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A b s t r a c t .  Relationships between bone size and body length are reported for common Iberian 
barbel Barbus graellsii, Iberian nase Chondrostoma miegii and chub Leuciscus cephalus from 
the Ebro River basin. Linear regression was used to analyse possible relationships between bone 
and fish length and multiplicative regression to investigate relationships between bone size and 
body weight. All generated regressions were highly significant and displayed high coefficients of 
determination (> 0.89). No differences were found between the generated regressions and other 
relationships reported for similar species. Therefore, we suggest that our regressions might be 
used for other Mediterranean species belonging to these genera. 
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Introduction

Identification of bones in faecal remains, pellets or guts is the most common method of ana-
lysing the diet of piscivorous species (e.g. E r l i n g e  1969, C h a n i n  1981, B r i t t o n  & 
S h e p h e r d  2005). However, studies on feeding ecology generally require more informa-
tion than just diet composition. The knowledge of the size of the prey is an essential tool in 
the study of a piscivorous species’ dietary preferences and its interactions with prey species 
(H a n s e l  et al. 1988, K l o s k o w s k i  et al. 2000). 

Indeed, prey size selection has been analysed for several ichthyofagous species, e.g. com-
mon kingfisher Alcedo atthis (Linnaeus, 1758) (C a m p o s  et al. 2000) and pikeperch Sander 
lucioperca (Linnaeus, 1758) (T u r e s s o n  et al. 2002). Regarding the Eurasian otter Lutra 
lutra Linnaeus, 1758, some recent studies consider prey size in otter diet analysis (e.g. T a a s -
t r o m  &  J a c o b s e n  1999, K l o s k o w s k i  et al. 2000, C o p p  &  R o c h e  2003, 
B r i t t o n  &  S h e p h e r d  2005). Furthermore, the relationships between bone length and 
body measures have been obtained for various fish species (e.g. W i s e  1980, L i b o i s  et al. 
1987, L i b o i s  &  H a l l e t - L i b o i s  1988, C o p p  &  K o v á č  2003, H á j k o v á  et 
al. 2003), which are common prey of otters in Central and North Europe.

In Iberian Mediterranean habitats, otter diet composition is different from that in the rest of 
Europe, demonstrating higher trophic diversity than in temperate areas, possibly in response 
to a reduction in the diversity and abundance of their main prey (C l a v e r o  et al. 2003). Fish 
species diversity is lower than in the rest of Europe (R u i z - O l m o  &  P a l a z ó n  1997) 
being mainly cyprinids of the genera Barbus, Chondrostoma (R u i z - O l m o  et al. 2001) 
and Leuciscus in decreasing order of importance (with the latter species only in some places 
of Eastern Spain; e.g. R u i z - O l m o  &  P a l a z ó n  1997).
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In the present study, common Iberian barbel Barbus graellsii Steindachner, 1866, Iberian 
nase Chondrostoma miegii Steindachner, 1866 and common chub Leuciscus cephalus Lin-
naeus, 1758 from the Ebro River basin (NE of Spain) were selected as representative models 
of the respective genera in Iberia (see D o a d r i o  2001), since they are the most representa-
tive prey species in the diet of otters in this region (R u i z - O l m o  et al. 2001). The present 
study attempts to determine relationships between bone length and body measures in these 
species, with particular emphasis in otter diet in the Ebro basin (R u i z - O l m o  &  P a l a -
z ó n  1997).

Material and Methods

Specimens of B. graellsii were collected in February 1992 from the River Arga (Falces, Na-
varra 42º 23’ N 1º 47’ W), C. miegii from the River Araquil (Ibero, Navarra 42º 48’ N 1º 46’ 
W) in February 1992, and L. cephalus from the River Anyet (Sant Climent Sescebes, Girona 
42º 25’ N 2º 58’ E) in March 1994.

Fish were captured by electrofishing and preserved on ice, but not frozen. In the labora-
tory, the specimens were measured to the nearest mm for standard length (SL) and nearest 
0.001 g for weight. Subsequently, the fish were boiled until the flesh was easily removed; the
labelled bones were left to air dry and then were stored in the Zoology Museum of the Univer-
sity of Navarra (Pamplona, Spain).

We measured the dentaries, maxillae, premaxillae and pharyngeals as recommended 
by P r e n d a  &  G r a n a d o - L o r e n c i o  (1992), and the cleithra and opercula as per 
H a n s e l  et al. (1988), along the longest axis, as described in the literature (see C o p p  & 
K o v á č  2003 and H á j k o v á  et al. 2003). The bones were viewed using a binocular mag-
nifying glass and Zeiss clear camera. Images were measured to the nearest 0.01 mm using 
a digitising tablet (Genius HISKETC 1212 model; IDRISI program). Measurements of the 
right and left bones were tested for significant differences (paired students’ t-test).

Standard length (SL) and weight (W) were regressed against bone lengths. Linear regres-
sions were generated for the SL relationships (SL=bBL + a), and multiplicative (W= aBLb) 
for the weight relationships, where BL is the bone length (mm), a is the intercept of the regres-
sion curve and b the regression coefficient.

Results and Discussion

Significant differences were found between some of the paired bones from nase (cleithrum 
t = 3.94, df = 39, p = 3.27x10-4; pharyngeal t = 4.21, df = 45, p = 1.19x10-4) and chub (cleithrum 
t = 3.73, df = 43, p = 4.60x10-4; operculum t = 5.90, df = 43, p = 5.03x10-7), and regressions were 
considered independently for both sides. Asymmetric growth and development of cyprinids 
has been widely described (e.g. R a c z y n s k i  &  Z d z i s l a w  1997) and it seems com-
mon to these species of fish , although similar studies found no significant differences between
different sides ( e.g. H a n s e l  et al. 1988, C o p p  &  K o v á č  2003).

All generated regressions (Table 1) were highly significant and displayed high coefficients
of determination (> 0.89).

Similar relationships for closely related species (Barbus sclateri, Chondrostoma wilkom-
mii and Leuciscus pyrenaicus) have been reported by P r e n d a  &  G r a n a d o - L o r e n -
c i o  (1992) and by C o p p  &  K o v á č  (2003) and B r i t t o n  &  S h e p h e r d  (2005) 
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for Leuciscus cephalus. No particular differences are found on the comparisons of those and 
the values obtained in this study. According to C o p p  &  K o v á č  (2003), this indicates 
that the relationships between bone and body measurements are relatively stable within spe-
cies or closely related species, independently of their geographic origin. Common barbel and 
nase of the Ebro basin are abundant, although endemic to this basin; the chub is widely spread 
over Eurasia (B ă n ă r e s c u  1999), but in the Iberian Peninsula it is only distributed on the 
Northeast (D o a d r i o  2001). However, the skeletal morphology of these and other species 
of Mediterranean barbel, nase and chub (see D o a d r i o  2001) is very similar (E l v i r a 
1997, M i r a n d a  &  E s c a l a  2003, 2005). In the absence of species specific relationship
for body-to-bone lengths (except those reported by P r e n d a  &  G r a n a d o - L o r e n -
c i o  1992), our regressions may be use to estimate the size of species of the some genus or 
family.
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