Chapter V

Results and Discussion

5.1 Fluctuation of Relative Humidity and Temperature during the Study Period
During July 2001 to June 2002, the fluctuation of relative humidity in the cave was
quite similar to the relative humidity outside as shown in Figure 5.1. Both inside and

outside of the cave, the mean relative" @ity remained relatively high throughout the

\{,

year. Huai Mae Kraphroi, the ' flow through the cave, might cause
R0 tside the cave. The average

© 90.73 % for the inside and
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eridds of the year. In August,

between inside and o#fSidg ek
September and Novembef20 @ r.;g,’; Apri l"';;‘ 1d®Wune 2002, the relative humidity

about 1 m above the surfdte M difi€rent between the inside and the

outside (Table 5.1). Those =:f_=:£_';fé~ ber 2001, the relative humidity inside
;.- mpling in November, the
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6 e survey. The evaporation

was higher than the!
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heavy rain just was e

from the stream and sI outsId e rai 'self might cause the higher

humidity.
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e humidity at soil surface, there was a significant difference between

NN ATROR
T M of'those' times“the relative dity" at soil surface

inside the cave was higher than the outside.

The higher relative humidity inside the cave throughout the study time could be due
to the evaporation from the stream and the soil circulated in the limited area of the cave

and slowly leaked to the outside.
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Table 5.1 Mean
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relative humidity at 1 m above soil surface at Tarn Lord Noi Cave.

Mean + SD (%)
Sample
N Inside the cave N Outside the cave
July 2001 73 87.40" + 3.56 40 86.69° + 5.26
August 2001 75 85.94" + 4.91 45 82.66 + 6.28
September 2001 75 82.06" + 5.95 44 78.88" + 6.26
October 2001 25 90.00" + 3.30 15 90.59° + 3.76
November 2001 75 88.21° + 6.20 60 90.45" + 5.43
December 2001 75 6 59 88.03° + 4.22
January 2002 75 : 60 79.04° + 5.27
February 2002 B4FT ot 60 82.62" + 6.69
March 2002 4 8350 .. 60 83.38° + 7.15
April 2002 i 60 73.12" + 11.71
May 2002 3 R 52 89.95" + 5.83
June 2002 : 60 83.52" + 6.71
Remark * Significant er 5 side the cave are indicated by
differences in giipe g€k lett
: 3
Table 5.2 Mean relative h i = t T&rn Lord Noi Cave.
—— an + SD (%)
Sample
4 N Outside the cave
7 .
July 2001 ' 0 88.71° + 4.21
August 2001 28 83.18" + 6.10
September 2001 74 +4.58 29 79.32" + 5.81
October 2001 90.304#12.72 91.78° + 1.95
VPN :smm-
December 200" . 8845 +3.12 i 87.76° +3.82
F W= ll 14 - 1 l. AY L ) l-‘- i - " o
Janrl A A5 1[ 1 rf' /i .ﬂi‘;'f*?".- 79.50° + 4.93
February 2002 ' | 76 @ UH Bdork skt . N1 8263 +678
March 2002 75 84.97" + 4.06 60 83.24° + 7.02
April 2002 75 79.30" + 6.82 60 73.45 + 11.38
May 2002 65 90.77" + 5.72 52 89.76" + 6.59
June 2002 75 87.50" + 4.59 60 83.56 +7.03

Remark * Significant differences (P<0.05) between inside and outside the cave are indicated by

differences in superscript letter.
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The mean temperature in the cave was quite parallel to the mean temperature
outside as shown in Figure 5.2. The mean temperature was quite stable from July to
October 2001 then it decreased sharply to the minimum in the winter (January 2002).
The minimum air temperature, soil surface temperature, and water temperature inside
the cave were 16.96, 16.91, 17.10 °c, respectively and were 17.07, 16.86, 17.20 °C,
respectively for the outside. Then the temperature increased sharply and raised to the
maximum in the summer (May to June 2002). The maximum air temperature, soil

surface temperature, and water tempgratgre inside the cave were 24.85, 24.28, 24.31

e, respectively and were 25.6€ | ' 1.V 3 _respectively for the outside.

There were signriﬁ- St P=0 05) in the mean temperature

between inside andr riods of the study. The air
temperature inside was, perature outside in July and
September 2001 and

The temperature Iy different between inside and
outside in July, August 2001 and February to June 2002
(Table 5.4). In all of i ::.;7--l=n,.; &rature inside was lower than the
temperature outside.

—. o
e .
p
x

The water tel q, yerithan the water temperature

outside only in April d May:: "]

The lo gﬁﬁ m he sun did not directly
shine to th;ﬁ/ ; S, |ﬂv ater,"a m(ﬂviikurface could not absorb
the ch-as 'w ide_dideFor the water femperature, the water
ups mﬁwﬁﬂﬁﬁ ‘ mﬁﬁawa@ﬂween inside and

outside throughout the sampling period.
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Table 5.3 Mean air temperature at Tarn Lord Noi Cave.
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Mean + SD (°C)

Sample
N Inside the cave N Outside the cave
July 2001 78 23.77° + 0.66 43 24.53" + 1.09
August 2001 75 24.51° + 1.05 44 25.03" + 1.68
September 2001 75 24.57° + 0.91 42 25.38" + 1.67
October 2001 25 24.04" + 155 15 24.37" + 1.93
November 2001 75 2332" + 0.91 59 23.42° + 1.16
December 2001 75 0 60 21.68° +1.43
January 2002 75 60 17.07" + 235
February 2002 > 202" 60 21.63° + 227
March 2002 & 257" 60 22.49" +2.83
April 2002 60 2456 + 3.56
May 2002 0 52 25.29" +1.23
June 2002 60 25.60 + 1.14
Remark * Significant cifrergls 4 utside the cave are indicated by
differences in s ‘ re
, 3
Table 5.4 Mean soil surfa _ oi Cave.
_— an + SD (°C)
Sample
. N Outside the cave
July 2001 30 23.92" + 0.72
August 2001 30 2437 +1.16
September 2001 75 +0.74 30 24.60° + 1.18
October 2001 f 237844 0.36 2 24.25° + 0.35
November 2008 | 7 2341 # 1.1
December 200 75 2095 +0.75 a4 2145 + 152
Jan 16. " 16.86" + 2.40
Febru 2 7 4+ 0 4 21.44° +1.97
March 2002 75 21.06" + 0.86 45 21.88" + 1.85
April 2002 75 2247" + 1.11 45 24.28" + 275
May 2002 65 24.28" + 0.59 39 2508 + 1.29
June 2002 75 23.95 + 0.42 45 24.97" + 117

Remark * Significant differences (P<0.05) between inside and outside the cave are indicated by

differences in superscript letter.

121048353 %1




36

Table 5.5 Mean water temperature at Tarn Lord Noi Cave.

Mean + SD (°C)
Sample

N Inside the cave N Outside the cave
July 2001 56 23.17" +0.32 15 23.30" + 0.46
August 2001 59 23.58" + 0.65 15 2377 + 094
September 2001 59 23.80° + 0.61 17 24.09° + 1.02
October 2001 8 23.94" + 0.42 2 24.00" + 0.00
November 2001 59 22.96" + 0.52 29 22.86" + 0.82
December 2001 60 NI 30 21.22" + 0.81
January 2002 60 | 30 17.20° + 1.50
February 2002 0483 30 21.05" + 0.81
March 2002 2146° ' 28 21.88° + 1.17
April 2002 /1 S 30 23.96" + 2.81
May 2002 : 1 : 26 24.93" + 0.80
June 2002 , 29 24.45" + 0.64
Remark * Significant efes : e : side the cave are indicated by

differences in s rs-': tter :

Auganeninenns
ABINTANHATNE



5.2 Population
5.2.1 Population Size
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5.2.1.1 Estimated Population Size, Probability of Survival, and Number

Joining

A total of 167 Bufo asper founded in the cave were marked from July 2001

to June 2002. The number of recaptured toads were shown in Table 5.6. There were

54 individuals that never been caught anymore in the later samplings and there was

only one individual that was recap

Table 5.6 Number of reca asper
June 2002. -
Number of ; )7
recapture /4
Number of toad 54
Using the#Jol! ' r .
proportion marked, the @5tig@ated | Si

number of new toads joining t

and Figure 5.3.

Due t

and the number joinifg cou

} urveys.

rd Noi Cave during July 2001 to

Total

2 8 5 1 167

stimation (Krebs, 1989), the

probability of survival and the

stimated as indicated in Table 5.7

firg

stimate of population size

ample and neither of them

could be estimated for We st sample. In addition, the probability of survival can not

e B HEA RN INDINS
AIRIN I TN



Table 5.7 Population estimates of Bufo asper in Tarn Lord Noi Cave.
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Sample Proportion Estimated Probability of Number joining
marked population size | survival (+ S. E.) (+S.E)
(+S.E)
July 2001 - - 0.809 + 0.046 -
August 2002 0.759 80.9 + 3.8 0.919 + 0.065 12.6 + 3.0
September 2001 0.850 87.0+72 0.715 + 0.087 124 + 6.1
November 2001 0.793 73.8+97 0.827 + 0.083 309+7.6
December 2001 0.581 5 0.928 + 0.060 6.4 +6.4
January 2002 0.933; 0.937 + 0.061 5.6 +3.7
February 2002 0.69 .6 ~ 0.920 + 0.052 15+23
March 2002 47 913 + 0.080 3.7+20
April 2002 2 06 + 0.127 171 +4.9
May 2002 - -
June 2002 - -
Remark -- means th egl e from the available data.
] Ft
The data fr - t imated population parameters of

B. asper from July 2001 u

indicated that the unmarked or

values of proporti
could be inferre

population, or both.

The proportion of marked toads

ound in every sampling time due to the

r gll sampling times. Hence, it

joining this cave-inhabiting

Autinenineans

ATl Ingal
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Figure 5.3 Estimated population size, proportion of marked toads, probability of survival,
and estimated number of unmarked toad joining the population in Tarn Lord

Noi Cave during July 2001 to June 2002.



40

The estimated population size varied from 71.9 + 7.9 to 919 + 85
individuals. It was largest in December 2001 and smallest in April 2002. The variations
of the population sizes during the study period might be due to emigration, immigration,
birth, as well as death of the toads. The obtained data on the habitat utilization
indicated that there were migrations in this population. Moreover, from the study on the

breeding season, the eggs of them were found in the cave.

According to the probabili

Seber method means staying DAt gy area. Individuals that emigrated were

died (Krebs, 1989). Moreover, it

survival, the survival determined using Jolly-

counted as losses in the sz

was determined by the poois arl —-r- only. Therefore, the probability

of survival belonged to thgs he population. From the obtained
data, the probability of 5 ' to 0.937 + 0.061. Due to the
values were higher fan g . ild be concluded that most of
the toads found at theé™ti e ; \, the “ > and found again at the next
sampling time. Howe ol . dead toad found in September

2001 and another one i

The number joining= Lied the estimated number of unmarked
individuals entering™ihe ridd 4 tg=30.9 + 7.6 individuals during
the study period tr y :J , discussed in the results on

estimated population ff ze. 2 e‘ ndent parameter of the size of

marked population, the estimated population size, and the probability of survival (the
formula is i jrn\g i used by the estimated
population s Mm of int ﬂ ﬁaﬁl\m\ated population size of

ﬁ arked population
T TE TN en et T

was found.
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5.2.1.2 Population Size, Probability of Survival, and Number Joining as
Separated by Sexes

Using secondary sexual characters and snout to vent lengths of all marked

toads, the toads could be divided into three groups. The first was a group of male

toads. Males were undoubtedly identified because of the distinct nuptial pad on the

base of thumb and the opening of vocal sacs in the mouth. Throughout the study

period, a total of 70 male toads found in the cave were marked. The second and the

third groups were females and young §o ndentnfed sex group. Unlike males, the
‘ !

secondary sexual characters coul in female and young toads. Because

of this reason, the snout oF tieng ' as WEs 70 assify the two latter groups.

The sno
(Green, 1992). From &
2002), the smallest an

,used as a criteria in classification
6 jales (from March 2001 to July
“"‘H mm, respectively. Due to the
studies of Taylor ( J 5 species were smaller than
females and in many re present in adult male toads
of some species in ge Viatsui, 1984). So, the toad that
was bigger than 111 mm B0 73 ; and the toad of which size was smaller
than or equal to 111 mm was . For 12 months of data collection, there
were 50 female &
marked young be u:r

ed~Furthermore, there were 4

Il ",?;g the study.

As mdmatf Table 5.8, a released most of marked toads were
recaptured s, 25 females, and 16
young were@gggﬁmrgnf\anas recaptured in every
sa ﬂ %Memale that was
re:@MQa@m ngnﬁe ecaptured more

than 5 times.
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Table 5.8 Number of recaptured male, female, and young Bufo asper in Tarn Lord Noi

Cave during July 2001 to June 2002.

Number of 0 1 2 3 4 5 6 7 8 9 10 | Total
recapture
Number of male 13 8 4 14 7 5 5 1 7 5 1 70

Number of female 25 10 2 4 4 2 3 0 0 0 0 50

Number of young 16 | 17 10 4 3 1 0 0 0 0 0 51

,. ﬂg’ﬁﬁﬁ ?waﬁﬁ%p
mammﬁm i

proba |I|ty of survival, and the number of new males joining this population were shown
in Table 5.9 and Figure 5.5.
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Table 5.9 Population estimates of male Bufo asper in Tarn Lord Noi Cave.

Sample Proportion Estimated Probability of Number joining
marked population size | survival (+ S. E.) (+S.E.)
(+S.E)
July 2001 - - 0.868 + 0.055 -
August 2002 0.895 36.9 + 2.1 0.883 + 0.059 1.4 +0.7
September 2001 0.962 34.0+29 1.048 + 0.102 6.3 +34
November 2001 0.842 419+538 0.795 + 0.100 227 +4.4
December 2001 0.543 ‘ 0.974 + 0.051 44+34
January 2002 1.0 - 0.944 + 0.060 26+1.0
February 2002 Q( : 9. v 0.928 + 0.057 0.6 +1.1
March 2002 = |46 .875 + 0.094 -02+04
April 2002 4 0.667 + 0.108 0.0 + 0.0
May 2002 i - -
June 2002 = ==
Remark --- means th from the data available.
#

The estim@te 1‘ male B. asper varied throughout
the study period. The pr i | — le icated that new males were found
in the cave during the study p i roportion values were lower than 1.000.

A2

However, it was foynd
2002 due to the

few or none of un

2001 to the later sr;plmg in January 2002 and also

un

in January and April to June

ight be concluded that very

e AU NN Inens
FOB ISR SR o v

sme%'t population size was found in May 2002. The dynamic of population size of the

male varied

r the sampling in December

er the sampling in March to

27.3 + 5.0 to 56.1

male could be from several factors, including immigration, emigration, growth of young

to be adult male, and death. However, from July 2001 to June 2002, none of the male

was found dead in the cave.

The probability of survival varied from 0.795 + 0.100 to 1.048 + 0.102

and that might be due to the emigration and death of the marked male. However, the
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value was higher than 0.500 for all sampling times, that means most of the marked
male at the time of interest remained in the cave and found again in the next sampling

time.

The number joining varied from -4.4 + 3.4 to 22.7 + 4 4 individuals. The
highest number of new males joined the cave population was found in November to
December 2001. The smallest number of new males shared the cave was found in

December 2001 to January 2002. Thej ariation of the number joining was influenced
i

by immigration and growth af | discussed in the part of estimated

population size because @t _the dependent parameter of the

estimated population siz€~

5.2.1.2.2 Popel:
The prop le estimated population size, the
probability of surviva

shown in Table 5.10 &

s joining this population were

rin Tarn Lord Noi Cave.

Table 5.10 Population est —f‘,,,v,;,.;-_

Sample Proportio "‘""@ " Probability of Number joining

= u'al(__S E.) (+S.E)

\ sy —

v Y1
July 2001 #" #8.786 + 0.110 -
August 2002 ‘ 0. %0.967 +0.183 7.7+26
September 2 : g 0.440 + 0.125 31434
November 2001 ’ 40 +8. 1 ATT -0.3+37
December 200 0.875 16.0 + 4. 0.733 + 0,17, 2 -0.7+1.3
Jant ‘ ] + 31+18
February 2002 77 14.1+ 31 {115 + 0:108 02+22
March 2002 0.909 159 + 3.4 0.820 + 0.197 25+17
April 2002 0.818 155+ 3.9 0.992 + 0.443 19.3 + 10.8
May 2002 0.421 347 +16.5 --- -
June 2002 0.636 - - ==

Remark - means that no estimate can be made of this parameter from the data available
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The estimated population parameters of female B. asper varied
considerably during July 2001 to June 2002. The proportion of marked females
demonstrated that there were unmarked females found during the sampling period due
to the value was lower than 1.000. However, none of female was found in January due
to the value was equal to 1.000. It could be inferred that none of the female came to

the cave after the sampling in December 2001 until the sampling in January 2002.

that some of the female / od 4 =. Moreover, two females were

The estimated popu

ize varied from 11.0 + 2.6 to 34.7 + 16.5

individuals. The smallest popul ind in January 2002 and the biggest

was found in May 2002. = : ’ation of the proportion of marked

females could be migration, g (1 (ata on habitat utilization revealed

found dead in the cave,

The LTy /e HaloWaried from 0.440 + 0.125 to
1.167 + 0.177. The, ‘ ¢ rvival lower than 0.500 mean
that the female found iy st were found again in the next
sampling time but in small, S ation and/ or death. From July 2001 to
June 2002, the value was u—r—- g only in September 2001. It could be
explained that mosik,0 fou of interest remained and stayed

alive in the cave al '3 |

The numpber joining of the female varled from -0.7 + 1.3 to 19.3 + 10.8
individuals. ﬂ ?vﬁgn ﬂa opulation was found in
December 2@ uary 200 he smallest ﬂomApril to May 2002. The

iati he m nd growth of the
: gﬂ ﬂ%ﬁm% number joining

was the dependent parameter of the estimated population size.

5.2.1.2.3 Population Estimates of the Young
For the young, the proportion of marked young, the population size, the
probability of survival, and the number of unmarked young joining this population were

shown in Table 5.11 and Figure 5.7.
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Table 5.11 Population estimates of young Bufo asper in Tarn Lord Noi Cave.

entered the cave during t
than 1.000. However, the new
marked value was~-

entered the cave

.

Sample Proportion Estimated Probability of Number joining
marked population size | survival (+ S. E.) (+S.E.)
(+S.E)
July 2001 - - 0.745 + 0.103 ---
August 2002 0.696 25.7 + 3.1 0.997 + 0.309 41+29
September 2001 0.833 29.8 +9.5 0.372 + 0.228 6.2+7.5
November 2001 0.600 17.2 +11.0 0.707 + 0.363 96+9.3
December 2001 0.400 0.816 + 0.280 22+10.3
January 2002 0.60! 0.976 + 0.325 24 +8.1
February 2002 A 0.574 + 0.168 22+2.2
March 2002 2.0 182 + 0.180 04+24
April 2002 4. 14 + 0.928 -08+1.6
May 2002 Yo : - s
June 2002 --- -
Remark --- means th e from the data available
4
The prop@fti : led that there was new young

the proportion marked was lower

ound in May 2002 due to the proportion

ed-that none of the new young

The est&nated populatlon ize varied from 12.0 + 3.1 to 29.8 + 9.5

individuals. [l

» o ] - ;.1‘: ‘! 1\
e AN NS
was found in Mé ch 2002.° T flue

r 2001 and the smallest

of marked young were

:mmmﬁj T

|nd|V|duaIs of the young became adult (2 males and 2 females) were found during the

study period.

In addition, eggs were found in April to June 2002 that could affect the

population size. However, none of the young found dead inside the cave.

The probability of survival of the young varied from 0.372 + 0.228 to

1.214 + 0.928. The probability of survival was quite low in September 2001 that might

be due to some of the young left the cave or died after the sampling time in September
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2001. However, the probability of survival was over 0.500 in other sampling times. It
indicated that most of the young at the time of interest remained in the cave and were

found again in the next sampling time.

The number joining of the young varied from 9.6 + 9.3 to -24 + 8.1
individuals. The smallest number of new young joining this population was found in
January to February 2002. The highest number of new young entered the cave was

found in November to December 20¢€

he variation of the number joining could be

%

influenced by immigration €y g as discussed in the part of estimated

population size because. 5 the dependent parameter of the

estimated population siz

-
o

k)
§i

Audinundnenns
RN TN Inendy
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Figure 5.5 Estimated male population size, proportion of marked and unmarked males,
probability of survival, and estimated number of unmarked males joining the

population in Tarn Lord Noi Cave during July 2001 to June 2002.
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Figure 5.6 Estimated female population size, proportion of marked and unmarked
females, probability of survival, and estimated number of unmarked females

joining the population in Tarn Lord Noi Cave during July 2001 to June 2002.
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Figure 5.7 Estimated young population size, proportion of marked and unmarked young,
probability of survival, and estimated number of unmarked young joining the

population in Tarn Lord Noi Cave during July 2001 to June 2002.
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Figure 5.8. showed the dynamic of estimated population sizes of the toad

throughout the study period.

100
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Figure 5.8 Dynamic of est} vifo. a sper in Tarn Lord Noi Cave

during July 200 14

I he /e been reported for several
2 1991; Augert and Joly, 1993;
0 and Pie, 2001; this study). In

Dynamics of poptila ize alE

anuran species (e. g., Begen 'o‘}._}.‘-_
Barreto and Moreira, 1996; Fi -‘:3.‘-__.5,.31- 0
animals, the population dynamic.was
T b

7 immigration, emigration, birth, and
death (Krebs, 1989; Sgui

‘ is study, however, the

e =
determinants, such &7 “furvival strategy, of the

migration might play di _I nt roles amo yfemales, ; young.

From @ﬂﬁ%ﬂg ﬁ{“ﬂﬁﬂ%masa during August
to December 2 after the breeding season (April to August 2001) and tended to

e aftery Dec Igﬁa ﬁ next » ng season was
TR TN

) .
@na tatesbeiana, R.

clamitans,qMantella laevigata, the male had territorial behavior (Bee and Gerhardt, 2001;
Bee et al., 2001; Heying, 2001; Bee, 2002; Shepard, 2002) and this behavior is very
aggressive when the male of Mantella laevigata was interested by the female in the
breeding season (e. g., Heying, 2001). Although the behavior was not directly
observed in this study, the movement of the male B. asper in Tarn Lord Noi Cave might
be explained by its territorial behavior. The emigration of male toads before the

breeding season in the year 2002 might be due to superior males defended resources



52

necessary for their reproductive success, inferred as mates and breeding sites in the
cave, through calling and/ or visual displays (e. g., Shepard, 2002). Therefore, the
inferior males had to leave the cave. The higher number of males in the cave after the
breeding season in the year 2001 could be discussed again by the territorial behavior of
the toads. After breeding season, the aggression of superior males might decrease so
other males inhabiting outside could come in to share the cave. Hence, it could be

inferred that Tarn Lord Noi Cave was the limited resource concerning breeding site.

According to femalesythe Il~_u 240 ize of females tended to decrease from
: ne_ 7 “ason in the year 2001 and raised up
again after January to May 200 4 B ding season was coming. This
phenomenon might be & _' 1 rategy and the foraging behavior
of the toads. The hi %din the cave might be due to the
female came to selec sybei 1o Ak S o mate and deposit eggs. This
phenomenon was _‘ 3 | any amphibians such as B.
americanus (Howard JVh| ' ' ) B. bufo (Duellman and Trueb,
1994), Hyla rosenbergj i \\ L

(Houck, Arnold, and Thisis

» 19 P4), Desmognathus ochrophaeus
~$\ et al., 1994). Some of the female
dispersed from the cave after b V';_—_--, 5 Tobably due to the female had spent high
energy in breedingyang i e cal imited. The dispersal of females
from the ';,— :' osus (Kusano, Maruyama,

and Kaneko, 1995) — — i

4F

w&a f i i up during August to
September@ Mcﬂe mamﬁsize in March 2002, and
raisee ; in 2 m ear 2002 started.

ent. The decrease in population size after September might be because of food

limitation in the cave. The data on the habitat utilization encouraged this discussion.
Moreover, growth of the young could affect the population change. There were 4 young
became adults during the study time. Therefore, the recaptured data of them were
classified as the data of adults. The increase in number after March 2002 might be
also caused by the offspring recruitment and will be discussed in the result of

population structure.
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5.2.2 Population Size and Climatic Factors
As indicated in Table 5.12, the climatic factors, including relative humidity at 1
m above ground, relative humidity at soil surface, air temperature, soil surface
temperature, and water temperature were tested. Spearman’s correlation revealed that
population size of all and the young toads did not correlate with any climatic
parameters. For the male and the female, it was found that the population sizes of

them correlated with the temperature. However, the correlation was on the opposite

way. The change of female popu 1 ize coincided with the temperature fluctuation.
On the other hand, when : reased, the population size of male
conversely related as sho - e 5 {7
Table 5.12 Spearma : ing the relationship between the
populaﬁtio ' \% Motk t‘ Tarn Lord Noi Cave from July
20016 ' Eigh - parentheses.
Climatic factor 4 | | . n size
[foa ” Female Young
Relative humidity-1 m J - ) 0.350 (0.356) 0.067 (0.865)
Relative humidity-Soil | 17 2 00 (0k798) 0.233 (0.546) 0.100 (0.739)
Surface s
Temperature-Air QL .000) 0.767 (0.016) 0.150 (0.700)
Temperature-Soil Su 10.767 (0.016) 0.150 (0.700)
Temperature-Water Ly 7 0.767 (0.016) 0.150 (0.700)
Remark Correlation W#s signi ' vel (24lled).

Autinenineans
AT AN al
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examined, the result could be inferred that the temperature in relation to reproduction
should | Mﬁ?dﬁ“ %@qﬁ% of the male
and thﬁm : .

Temperature and rainfall were considered as the primary extrinsic factor
initiating breeding activity in amphibians (Duellman and Trueb, 1994). According to the
result from this study, the number of the female tended to decrease in cool period

(November 2001 to January 2002) that might be due to the breeding season (April to

August 2001) had been over and some of the female dispersed from the cave. For the
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male, at the same time, the number tended to increase that might be due to the stress
in breeding site had decreased. Thus the other males inhabiting outside could come in
to share the cave. The higher temperature and rainfall during February to June 2002
seemed to stimulate the breeding activity in the year 2002 due to the number of the
female tend to increase, the number of the male tended to decrease and the signs

indicating breeding season could be remarked.

5.2.3 Population structure

Population structure w : parts; proportion of males, females,

and young and size distribt

5.2.3.1 Prop'b ife d Qung

The pro;)q__ estimated population sizes of each

sex obtained from “Joll#ej und' that the proportion of toads

fluctuated througho le 5.13 and Figure 5.10 The

male was dominant i »and the young almost throughout

the sampling period. d Bopllation size of females was larger

than the estimated popula , Mah2002 (breeding season) in which the

sex ratio was 1:1.27. For the &% ae e, the sex ratio was during 1: 0.22 to 1:
0.75. '

Table 5.13 Pro -‘7 éﬁ“‘“""'-'-'-“-““"-'-““"'-"—"'“--‘_};.‘ Cave.

Sampling pe ‘ombrtion (male:female:young)
July 2001 E ' -
& o4 | :0.50:0.70
October 2001 ¢ ;
| No 1

December 2001 | T 1:029:0.39
January 2002 1:0.22:0.40
February 2002 1:0.28:0.34
March 2002 1:0.34:0.26
April 2002 1:0.38:0.36
May 2002 1:1.27:0.62
June 2002 .

Remark “-- no estimation can be made due to the data was not available.
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Figure 5.10 Proportion of males ! les, 2 Vbt o asper in Tarn Lord Noi Cave during

July 2001 to June %

Fluctuations in e Bl str _are common in amphibians (Fried|
and Klump, 1997). Th > Ty e i 4 given area was influenced by the
change of population snze e. g., Green, 1992). The

dynamic of B. asper popllajj 2 iin GliiG & Increase and decrease in number

of males, females, and 6 deal; & u , . , and death occurred in all
sex groups inhabiting Targ hr‘-:; ?',: the male found in the cave
outnumbered the female and ot i he dy period. This character might
be due to the importance of the ; g site. Berven (1990) suggested that
the male-biased sex ratio fe Rapa sylvatica was caused by

|

earlier maturation of les remained in the cave

that might be to protec eS1oR 3 ;{ rueb 1994; Heying, 2001)

and this caused them re frequent|y found than the fema ' and the young. In addition

the data on ha m m |te fidelity. From the
result, althoug g eﬂrﬂn ﬂej remained in the cave
(Appendux B: Table 2) The site fid behavior if:male B. aspe reed with some
amphf M a lyla arborea.
Green (ﬁ‘BZ) reported that males of Fowler's Toad exhibited considerable site fidelity
during the breeding season and left only for foraging. Friedl and Kiump (1997) found
that Hyla arborea demonstrated a high degree of breeding site fidelity, only few
individuals migrated to other spawning sites within breeding seasons or between year.

The site fidelity behavior will be discussed in the part of habitat utilization.
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Some of the females might leave the cave after breeding season for
foraging as found in some amphibian species (e. g., Duellma and Trueb, 1994; Kusano
et al., 1995) because they needed not to protect breeding site and that caused them to
be found in small number compared to the male. However, the female outnumbered
the male in May 2002 and the sex ratio between males and females at that time was 1:
1.27 that might be due to females came to mate and deposit eggs inside. During the
breeding season in both years, strings of eggs were not found outside the cave for 50

m long from both sides. It could be gongluded that Tarn Lord Noi Cave was important

for reproduction. The smaller aus f i€ kigs relative to males in breeding site was

also found in Fowler's To A X ‘ oz 1©_(Green, 1992). Nevertheless, the

The chan o \Jo & \""x caused by the change in

estimated populatior*8 the £ Hie yOung varied from 30 to 120 mm
that meant the young ‘ 1008 o Yy Sk ges. The result could not be
discussed by compiling, 4 5 €y Bung. us, It will be discussed in the part of
size distribution. Howeyr oP ", C o4 that migration, birth, and death
influenced the population $ize afafies Al ber of young was lower than the
number of males for all sa e 1me at the time during or at the end of

(o

reproductive season (Septaintie r:’ﬁh ¥ suggested that the population size

of B. asperinhab‘ @ Tarn tord wae mostly de ined by the population size

Ny -
5 g
-

of males and the

s
e

Table 5.14 to Tables5.16, using speut to vent len with 10 mm interval,
W i dﬂmaw ould be divided

ses of 30 mm interval.

into qas
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Table 5.14 Number of the male Bufo asper of each size class inhabiting Tarn Lord Noi

Cave.
Number of male
Sampling period 80<SVL<90 90<SVL<100 | 100<SVL<110 | 110<SVL<120 All size
(mm) (mm) (mm) (mm) classes
July 2001 2 25 10 1 38
August 2001 1 21 14 1 37
September 2001 1 16 8 0 25
October 2001 - -~
November 2001 0 18
December 2001 0 45
January 2002 0 24
February 2002 0 37
March 2002 : . 0 39
April 2002 /’ 5,29 4 0 28
May 2002 l"n , \\ 0 21
June 2002 FrJ A ‘L \ \ 0 17
R_er&rk --- means that fio d@ M‘f :
Breeding season =#JulyAug .. \ arc 2002
Non-breeding seasor feane: 20 \ 2002
The miticalim i néle found during July 2001 to

=
o I

June 2002 were :i;‘!";‘,‘ Jwever, the size of toads that

more frequently fout , as 900 2 ' toads belonged to 80-90 mm

class was absent due e toad grew larger size however still remained in the
cave. On't w ass might be caused by
emigration o Large size aes (100-110 mm) outnumbered small size males
(90- a mw the finding in
July m n of large males

caused an increase in large male frequencies. The number of large male during
December 2001 to March 2002 was larger than the number during April to June 2002
might be due to the male came into the cave to search for territories before the
breeding season. Both the small and the larger male tended to decrease in number
after April to June 2002 that might be due to the stress in breeding site during breeding

season as discussed in the study of population size.
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Table 5.15 Number of the female Bufo asper of each size class inhabiting Tarn Lord

Noi Cave.
Number of female
Sampling period | 110<SVL<120 | 120<SVL<130 | 130<SVL<140 | 140<SVL<150 All size
(mm) (mm) (mm) (mm) classes
July 2001 6 3 3 2 14
August 2001 5 9 4 1 19
September 2001 7 4 5 1 17
October 2001 - , - - -
November 2001 5 52 [fda o 0 6
December 2001 2 1 7
January 2002 > . 4 0 1
February 2002 ) B = 0 8
March 2002 < A - 0 10
April 2002 - A 1 10
May 2002 FrJe ’ 2 18
June 2002 y ‘ 0 10

Remark - means that nog

Breeding seaso Jgly-Au ] M Jhe 2002
Non-breeding sea 3 r: r 2002
A,
The i s were 112.0 mm and 147.0
mm, respectively. ! found was between 110 to
140 mm. Female wele rarely found. However, they

were found in July, A ust, September, and December 2001, and April to May 2002.
From the r, Hgﬁiﬁﬂ m istinct variation in size
structure of@ r of n"breeding season was larger
than m a m of females was
also@mﬁﬁﬁsﬁd nmae ﬁg absent from the
cave was caused by dispersal and death only.

The importance of the female size may not as same as the importance of
the male size for reproduction, that was probably due to the male was chosen by the

female and the female might preferred the larger male as reported in B. americanus

(Howard et al.,1994).
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Table 5.16 Number of the young Bufo asper of each size class inhabiting Tarn Lord Noi

Cave.
Number of young
Sampling period 30<SVL<60 60<SVL<90 90<SVL<120 All size
(mm) (mm) (mm) classes
July 2001 8 6 10 24
August 2001 (5] 9 8 22
September 2001 2 11 4 A7
October 2001 - g’ - -
November 2001 - 144 0 4
December 2001 ; = @ = 1 9
January 2002 - | . 0 4
February 2002 | : . " _ 1 9
March 2002 F/ L TR 1 7
April 2002 - 1 8
May 2002 'y J N , 0 5
June 2002 Ay | 3 7
Remark *-— means that 1 u
Breeding seasch = #lly- E M -June 2002
Non-breeding seafon ety brufiry 2002
7,,#
The (& a )y toads were 34.3 mm and
110.4 mm, resp oung was also caused by
growth, immigration s@migration, . The ber of young was quite small

during the beginnin afidihe mid of breed season. Although eggs were deposited in
the cave, t ﬁﬂgﬂ g%%wq&%m (30-60 mm) did not
dominate the Other group of the young as well as the male and the female. The small
nu ? ﬁﬂ» %ﬂ%@ Death of very
yomm I jo y'd pe tures such as heart,

lung, and aerobic capacity (Clark, 1974; Pough and Kamel, 1984, cited in Cohen and
Alford, 1993). In addition, the survival of the young might be affected by biotic factors
such as competition, predation or pathogens (Licht 1974; Berven 1990; Freeland and
Kerin 1991). The frequency of toads in other size classes (60-90 mm and 90-120 mm)
did not show distinct variation. From the result of males, females, and young, it could

be concluded that the male was dominant in number relative to the other groups

throughout the study period.
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5.3 Habitat Utilization
5.3.1 Movement of the Toads in the Study Area
5.3.1.1 Movement throughout the study period
The data of 193 marked toads found inside and outside of the cave
revealed that the toad could be divided into 6 groups by its locations. The first was the
group of toads that were found only at the downstream outside of the cave (D). The
second was the group of toads that were found only at the upstream outside (U). The

third was the group of toads that wete

aund only inside (I). The fourth was the group
ystream outside (ID). The fifth was the
group of toads that were fc N _ W stream outside (V) and the last was

the group of toads that W& s |des (IDV).

\‘\‘* toad was found only inside the
99% (IU) of them exhibited

During
cave (I1=47.15%).

movement between i 04% of them moved between

Table 5.17 Percent frequey B8 ‘4 Lord Noi Cave found at various

Percent frequency (n=193)

v

4.66

47.15

25.39

13.99

M@W*mm 5

q outside, IDU = found inside and both upstream and downstream outside, n = number of

individuals
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Table 5.18, most of the male was found inside the cave and at the
downstream outside (I1=16.16% and 1D=14.65%). The number of male that found both
inside and at the upstream outside was quite small (IlU=5.05%). Very few of them were
found only outside (D=1.01% and U=0.51%) and none exhibited movement between

inside and both outsides of the cave.

Most of the female was also found only inside (16.16%) and none of them

was found only outside. There were. 3.03%(ID) and 5.05% (IU) of them moving

between inside and outside of tf 01% of them moved between inside and

both outsides (IDU).

The young™V
4.04% (U) of them W&l

e ave. There were 6.57% (D) and
“5 , (ID) and 4.55% (IU) of them

- o

showed movement i e'@ave but none of them moved
between inside and & fh off i £ : 7 g UMb the young found only outside
that was higher than ghie oy _the female could indicate the

importance of the area ai@l @ Hie s« i fc 8ir survival.

4l , - - . .
Table 5.18 Percent frequehicy fi’--‘-st‘ : nd young Bufo asper at Tarn Lord Noi
Cave found a -ﬁ?«?r,,ﬁ? jJuly 2001 to June 2002.

L Wi
- Cy*/n=

Group of the toad

YOUNG

6.57

4.04

13.64

8.59

4.55

he percent frequency was calculated from the number of the toad in each group and the total

number of the toad (N=198).

Remark * 1

** The total number of the toad was not equal to the total number in Table 5.17 due to some
young became adults during the study period.

D = found at the downstream outside, U = found at the upstream outside, | = found inside,
ID = found inside and at the downstream outside, IU = found inside and at the upstream
outside, IDU = found inside and both upstream and downstream outside, n = number of

individuals
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Of 78 individuals (40.42% of the total: ID=25%, 1U=13.99%, IDU=1.04%)
that showed movement between inside and outside of the cave, 57 (73.08%) individuals
demonstrated two-way movement. This group was composed of 27 males, 9 females,
14 young, 4 young that became to female, and 3 young that became to male. The one-
way movement was also found in 21 individuals (26.92%). This group included 9
males, 5 females, and 7 young. However, it could not be concluded that the toad in
this group exhibited only one-way movement because none of them could be

recaptured for all the sampling times

Although mos - “le and the young were found only

inside the cave, it did eir time only in the cave. Of 91

(1=47.15%) individuals, 00.4iae be caught for all 12 samplings. Except

\

at least part of the il cyél-f fhese -t supperted the absent from the cave

—
death and camouflage. digf for disappearance from the cave.

Thus, it should be bétte spent their times in the cave for

caused by dispersal wal t#

il

't

_- #- |

AudInndnenns
ABINTIIN TN
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5.3.1.2 Movement in breeding season
Table 5.19, in breeding season, the toad was rarely found outside of the
cave (D=7.65%, U=5.29%) most of them was found inside (1=50.59%). However, there
were 23.53% (ID) and 12.94% (IU) of them exhibited movement between inside and

outside of the cave and none of them was found inside and at both outsides.

Table 5.19 Percent frequency of Bufo asper at Tarn Lord Noi Cave found at various

locations during breeding sgason (July-August 2001 and March-June 2002).

Group of the toad % ".l ” ' Percent frequency (N=170)
: N 7.65

5.29

50.59

23.53

12.94

0.00

Remark D = found at tHé - S 'y - putyide Al the Upstream outside, | = found inside,
ID = found inside,d |

outside, IDU = found

nd inside and at the upstream
wnstream outside, n = number of
individuals

As shown in le was found inside the cave and at
the downstream Ofliside & : ‘ number of male that found
both inside and a ; S P! ‘. l=4.09%). Very few of them

.58%) and nof

%‘W nenens,
i o

) but none o t em moved between inside and

were found outside #)=2.34% and U=0 exhibited movement between

and none of them

ide and outside
of thq%ave ID=3.51%) and (IU=5.

two outsides.

The young were frequently found only inside the cave (1=14.62). There
were 5.26% (D) and 4.68% (U) were found only outside. 7.02% (ID) and 4.09% (IU)
showed movement between inside and outside of the cave but none of them moved

between inside and both outsides.
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Table 5.20 Percent frequency of male, female, and young Bufo asper at Tarn Lord Noi
Cave found at various locations during breeding season (July-August 2001

and March-June 2002).

Group of the toad Percent frequency™ (n=171*%)
MALE FEMALE YOUNG

D 2.34 0.00 5.26
U 0.58 0.00 4.68

| 17.54 18.13 14.62
ID 3.51 7.02
18] ‘. 5.26 4.09
IDU < =" 0.00

Remark * The percent frequee, er of the toad in each group and the total

number of the t&
** The total num umber in Table 5.19 due to some
young became ac
D = found at thé dogifis gl outyie 0und at the Upstream outside, | = found inside,
ID = found inside. . di ound inside and at the upstream

outside, IDU = foun ownstream outside, n = number of

individuals
Of 62 toads D0=23.53%, 1U=12.94%) that showed
movement betwed ARSI and otiside—orThe—. i .58%) toads demonstrated
: wd

2 Ies, 8 females, 7 young, 3

Fi

two-way moveme

young that became-- ale, and 2 young that became*fhale. The one-way movement
was also found in 17.i a % is group included 4 males, 4 females, 7
young, 1 yo ﬂéﬁﬁxg ﬁMﬁMmale. However, it could
not be concluded that the toad in this group exhibited only one- ovement because
- TREN DY
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5.3.1.3 Movement in non-breeding season
During non-breeding season, the toad was mainly found only inside the
cave (1=63.08%). A few of them were found outside (D=6.15%, U=3.85%). There were
18.46% (ID) and 8.46% (IU) of them exhibited movement between inside and outside of
the cave and none of them was found inside the cave and at both downstream and

upstream outsides of the cave (IDU=0.00% (Table 5.21).

Table 5.21 Percent frequency of Bufo.asper at Tarn Lord Noi Cave found at various

September 2001 to February 2002).

locations during non ‘

Group of the toé Percent frequency (n=130)

6.15

3.85

63.08

18.46

8.46

0.00

Remark D = found at the dowi= iy n. el al the upstream outside, | = found inside,
ID = found inside afd = G ) i found inside and at the upstream

outside, IDU = found i#€idg el d"downstream outside, n = number of

individuals

| A
Table ‘y ‘3;' und inside the cave and at
the downstream outside (1=28: o). Théy was rarely found both inside

and at the upstream ide (IU=3.7%) % very few of them were found outside

sz: 74% a Wﬂ w‘ﬁmm at both outsides of the
@Mﬁmﬁi TLGE) e,

them as found only outside the cave. There were 0.74%(ID) and 3.7 % (IU) of them
showed movement between inside and outside of the cave but none of them moved

between inside and both outsides of the cave.

The young were frequently found inside the cave (1=16.30%). There were
5.19% and 2.96% of them found at the downstream and upstream outsides of the cave

respectively. There were 6.67% (ID) and 2.96% (IU) showed movement between inside
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and outside of the cave but none of them were found to move between inside and both

outsides.

Table 5.22 Percent frequency of male, female, and young Bufo asper at Tarn Lord Noi
Cave found at various locations during non-breeding season (September
2001 to February 2002).

Group of the toad Percent frequency* (n=135**)
FEMALE YOUNG
D 5.19
u 7 2.96
| w9 5. 16.30
ID - — 6.67
U 2.96
IDU 0.00
Remark * The percent freq : ateg . Umberof the toad in each group and the total
number of the toad, ‘ & (7] AN
** The total nu offffoffoad Ak 2 \ 3 tOf&l number in Table 5.21 due to some
young became adi r d | II -. 4‘
D = found at the dowiSfrear= - d @l the upstream outside, | = found inside,
ID = found inside and at t oa de, IU = found inside and at the upstream
outside, IDU = found_inst '5:"" @ Zafeityh d downstream outside, n = number of
individuals e =
- J"
" —— ‘r"
Of 35 t8dds (26.92% of the total: ID=1846%, 1U=8.46%) that showed
movement between i and outsid f ‘ the ave, 2 (62.86%) individuals
demonstrat E%gﬂ g%ﬁcw%ﬁ&%f 14 males, 1 females,

3 young, 2 young that became females, and 2 young that became,males. The one-way
mo M? . ﬂnﬁﬂ%ﬂ %ded 5 males, 2
femal 4" young, 1 ng t emale, n“‘ young 't became male.
However, it could not be concluded that the toad in this group exhibited only one-way

movement because none of them could be recaptured for all the sampling times.

From the result, it could be concluded that most of the toads that were found
during the study period used Tarn Lord Noi Cave as their habitat for at least part of

their life span. The data of twenty five toads that demonstrated movement between
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inside and outside the cave in both breeding and non-breeding season suggested that
the cave might serve this population both the breeding site and the shelter site. The 2-
way movement of them during breeding and non-breeding season could confirm these
function of Tarn Lord Noi Cave. The toad moved outside and found to come inside
again might be due to they left the cave to forage and came inside to be sheltered,
breed, or protect their breeding sites. One male that was frequently found at about 40

m far inside from the downstream exit was found feeding on termites at the mouth of

the cave. One male that exhibited 2-way movement during breeding and non-breeding

season was found mating inside \1 3 Jn January, all of the toad were found only

inside of the cave and this Jud £ soidance of the cool and dry weather

-

outside. Similarly in some anuras ia-Aldridge (1988, cited in Prather and
Used wot Caves for breeding. Joglar (1998,

Brigger, 2001) reporte@ yl
o Rican frog, Eleuthrodactylus

cited in Prather and
cooki, spent nearly. _ primarily during the night to
forage in and aroung d Prather and Briggler (2001)

ion outside the caves several anuran

suggested that in orde
species entered the Cavge side was lower and the humidity

inside was higher than Sutsitle

s Rl
The number of e et SOk vas larger than the number of males
and females. It GEGICCIRGICatE DOFAREE—SFIREA0 ;[ around the cave mouth for

the survival of the

it
i
3

Uitﬁ“mﬁ‘ﬂmm ———

times as the criteria for the study @f area utlllza , seven femalgs,and 23 males were
Mﬁ@ﬁ? {HINGAR

5.3.2.1 Area Fidelity
5.3.2.1.1 Area Fidelity throughout the Study Period
During July 2001 to June 2002, Table 5.23 revealed that each toad was
not found in every parts of the cave. Of 7 females and 23 males, 6 females (85.71%)
and 18 males (78.62) showed significant differences in their appearances (Chi-square

test: P<0.05) and one of the male was found only at the same area during July 2001 to
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June 2002. It could be concluded that each of them used its specific area or exhibited
highly area fidelity behavior. For the toad that did not showed differences in the

appearance underlying statistical analysis, they also used their own specific area.

The diversity index was considered as the niche width in term of area
utilization of the toad. Table 5.23 and Table 5.24, the index indicated that there was
variety in habitat utilization among individuals. The index varied from 0.204 to 0.608 for

the female and 0.000 to 0.745 for the male. However, t-test for the equality of means

revealed that there was no diff¢
(P=0.302) and between thg -
<SVL<110) (P=0.121).

ean of diversity index between sexes
00 mm) and the larger male (100
srred that there was no difference
in habitat utilization betweé 7‘*-»-. e and between the male of different

size.

=

“
)

qudineninens
WIRNTANNAINEAGY
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Table 5.24 Shannon-Weiner diversity index indicating diversity in area utilization of
Bufo asper in Tarn Lord Noi Cave during July 2001 to June 2002. The

total number of individuals is in parentheses.

Shanon-Weiner Index

Sex
Min Max Mean + SD
Female (7) 0.204 0.608 0.401 + 0.165
Male (23) 0.000 0.745 0.320 + 0.182
Small male (90-100 rnim) (9) 0.745 0.404 + 0.227

Large male (100-110 mm) (14) J

0.265 + 0.129

5.3.2.1.2 Are 2 Fidlelity dugjhg Hieedifig season

Soa = Mvas not found in every parts of
the cave. Table 5.28 T At ‘1‘ ?;;QJ-abs@KM%)mm13mm%
(69.57%) demonstraig " e B

In breece

Jpearance in their own specific
areas (Chi-square tes found in only one section of the
cave. The result - . £ ibited highly fidelity in breeding

season.

Table 5.28 Jiwaule. £ e “Wiversity index revealed individual
variations in habitat utilization f"ﬂqg‘ emale was during 0.069 to 0.633 and
0.000 to 0.647 foi Yhe ‘

. the mean of diversity index

between sexes ( "' male (t-test: P=0.108) was
not found. Thus, the esult cot d tha was no difference in habitat

utilization between sx? d between the qmale of different size.

AUEANEINTNEARS
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Table 5.26 Shannon-Weiner diversity index indicating diversity in area utilization of Bufo

asper in Tarn Lord Noi Cave during breeding season (July to August and

March to June 2002). The total number of individuals is in parentheses.

Shanon-Weiner Index

- Min Max Mean + SD
Female (7) 0.069 0.633 0.346 + 0.214
Male (23) 0.000 0.647 0.310 + 0.177
Small male (90-100 mm) (9) 0.000 0.647 0.386 + 0.206
Large male (100-110 mm) (14) 0.527 0.264 + 0.143
5.3.21.3 du g season

Table ] of 7 females and 23 males, 2
females (28.57%) alg ‘ 48. gnificant differences in their
appearances (Chi-s ale and 5 of the male was
found in only one se a ed that some of the toad still

exhibited area fidelity b

breeding season.

Table 5.27
0.000 to 0.352 and from 0.0(
mean of diversity i
the small male an

that there was no difféfence

‘.
i

between the male of aiflpr t size.

AUEINEY

ller compared to the number in

iverSity index of the female varied from

ale. There was no difference in the

etw

test: P=0.736) and between
the result could be inferred

the male and the female and

e RGE

NI NNINGEY




78

1520 0000 000 000 000 000 000 000 Ge'Z8 88'G 9L'Ll ov'v6 (8S) OLW
0000 - 000 000 000 000 000 000 000 00’ 00700} 05°€6 (v¥) 8EW
890 8L°0 000 000 00'5C €e'ee 191y 000 000 000 00e6 | (L2) 000LW
€10 1000 000 000 000 000 000 000 000 9£°98 0906 (ve) e
6v€0 €000 000 000 000 0009 000 00t 00 000 099el | (ev)oLoed
0000 5 000 000 0 000 00 00’ 000 og'gzl | (ee) Leoed
9610 010 €£°€8 g 000 00: 000 0L'egt (82) 824
520 €10 pra¥ i 000 000 ov'ozl (8¢€) ¥5d
25€°0 »200°0 €Z'€ 00: 00 000 08'8LL (8g) 9024
6620 9.0 SGVS 14 000 00 000 ov'glL (92) 894
0000 - 000 - 0 - by {115 000 00 000 0L°GLb (92) 9ved
Xapuj

Ausianig (a1enbs W (ww)

JauPM -yo) enjep | 6UOHO9S 8 g g uon 4 co_ﬁ FHopes IAS .

-uoueys jueoyiublg ejeaddy -

| "(zooz

Arenige4 o) 100z Jequeldeg) uosess Buipesig-uou Bulnp aABD ION P07 uie] ul Jadse ojng o uol

xopul AJSISAIp JeUlA\-UOUUBYS PpuB ‘UoleZzI|in eale Ul aduaiaylp jo oalbop oy} Bunesipur anjea

mmhﬁ_m‘_mzn ay} Buneoipul




79

0000 ” 000 000 000 000 000 000 000 000 0000+ | 0Z'€0k (9¢) 68N
952'0 49100 Wwel 6512 000 000 000 000 000 000 000 00€ol | (1) ZzZw
¥91°0 €000 000 000 000 000 000 000 000 0S: 0678 | 0820} (1€) 0LW
080°0 L0000 000 000 000 000 000 Gv'56 55y 000 orzoL | (s2) Lg2W
0000 - 000 0000+ 000 000 000 00°0 000 00 000 0€201 (92) LS
ZLo L1000 000 000 0 000 00 og’ vl 0z'zol | (0s) 000ZW
980 90°0 000 L9 ] 000 000 €e 1991 | oLzoL | (82) LovW
2010 | 40000 00'0 | 00'0 g6 ™| g9 | ovZol (g8) LI
891°0 L0000 VO'El 0 00 00 000 €101 (05) 6N
v1v'0 180 000 : o e /582 | 0L'10L (zs) €8
0000 - 000 0 0 | ) SRGRE |12 000 009w 000 06°00} (€5) 9L
69€°0 0L'0 000 | LLULL 000 00°00} (1¥) SIW
2620 £5°0 00°0 ] 00’ 000 00 0009 | 0596 (1E) ZEW
9¥5'0 €10 €e'8 L y 3 00 00’ 000 09'G6 (Sv) 86N
L€L°0 9€0 000 000 i L Vi S €5 6502 0€'G6 (6) vLW
0000 - 000 0000+ 000 | 000 000 000 00; 000 o6'v6 | (99) GLOZW
12€°0 L0000 0L'8 0L'8 se'y 000 9z8l 000 000 0; 000 ov'v6 (z2) oew
xapu|

Kusianig (asenbs ﬂ (wiw)

souom | -ug)enjes | 6UOHO9S | 8UOHOAS | LUOROAS | guUORIAS | G UOHIIS | ¥ uonoasg | guondes | z :o_@ﬂﬂ uopoas | o JoqUInN

-uoueysg jueosyiubig (%) @oueiteaddy




80

iz
=
-
>
=
=
s
o

pauie |eA jueoyiubis ay} suesw ,,
(50°0>d .9... { uon ouel mgmo yiubls sem alay) suesw ,
Jed Eﬂnﬂmmaam JO Jaquinu [ejo} 8y Hewsy
0920 920 1582 [y 000 00 00° 000 ool (o¥) ez
LSL°0 L0000 000 000 000 000 000 1606 909 s 0070} (zs) zzenw
Xxapuj|
Aysianig (azenbs (ww)
souom | -uo)enien | 6UOHO9S | 8UONDAS | LUORIIS | 9 UOROSS | §UONIAS | ¥ uopdag | g uopdag | Z uol onoes | o JequInN
-uoueys jueoayubig (%) @oueseaddy




81

Table 5.28 Shannon-Weiner diversity index indicating diversity in area utilization of Bufo
asper in Tarn Lord Noi Cave during non-breeding season (September 2001

to February 2002). The total number of individuals was in parentheses.

Shanon-Weiner Index
S Min Max Mean + SD
Female (7) 0.000 0.352 0.207 + 0.152
Male (23) 0.000 0.731 0.236 + 0.202
Small male (90-100 mm) (9) 0.731 0.310 + 0.244
Large male (100-110 mm) (14) 0.486 0.188 + 0.164
T-test fois @ity of m d that there was no difference in
the mean of diversi gxOLrany, de: en breeding and non-breeding
season (female: P=0. S FFO. l‘ : ale” P=0.761; large male: P=0.365)
(Table 5.29). r
3

Table 5.29 Mean + T n J er ity index indicating the diversity in

area utilizatig 4t oi Cave during breeding season

(July to Augus#f20 ’3 (o] e 2002) and non-breeding season

(September 2001 =

24 f Shannon-Weiner Index
Sex
Non-breeding season

Female (7) = - 0.207 + 0.152
Male (23) 310 +0.177 ' 0.236 + 0.202

0.310 + 0.244

0.188 + 0.164

From the result, it might be concluded that B. asper inhabiting Tarn Lord
Noi Cave exhibited some degrees of area fidelity behavior. Most of the toads were
found in their own specific areas and some of them were found in only one section of
the cave. The result from Chi-square test confirmed the high degree in area fidelity for

most of them (P<0.05).
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The indistinctness in area utilization between sexes, size classes, and times
might be due to the toad exhibited area fidelity behavior and this behavior could be
discussed by the reproductive and the survival strategy. Each of the toads was
frequently found in its own specific areas that might be due to the advantage of them to
use familiar area in the cave that provided mates, shelters, or food, rather than incurring
the unknown and potentially more expensive cost of locating alternative areas
(Seebacher and Alford, 1999). Especially for mating as discussed in the part of

population study, the number of toad

that exhibited highly area fidelity behavior in
breeding season was lager that | i non-breeding season. The male might
remain or return to the sami

The fidelity behavior of

ites for their reproductive fitness.
th"the behavior of some anurans.
Reading, Loman, and ' 7 ‘ : b ing pond fidelity in the common
toad, B. bufo, during'1 o the year 1890, between 79% and 96% of the
adults that survived' Drged, i Sar, et 2d to the original pond. Green
(1992) reported that® o fir r_‘ ’ ad, £ BN oodhousei fowler! exhibited
considerable site fideligl duff g the j @ R’ nd left only for foraging. Friedl
and Klump (1997) reporig y Il HYa arborea, most of them remained

0 ~f—' .--b.r’.
nf ;" "“1‘7
at the spawning site duringf the#&aciig 8 8asondin 1990 and 1991. Miaud, Sanuy,

;rl | .
and Auvrillier (2000) reported tHasmaics alamita were more often detected in the
A7

same place during breeding :
«‘r ; /|
Three of ityin area utilization (Chi-square

test: P>0.05) for bot breedmg and non- breedlng seasn and all of them belonged to
the small % f as found in only two
consecutlve%ﬂﬂn nm Wﬂn n the cave. The latter
ARSI ITNSY

5 3.2.2 Favored area

Except the section 7, the other sections of the cave were considered as the
most frequently used area of the males due to their appearances. The difference in the
proportion of males among the most frequently used sections was not found (Chi-

square test: P>0.05) as indicated in Table 5.30.
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Table 5.30 Frequency of the most frequently utilized area male Bufo asper and
significant value indicating the degree of difference in proportion of the male
among the most frequently utilized areas in Tarn Lord Noi Cave during July
2001 to June 2002.

Frequency Significant

Sampling period Value
Sect-1 | Sect-2 | Sect-3 | Sect-4 | Sect-5 | Sect-6 | Sect-7 | Sect-8 | Sect-9

(Chi-square)

Throughout (23) 5 2 2 2 5 2 0 4 1 0.555

Breeding season* 5 0 3 1 0.336
(23)
Non-breeding 6 0 4 1 0.402

season** (23)

Remark The number of individug

* July to August 0;

** September to F

For the fegie on 6, section 8, and section 9
were considered as the s i egussiy : ‘, em. Table 5.31, Chi-square test

revealed that there was nofdiffesssics
7
frequently used sections (P ’ri:ﬁ

of the female among the most

Table 5.31 Frequghey of i -:‘_‘I|i female Bufo asper and
significalit val . " erence in proportion of the

female am ong the most frequently utilizedareas in Tarn Lord Noi Cave

Significant

Sampling perio

Value

(Chi-square)

: 0.666
Breeding season* 0 1 0 1 0 0 0 2 3 0.666
@)

Non-breeding 0 2 0 0 0 1 0 2 2 0.934
season** (7)

Remark The number of individuals are in parentheses.
* July to August 2001 and March to June 2002.
** September to February 2002.
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Section 7 was not the most frequently used area for both the male and the
female and none of the female had been caught in this section. This phenomenon was
probably discussed by the importance of the stream for their reproduction due to this
species mate and lay the string of eggs in the stream. In section 7, the stream was
absent due to it flowed behind the wall of the cave. For the other sections, the stream
flowed along the total length of the area. Due to the difference in proportion of toads
was not found, it might be inferred that the importance of the 8 areas inside the cave

were not significantly different.

Auganeninens
RN IR
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5.4 Breeding Season
The breeding season was examined using the appearance of matings, eggs, and

tadpoles. The result was shown in Table 5.32.

Table 5.32 The sign that indicated breeding season of Bufo asper inhabiting Tarn Lord

Noi Cave.

Sampling time Sign

Mating Egg laying Tadpole
March 2001 '

April 2001

May 2001

June 2001

July 2001

August 2001

September 2001

October 2001

November 2001

December 2001

January 2002

February 2002

March 2002

April 2002

May 2002

June 2002

July 2002

For calling behavior, male toads called almost year round. However, the call could
not be noticed in the survey in December 2001 and January 2002. The low
temperature at those sampling times might affect calling behavior of the male as
reported in Fowler's toad, Bufo woodhousei fowerli and Colosthetus subpunctatus.
Green (1992) found that calling activity of male Fowler's toad coincided with suitable
temperature. The male of Fowler’'s toad would not call with body temperature below 14

°C and ambient temperature fell to 5 °C. For Colosthetus subpunctatus, Navas (1996)
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reported that the vocal activity was positively correlated with microhabitat temperature.
According to the surface temperature at Tarn Lord Noi Cave, it was about 20 and 16 %
for December 2001 and January 2002, respectively, and was lower than the other
surface temperature during the study period. Due to different types of call in anurans
served for varieties of functions (Duellman and Trueb, 1994) and the advertisement call,
included courtship call and territorial call were not directly observed, it could not
determine the breeding season using only their calls from this study. Nevertheless, the

other signals, including mating, eggy and tadpole that indicated the breeding season

were obtained.

Calling in the cave - e male that probably due to the

call inside was louder .. attract the female choice.
In the cave, m 55+ . >¥6und in April, July, and August
2001. However, onighe b @ was-saen I\ Saclimohih. In July 2001, 2 males trying
to copulate one fema / I e ¥ | In March and June 2002, the
couple was not directly f@tin female with small fragments of egg
string on their backs werg ala __ sUmed that, they had just finished

mating.

For the egg.: _,_______,_____,,,,_________* i/in both standing water and

strong current. vv 50 and 4 clutches were found in

e
Fi

the year 2002. Mors: er, a few small fragments of edd strings were obtained from the

nets trapped across thé stieam. Neither lexus nor egg string was found outside the

e BB DAV S
?@%ﬁﬂ?ﬁﬁ%ﬁﬂ%

Nevertheless, the ol a d not collecte using the net trap (in June

and July 2002) that might be due to the dispersal in the strong current (Inger, 1966).



Figure 5.11 a. Two males and one female in amplexus.

b. Egg strings laid in side pool.
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Figure 5.12 Newly hatched white tadpoles of Bufo asper.
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From the obtained data, it can be concluded that B. asper inhabiting Tarn Lord Noi
Cave was not explosive breeder. They took about 5 months in rainy season for each
breeding season. From the present study, the breeding seasons were quite similar for

2 successive years that were during April to August 2001 and March to July 2002.

-

Auginuninenns
ARINTAlNTNEEY
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