 0.007   0.147 

ru
d
d
 

TL 0.262 1.943 0.057 41.714 0.000 0.000 0.982 20.970 0.000 
 

0.579 

GSI 0.167 1.013 0.316 26.755 0.000 0.520 0.473 19.330 0.000 
 

0.558 

WC -0.597 -4.302 0.000 33.697 0.000 0.250 0.618 29.760 0.000 
 

0.667 

PC -0.208 -1.499 0.139 11.766 0.000 0.000 0.984 20.060 0.000 
 

0.567 

CC 0.557 4.785 0.000 8.230 0.000 0.523 0.472 32.380 0.000 
 

0.684 

C:N 0.802 5.530 0.000 4.708 0.013 0.513 0.476 36.960 0.000   0.712 

 


