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Sexual Dimorphism in Morphological Traits and Food Habits
in Tiger Frogs, Hoplobatrachus rugulosus in Lishui, Zhejiang
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Abstract: We used tiger frogs ( Hoplobatrachus rugulosus) collected from Lishui (Zhejiang, eastern China) to study
sexual dimorphism in morphological traits and food habits. Females larger than 80 mm SUL (snout-urostyle length) and
males larger than 70 mm SUL were considered to be adults, and others to be juveniles. The frog is sexually dimorphic,
with females being the larger sex. Juveniles were not sexually dimorphic in any of the examined morphological traits. Head
length and hind-limb length were larger in adult females than in adult males and fore-limb length, eye diameter and tympa-
num diameter were larger in adult males than in adult females, when influence of variation in body size (SUL) was re-
moved using ANCOVAs. Other examined morphological traits did not differ between adult females and adult males. The
magnitude of hind-limb length deviating from the bilateral symmetry did not differ between adults and juveniles and be-
tween both sexes, whereas the magnitudes of fore-limb length deviating from the bilateral symmetry were greater in adults
than in juveniles and were greater in females than in males. A principal component analysis resolved three components
(with eigenvalues = 1) from ten size (SUL)-free morphological variables, accounting for 64.6% of variation in the origi-
nal data. The first component (26.9% variance explained) had high positive loading for size-free values of head width,
eye diameter and tympanum diameter, the second component (19.7%) for size-free value of hind-limb length, and the
third component (18.0% ) for size-free values of interocular length and internasal length. Adult females had lower scores
on the first axis of a principal component analysis than did adult males, but the score on the second and the third axes did
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not differ significantly between adult females and adult males. The tiger frog is an insectivorous species, but it also feeds
on invertebrates other than insects. Frogs of different ages and sexes, in various degrees, differed in food niche width and
breadth. However, no direct evidence shows a noticeable contribution of the divergence in head size to the segregation of

food niche between males and females, which is considered to important to mitigate the competition for food between both

sexes .

Key words: Ranidae; Tiger frog ( Hoplobatrachus rugulosus) ; Morphology; Food habits; Sexual dimorphism; Food

niche breadth; Food niche overlap
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Fig. 1 Frequency distributions of snout-urostyle length of adult tiger frogs Hoplobairachus rugulosus

1
Tab. 1 Descriptive statistics of morphological traits of tiger frogs Hoplobatrachus rugulosus
Adult Juvenile
F F
Morphological variable Female Male F-value and Female Male F-value and
significant significant
level level
Sample size 51 144 125 87
Snout e 1 b 98.5+2.0 83.1+0.7 84.29** 62.0+0.8 59.8+0.7 3 96
nout-urostyle fengt 80.1-127.1 70.1-104.7 F>M 44.3-79.0 43.8-69.9 :
33.3+0.6 28.5+0.2 5.86" 22.4+0.3 21.6+0.3 )
Head length 0.59™
26.7-40.8 23.2-35.8 F>M 16.2-28.7 15.8-26.3
Head widih 31.8£0.9 26.3:0.3 - 19.1+0.3 18.5+0.3 0 21
cad 2.2-42.0 19.5-37.8 : 13.1-26.9 13.7-24.1 :
47.0x1.1 40.5+0.4 107 29.8+0.4 29.0+0.4
Fore-limb length * * 5.10 * * 0.47"
32.9-61.7 32.0-61.7 F<M 20.2-40.1 19.4-36.5
Hind-limb 1 ) 138.3+£2.9 115.7+1.0 4.04" 87.9+1.2 85.2+1.2 0.78
inc-mb fength 107.3 - 180.0 95.5-156.0 F>M 60.6 - 118.5 58.6-107.6 :
Lonsest forent 14.0£0.3 12.10.1 3 3 10.1£0.1 9.7£0.1 026
ongest forertoe 9.7-19.1 8.4-15.5 : 6.0-13.9 7.1-13.9 :
Lonsest it 36.8+0.8 32.0£0.3 | 6o 24.5+0.3 24.1£0.4 sy
ongest und-loe 27.4-49.6 21.8-41.7 : 16.8-32.8 16.2-30.7 :
9.1+£0.3 8.0+£0.1 4.047 6.0+£0.1 5.8+0.1 .
Eye diameter * * 0 * * 0.67™
: 6.0-12.4 5.6-11.3 F<M 4.4-9.1 4.1-7.9
T diameter 7.20.2 6.420.1 5.16" 4.90.1 4.8+0.1 0 01"
ympantim diameter 5.2-9.9 4.6-10.2 F<M 3.4-6.7 3.5-6.8 :
Interocular lenath 7.0£0.2 5.9£0.1 0. g8 4.9£0.1 4.7+0.1 0 01"
peroctiar leng 5.0-9.0 4.1-8.0 : 3.1-7.3 3.3-6.6 :
Internasal Tentl 4.5+0.1 4.1+0.1 0.06™ 3.6+0.1 3.5+£0.1 5 3gm
mernasal fength 3.2-6.1 2.2-6.3 : 2.3-4.7 2.5-4.6 :
+ ANOVA SUL ANCOVA SUL
F Data are expressed as mean + SE  range . All length units are in mm. F values of one-way ANOVA for SUL

or ANCOVA for other morphological variables with SUL as the covariate and significant levels are indicated in the table
"™ P>0.05 "P<0.05 """P<0.001. F Female M Male
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10 ANOVA Fl 211=0.03 P20869
Eigenvalue =1 3 2
64.6% 3 2.2
277
40 51 113
3 73
ANOVA Fi 21126.9] P < 4 39.6%
0.01 ANOVA F| ;1 =2.91 P =0.090 40.8% 52.3% 46.5%
2
Tab. 2 The degrees of fore- and hind-limbs deviating from the bilateral symmetry in Hoplobatrachus rugulosus
Adult Juvenile
Female Male Female Male
Sample size 23 73 76 43
Forelimb length 5.13+1.19 3.22+£0.36 3.18+0.38 2.74+0.42
ore-timb fengt 0.00-28.15  0.00-17.58 0.00-14.14 0.00-8.92
Lo 1.88+0.35 2.25+0.26 1.94+£0.34 2.57+0.57
Hind-limb length
0.00-7.19 0.00-11.95 0.00-19.78 0.00-23.74
VSs. VS.
Females vs. males Juveniles vs. adults Interaction
Fore-limb length Fi 21=4.05 P=0.046 F>M F; ,;;=6.14 P=0.014 A>] Fi 11=1.04 P=0.310
Hind-limb length Fi 1=1.82 P=0.179 Fy 21=0.03 P=0.871 Fi 211=0.03 P=0.874
F Female M Male A Adult J Juvenile
3 10 3

Tab. 3 Loading of the first three axes of a principal
component analysis on ten morphological vari-
ables from adults Hoplobatrachus rugulosus

Factor loading

PC 1 PC2 PC 3

Head length 0.161 0.560 0.504
Head width 0.868 0.153 -0.089
Fore-limb length 0.635 0.451 -0.180
Hind-limb length 0.051 0.825 0.007
Longest fore-toe -0.267 0.586 0.280

Longest hind-toe 0.230 0.620 -0.161

Eye diameter 0.847 -0.007 -0.265
Tympanum diameter 0.785  -0.126 0.157
Interocular length -0.099 0.062 0.872
Internasal length -0.205 -0.076 0.737
Variance 26.9% 19.7% 18.0%

Size effects are removed in all cases by using residuals from the regres-
sions on snout-urostyle length. Variables with the main contribution to

each factor are in bold face.

PC3

Fig. 2 Scatterplot of both sexes of adults Hoplobatrachus
rugulosus along the first three morphological pri-

nciple component factors

Size effects were removed by using residuals from the regressions of
corresponding variables on snout-urostyle length
A Male O Female a @

Mean values in males and females respectively
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4
Tab. 4 Prey items found in stomach contents of Hoplobatrachus rugulosus collected in the fall from Lishui Zhejiang

Prey numbers proportion of the total

Prey item
Female adult Male adult Female juvenile Male juvenile
Lumbricida Megascolecidae 0 - 1 0.0097 1 0.0046 1 0.0079
Mesogastropoda Viviparidae 1 0.0189 0 - 1 0.0046 3 0.0236
Basommatophora Planorbidae 0 - 0 - 0 - 1 0.0079
Basommatophora Lymnaeidae 1 0.0189 0o - 0o - 0 -
Isopoda Porcellionidae 0 - 0 - 4 0.0183 1 0.0079
Decapoda Palaemonidae 0 - 0 - 2 0.0092 0 -
Araneae Atypidae 2 0.0377 4 0.0388 1 0.0046 3 0.0236
Araneae Gnaphosidae 0 - 0 - 0o - 1 0.0079
Scolodenpromorpha  Scolopendridae 3 0.0566 3 0.0291 11 0.0505 2 0.0157
Microcoryphia Machilidae 0o - 0o - 1 0.0046 0 -
Orthoptera  Gryllotalpidae 3 0.0566 15 0.1456 13 0.0596 14 0.1102
Orthoptera  Gryllidae 3 0.0566 2 0.0194 6 0.0275 1 0.0079
Orthoptera  Tetrigidae 0 - 1 0.0097 7 0.0321 2 0.0157
Orthoptera  Catantopidae 5 0.0943 6 0.0583 9 0.0413 3 0.0236
Homoptera Delphacidae 0 - 0 - 1 0.0046 0 -
Hemiptera Pentatomidae 3 0.0566 0 - 1 0.0046 2 0.0157
Hemiptera Coreidae 0o - 0o - 1 0.0046 0o -
Hemiptera Gerridae 1 0.0189 0 - 0 - 0 -
Dermaptera Labiduridae 0 - 2 0.0194 0 - 0 -
Coleoptera Carabidae 21 0.3962 42 0.4078 114 0.5229 59 0.4646
Coleoptera Dytiscidae 0 - 0 - 1 0.0046 1 0.0079
Coleoptera  Coccinellidae 0 - 0 - 1 0.0046 0 -
Coleoptera Scarabaeidae 0 - 1 0.0097 1 0.0046 3 0.0236
Coleoptera Chrysomelidae 4 0.0755 3 0.0291 7 0.0321 2 0.0157
Diptera  Syrphidae larvae 0 - 0 - 2 0.0092 0 -
Lepidoptera Zygaenidae larvae 0 - 0o - 1 0.0046 0 -
Lepidoptera Noctuidae larvae 2 0.0377 11 0.1068 16 0.0734 15 0.1181
Lepidoptera Sphingidae larvae 0 - 0 - 0 - 1 0.0079
Lepidoptera Geometridae larvae 0 - 0 - 2 0.0092 0o -
Hymenoptera Vespidae 0 - 0 - 0o - 1 0.0079
Hymenoptera Formicidae 0 - 2 0.0194 7 0.0321 5 0.0394
Hymenoptera Vespidae 0 - 0 - 0 - 1 0.0079
Anura Ranidae 2 0.0377 5 0.0485 6 0.0275 5 0.0394
#IHT  Insectivora Soricidae 1 0.0189 2 0.0194 1 0.0046 0 -
Violales Cucurbitaceae 0 - 3 0.0291 0 - 0 -

Cyperales Gramineae 1 0.0189 0o - 0 - 0 -
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Tab. 5 Food niche overlap in Hoplobatrachus rugulosus from Lishui Zhejiang
Adult male Juvenile female Juvenile male
Adult female 0.9387 0.9570 0.9336
Adult male 0.9588 0.9815
Juvenile female 0.9798
5.25 4.75 3.42  4.01
0.933 -
0.982 5 Shine 1979 Davies & Halliday 1977 Kat-
sikaros & Shine 1997 Lin & Ji 2000 Du & Ji
3 2001
Darwin 1871 Katsikaros & Shine 1997
Doty
Katsikaros & & Welch 2001 Smith & Roberts 2003
Shine 1997
Katsikaros & Shine
1997
Cooper & Vitt
1989 Hews 1990 Mouton & Van Wyk 1993 An- Schoener et al 1982 Barden &
dersson 1994 Katsikaros & Shine 1997 Lin & Ji Shine 1994
2000 Zhang & Ji 2004 Du & Ji 2001 Ma & Ji 5
2001
Hirai & Matsui
Slatkin 1984 Braiia 1996 Bonnetetal 1998 Lin 2001
& Ji 2000 Ji & Du 2000 Zhang & Ji 2000 Ji et
al 2002 Xu & Ji 2003
90 % Shine 2
1979 Katsikaros & Shine 1997 26.9%
Woolbright 1983 Ji & Du 2000
Leary & Allendorf
1989 Palmer & Strobeck 1986 Mgller 1997 Mgller
Geng & & Swaddle 1997 Barfia & Ji 2000

Cai 1994
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