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Abstract ;. Wildlife biologists and conservationists are concerned about the effects of forest fragmentation and habitat loss on
pond-breeding frog populations. Most studies have assessed the effects of habitat characteristics on the presence or absence
of frogs bred in water ponds at multiple spatial scales. In this study, we focused on the effects of habitat composition on
Dybowsky's frog population size. We used Dybowsky's frog egg-mass counts as a dependent variable and other habitat factors
as independent variables to construct a generalized additive model ( GAM) , in order to describe the relationship between
the frog population size and habitat factors. During the breeding periods of 2012 and 2014, we collected data from 105 water
ponds in the forested landscapes of the Wupao Forest Farm, Eastern Wanda Mountains, Heilongjiang Province. Egg masses

were detected at 98 breeding ponds (93.33% ), 3 breeding ponds were dry during the breeding season of 2012, and egg
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mass counts were less than 29 at 67 breeding ponds. The size of breeding ponds ranged from 4 to 300 m*with an average size
of 55.88 m>. GAM response curves showed that the egg mass counts were positively associated with the size of breeding
ponds from 0 to 150 m*, but the egg mass counts declined with increasing breeding pond size beyond 150 m’. The
relationship between the egg mass counts and the pond size showed a contribution factor to GAM of 0.15. The egg mass
counts were negatively associated with two habitat factors, namely forest canopy and sundries coverage ratio over the surface
of pond water. The forest canopy and sundries coverage ratio contribution factors to GAM were —0.30 and -0.43,
respectively. This study assumed that female frogs preferred ponds with higher water temperature. Water temperature was
negatively correlated with forest canopy, and it changed from 7.5°C to 13°C with the change of forest canopy from 0% to
100%. We also assumed that shade over water surface was very useful for frog breeding. During breeding process, drainage
area can be used to avoid predators; however, excess drainage may negatively affect spawning activity of frogs. Egg mass
counts at landscape level were positively associated with forest area and the contribution factor to GAM was 17.99. Our
results showed that the effect of forest size to egg mass counts was in accordance with many previous studies, since the forest
around the breeding ponds was considered as the core habitat for frog living. Roads were another key habitat factor that was
negatively associated with egg mass counts at landscape level. The egg mass counts declined near the roads and the
contribution factor to GAM was 1.40. Multivariate models developed using within-pond variables explained more variation in
egg mass counts than those developed using landscape-level factors; however, we suggested that both models were useful for
predicting the breeding effort of frogs at individual sites. Since urbanization of eastern Wanda Mountains continues, forest
regulations should effectively protect terrestrial habitats around the seasonal ponds and proactive techniques are required to

assure the maintenance of pond-breeding forest populations.
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Table 1  Descriptive statistics for within-pond and landscape-level characteristics for 105 ponds in the Wupao Forest Farm, Eastern

Wanda Mountains

7 & Variable A7 Units I{H Mean {5 [l Range
YU %L Egg masse counts 29 0-121
7K Hydroperiod J4 11.91 7.00—12.00
KT Water depth K (m) 32.37 15—80
154K Elevation *(m) 178.00 17.1—316.90
EF M Pond size Tk (m?) 55.88 4—300
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A5t Variable AT Units I{E Mean JE ]l Range
W3 7K FE 1 224 35 B Sundries coverage ration over pond water( % ) HrH (%) 18.37 0—45
MRAHBH B Wood canopy density HA (%) 26.04 0—99
7K Water Temperature BE(C) 10.77 7.5—13
TENARPA B Shrub canopy density B (%) 15.37 0—36
JE R IXHFR T 43 Size percent of residential area Bt (%) 0.05 0.05
TEMIB I Size of shrub and wetland SEJ7 AL (km?) 0.02 0.01—0.15
FEMRHIAUE 23 H (Area of forest size ) Hor (%) 0.87 0.56—1.00
1 N B B ES ( Distance to roads) T2k (km) 1.46 0.00—5.00
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N 76.53% MR 35.32, B i ALY STER A 0. 17, ZRARER P EE A - 0.30, Jih 38 2% 1 2% ) 7 15 N
-0.43, HAth A1+ 25003k 2,

F2 EHHN GAM ERFITER

Table 2 Predictor variables in the best-supported generalized additive model for egg mass within ponds

T Factor iR M 22 At AE B ] T~ Y38 SR

© Sum of deviance Akaike information criterion Generalized cross validation
ZH MW FY Breeding pond size(m?) (b) 35.06 473.63 1.00
HRAHBIABE Wood canopy(%) (b) 52.89 463.54 0.93
WK F T 44 4 HE Sundries cover
YK R M4 35 Sundries coverage 76.53 474.39 1.01

ration over surface of pond water(%) (b)
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K2,

e Y A 3

Egg mass counts/mass
S

>

_20 —
-40 |-
\ I I
0 50 150 250
HHBEM
Breeding pond size/m?

» 20 | 2 20 [
E ~
~ |2

gL O Bt o
H3 = 3
= o =0

% 720 #3 20 |
ﬁ < E
o 2

2 -40 =-40 -

I I I I I ! | I I L
0 20 40 60 80 100 0 10 20 30 40
AR 41 K T A R
Wood canopy density/% Sundries coverage ration on water surface/%

B2 i EEEnMEREREN XA mER T &TLE
Fig. 2 Generalized additive model response curves ( solid lines) with 95% confidence intervals ( dashed parts) presented for each of the

covariates in the linear predictor scale from the best-fit models for egg mass within ponds microhabitat scale level.
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3.3 SIMREREER TS5 ZEF M7 050 GAM A
GAM FEHI G5 -4 R FE B | FRARTEI AR 1 43 LU AIEE 23 BR FE B XF 125780 1) S I 22 R B 69.15% , iR BE 14,
A7 1355 DR ZR K T FR LA AR STk 17,99, BE 2N B B B B X BTk N 1.40, HAL S50 35 3,

F3 EWKFE GAM EBFGIHER

Table 3 Predictor variables in the best-supported generalized additive model for egg mass at landscape

[AF Factor SR 2= AR L N I B8 LHIE

Sum of deviance Akaike information criterion Generalized cross validation
FRARTALE 43 L Percent of forest size( %) (b) 38.50 433.62 0.98
2\ B B9 Distance to roads(km) (b) 69.15 393.45 0.95
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B3 wipFABESVRERN XAIMERTS & THE
Fig. 3 Generalized additive model response curves ( solid lines) with 95% confidence intervals ( dashed parts) presented for each ofthe

covariates in the linear predictor scale from the best-fit models for egg mass at landscape scale level.
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