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Abstract

We conducted field observations on parental care behavior and identified parentage of
care providers (male or female frogs) and eggs or tadpoles by microsatellite DNA. First, we
developed 11 polymorphic microsatellites as genetic makers for parentage analysis. The
number of alleles per locus ranged from 2 to 17. The observed and expected heterozygosity
averaged 0.433 and 0.656, respectively. Total exclusionary probability of these loci is 0.984
when no parental genotypes are known, and is 0.999 when one of the parental genotypes is
known. The results indicate that these markers should provide sufficient resolution for
inferring genetic parentage in C. eiffingeri. Next, we conducted field observations on egg
attendance in male C. eiffingeri. The frequency of egg attendance had a distinct diel pattern
in which males were observed to attend eggs more frequently at night than during the day.
Attendance frequency significantly decreased with increasing developmental stage of the
embryos but it was not statistically significantly related to clutch size. The non-significant
relationship between hatching rate and frequency of egg attendance suggests that embryonic
survival of C. eiffingeri is more than a function of egg attendance, and ecological and
environmental factors. Finally, we found that a few male C. eiffingeri called and gained
another mating while attending eggs which resulted in multiple clutches in the same bamboo
stumps. We analyzed the genetic relationships between the attending male and embryos of
multiple clutches by 7 polymorphic microsatellite loci. The results showed that in these two
cases, two egg clutches were most likely sired by the attending male which mated with two
females. In contrast, there was a case where egg clutches were most likely sired by multiple
male frogs and two female frogs.
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& 4 %7 (amphibia) s E #F (anura) & HJ\ R EARY D A R
Fo P KL R A A il P S A A MR R TIERELE
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bif- ~Z L& G 4p ia’a? F1* &+ i @ 4%z (molecular genetic maker) & # 1~ 3.+
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2 o 7] (4 PUCL8 ~ M13)2 " #8 (vector)d £ (ligate) » % ¥ #-1“ 48 & 7 (transform) 1 7
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(amplify) ® £ % 4] (polymorphism) s g 48 & F1 & o

AT RE AR FI T A 4T

12 42 3% MSA (Dieringer and Schloetterer 2003):* & <™ % #+ & B AR L F] A cheh
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Table 1 Characteristics of 11 polymorphic microsatellite loci in Chirixalux eiffingeri. i, interrupted repeat motif; H,, observed heterozygotsity; He, expected heterozygotsity; HWE, Hardy-Weinberg
equilibrium; PE; and PE,, exclusion probabilities without information of parents and with one known parent, respectively; T,: annealing temperature; N: sample size.

Locus Ta Allele Size No. of HWE

(GenBank ID) Repeat motif Primer sequences(5'-3")" (°C) N range (bp) alleles Ho He P value PE; PE,

CEr00112 i(TG)12 GCAAAGAGGAGGCAGCAAAT 58.0 20 81-91 9 0.550 0.688 0.127 0.282 0.466
(AY853675) GCTTGGCAAAACAGGTTTACTTH

CEr00006 i(GA)gs ACATCCATGCTCATGCTCTG 60.0 16 267-297 9 0.250 0.700 0.000 0.295 0.484
(AY853676) CCAATGACAAAGTTGGGGTT™M

CEr00009 i(GA)s6 TCTGCATCCAAGTACAGGCTT AMRA 56.5 19 224-290 12 0.526 0.836 0.000 0.483 0.655
(AY853677) GCCATGATGACCAACACCTA

CEr00118 i(GA), CCTGGTGTGAGGGGTTTTTA 56.5 14 135-189 4 0.286 0.537 0.033 0.139 0.277
(AY853678) AACACATACCGTGTCTTTCGC™*

CEd02641 i(AC)0,(CT)24 GTGTATCGCTTCCCCCTTTC™WRA 56.0 16 258-280 6 0.500 0.734 0.126 0.314 0.497
(AY853679) TCCAGATTCTAGCGGCTCTG

CEd02747 i(TCC)p AGTGATGCCCGTAACCTGAT™M 56.0 21 203,212 2 0.143 0.136 1.000 0.009 0.062
(AY853680) TCAGGCCAGTCATTCACAAG

CEd06009 (AC)g AAGTTAACCCTTGCAATGTCGH* 58.0 17 88-96 6 0.294 0.569 0.001 0.177 0.355
(AY853681) TGCCTTGTTCTCCCCTAGAC

CEd08767 i(GA)5,(GT)s,(GT)g ATATCAGTGCCCCAGTGACG"™ 56.0 20 243,251 2 0.800 0.492 0.005 0.115 0.182
(AY853682) GCGGGAGATTGAAGATGCT

CEd09258 i(GA)g, GGCTCTCACATCACCAAAATAMRA 52.0 5 364-370 4 0.000 0.800 0.003 0.298 0.472
(AY853683) CTTACCTGTATGGGCCAGTT

CEd12365 (CT)24 GGCCTCTCCACACAAGTTHEX 53.0 24 88-120 9 0.875 0.816 0.167 0.439 0.616
(AY853684) CAGTGCCAGCCCTCAT

CEd15688 (G GAAAACCTGCAGCCAAACC™MRA 60.0 24 82-128 17 0.542 0.902 0.000 0.625 0.769
(AY853685) TTGTGTGCAATGTGAAGTCAAC

Overall 0.433°  0.656" 0.984 0.999

” Primer labeled with fluorescent dye: FAM, HEX or TAMRA ¥ Average across loci



Table 2. The result from a General Linear Model (GLM) of ranked attendance

frequency in relation to developmental stage and clutch size in Chirixalus

eiffingeri.
Source df Type 111 SS MS F Pr>F
Model 5 120976.554 24195.311 5.613 <0.0001
Developmental stage 2 75097.964 37548.982 8.711 0.0002
Clutch size 1 2553.124 2553.124 0.592 0.4423
Stage x clutch size 2 6092.992 3046.496 0.707 0.4942
Error 244 1051717.946 4310.319
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Table 3. Genotypes of the attending male and the embryos of two clutches in the same
bamboo stump. Genotypes of the mother are deduced from those of the
male and embryos (except for the early clutch in case 02*).
embryos with particular genotypes.
or deduced from the data.

N, Numbe

r of

, The genotype can not be determined

Early clutch Late clutch
Attending Deduced Deduced
Locus male embryos N mother embryos N mother
Case 01*
CEd12365 92/94 92/94 3 94/94* 88/92 1 88/92
94/94 4 92/92 2
92/94 2
CEd02641 270/278 270/280 1 -[-* 278/278 2 278/-
CEr00009 -/- 236/236 1 236/246* 230/230 2 230/-
CEr0024 110/110 110/110 2 112/112* 110/110 1 112/-
112/112 1 110/112 1
CEd13854 114/114 114/120 1 106/120* 114/122 2 122/-
CEd15688 -/- 88/94 1 88/92* 88/88 2 88/-
92/92 1 88/94 1
92/94 1
CEd14604 -/- -/- 163/167* -/- -/-
Case 02
CEd12365 92/112 88/92 2 88/94 92/112 5 92/94
88/112 2 92/92 1
92/94 1 92/94 3
94/112 5 94/112 3
CEd02641 258/278 254/258 2 2541278 278/280 1 280/-
254/278 2
278/278 2
CEr00009 238/238 234/238 10 234/234 228/238 6 228/238
238/238 6
CEr00024 122/122 122/122 3 -/- 110/110 4 110/130
110/122 2
122/130 1
130/130 1
CEd13854 -/- 112/112 1 -/- 104/104 2 -/-
112/130 1 104/112 5
122/122 2
130/130 3
CEd14604 -/- -/- -/- 167/167 3 -/-
167/179 2
179/179 1

*To be continued
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Continued

Early clutch Late clutch
Attending Deduced Deduced
Locus male embryos N  mother* embryos N mother
Case 02
CEd15688 -I- 104/104 2 -I- 104/104 5 -I-
98/98 5
Case 03
CEd12365 92/114 90/92 1 -/- 88/114 3 88/92
92/114 1 88/92 3
92/120 1 92/114 5
92/92 1 92/92 5
92/94 5
94/120 1
94/94 1
CEd02641 -/- 258/278 2 -/- 278/278 6 -/-
2721272 1 278/280 2
2721278 1
276/278 1
CEr00009 232/240 224/224 2 -/- 228/232 5 228/240
228/228 1 228/240 2
228/264 1 232/240 3
236/240 1 240/240 3
238/238 4
240/240 1
CEr00024 -/- 110/110 3 -/- 110/110 2 -/-
110/112 2 110/122 4
112/112 1 122/122 7
120/120 2
122/122 2
CEd13854 - 108/110 1 -I- 104/108 3 -I-
108/116 1 108/116 6
108/118 1 98/104 3
108/122 1 98/116 3
108/130 2
110/122 2
CEd15688 96/96 88/108 2 -/- 112/112 4 96/112
88/110 3 96/112 2
88/88 3 96/96 7
96/108 1
CEd14604 -/- 155/163 1 -/- 159/159 5 -/-
155/171 2 159/187 2
155/175 1 187/187 2
159/159 1
163/163 4

* The mother of the early clutch in case 02 was captured and the genotype of the mother was
from genotyping not deducing.
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Figure 1. Diel pattern of egg attendance in male Chirixalus eiffingeri. The asterisk
above the columns indicates that attendance frequencies (mean + SE) in the
daytime and nighttime were significantly different (Wilcoxon matched-pairs

signed-ranks test, P<0.05).
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Figure 2. Attendance frequency (mean = SE) of male Chirixalus eiffingeri on egg
clutches in each developmental interval (as defined by Gosner stages) and
clutch size group.  Attendance frequencies in three developmental
intervals with different superscripts were significantly different (LSD,

P<0.05). Numeral above each column indicates sample size.
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Figure 4. Correlations between hatching rates and male attendance frequencies in egg

clutches in Chirixalus eiffingeri.
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