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Abstract: [Objectives] Vigilance behavior is a kind of animal response to external risks that can detect or
avoid dangers in advance to improve survival rate, when it occurs, the distance between animals and external
risk source is defined as vigilance distance. Habitat changes and human disturbance caused by rapid
urbanization have a significant influence on the vigilance behavior of wildlife. The vigilance distances of
populations adapted to urban environments involves changes in behavior and physiology, reflecting
phenotypic plasticity or evolution. The objective of this study was to explore the relationships between
vigilance distance of Microhyla fissipes and the changes of habitat and human activity intensity caused by
urbanization along an urbanization gradient (urban-suburban-rural). [Methods] In this study, we selected M.
fissipes as study species, and measured 100 M. fissipes male individuals (urban: 15 males; suburban: 51 males;
rural: 34 males) from 22 study sites (urban: 3 sites; suburban: 10 sites; rural: 9 sites) along an urbanization
gradient (urban-suburban- rural) between May and August in 2020 and 2021 in Shanghai, China. We used the
percentage of impervious surface (including buildings and roads) in each 2 km-radius landscape to represent
the urbanization index of these study sites. In addition, we also collected the human population density of each
study site to represent human activity intensity. Then we tested the normality of vigilance distance using the
Shapiro-Wilk test, and general linear models were used to test the effects of urbanization index and human
population density on vigilance distance of M. fissipes in each study site. [Results] We found that the
vigilance distance of M. fissipes ranged from 2.8 m to 5.1 m (mean 3.9 = 0.5 standard deviation) (Table 1). By
ranking all possible candidate models based on their Akaike’s information criterion corrected (AICc),
urbanization index was the most important predictor in the best model (4aic. < 2) (Table 2). Model average
coefficients showed that vigilance distance of M. fissipes was significantly negatively correlated to
urbanization index (P < 0.01) and also negatively related to human population density, although not
significant (P > 0.05) (Table 3). [Conclusion] Our founding suggested that amphibians change the vigilance
distance in response to urbanization, which benefits us to understand the response mechanism of amphibian
behavior to urbanization.
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a. Locations of the 22 study sites along an urban-rural gradient in Shanghai, China; b. Three examples of study sites within a 2-km radius of

different urbanization index (UI) sites in Shanghai.
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e — (1) B AR (K 2). SRR R IR,
o 5 A e P 8 i 25 5 3 T A R A 2 2 S

K, it RE + ARHERR - 1.512+£0.252 (P <
0.01) (% 3), RIBEAE T A0 FE I 39 I it ac i
O P P R PG A, U e
RS 5N DSR2 S, HEAR
=, it RE + ARERK - 0236 £0.425 (P>
0.05) (£ 3),

3 W

AHIF 7T A I ST e P 2 2 2 5 T Ak
TR B E MG, 4 REHBEEW L
o6 FEE TRI B 0T, 00 40 e 11 i P 8 N R B
(K2, £3). CHVFRI, Wit
8 RN T G 288 e e R B ANk ik R 7 AR R
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Tablel Thevigilance distance and urbanization index of Microhyla fissipes of each

study site along an urban-rural gradient in Shanghai

IE RS Vigilance distance (m) REA AL S %
BFFURE 5 Study site B ~ Bk T + bR Sample size Urbanization

Minimum-maximum Mean + SD (ind) index

T X 45 Urban site 1 2.8~3.1 2.9+0.1 5 1.00
2 29~32 3.1+0.1 6 0.77

3 33~37 3.5+0.1 4 0.74

I AT FE AL Suburban site 1 3.0~35 33+02 4 0.70
2 33~35 3.4+0.1 4 0.63

3 3.0~33 32+0.1 5 0.59

4 35~3.7 3.6+0.1 6 0.32

5 35~38 3.6+0.1 5 0.47

6 36~38 3.7+0.1 5 0.24

7 3.6-4.0 3.8+0.1 6 0.24

8 3.6~3.8 3.7+0.1 5 0.16

9 3.7~39 3.8+0.1 6 0.12

10 3.7~4.0 3.8+0.1 5 0.13

ZBIXAF A7 Rural site 1 3.8~4.1 4.0=0.1 3 0.13
2 3.8~39 3.9+0.1 4 0.10

3 4.0~4.1 4.0+0.0 5 0.07

4 40~43 41+0.1 5 0.03

5 42~43 43+0.0 4 0.04

6 4.6~438 4.7+0.0 3 0.01

7 45~4.6 4.6+0.0 3 0.07

8 4.6~428 47+0.1 3 0.05

9 49~5.1 5.0+0.1 4 0.00




1 R 7T A I AR B A S e A AR - 113 -

®2 ETWHOEEERERSERE CRRARBERADER ZEXRNFAFREHAS

Table2 All models examining relationships between predictors (urbanization index, population density)

and vigilance distance of Microhyla fissipes

(CEEEPR(
KA R EFs8—etANTE AICc ZAp fit FRIBALE
” S NE/NE {l:l o B A
%7 Models Xi?“_éi{&%‘fﬁgﬁ Akaike’s information Variation of Akaike weight
J criterion corrected AlICc Aaice Wi
AlCc

W% (-) Urbanization index (-) -3.67 14.67 0.00 0.79
AR (O + WATkiEs (O )
Population density (—) + Urbanization index (—) 347 1729 261 0.21
NHE%E () Population density (—) -12.71 32.76 18.08 0.00
7Y Null model -17.52 39.68 25.00 0.00

B B GUHSCRI AR “-7 R

Negative coefficient values for a given variable in the model are indicated by “~.

®3 ETWOUELEEMEEE SR iTLiEH.
ANOEERNESETFHERE R
Table3 Model-averaged estimates of the coefficient
of predictorsin all models between vigilance distance
of Microhyla fissipes and urbanization index,
and population density

A it REL bRk 2 PiH
Variables Estimate  Standard errors P value
M Intercept 4313 0.098 <0.01
. v
S L - 1512 0.252 <0.01
Urbanization index
AP BE -0.236 0.425 >0.05

Population density

(McGiffin et al. 2013, Halfwerk et al. 2019).
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