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Variation in Morphological Characters of Bufo bankorensis
Tadpoles among Different Elevations and Habitats
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Abstract

The Central Formosan toad (Bufo bankorensis Barbour) iswidely distributed in hills and mountains
at elevations from 100-3,000m in Taiwan. Its tadpoles occur in lotic and lentic habitats. We collected
the tadpoles at 19 sampling sites at the elevations from 100-2,320m in the Ali Mountain Range from
March 2005 to February 2008. Seven morphometric characters at the Gosner stages 30-32 were measured
and compared among different elevations and between stream and pond habitats. The results showed
that the means of total length (TTL), tail length (TL) and caudal tail muscle width (CMW) increased
with the elevation. The means of head and body length (HBL), body height (BH), body width (BW),
tail height (TH), and caudal tail muscle height (CMH) from pond habitat were larger than those from
the other sites at mid-elevations. The mean of relative tail length (RTL) was the largest for tadpoles
from the pond habitat at high elevations, while it was the smallest for those from pond habitat at mid-
elevations. All of the morphometric characters of the tadpoles from stream habitat were smaller than
those from pond habitat at mid-elevations, but the mean RTL from stream habitat was larger than that
from pond habitat.
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Table 1. Coordinations, elevations and habitats of the 19 sampling sites of Bufo bankorensis tadpolesin
this study

Code Sites Latitude Longitude Elevation (m) Habitat
WHL Wuhuliao 208000 2593264 190 Stream
CK Chukou 209745 2592901 230 Stream
CSS Chushueisi 210896 2595020 326 Stream
NNL Neinaoliao 209516 2591968 330 Stream
ST Shihjiaotong 210448 2594981 378 Stream
YM Yima 217248 2597571 832 Stream
CS Cis 217905 2597927 911 Stream
BSN Bashana 225536 2596674 970 Stream
TFY Tefuye 225825 2592442 981 Stream
LLWY Lalawuya 219451 2595913 1,152 Stream
HC Hsiangchuan 217385 2598032 883 Pond
LY Leya 219054 2594668 908 Pond
SD1 Siding 1 214907 2590388 1,063 Pond
SD 2 Siding 2 214643 2590174 1,131 Pond
SD3 Siding 3 214389 2590373 1,190 Pond
SJ Shoujhen Temple 230647 2601611 2,155 Pond
ES Elder sister 231016 2601762 2,200 Pond
JP Jhaoping 230930 2601359 2,265 Pond

92K 92K 231385 2600469 2,320 Pond
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Fig. 2. Monthly precipitations and mean temperatures at the Ali Mountain Weather Station (A) and the
Chiayi Weather Station (B), March 2005 to February 2008.
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Fig. 3. Mean body lengths, total lengths (A), and body weights (B) of Bufo bankorensis tadpoles at
Gosner stages 23 to 43 collected from Elder Sister Lake of Alishan (vertical bars, standard errors).
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Fig. 4. Eight morphological characters of Bufo bankorensis tadpole measured for this study (HBL, head
and body length; TTL, total length; BW, body width; BH, body height; TL, tail length; TH, tail height;
CMH, caudal tail muscle height; CMW, caudal tail muscle width).

2. AN [RIVRF PRI K S B K SR 2 A o W R Rl T RE R ELR o (OTU 1 {RBHIEIR s OTU 2

SR 5 OTU 3» Aty s OTU 4 S HlitiE)

Table 2. Comparison of morphometric measurements (mean * standard errors) of Bufo bankorensis
tadpoles among different habitat types (OTU 1, low-elevation streams; OTU 2, mid-elevation streams;
OTU 3, mid-elevation ponds; OTU 4, high-elevation ponds)

Characters* OTU1 (n=328) OTU2 (n=335) OTU3 (n=202) OTU4 (n=207)
TTL (mm) 21.56 £ 0.172 22.36+0.16° 23.09+ 0.21¢ 24.66 + 0.2
HBL (mm) 9.45 + 0.062 9.66 + 0.06° 10.49 + 0.08¢ 10.32 + 0.08¢
BH (mm) 4.28 + 0.05% 4.47 £ 0.05° 4.69 + 0.06° 4.44 + 0.06°
BW (mm) 522+ 0.072 5.37+0.072 5.94 + 0.08° 5.19 + 0.082
TL (mm) 12.12+0.122 12.70 £ 0.12° 12.60 + 0.15° 14.35+ 0.15¢
TH (mm) 3.85+0.042 3.94 +0.042 4.30+ 0.05° 3.96 + 0.052
CMH (mm) 3.14+0.032 3.45+0.03° 3.66 + 0.04¢ 3.59+ 0.04¢
CMW (mm) 0.92 + 0.012 110+ 0.01° 1.21+0.02¢ 1.29 + 0.02¢
RTL: TL/TTL 0.56 + 0.002° 0.56 + 0.002° 0.55 + 0.0022 0.57 + 0.002¢

* Significant difference in character among habitat types with different superscripts a, b, ¢ and d with Fisher’s PLSD
test at the 5% level (p<0.05).
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Table 3. The classification matrix of Bufo bankorensis tadpoles from different habitat types with the
discriminant function analysis (percentages in parentheses; bold numbers along the diagonal, number of
tadpoles correctly classified to the habitat type groups; N, total number of tadpoles classified to the
habitat type groups; OTU 1, low-altitude stream group; OTU 2, mid-elevation stream group; OTU 3,
mid-elevation pond group; OTU 4, high-elevation pond group)

Group oTU 1 oTU 2 OTU 3 OUT 4 N
oTU 1 230 (70.1) 86 (26.2) 5(L5) 7(2.1) 328
OTU 2 75 (22.4) 224 (66.9) 24.(7.2) 12 (3.6) 335
OTU 3 37 (18.3) 65 (32.2) 89 (44.1) 11 (5.5) 202
oTU 4 23 (11.1) 36 (17.4) 31 (15.0) 117 (56.5) 207

& 4. RN HE I ) B 2 A3 T R IR T RE PRI 04 > 26 1~ 2~ 3l B Bl 2 AR MRl IE HR AR B
{8 o RHAE 2 Bl 20 3% 8 WOCH P I A K =R

Table 4. Standardized coefficients of the first three canonical variables for Bufo bankorensis tadpoles
among different el evations and habitats (bol dface numbers, canonical variables better describing the variance)

Variables Root 1 Root 2 Root 3
TTL 112 -2.32 -0.63
HBL 0.16 1.30 -1.17

BH -0.66 -0.06 0.76
BW -0.26 0.12 0.09

TL -0.09 0.64 0.48

TH -0.97 0.35 -0.54
CMH 0.55 0.54 0.92
CMW 0.66 0.27 0.34
RTL -0.26 0.01 0.13
Eigenvalue 0.66 0.19 0.08

Cumulative % of variance 70.9 91.0 100
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Fig. 5. Canonical plots of the first two axes for Bufo bankorensis tadpoles from four habitat types (OTU 1,
low-elevation streams; OTU 2, mid-elevation streams; OTU 3, mid-elevation ponds; OTU 4, high-

elevation ponds).
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