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Using body condition index can be an unreliable indicator of fitness: a case of sand lizard
Lacerta agilis Linnaeus, 1758 (Sauria: Lacertidae)
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Abstract: In ecological and morphological studies, researchers often use body condition index as a measure of an individual’s fitness. Our
research shows that body condition index may be an unreliable method for this purpose, because changes in lizards’ body proportions
are not stable during their lifetime. Results obtained from a Polish population of the sand lizard (Lacerta agilis) show that the body length
increases faster than the body mass, meaning that the correlation between these 2 parameters is not linear. Herpetologists frequently
use the body condition index to compare the fitness of lizards of different ages. Our study demonstrates that this method may not be
accurate; in the future, research should strive to develop new ways of measuring lizards’ fitness.
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Corpulence and condition index are important
parameters used in animal ecology (Green, 2001).
There are many ways of calculating these parameters;
most of them include calculating the body mass and
proportions between the animal’s body parts. An example
of a condition index measure would be snout-vent length
(SVL) measurement divided by body mass (Bradshaw
and Death, 1991; Olsson and Shine, 1997; Oppliger and
Clobert, 1997; De Fraipont et al., 2000; Pearson, 2000;
Meylan et al., 2002). The results of this measurement are
sometimes additionally log-transformed to allow further
analysis. Olsson (1994) suggests that juvenile sand lizards,
Lacerta agilis Linnaeus, 1758, invest energy in SVL first,
before developing secondary sexual characteristics (for
example, color). It is therefore possible to predict changes
in a lizard’s body proportions during its lifetime. We
hypothesize that juvenile lizards invest energy in SVL first
and only later increase their body mass. We suggest that
older lizards have a higher condition index than younger
lizards. To test this hypothesis, we conducted fieldwork on
wild-living sand lizards in Poland.

These studies were carried out between April and June
from 2008 to 2011, near the town of Odolanéw, Poland,
51°34'N, 17°40'E, elevation 110-170 m. Sand lizards were
captured using herpetology nets or by hand. Animals
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were sexed and aged, and assigned to 3 categories: adult,
subadult, or juvenile. Categorization was based on SVL
(adult >46 mm, subadult 35-46 mm, juvenile <35 mm),
because the lizards’ length is correlated with their age
(Gvozdik, 2000). The snout-vent length was measured to
the nearest 0.1 mm using digital calipers. This parameter
describes the length between the top of the head and the
cloaca chink. Body mass (+0.1 g) was measured with an
electronic scale. Lizards were then examined for a different
study (Ekner et al, 2011a; Ekner-Grzyb et al, 2013).
Each specimen was individually marked with medical
cautery units (Ekner et al., 2011b) to ensure that the same
lizard was not considered twice in the analyses. After the
measurements were taken, the lizards were released in the
same place where they had been captured. Lizards were
caught using a method that meets Polish legal standards
and in accordance with the rules set by the Ethical
Commission to Study on Animals (LKE 12/2007).

To test our hypothesis, we calculated the classical
condition index (SVL divided by the body mass) and
compared it between sex and age categories. Lizards
with tail autotomy were excluded from the study. The
effect of age on condition index was tested using multiple
regression. In the graph, only the first model of the
regression was shown to explain the variance of the results.
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Statistical analysis was performed using SPSS 21.0 PL for
Windows.

A total of 273 sand lizards were captured (115 adults,
50 subadults, and 108 juveniles; 65.22 mm and 8.95 g,
39.16 mm and 1.79 g, and 32.02 mm and 1.08 g were the
respective means). There were 52 females and 63 males in
the adult group.

There was a significant correlation between body mass
and body length (Figure 1). The above relationship is best
described with an exponential function (y = 0.180 + 0.057x;
R? = 0.942); however, a linear function also describes
the results well and is included here for the purpose of
comparison (y = -7.301 + 0.242x, R? = 0.900). Statistical
analysis shows that juvenile lizards have a proportionally
longer body and smaller body mass (Figure 2).

Our results support the hypothesis that the
development of the lizards’ body size is not linear. During
their development, lizards first invest in body length and
then in body mass.

These results have important methodological
implications. We have demonstrated that corpulence
or condition indices are not reliable indicators of
fitness condition in lizards, especially in an age-diverse
population, because individuals of different ages differ
significantly in their body proportions. Researchers
should be encouraged to estimate the fitness of lizards
in an alternative way. Bancila suggested residual index,
which uses the residuals from an OLS regression of body
mass against 1 or more length measurements, usually after
log transformation which is not correlated with SVL, life
stage, or season (Bancila et al., 2010). A promising new
method is scaled mass index, which standardizes body
mass at a fixed value of a linear body measurement based
on the scaling relationship between mass and length (Peig
and Green, 2009, 2010).

We hope our article will be important for this research
field, but we must note that our study is valid for only L.
agilis and has not been tested for other lizard species.
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Figure 1. Correlation between lizards’ body length and body
mass in the 3 age groups.
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Figure 2. Relation between lizards’ condition index in the 3 age
groups. There were significant relationships between age groups
but not sex groups.
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