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Abstract
Using 22 adult Eremias velox (12 females, 10 males) collected from the Tukai
Desert in Huocheng County, Xinjiang, we measured 11 external morphological
traits and body mass, and conducted locomotor performance tests at optimal
temperature to investigate the locomotor performance of E. velox on different
substrates and its correlations with morphological traits. The results showed
that male individuals had significantly greater snout-vent length than female
individuals. On soil substrate, males exhibited significantly greater maximum
sprint speed than females, while females demonstrated significantly greater en-
durance than males. Male snout-vent length showed a significant positive cor-
relation with maximum sprint speed on soil substrate, whereas body mass of
both sexes showed a significant negative correlation with maximum sprint speed
on sand substrate. Substrate type affected male maximum sprint speed, as
evidenced by significantly greater maximum sprint speed and acceleration on
soil substrate compared to sand substrate. In contrast, female endurance was
influenced by substrate type, showing significantly lower endurance on sand
substrate than on other substrates. Thus, there exists a certain degree of trade-
off between maximum sprint speed and endurance in E. velox, and the effects
of morphological traits and substrate type on locomotor performance differed
significantly between sexes.

Full Text
Preamble
The“home field advantage”hypothesis suggests that organisms exhibit optimal
performance in their native habitats, while the“jack of all trades and master of
none”principle predicts that generalist species may display compromised perfor-
mance across varying environmental conditions. Previous studies have demon-
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strated that substrate type significantly influences locomotor performance in
lizards, with morphological traits such as hindlimb length and toe morphology
affecting sprint speed and acceleration. However, the relationship between mor-
phology and performance can vary substantially across different substrates, and
trade-offs between maximal sprint speed and endurance capacity remain poorly
understood in many species.

Eremias velox (the rapid racerunner) is a lacertid lizard endemic to the arid
regions of Central Asia, inhabiting diverse substrates including sandy deserts,
gravel plains, and clay soils. While previous research has investigated aspects
of its thermal biology, reproductive ecology, and morphological variation, the
relationship between its locomotor performance and substrate type has not been
systematically evaluated. This study addresses three key questions: (1) Does
locomotor performance of E. velox differ across substrate types? (2) Is there a
trade-off between sprint speed and endurance? (3) How do morphological traits
correlate with locomotor performance on different substrates?

1 Materials and Methods
1.1 Morphological Measurements

We collected 22 adult E. velox specimens (12 males, 10 females) from the field in
2018. Eleven external morphological traits were measured using digital calipers
(±0.01 mm): snout-vent length (SVL), head length (HL), head width (HW),
head depth (HD), mouth breadth (MB), axilla-groin length (AG), abdominal
width (AW), tail base width (TBW), forelimb length (FLL), hindlimb length
(HLL), and tail length (TL). Body mass was measured with an electronic balance
(±0.01 g). Body condition index was calculated as BMI = body mass (kg) /
(SVL (m))².

1.2 Sprint Speed Testing

Sprint performance was measured on a 1.2 m racetrack with a sandpaper sub-
strate. Lizards were acclimated at 36.0±0.5°C for 30 minutes prior to testing.
Each individual was tested three times with 1-day intervals between trials. Tri-
als were recorded at 240 fps using a high-speed camera, and videos were analyzed
with Adobe Premiere CS6. From the recordings, we calculated: (1) maximum
sprint speed (Vmax) and acceleration (a = (V�² - V�²)/2S), where S was the
distance over the fastest 0.2 s interval.

1.3 Endurance Testing

Endurance was measured by continuously chasing lizards on a 4-5 m track until
exhaustion. Each individual was tested three times across three different sub-
strates (sand, soil, and gravel) with 1-day intervals. Exhaustion was defined as
the point when lizards no longer responded to stimulation after 10 consecutive
attempts. The total distance covered was recorded as the endurance measure.
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1.4 Statistical Analysis

Morphological data were tested for normality using Kolmogorov-Smirnov and
F-max tests. Sex differences in morphological traits were analyzed using t-
tests or ANCOVA with SVL as a covariate. Performance data were analyzed
using repeated measures ANOVA with substrate as the within-subject factor
and sex as the between-subject factor. Principal component analysis (PCA) was
performed on morphological traits. Model selection for performance predictors
used Akaike Information Criterion (AIC) in R 3.5.0. Significance level was set
at � = 0.05.

2 Results
2.1 Morphological Characteristics

Males had significantly greater SVL than females (60.35±1.64 mm vs 54.26±1.28
mm, P < 0.05). PCA extracted two principal components explaining 82.32%
of the variance: PC1 loaded heavily on SVL, HL, and mass; PC2 loaded on
TL and TBW. ANCOVA revealed significant sex differences in forelimb length,
hindlimb length, and mass after controlling for SVL (P < 0.05).

2.2 Locomotor Performance

Males exhibited significantly higher maximum sprint speed on soil substrates
compared to females (P < 0.05), while females demonstrated significantly
greater endurance than males (P < 0.01). For males, both sprint speed and
acceleration were significantly greater on soil than on sand (P < 0.05), whereas
female performance did not differ significantly between substrates. However,
female endurance on sand was significantly lower than on other substrates (P
< 0.01), while male endurance showed no substrate-related differences.

2.3 Morphological Correlates of Performance

Male sprint speed on soil showed a significant positive correlation with SVL (r
= 0.721, P < 0.05) and a significant negative correlation with body mass (r =
-0.801, P < 0.05). On sand substrates, body mass negatively correlated with
sprint speed for both sexes (r = -0.685, P < 0.05). Endurance was positively
correlated with hindlimb length on soil (r = 0.832, P < 0.05) and with axilla-
groin length on gravel (r = 0.758, P < 0.05).

[Figure 3: see original paper]

3 Discussion
Our results demonstrate that E. velox exhibits substrate-dependent locomotor
performance with clear sex-specific patterns. The observed trade-off between
sprint speed and endurance aligns with the“jack of all trades”hypothesis, where
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specialized morphology confers advantages on specific substrates but may com-
promise performance on others. Males, with longer hindlimbs and larger body
size, achieve higher sprint speeds on firm soil, which is crucial for territory de-
fense and mate acquisition. In contrast, females prioritize endurance, which is
advantageous for foraging and predator avoidance over extended periods.

The negative correlation between body mass and sprint speed, particularly on
sand, suggests that larger individuals experience greater substrate resistance,
consistent with previous studies on lacertid lizards. The positive correlation be-
tween hindlimb length and endurance indicates that limb morphology influences
not only burst speed but also sustained locomotion. These findings highlight
the complex interplay between morphology, performance, and habitat structure
in shaping the ecological strategies of desert lizards.

The sex differences in performance may reflect different selective pressures re-
lated to reproductive strategies. Males likely face strong selection for rapid
acceleration during territorial disputes and courtship chases, while females may
benefit more from sustained locomotor capacity during gestation and foraging.
This divergence illustrates how intraspecific variation in morphology can lead
to functional trade-offs that align with sex-specific ecological demands.

Our study underscores the importance of considering substrate heterogeneity
when assessing locomotor performance in natural populations. The“home field
advantage”may be limited for generalist species like E. velox that inhabit multi-
ple substrate types, as morphological specialization for one substrate inevitably
compromises performance on others. Future research should investigate the
kinematic mechanisms underlying these performance differences and examine
how they translate to fitness outcomes in natural habitats.
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