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Four New Species of Freshwater Harpacticoid Copepods
(Canthocamptidae: Copepoda) from Mountain Lakes of Taiwan
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Abstract

This paper describes four new species of harpacticoid copepods (Canthocamptidae: Copepoda) from
freshwater ponds and lakesin the Central M ountain Range of Taiwan. They are Bryocamptus nenggaoensis
sp. nov., Elaphoidella formosanus sp. nov., E. hirsutus sp. nov., and Echinocamptus shihi sp. nov. B.
nenggaoensis was found in abundance in Bai-Shi-Chi and asmall puddle near Mt. Neng-Gao, E. formosanus
was collected from Tun-Lu-Chi, a small pond with bottom rich in detritus from decayed plants and grazer’s
droppings, and E. hirsutus and E. shihi were collected from a wetland with muddy sediment near grassy

pad adjacent to Yuan-Yan-Hu.
wm %
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Introduction

Inland waters such as rivers and lakes are
parts of the landscape mosaic separated from one
another by geological formations and geographical
structures. They have often evolved to have unique
and diverse fauna after a long period of the
isolation. Inthe Central Mountain Range of Taiwan,
there are many such isolated |akes and ponds that
have no fish but plankton and aquatic insects.
Some of them are shallow, and the surface water
often freezes in winter for a period of time.

Small cyclopod and harpacticoid copepods
always find suitable nicheininland waters. Most
of the freshwater harpacticoids are smaller than
0.5mminlength, and are easily missed in sampling
with large mesh nets. Ishida (1992) described a
new speci es Bryocamptus pacificus from Taichung,
Taiwan. Thisisthe only paper on the freshwater
harpacticoid copepod that has been reported so
far from the island (Wang 1998).

In past few years we conducted a survey of
freshwater copepods of Taiwan, and some

Accepted: August 6, 2010

2 HWY :9FE8H6H

harpacticoids were collected from pools and | akes
inthe Central Mountain Range. This paper describes
four new species, Bryocamptus nenggaoensis sp.
nov., Elaphoidella formosanus sp. nov., E. hirsutus
sp. nov., and Echinocamptus shihi sp. nov.,
belonging to thefamily Canthocamptidae (Copepoda).
They were collected with a plankton net with a
mesh size of 55 um, 30 cm in length, 15 cm in
diameter at the opening, and equipped with a
small collecting bottle at the cod end. Some
specimens were collected with ascoop in apuddie
at night.

The samples were fixed with 5% formalin-
water solutionin thefield, sorted and preliminarily
identified under astereomicroscopein thelaboratory,
and preserved in 70% ethanol-water solution. Ap-
pendageswere dissected and mounted on microscopic
slideswith polyvinyl lactophenol tinted with lignin
pink. Images were made with a camera Lucida.
All specimens and samples are deposited at the
Systematics and Biodiversity Laboratory of the
National Hsinchu University of Education
(SBNHCUE), Hsinchu, Taiwan.
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Bryocamptus nenggaoensis sp. nov.
Figs. 1and 2

Type material

Holotype: A female (dissected and mounted
on slide) collected from Bai-Shi-Chi (White-Stone
Poal) (23°5540"N, 121°16°00"E) located near Mt.
Neng-Gao at an elevation of 2,900m on4 May 1997
by Shuh-Sen Young (SBNHCUE 001). Collection
site water temperature was 11°C and pH 6.0.

Paratypes: A femal e (dissected and mounted
on slide, SBNHCUE 002); a male (dissected and
mounted on aslide, SBNHCUE 003); and 5 males
and 5 females preserved in the 70% al cohol-water
solution (SBNHCUE 004). Same collection data
as holotype.

Description

Female (holotype): Body length (excluding
caudal setae) 0.44 mm. Rostrum short. Prosome
with cephalosome and 4 free pedigerous somites;
urosome 4-segmented; posterior margin of

urosomal somite with two transverse rows of
spinules from lateral to ventral, one along the
anterior margin and the other along the posterior
margin: the former longer than the latter. Second
urosomal somitewith atransverse row of spinules
along the posterior margin from lateral to ventral
surface. Third urosomal somite with a row of
spinules along the posterior margin of dorsal
surface. Fourth urosomal somite with a row of
spinules along the posterior margin of lateral
surface. Anal operculum convex, armed with a
crescent row of spinules. Caudal ramus length
about equal to the width; terminal accessory seta
short; inner and outer terminal setae with fracture
plane at base; outer setaabout ahalf of the length
of theinner seta. Antennule 8-segmented; segment
4 with along esthetasc, reaching the last segment.
Antenna 3-segmented, exopod 2-segmented with
1 seta and 3 setae. Swimming legs 1-3 with
3-segmented exopod and 3-segmented endopod,;
leg 4 with 3-segmented exopod and 2-segmented
endopod. Spine and setaformula of legs 1-4 as

pedigerous and urosomal somites smooth. First follows:
Coxa Basis Exopod Endopod
Leg 1 0-0 -1 1-0; 1-1; I- (1+2) -0 0-1; 0-1; 0- (1+2) -0
Leg 2 0-0 -0 1-0; I-1; I1- (1+2) -1 0-1; 0-1; 0- (1+2) -1
Leg3 0-0 [-0 1-0; 1-1; 11- (1+2) -2 0-1; 0-0; 0-2-2
Leg 4 0-0 -0 1-0; 1-1; I1- (1+2) -2 0-1; 1- (I1+1) -2

Basipod of leg 5 with an expansion on the
inner side with 6 setae, middle depressed, saddle-
shaped, and the outer corner with 2 setae; exopod
1-segmented, itslength longer than basipod, with
5 setae, order of length short to long from inner
to outer seta: 1, 5, 3, 4, 2.

Male (paratype): Body length (excluding
caudal setae) 0.42 mm. Rostrum short. Prosome

with cephal osome and 4 free pedigerous somites;
urosome 6-segmented, the posterior margin of
pedigerous and urosomal somites smooth. Second
to fourth urosomal somites, each with a row of
spinules along the posterior margin of lateral and
ventral surfaces. Fifth urosomal somite with a
row of spinulesal ong the posterior margin. Posterior
margin of anal operculum crescent-shaped, armed
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with spinules. Length of caudal ramus almost
equal to the width with two terminal setae that
have fracture plane at base, and outer seta about
half length of inner seta. Antennule 7-segmented.
Antenna 3-segmented and exopod 2-segmented
with 1 seta and 3 setae, respectively. Swimming
legs 1-4, fairly similar to those of female but with
some differences: leg 2, endopod 2-segmented,
segment 2 with 4 setae; leg 3, exopod without
inner setaon segment 2, and endopod 3-segmented,
its segment 2 with along inner apophysis extending
pass the setae of segment 3; leg 4, endopod without
inner setae on segment 2; basipod of leg 5 not
expanded on inner side with 2 setae; and exopod
1-segmented with 6 setae.

Etymology: The name “nenggacensis” derived
from the type locality, Neng-Gao Mountain.

Habitat: Bai-Shi-Chi, the type locality of B.
nenggaoensis sp. nov., was a small pool with a
surface area of 0.6 ha, and the maximum depth
of 6m. Its bottom was covered with coarse sand.
Water temperature was 4-15°C and pH 5.0-6.0
(Cheng and Wang 1997). B. nenggaoensis was
also found in another pool Neng-Gao-Chi (23°
59°30"N, 121°15"10"E), asmall pool located near
Neng-Gao Mountain at an elevation of 2,900m,
and had the surface area of 0.1 ha, maximum
depth of 0.5m, and bottom covered with coarse sand.

Remarks: Female B. nenggaoensis sp. nov.
is fairly similar in characters to Bryocamptus
vejdovsky (Mrazek, 1893) and Bryocamptus
intercalaris Shen and Tai, 1973. However, B.
nenggaoensis has a continuous row of spinules
along both lateral and dorsal posterior margins
on thethird urosomal somite, whereas B. vejdovsky
and B. intercalaris have a discontinuous row on
the dorsal surface (Borutsky 1952; Shen et al.
1979). Also, B. nenggaoensis has a small inner

Four new species of harpacticoid copepods

seta on segment 1 and no seta on segment 2 of
the leg 3 endopod, whereas B. vejdovsky and B.
intercalaris have both segments 1 and 2 of leg 3
endopod with a full grown inner seta (Bourstkii
1952; Shen et al. 1979).

Elaphoidella formosanus sp. nov.
Figs. 3and 4

Type material

Holotype: A female (dissected and mounted
on slide) collected from Tun-Lu-Chi (Dear Pool)
(23°53'30"N, 121°15"10°E) at an elevation of
2,850m on 5 May 1997 by Shuh-Sen Young
(SBNHCUE 005). Collection site water temperature
10°C, pH 6.5.

Paratypes: A male (dissected and mounted
onslide) (SBNHCUE 006); 5 malesand 5 females
preserved in 70% ethanol -water solution (SBNHCUE
007). Same collection data as holotype.

Description

Female (holotype): Body length (excluding
caudal setae) 0.55 mm. Rostrum short. Prosome
with cephal osome and 4 free pedigerous somites;
urosome 4-segmented; posterior margins of
pedigerous and urosomal somites smooth. Each
of thefirst to fourth urosomal somites with arow
of spinules along the posterior margins on the
lateral and ventral surfaces. Anal operculum
convex without spinules. Caudal ramus length
and width subequal; terminal accessory outer
setae short; inner terminal seta long and strong
without fracture plane at base. Antennule with 8-
segments; segment 4 with long esthetasc, reaching
the end of terminal segment. Antenna with 3-
segments; exopod with a single segment and 4
setae. Swimming legs 1-4 with expod of 3 segments
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Fig. 1. Bryocamptus nenggaoensis sp. nov. female (holotype): A, dorsal view of habitus; B, antennule;
C, antenna; D, maxilliped; E, left leg 1; F, left leg 2; G, right leg 3; H, left leg 4; |, left leg 5; posterior
views of legs 1-5; scales = 0.1 mm.
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Fig. 2. Bryocamptus nenggaoensis sp. nov. male (paratype): A, dorsal view of habitus; B, antennule; C,
leftleg 1; D, right leg 2; E, right leg 3; F, right leg 4; G, left leg 5; H, leg 6; posterior views of legs 1-5;
scales = 0.1 mm.
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Fig. 3. Elaphoidella formosanus sp. nov. female (holotype): A, dorsal view of habitus; B, lateral view
of habitus; C, ventral view of urosome; D, antennule; E, antenna; F, right leg 1; G, right leg 2; H, right
leg 3; I, left leg 4; J, left leg 5; posterior views of legs 1-5; scales = 0.1 mm.
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Fig. 4. Elaphoidella formosanus sp. nov. male (paratype): A, dorsal view of habitus; B, lateral view of
habitus; C, ventral view of urosome; D, antennule; E, antenna; F, left leg 1; G, right leg 2; H, left leg 3;
I, right leg 4; J, left leg 5; posterior views of legs 1-5; scales = 0.1 mm.
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and endopod of 3 segmentsfor leg 1 and 2 segments
for legs 2-4. Spine and seta formula of legs 1-4

Coxa Basis
Leg 1 0-0 1-0
Leg 2 0-0 0-0
Leg 3 0-0 0-0
Leg 4 0-0 0-0

Basipod of leg 5 with large inner expansion
with 4 setae and narrow outer expansion with a
terminal seta; exopod 1-segmented with 5 setae,
order of length short to long from inner to outer
seta: 3, 5, 4, 2, 1; outer margin with hair-like small
spinules.

Male (Paratype): Body length (excluding
caudal setae) 0.45 mm. Rostrum short. Prosome
with cephalosome and 4 free pedigerous somites;
urosome 5-segmented, posterior margin of
pedigerous and urosomal somites smooth. Each
of the second to fifth urosomal somites with a
row of spinulesalong posterior margins of |ateral
and ventral surfaces. Posterior margin of anal
operculum crescent-shaped, armed with spinules.
Caudal ramuslength and width subequal with two
terminal setae; terminal setae without fracture
plane at base; outer seta an half length to that of
inner seta. Antennule 8-segmented; Antenna 3-
segmented; exopod 1-segmented with 4 setae.
Exopod of legs 1-4 similar to that of female. Leg
3 with endopod 3-segmented; segment 2 with a
long inner apophysis, extending beyond the setae
of segment 3. Basipod of leg 5 small with an outer
seta; exopod 1-segmented with 4 setae.

Etymology: The name “formosanus” derived
from Formosa (Taiwan).

Habitat: Tun-Lu-Chi (Deer pond), the type
locality of E. formosanus sp. nov. isasmall water

Exopod
1-0; 1-1; I- (1+2) -0
1-0; 1-1; I- (1+2) -1
1-0; 1-1; I- (1+3) -1
1-0; I-1; I- (1+2) -1

as follows:

Endopod
0-1; 0-1; O0-1+2-0
0-0; 0- (1+1) -2
0-0; 0- (1+2) -2
0-1; 0- (1+1) -2

pond with a surface area of about 1 ha. Its depth
is 2m and bottom covered with thick layer of
detritus from decayed plants and deer droppings.
Water temperatures are 4-18°C and pH 6.0-6.6
(Chen and Wang 1997).

Remarks: E. formosanus sp. nov. is closely
related to Elaphoidella superpedalis Shen and
Tai, 1964 and Elaphoidella longipedis Chappuis,
1931. However, E. formosanus has the exopod
length/width ratio of 2.4 for leg 5 that is smaller
than 4.6 of E. superpedalisand 3.3 of E. longipedis.
Thethird segment of exopod of leg 4 hasthe spine
and seta formula of |- (I1+2) -1 (total 5) for E.
formosanus that differs from I- (1+2) -2 (total 6)
of E. superpedalis and E. longipedis (Shen et al.
1979; Ishida and Kikuchi 2000).

Elaphoidella hirsutus sp. nov.
Fig. 5

Type material

Holotype: A female (dissected and mounted
on slide) collected from Yuan-Yang-Hu (Mandarin
duck lake) (24°34'50°'N, 121°23'50’E) in the
northern Taiwan at an elevation of 1,670m on 19
August 1996 by Shuh-Sen Young (SBNHCUE
008). Collection site water temperature 14°C, pH
6.5.

Paratype: A female (dissected and mounted
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on slide) (SBNHCUE 009); 5 femal es preserved
in 70% ethanol-water solution (SBNHCUE 010).
Same collection data as holotype.

Description

Female (holotype): Rostrum short. Body
length (excluding caudal setae) 0.67 mm. Prosome
with cephal osome and 4 free pedigerous somites;
urosome 4-segmented, all somites coarsely serrated
posteriorly. Dorsal surface of pedigerous and
urosomal somites armed with numeroustransverse
rows of minute spinules. First to third urosomal
somites with a row of spines along posterior
margins of lateral and ventral surfaces, arow of
spines on the third urosomal somite that isbroken

Four new species of harpacticoid copepods

into three sections on ventral surface. Anal
operculum convex, armed with comb like spinules
on the posterior margin. Caudal ramus length
about twice the width; dorsal surface bulging and
bearing a spine; terminal accessory seta short;
inner and outer terminal setae without fracture
plane at base; outer seta an half the length of the
inner seta. Antennule 8-segmented, segment 4
with long esthetasc, reaching beyond the end of
terminal segment. Antenna 3-segmented, exopod
1-segmented with 4 setae. Exopod 3-segmented
for swimming legs 1-4 and endopod 3-segmented
for leg 1 and 2-segmented for legs 2-4. Spine and
seta formula of legs 1-4 as follows:

Coxa Basis Exopod Endopod
Leg 1 0-0 I-1 1-0; 1-1; I- (1+2) -0 0-1; 0-1; O- (1+2) -0
Leg 2 0-0 -0 1-0; 1-1; I- (1+2) -1 0-1; 0- (1+2) -2
Leg 3 0-0 0-0 1-0; 1-1; I- (1+2) -2 0-1; 0- (1+2) -3
Leg 4 0-0 1-0 1-0; I-1; I- (1+2) -2 0-0; 0-2-2

Basipod of leg 5 with alarge inner expansion
with 4 setae and a narrow outer expansion with
aterminal seta; exopod 1-segmented with 5 setae,
order of length from short to long from the inner
to outer seta, 1, 2, 4, 5, 3; both outer and inner
margins with 2 small spines.

Male: Unknown.

Etymology: The name “hirsutus” derived
from Latin “‘hairs”, referring to small spinules on
somites.

Habitat: Yuan-Yang-Hu (Mandarin duck lake),
thetypelocality of E. hirsutus sp. nov., isasmall
lake with a surface area of 3.6 ha, depth of 4.3m,
and bottom covered with thick layer of mud and
detritus, water temperatures are 8-20°C and pH
6.5 (Chen and Wang 1997).

Remarks: Female E. hirsutus sp. nov. isfairly
similar in characters to those of E. grandidieri
(Guerne and Richard, 1893), E. coronata (Sars,
1904), E. decorata (Daday, 1904), and E. nepalensis
(Ishida, 1994). However, E. hirsutusisdistinguishable
from E. grandidieri by having minute spinules
on posterior margins of all somites, dorsal surface
of pedigerous somites and urosomal somites,
instead of smooth without spinulesfor E. grandidieri
(Borutsky 1952; Shen et al.1979). Kikuchi (1985)
reported, based on SEM examination, that E.
grandidieri also has spinulated somites, but these
spinules were not shown by Ishida and Kikuchi
(2000). E. decorate, E. coronata and E. nepalensis
have no transverse rows of minute spinules on
dorsal and ventral surfaces of all somites (Ishida
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1994; Shen et al. 1979).

Family Canthocamptidae Brady, 1880
Genus Echinocamptus Chappuis, 1929
Echinocamptus shihi sp. nov.
Fig. 6

Type material

Holotype: A female (dissected and mounted
on slide, SBNHCUE 011) collected from Yuan-
Yang-Hu in the northern Taiwan (24°34°50°N,
121°23'50"E) on 19 August 1996 by Shuh-Sen
Young. Collection site water temperature 14°C,
pH 6.5.

Paratypes. 3 females preserved in 70%
ethanol-water solution (SBNHCUE 012). Same
collection data as holotype.

Description
Female (holotype): Body length excluding

comprising cephalosome and 4 free pedigerous
somites; urosome 4-segmented; posterior margin
of pedigerous and urosomal somites smooth. A
row of spinules along the posterior margins on
both lateral surfaces of first and second urosomites,
and on both lateral and ventral surfaces of third
urosomite. Anal somite with a row of spinules
along the posterior margins on lateral sides, and
four spinules on ventral side. Anal operculum
convex, armed with 4 spinules on the posterior
margin. Caudal ramus, length subequal to width;
terminal accessory seta short; inner and outer
terminal setae with fracture plane at base; outer
seta about half as long as inner seta. Antennule
8-segmented; segment 4 with long esthetasc,
reaching distal border of the terminal segment.
Antenna 3-segmented; exopod 1-segmented with
4 setae. Swimming legs 1-4 with 3-segmented
exopod and 2- (leg 1) or 3-segmented (legs 2-4)
endopod. Spines and setae formulaof legs 1-4 as

caudal setae 0.40 mm. Rostrum short. Prosome follows:
Coxa Basis Exopod Endopod
Leg 1 0-0 -1 1-0; I-1; I- (1+2) -0 0-1; 0- (1+1) -0
Leg 2 0-0 -0 1-0; 1-1; - (11+1) -1 0-1;0- (1+1) -1
Leg 3 0-0 -0 1-0; I-1; 11- (1+3) -1 0-1; 0-2-2
Leg 4 0-0 -0 1-0; 1-1; I- (1+3) -1 0-1; I- (1+1) -2

Basipod of leg 5: inner expansion with 6
setae, inner 4 longer than outer 2, outer expansion
with distal outer margin saddle shape, distal corner
bearing a terminal seta exopod one segmented
with 5 setae, order of length short to long from
inner to outer seta: 1, 5, 2, 4, 3.

Male: Unknown.

Etymology: The name ‘“‘shihi” derived in
honor of Dr. Chang-tai Shih, who encouraged the
author to study freshwater copepods of Taiwan.

Habitat: Yuan-Yang-Hu (Mandarin duck lake),
the type locality of E. shihi sp. nov. is a small
lake with a surface area of 3.6 ha, depth of 4.3m,
and bottom covered with thick layer of mud and
detritus, temperatures are 8-20°C and pH 6.5
(Chen and Wang 1997).

Remarks: E. shihi sp. nov. isclosely related
to Echinocamptus parvus Borutskii, 1952, with
2-segmented endopod on leg 1. They differ in
number of spines and setae on the third exopodite
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Fig. 5. Elaphoidella hirsutus sp. nov. female (holotype): A, dorsal view of habitus; B, lateral view of
habitus; C, ventral view of Urosome; D, genital duct; E, antennule; F, antenna; G, left leg 1; H, right leg
2; 1, left leg 3; J, right leg 4; K, right leg 5; posterior views of legs 1-5; scales = 0.1 mm.
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Fig. 6. Echinocamptus shihi sp. nov. female: A, dorsal view of habitus; B, lateral view of habitus; C,
ventral view of urosome; D, antennule; E, antenna; F, right leg 1; G, right leg 2; H, right leg 3; I, right
leg 4; J, right leg 5; posterior views of legs 1-5; scales = 0.1 mm.
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segment of leg 2-4. The spine and seta formulae
for E. parvus areleg 2: 1, 2, 2 (total 5); leg 3: 1
(2), 2, 2 (total 6); leg 4: 2, 2, 2. (total 6).
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Abstract

We investigated ectoparasitic flies of the bat Miniopterus schreibersii and determined the effects
of sex and body weight of the bat on the fly abundance. About 30 adult males and 30 adult females of
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the bat was collected monthly at a predawn with a harp trap at the outlet of the water tunnel in Di-Li,
Nantou County, Taiwan, September 2007 to August 2008. A total of 2,698 individuals of the bat flies
were collected from 570 individual s of the bat. Three species of the bat flies were identified. They were
Pencillidia jenynsii, Nycteribia parvula and Nycteribia allotopa mikado, belonging to the family
Nycteribiidae. Only the abundance of N. parvula was found to correlate significantly with body weight
of the bat.

BRSEER] : Obar s~ ZERIE ~ REBRRIE - REBRIREE - A

Key words: ectoparasite, Pencillidiajenynsii, Nycteribia parvula, Nycteribia allotopa mikado, Miniopterus

schreibersii
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Fig. 1. The Sampling site of Miniopterus schreibersii in Di-Li, Nantou County, Taiwan.
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Table 1. Species and numbers of bat flies collected from Miniopterus schreibersii in Di-Li, Nantou

County, September 2007 to August 2008

Family Species Sample size
Nycteribiidae Penicillidia jenynsii 310
Nycteribia parvula 1,425

Nycteribia allotopa mikado 963
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Table 2. P-values of Two-way ANOVA on the relationships of the bat sex and body weight with the bat

fly abundance (**, p<0.01)

Total batfly . .
Bat species Sex Body weight Sex x Body weight

Total batfly 0.067 0.007** 0.702
Penicillidia jenynsii 0.944 0.066 0.668
Nycteribia parvula 0.306 0.005** 0.172
Nycteribia allotopa mikado 0.113 0.099 0.97
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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.

BRG] = A uEER - 9Bl ~ TERE S T~ B
Key words: Bufo bankorensis, tadpole, morphology, elevation, habitat
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Skl ATAH 68 ABTIREMONE - 11 1L7°C: MiAAA SN AT RHIES 207.7
HERE 2 ABEFE 2 PR ELGESR  mm o AFBRES 236°C
5.2 T IR RS 4465 mm » F 7T 500 5

1R WE LRI 10 {8 3 & AR st ) B AR
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.



B84 Y2 R FE(TW J. of Biodivers.) 12(4): 351-365, 2010 357

o TR R B R =R E

TERTERE Y 19 {EEk st » DL 10x25x15cm
7 EP SIS IR AR AL ST S L S
ERFREE BT 10-20 & - SRR IEIR AR SRS B
Sm DL b #Y SR A ETTHREL > i ity ARt Hl
FIEAY K/ R RS B3 AU A7 1 - R Rkt DL
57X 100-200 L2 dpHiet 155 S HI o Py A PR EE H Rt
¥ LL 10%¢ F pR[E E GR 17 - 7 (ol B Be == 1T
He I & (Vences et al. 2002; Laugen 2003) - {152
Rt G REE R B B MU > B TR
) 5244 1 (allometry) ) 528 (Hammer 2002) »
ASRPEFE R e i A B 5L L b R P PR ER R 3,911
Ephsl > DU BT 557 8% Gosner stages 25-45
HA R iRl (Gosner 1960) » fi I & H A% & - 4
Eh2E - fERE%I1FE Gosner stages 30-32 Hf
WA R H B TR (E 3) » BRI 77
¥ » Y5 LI E HATE Gosner stages 30-32 HAHY
{1613 2 AT I B o S MR 25 1) Y R T 5
0.01 mm FE iF#AE R (Mitutoyo: 500-196)7k
I & 4 K (total length, TTL—W) i % FE diis) ~ #8
% (head to body length, HBL — 773 Z it Gisi 7L ~
#3 7 (body width, BW—{ff 5 55 i iz T iz) ~ #8
15 (body height, BH—{HI#i{ & 88k &%) ~ B &K
(tail lenght, TL— iftt5iFi fL % 2 ¥ii) ~ B2 /& (tail
height, TH—{HI#{ 2 A iz =1 i2) ~ FE ML (caudal
muscle height, CMH—{{Il#{ L ix =i i) ~ AL
‘H (caudal muscle width, CMW—{fii fl B & &
J&&) (J& 1997; Buskirk and Saxer 2001)% 8 {& i
RICE (8 4) Kkt EAAHE R « RTL=TL/TTL »
[Fli; LL7E -1 (Sartorius BJ310 » #5fifE & 2 0.019)
I 52 H48 & (body weight) e

=~ BRI

AN R A i S B St KR R 2 et 1 T B
SR > FTE RUSRHER S 8 77 £ R K
s~ AR IRER K S HR RO K SRR R
7K 3855 4 {[f OTUs (operational taxonomic unit) »
1L Kolmogorov-Smirnov test fi & - 1l & 72 & 77

A ftR - FIH ANOVA L% OTU
]2 TTL ~HBL ~BW ~BH ~TL ~ TH ~ CMH ~
CMW K RTL R HE & G E 425 > H BEAHM
BVERE S - FLL Fisher's PLSD 17 S 4% [
WA EL# - bty BT DL p<0.05 £ EEE K iE -
At - RIS B RS B (In)iga s - 1A 2
Al 43 #r(discriminant function analysis, DFA)
(Gvozdik et al. 2008);i% % 2 H & #r #H & BRI
A5 1) 1] Bk 8 (discriminant function) » #{TE %
PRI LN E0 8% 4% OTU BYLIRIFRES » []HE
L] FH B MR A5 A A il ) 0 A7 AR (5 7
FEARDL(BR 2005; 5% 2006) = L ifry#Eat 734t
FIJF STATISTICA 7.0 #fi 2t 4 1T (StatSoft
Inc. 2004) -

2 R

— ~ AR L 2 SRS RE A B A8 ) A

AR E 19 A SR RENES
1,072 £ Gosner stages 30-32 HAfY A% 1 & iR ikl
s B AR R A 328 € (0TU 1) ~
T PR 335 &£ (OTU 2) ~ g Hlith I
i 202 £ (OTU 3) F i Pt i i3t 207 ££(OTU
4) - DLANOVA f il 55 B A T2 B 7F 4 {18 OTUs
Z W B B VERY 22 52 (p<0.01) (3% 2) - H
s R I S AR 2 A e R R A R K
#) TTL (mean=24.66 mm, SE=0.20) » {KiFik &
A 2 ity TTL £ /]\(mean=21.56 mm,
SE=0.17) » ffi HriR it S st < IRhiet A B FRig
PRIZ IR St 8 8 2L A KRy TTL (Fisher's
PLSD test, p<0.05) (% 2) - &% &E | Fisher's
PLSD JE1T 2 1% i W tL s s 3 - (R Ei B il
PR < 2 o g i R et (OTU 1 B2 OTU 2)
FJTTL ~ HBL ~ BH ~ TL ~ CMH f CMW E.gf3&

FE(R 2) » RURFEAR AR R rp - gz
fig iR R BRI 2 R R - S -
R~ RIlEKREIE - /it - @i



358 A Ty B R} ) 12 AR 5

—®— Total length

50 r (A)
—O— Body length
40 T
E 30
=
s
5 20
—
10
0 1 1 i J
25262728 293031 323334353637 383940414243 4445
Gosner stage
0.7 r (B)
0.6 T
2
%
3,
%)
Q
m

_0'1 1 1 1 J
252627 2829303132333435363738394041 4243 4445

Gosner stage

3. 7 ] BL (L1 ¢ YL R 154~ [F] Gosner A& & B 2 8 T B iR aRH it 1) R I R ~ 2 R(A) B 148 H (B)
) S ] (2 [ R B RS AR MR A ) ©

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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CMH

il 4. A uf iR et AU AS 2 B B R R AT e 8 - BB R(HBL) ~ 2R (TTL) ~ BT (BW) ~ # &
(BH) ~ B&(TL) ~ E&(TH) ~ EWLE(CMH) K LT (CMW) °
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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7 3. N [ElE i B o) e 2 A o W R ARSI BB P o3 M B 0y 3%

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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Abstract

In order to examine the feeding ecology of the endemic goby Rhinogobius candidianus in Chinshui
Creek, a tributary to Choushui River in Taiwan, the fish was sampled monthly with a 12-volt electric
fishing gear from November 2008 to October 2009. A total of 1,103 individuals of the fish with the body
sizes ranging between 1.70 cm and 7.73 cm were collected, and their stomach contents were examined.
Number of fish with empty stomach was 3.83% in the winter dry season while 16.24% in the summer
monsoon season. Apparently, the winter dry season of low stream flow provided a stable stream environment
with abundance of food for the fish. R. candidianus is omnivorous fish consuming primarily filamentous
algae, insects, and detritus. Relative frequency occurrence and abundance of these three food items varied
with time, and composed more than 40% of the similarity relative indices. The diet composition varied
significantly with fish sizes, showing a shift of diet from aguatic insects to filamentous algae with the
growth. The composition also varied significantly between the summer monsoon season and winter dry
season, and strongly affected by typhoon events.
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Fig. 1. The fish sampling sites (solid circles) at Chinshui Creek in Taiwan.
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Bl g EE N LARE LT EEREY) s R
Y H o 10 FEARAN T ¢ ki A B (filamentous
algae) ~ /K4 B & (Insecta) ~ 7K & (Cladocera) -
il & (Rotifera) ~ #5 & (Nematoda) ~ £ F(fish
eggs) ~ fiui fr (fish scales) ~ 7 Jg Ji(bivalves) ~
i & $H (Gastropoda) kA 1 ¥ & (detritus) » 3ifi
LLRE MR E BIE 7T 2

REBIEAGETE N R YRS R
2 25 i 47 b (percentage abundance of food
item) o

Fi% =11 x 100 @)
S Fi
Fi BEANEY @1 =1, 2,--n f@ifH
(Hyslop 1980; £ 2006; i & 5 2009) o
SR E AR IR AR H 4y
Lt (percentage frequency occurrence of food item)
U\Ni%=NWiX 100 (Ni » BEHASEYH I HEY)
M ZBEH N ERAEYEY ZEHER)
(H% 1998; bk 2006; & 55 2009)ftizt » {6 S
Ni+100% - £ 1K Hi Y8 A R B A8 3R
SEASE L » HOB S NiBRiZ o AT
Ni%o = NN 10 3)
2 Ni
IR E BAE AT S 26 R 0 K
HE V) iEE (relative index) 3+ H A =040 T -
Ri = Fi% x Ni% (4)
FIA R A 73 A7 AR BRI i e B M)
) 24 s W) 2 H A (R 2006; Fifi j2 21 2009) -

M~ BYIIEE &R A

it E NS YEE - BES R
L A 5] 0 5 1 17 98 3 BRI 4 o8
RE o H DK R AR - DIEZR I H
A Fs— BB R DNER R R DL—REAT R R —
B ARG B - W B A E ) h o A
BYIERE > LUE Pk (Equation 3) 5] HH fe Y fE

Wl ik B A RE
MoEEEETT -

11 ~ ¥ (periphyton) AT & R <5 < 201
HER 2 B A &P LL oK (distilled de-
ionized water) € & 1 ml {254 £ 170 4 V)T B
(Sedgewick-Rafter cell) 1 » LIt ELEAM S ETT
W et e > ML NYHE R E R 2
ZEff(rank of relative abundance) /s » A @ EH
22 1 ml AR A H B (08 85 85 KRS 1,000 (domi-
nant) ; B : 7F 50-1,000 .7 f&](abundant) ; C : ¥
10-50 (common) ; D : /N2 10 (rare) (755 1996) -

N #EH AT

Apf5E £ Z LI PRIMER 6.0 #4817
A &% RUE 22 HEFF 77 # (non-metric multi-
dimensional scaling, MDS) ~ fH{LLE B 47 Z5(simi-
larity percentage, SIMPER) Jz B8 XEAH{LLE 73 ¥
(one-way ANOSIM).Z /5 » L) 2008 4 11 H
% 2009 4 10 H 2 & tE& R > 73 A ) i
BRY M 2810 kA A RS R % R (<3.5
3.5-4.4~4554-~556.4 >6.4 cm)fEliFEEY)
THAYZESE » B [ SR R B R A B
LR YA - B HEHE 2 Global Test R
(B ORS¢ 2 M 5 RIE/NP 0.25 KR
HAEE 5 R B AR 0.5 KA dH/ B (HAETE £
Fl s RAERHS 0.75 RARIE A5 s RIEFRD 1
52 AN[A] - Significance level {E p<0.05 > A
HRIFE AR o

4R 3t

—~ FHAAEREEEER  BEREZ W
FRHE B
AWFERTERI AR - HREK 1103 »
R/ViEER - SEA 1.70cm ~ 0.04g » oA
R MEEM7.73cm -~ 6.18g9(X 1) - WM HEHH
151 FE 2 B2 BIRRE » iR se 5 =) 2008-2009
FHEEENEGRBHNSG 3-11 A - Bk
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RN 233.91mm » 72528 16.24% : #5255 12 ~
112 H » AR E 9.53mm » 22 H 23 3.83% »
W H R -

K3 R EE R A PR B S R (AT AR IR
sgAk) » DL H AL K F (R RN E - 5
J1~ VR~ LIRS R s B A I A KRR
1 (B 1998) - #£(2008) {11 K i TH25T
HAERRIRE R R S B rhIEH o EKEK

A s R B 1 L 43 AT 2 7R 25K € 5-20 em
R EH RS 0-40 cm/sec i o HI 215 /K%
TR K A B BRI B A KT AR R » (AL
HEHIF 22 B AR T » nl e X FIN SN
AR i e o KR T R K RN -
B TR EB Y EMER AL » MR
Ze B AR AR Z — o

# L EKES A REVEV R 2 Tt R - #E kR 281

Table 1. Total lengths and total weights (meantstandard deviations; rangesin parentheses) of Rhinogobius

candidianus collected from Chinshui Creek over the time from November 2008 to October 2009

Total length (cm)

Body weight ()

5.33 + 1.06 (2.28-7.73)

2.27 +1.25(0.11-6.18)

4.83 + 0.85 (2.65-6.59) 1.66 + 0.76 (0.21-4.89)
4.41 + 1.16 (1.70-6.40) 1.36 + 0.91 (0.04-3.55)
3.92 + 0.98 (2.16-6.66) 1.00 + 1.02 (0.11-4.53)
3.84 + 0.90 (2.14-6.28) 0.81 + 0.62 (0.05-3.10)
4.17 + 1.08 (2.28-7.49) 1.12 + 1.03 (0.09-5.08)
4.13 + 0.97 (2.68-6.60) 1.02 +0.78 (0.17-3.62)
4.25 +1.00 (2.33-6.60) 1.17 +0.89 (0.11-4.38)
4.16 + 0.86 (2.77-6.53) 0.99 + 0.76 (0.23-4.01)
4,65 + 0.66 (2.75-6.33) 1.28 + 0.58 (0.21-3.08)

4.73 % 0.51 (3.65-6.37)

1.49 + 0.51 (0.58-2.89)

Month Sampling number of fish

2008
Nov 103
Dec 100

2009
Jan 100
Feb 100
Mar 100
Apr 100
May 100
Jun 100
Jul 100
Sep 100
Oct 100

Average 100

4.50 = 0.99 (1.70-7.73)

1.36 + 0.95 (0.04-6.18)

o AIE A 3 B A PR AR R L B LR

TR B A LE

# F 3 1] P e e R g A L (Jel 2)
B P R MR SR AR 2 B AL (] 3) BT
A H 3 DAkt b B ~ K AR B U R TS
PR EEEEYRE o HREY B R D
HIEKER ~ fmad > K ~ 00~ s - A2
R R I R R

LL# F AR TR )i pE B A ) R A
SRR Z BB M SRR (8] 4) » %5

Afi i )RR (DU 5% 40% L0 E 5 S B (g
{ERFENT 8% L 22 (MDS) ([ 5) » aif LU
60%1 B0%(E 5 REREAY R - #o RBR /% 3
B > RRE2Z ~ W3 JieEL A {73 (2009 £ 6 F #8
FESEAL ~ 8 A BLhI v )e 10 H i e B e
JR) © FEAI i BEIEAR (DU 34 (one-way ANOSIM)
wHIE 2 F D A H i R R YRR 22 SR - R
HEUR 5 H (o il A B R 722 2 (Global Test, R {H
= 0.204; p<0.05) -
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Fig. 2. Percentage composition of monthly abundance (Fi) of food items in stomach contents of
Rhinogobius candidianus collected from Chinshui Creek, November 2008 to October 2009 (B, filamentous
algae; [, Insecta; [, Cladocera; [, Rotifera; [, Nematoda; [, fish eggs; [[T], fish scales; [, bivalves;
B, Gastropoda; [, detritus).
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Fig. 3. Percentage composition of monthly frequency occurrence (Ni) of food itemsin stomach contents
of Rhinogobius candidianus collected from Chinshui Creek, November 2008 to October 2009 (B,
filamentous algae; [, Insecta; [, Cladocera; [}, Rotifera; E4, Nematoda; [, fish eggs; [, fish scales;
B, bivalves Gastropoda; [-], detritus).
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Fig. 4. A cluster dendrogram showing similarity in monthly relativeindices (RI) of food itemsin stomach
contents of Rhinogobius candidianus collected from Chinshui Creek, November 2008 to October 2009.
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Fig. 5. Non-metric multi-dimentional scaling (MDS) showing similarity (solid line circles, 60%; dashed
line circles, 80%) in monthly relative indices (RI) of food items in stomach contents of Rhinogobius
candidianus collected from Chinshui Creek, November 2008 to October 2009.
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AR R 1T B /KR BT PP AR E I 2L
8 ORB AN RV > BR
PIRELRE Hp R — B s R AR OR B B IRk
BB YMERL B aZ YR £ 2R ) (B 1998) © ift
(2002)#5 Hififz e 7 S fif /2 J&§ (Bathygobius sp.) #
MamERRYImhEE &R Y EEE - A7
FEIPERITE B o 15 KR IR V)R i F K AR
F & B 62 3R 1N 54.21% ~ Y2 31.68% 1 [
A1y 16.1% » iR KAE REIKS 5 A
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A3 47.15% » Frifh i B LAY 2= A1 1)
WErE o HHIMHERRZ TR K IR AR B & 7K A B
A5 > MZEAIEJE A 53 K e o ASE G 7K
4 Ra bR o MWEESMEER > Il
W Wi bz = hm e BV YR EDRHEY) -
B Bk % - R HERR 2 ~ VAT,
Ay e S B E V) 52 A i e B R YA P
FEHE o

WL 5 1 10 Bk e B v 2R P R A

100
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.
>

b
]

Wl ik B A RE

23 (E 6)#EETHH L0 BN IMEAY) » LAl
H (Ephemeroptera) i i i 40.14% -~ # 1 H
(Diptera)ghy#zuy 29.32% K £ H (Trichoptera)
WA 20.66%F - E R BN EY) - &
305 Pt fie 0 ) T v R RE e (3% 2) 31 AT
Pk 3 J& ~ WY 17 8 - £
B LIRS T > o N DI EE 8 (Cymbela
sp.) ~ 5 Jr g (Diatoma sp.) ~ FEHii s & (Gom-
phonema sp.) 1 &t 17 4 /& (Synedra sp.) J& % ©

Bk (2008) 3 #5175 7K 18 it bk HH Y 7K A B e
LIS Wi E # DY S 47 45 72} (Baetidae) ~ B 30 H #Y
IR (Chironomidae) 5 38 H #UME 1 R HHy-
dropsychidae) » 515 KRtk A4 B sty 22
B EARE - B IR R B RAEYI - B
BHIKA R aIFiH - HEH REXEHRE
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Fig. 6. Percentage composition of animal diet in stomach contents of Rhinogobius candidianus collected
from Chinshui Creek, November 2008 to October 2009 (EZ], Diptera; B, Ephemeroptera; [, Lepidoptera;

[, Trichoptera; [7], Cladocera; [, Rotifera; [, Nematoda; [T, fish eggs; £, fish scales;

[2], Gastropoda).
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Table 2. Monthly variation in the microalgal composition of stomach contents of Rhinogobius candidianus

collected from Chinshui Creek, November 2008 to October 2009 (A, average cells number of algaein 1

ml >1,000; B, 50-1,000; C, 10-50; D, <10)

2008 2009
Species
Nov Dec Jan Feb Mar Apr May Jun Jul Sep Oct
Chlorophyta
Closterium C
Cosmarium C C D C D A B B B C D
Scenedesmus D D D B D D C
Bacillariophyta

Achnanthes D D C C C C C
Amphiprora D D D D C B D
Biddulphia D D D C C D
Cocconeis B B B B C C C D D D
Cyclotella C D D B D B C
Cymatopleura D
Cymbella A A B A C A A A A A B
Diatoma D A C A A A A D
Fragilaria D D D A B D B
Gomphonema B B B A B A B A A A C
Gyrosigma D D C
Melosira A B B A D B B B A B B
Navicula B B B B B B A B B A B
Nitzschia B B B A B B A B A A C
Sauroneis D C
Surirella D D D
Synedra A A B A B A A A A A B

B P& R P i e o R DAY SRR
Ao G SR B K5 JES 3 B S AR A A T
(P4 2008) - fy iR L EARAERER > £
Lor i 3 MAERERE > DhlBIER ~ SE IR
H % @) 5e 1) 8 45 (Wellnitz and Ward 1998;
Holomuzki and Biggs 2006) - — %2 EfE L&
)35 LU A 5 i £ (Steinman 1996) - BHTRLY)
il B P2 HR T i O TR s R DA R S
TEEEEE ~ 55 R PR SR B B B AR B
+ o BRI T REFF EIINE 2R 28 » 1R ~ 3t
2 IEEEH A R ARIR (S 1990; BH 1995; B

1997; /2 ke [if 2002; [ 2006) » {5 5 41 BE L4
FKAE R & BEE R RbEinElCe o b2
e JER s s B IR Wbt i TR W) e A Tl o5 2
WIRIA | MR AR E 1 DIRE RS
KA 5 W o F A R A o

AT 2 SR 8 B SR R 1 Bl = ) SO
B S A AR K A BR g (Stoner and
Zimmerman 1988; Clements and Choat 1993;
Blay 1995; Labropoulou et al. 1997; Garcia and
Amich 2000; Xieet al. 2000) » AFFF 52 HA 7 1y fi
PRy BT B 2 FT R LA KR R & 5 S A
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B BT 2 0 8 LS VR W) i R
BYIHEA R ZR -

=~ DIFEBERRIE P& YRR RS LA A

TR B A LL

W) fil S 1 A (R SR S5 e [ 1 R ) R
Bt > (Fia% £<35cm (A% » 163)f13.5-4.4
cm (F R - 315)FF ik » LUK B &b fs 1 B
B R 45-5.4 cm (FUE B - 306)5F
e > LURREE R B ~ KA R s A AT S B
B 5.5-6.4cm (AR » 143) & K>6.4
cm (FURH - 25)F ik - HI LUk B £ &
R A (3R 3) - fER MR IR E A
AW RELREAR S ER BRI Z R A G SR
(] 7) > H R T i R R YRR A (U
JER% 50%LLE o i B LR IE N B 2 [ 22 ]
(MDS) ([l 8) » iif LAFH L) 60%({'F F3 RS (1 45 -
i AR 70 FA A » (EHE 2 R <3.5 em Sl Bl
fib S BB AN IR o PR A B EE AR LUE 53 47 (one-way
ANOSI M) HI7E 5 55 i ] HL b e e P 2 2R

Wl ik B A RE

Mo S SRR 2 R <3.5 em S Bl H {th 4 (8%
b B 1 72 4 (Global Test, R{i =0.025; p<0.05) -
FBRAE R R BN EL R - & % B B [
BHAFE A - ik GEZERNA
A - WEGENEE TS LR RYME
KER RH R ATy & S (8 1 38 28 A 5] A5 R B 8 L
(Schmitt and Holbrook 1984; Holbrook et al.
1985; Copp and Mann 1993; McCormick 1998;
i 1998) o AHFFEHSE BN © #8E K <4.5cmiy
WE W LKA B a5 SR R > i 2
F>5.4 cm F QI LI B AGIRERER £ -
BR(1998)#& i B Ry FfafF > R R
RO EN K ER A RS FNA B > F R B R AR SE T
W B 2R MHFF SRV R AEY) » IR
YR - WA AR PEGH AR 5 6 > SRR RE T ) T
A BB LUK AERY) - RN ERE HINE
o BRI CEIARE - BIEW) R e AE 4 fa s B
iR E SR T XA RBEE TE  WLg
PEERRFE ES M INEMER R MRl
TEE R A R 25 - 16 (2002) 45 Hifk

2 3. KIE IRV A1 2008 47 11 F 2 2009 4 10 F frlfi & e )R S 1 o7 b 2 i 2 R R L

Table 3. Percentage composition of monthly abunadance (Fi) of food items in stomach contents of five

size classes of Rhinogobius candidianus collected from Chinshui Creek, November 2008 to October 2009

Size classes (total length, cm)

Food items

<35 3544 45-54 55-6.4 >6.4
Filamentous algae 4.68 25.80 33.56 47.49 44 47
Insecta 68.11 39.28 32.79 23.36 32.15
Rotifera 0 0.03 0 0 0
Cladocera 0.01 0.30 0.16 0 0
Nematoda 0.10 0.38 0.23 0.34 0.29
Fish eggs 0 0 3.37 0
Fish scales 0.09 0.14 0.14 0.71
Gastropoda 0.23 0.32 0.55 0.58
Bivalves 0.47 0.54 0.07 0.04 0.00
Detritus 26.31 3321 32.18 27.48 23.10
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Fig. 7. A cluster dendrogram showing similarity in relative indices (RI) of the food items in the stomach
contents among five size classes of Rhinogobius candidianus collected from Chinshui Creek, November
2008 to October 2009.
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Fig. 8. Non-metric multi-dimentional scaling (MDS) showing similarity (solid linecircles, 60%) in relative
indices (RI) of food items in stomach contents among five size classes (solid squares, individuals with
total length in cm) of Rhinogobius candidianus collected from Chinshui Creek, November 2008 to October 2009.
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Abstract

Seven species of non-poroid aphyllophoral es belonging to the families Clavariaceae, Clavulinaceae,
Gomphaceae, Meruliaceae, Ramariaceae and Thelephoraceae, are described and illustrated as new records
to Taiwan. They are Clavaria asterospora Pat., Clavariadel phus ligula (Schaeff.: Fr.) Donk, Clavulina
rugosa (Fr.) Schroet., GloeostereumincarnatumS. Ito & S. Imai., Gomphus fujisanensis (Imai) Parmasto,
Ramaria neoformosa Petersen and Tomentella terrestris (Berk. & Br.) Larsen.
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FHHEEH BRIV REIER & L BIE
Ao DS o 2 B R & B0 IR E HEH
iR FEEZ UK - DBEUS RSO - A
ANE (Fi P tfid) B e - ERAE o

55 18 O 58 A BAIRFLIRIE R R H R4
W% » KR MMIE e 7 /5 « MR
(Clavaria purpurea Muell.: Fr.) ~ #5$% 7 & 285
[ Clavulinopsisfusiformis(Sow.: Fr.) Corner] ~
T EERME (C. laeticolor (Berk. & Curt.)
Petersen] ~ #LEEHE [ C. miyabeana (S. Ito)
S.Ito] ~ ZLHIE [Multiclavula clara (Berk.
& Curt.) Petersen) ~ R4 2 HiE [M. vernalis
(Schw.) Petersen) Jx H s ] [ Ramariopsis
kunzei (Fr.) Donk] ; BiR#EMIERIE 2 -
Tk & 88 5 (Clavulina cinerea (Bull.: Fr.)
Schroet.) kit #4831 E [C. cristata (Holmsk.:
Fr) Schroet.] ; BRAEIERIE 415 « &
KHE [Ramariaaurea (Schaeff.: Fr.) Quéel.] -
#%E ERE (R botrytis(Pers.: Fr.) Ricken)
A HIE (R flaccida (Fr.) Ricken) K gify
e [R flave (Fr.) Quel.] : BirET#ERIE 1
i B : & #] 75 [Gomphus floccosus (Schw.)
Sing.]  BRERRPHE 3HEE ¢ MR (The-
lephora caperata B. & Mont.) ~ fEa & [T
fuscella (Cesati) Lloyd] J: 26 i 1% (T. multipartita

o

2 HW 9FES5H10H

Accepted: May 10, 2010

Schw.) (7% H 1931, 1959; i %F 1994; T2 1999;
J& 2000; 3E %5 2001; J& Kz i 2005)

PEAR $

2 A (1] 1, ] 8A)

Clavaria asterospora Pat., Tabl. Analyt. Fung.
France (Paris) 6: 568, 1887.

Clavaria acuta Sowerby, Col. Fig. Engl. Fung.
Mushr. 3: 138, 1803.

Clavulinopsis asterospora (Pat.) Corner, Annals
of Botany Memoirs No. 1: 357, 1950.
FEHER TR & 2-3 cms B

0.1-0.15cm > ENGE » REXHE T » FHE

T o BRI - KB RRHRZEEY) -

B > JERAB E S E > 8-12x 7-8um ;

fEF 4RI - 4440 > 30-50 < 7-10 um 5 FEjIRHE
HE 5 TR A1
B R M AR AR A o
WHgEREA : BB L B AR Y B EY)
> Y4 80m » 2006 4 H 27 H >
JE X g CWN 07087 -

HEFR o045+ B -

BEf C ¢ e A KR U M 1 WK Ze
PIHLE IR > EE S BB L
i B 9% 27 (Breitenbach and Kranzlin
1986) -

Tk
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c

1R AU o A, 5T B I T C BRI T4 o HLBIR = 10m
Fig. 1. Clavaria asterospora. A, baisidiospores; B, basidia; C, hyphae without clamps (bar = 10 um).

R e (1] 2; (& 8B)
Clavariadelphusligula (Schaeff.: Fr.) Donk, Rev.
Niederl. Homob. Aphyll. 2: 73, 1933.
Clavaria ligula Schaeff., Fung. Bavar. Palat. 4:

116, 1774.

Clavaria ophioglossoides Batsch, Elench. Fung.
(Halle): 135, 1783.
THBEIEEREIR > & 6-7cm> 57

0.8-1 cm» Py E G » M JKAL G » F 8 &P

18 o ERFIEER - KT > ZUHG - JE

SRR A HE » 9-12 % 5-6um 5 §E 1 RAEIE

4 fgfl » 50-80 < 6-8um ; FEIRALHE 5 H A

e o

OB W RIS A R -

WHFEEEA = 2 R T IR A0 o S AR A L YK
1,775m > 2008 £ 5 H 16 H » [E XX
fic CWN 07895

HEFE oA = magi > AESE ~ BRI ~ JEDH -

kit C ¢ AR 2 B Clavariadel phus
pistillaris (Fr.) Donk [t 2 {7 8%
TEWE - AFEEREFIR
B/ o MR B R — i B
10-30 cm (Corner 1950; Coker
1974; Breitenbach and Kréanzlin
1986; 4 |3 kz A4 1989; Methvin
1990; fJJ 2000) -

Tk
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B

[

2. HAREHAG A, #8481 B, #5F - LEBIR = 10 um -
Fig. 2. Clavariadel phus ligula. A, baisidiospores; B, basidia (bar = 10 um).

S SETNT R (1 3; [ 8C)
Clavulinarugosa (Fr.) Schroet., in Cohn, Krypt.-

Fl. Schlesien (Breslau) 3.1 (25-32): 442, 1888.
ClavariarugosaBull., Herb. Fr. 10: tab. 448, fig.

2, 1790.

Ramaria rugosa (Bull.) Gray, Nat. Arr. Brit. PI.

(London) 1: 655, 1821.

FERRIEIR » AOEEAHR R &
2-4cm> £ 0.1-0.3 cm > NEM > EEHE -
FH e P B L o 1B TRRIEDE L ER
JE » SRR - B > JERER E R
9-10 x 7-9um ; &1 » 2 7l » 40-50 x 6-8
pm ;s FEIRASHE 5 B A A8
R M AR AR R P A R SR

ft T s AR B R -

WHFEEEA + B SERRAR 24075 » 14 2,000m »
2004 #F 6 H 15 H » FXHe CWN
06649 ; 15 HH il 7 H AR EE D)
EEHEY)H - YK 80m » 2005 4 9 H
29 H » EX#g CWN 06974 -

TS oA = ma il ~ L3S ~ B ~ SR -

1) : [Hfd Bl 6 B Clavulina cristata
(Holmsk.: Fr.) Schroet. X Z iR »
i H & R AR A - (H e SRE R
T E R TER B SUIR AR 74 5
KEGEREE » FEECE - H
T8/ » 6-9 x 5-7.5 um (Corner
1950; Breitenbach and Krénzlin 1986;
4 B8 B A4 1989; Ji1 2000) e

-1
(f)
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3. BRIEII (CWN 06974) - A, 21 B, 51 C, WA T4 - LR = 10um -
Fig. 3. Clavulina rugosa (CWN 06974). A, baisidiospores; B, basidia; C, hyphae with clamps (bar = 10 m).

BRI (1] 4; [&] 8D)
Ramaria neoformosa Petersen, Am. J. Bot. 63:

314, 1976.

B HSHUIR 7 R ER » 1 7-10 cm -
TE 10 om > BLESHRINA 15 S DR - R R
AL B ARL G g T - R HE
1 » RIEFHEE BIE - B S > IR E X
& » 8-10 x 4-5um 5 & T » 4 g% » 40-60
x 7-9 um s FHIRWEHE 5 BRI o
R W AR AR A A -

WHFERRA = 32 RN IR 40 1 S 88 % (L > VK
1,775m > 20038 A 13 H » FX
& CWN 06328 -

TS A = rplgd ~ B

PR FC : HAEEE A A IR R Ramariabotrytis
(Pers.: Fr.) Ricken 7} %51l » 255
B - (HA AR R K E T
TH b 77 5 AL € HLR kA 1 #8
(Breitenbach and Kranzlin 1986; J[I
2000) °
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C

4. BEKLEOWE © A, J510F: B, 167 C. BAIEII T4 - HLPIR = 10m -

Fig. 4. Ramaria neoformosa. A, baisidiospores; B, basidia; C, hyphae without clamps (bar= 10 um).

LI ETas (8 5; [& 8E) TR > & 7-10cm > 2B E K 4-6
Gomphusfujisanensis(Imai) Parmasto, | dentification cm > K twith > BMERS  ZHheH -

of URSS Clavariaceae: 28, 1965. TEGE 0 A8 BTk s JBE - 2L
Cantharellus fujisanensis S. Imai, Bot. Mag., o FENPA B ZEBUAREA LR - Bk o P

Tokyo 60: 519, 1941. B s fH 0.7-1 om o #4173 1 [E
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12 o WRALE O > RimHREZEE » JERTRE E X

Jf » 10-13 x 5.5-6.5 um ; E TR - 418

> 70-80 x 8-10 um + FEHRFGHE ¢ Rk A A1 1

o

R b AR E R B AL -

WESERRA « o IR AT I > ¥4 2,700m
2003 4 7 F 30 H » JH3CHE CWN
06278 -

HEF G B~ HA -

Fff 20 ¢ LA B ET4E Gomphus floccosus
Al 1 A AR M B T BR € 5 (E AR
EF E A GRELE - W5
ARt - HEARESEE R - Bk
HH BRI 9 W 1 R IR (45 B e A 440
1989; 4l 2000) -

C

5 B LIErah - A B B, 51 C, &I p 748 o LEBIR = 10 um ©
Fig. 5. Gomphus fujisanensis. A, baisidiospores; B, basidia; C, Hyphae of pileipellis without clamps

(bars = 10 um).
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Hb 4 i ¥4 R ([ 6; [ 8F) REAE -
Tomentellaterrestris (Berk. & Br.) Larsen, Mycol. A« 5B B AR 2y eEEY

Mem. 4: 105, 1974. » ¥4k 80m » 20054 9 [ 15 [ »
Zygodesmus terrestris Berk. & Broome, Ann. J& X g CWN 06962 -

Mag. Nat. Hist., Ser. 57: 130, 1881. TR 5 A 2 mE g~ AESE ~ R e

TER TR SAEEE L 2 A AR - R PR 3T RLARCEEFOME AR LU R B
2 lemPUN » 5 2-10 cm > R AL IR 2R 15 A H (Xylariales) Hrr) B B2 B AR
B FEETE - BRI RALTER (Hypoxylon) » {HEE T Al A
T » RumkHES BRI - f5 0 > JEREIRR B S E &1 s A RS RS - WIRE
7.5-10 um 3 #Ef > 4 f1A1 » 60-80 x 9-12 um 3 JBYE I s B A RAIEFIR
FRBEARBIZRE WA - PR EE b thal DLA RAEih b
R Hb o TR SRS T i EEAE R (Breitenbach and Kranzlin 1986) -

B

6. AR o A, #EET B, #E 7 o LLAIR = 10um -
Fig. 6. Tomentella terrestris. A, baisidiospores; B, basidia (bar = 10 um).
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WAL ) ([ 7; 5] 8G) WHFEEEA + AR RR B LT > 1K 1,500m »
Gloeostereumincarnatum S. Ito & S. Imai, Trans. 2001 £ 6 A 1 H » B XHE CWN
Sapporo Nat. Hist. Soc. 13: 11, 1933. 05069 -
Merulius incarnatus (S. Ito & S. Imai) Spirin & MR P~ HA -
Zmitr., Nov. Sist. Niz. Rast. 37: 182, 2004. Fff 3 FIS LR R e R R E R -
TEBERKEE B 6-12 cm» |E EGE TP S eal 0E R P NIV N
0.3-0.5 cm > BEAHHME » REKEROER ERRYE bR a4 (A - @it 5
tat o BHEMIRENE - FEETE - &/ Y& - IR H 2 8 S [E
TIRENE EMEEE - R > EIEE > JE T > AR o AR
FABEK E S HE > 7-10 x 5.5-7.5 um ; EFRAE PPHA S 18 1M > BPEFLER
JZ » 4 @Al » 50-80 x 8-10 um ; FE{RAGHE IR (Meruliaceae) » {EHEIHISE R
SRR » 30-80 > 5-9 um 5 GEff A 41 F#8 SEFIG > M E > MBI R
R M ISR MRRE AR BB - (% B ke A48 1989; JJ1 2000)

ODO
OO0
0/0]0,
OQ0

B

=

D — C
7. WALBREE A, 1B B, 151 C, WA F#8 D, Z{REE - AR = 10um -

Fig. 7. Gloeostereumincarnatum. A, baisidiospores; B, basidia; C, hyphae with clamps; D, cystidia (bar
=10 um).
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8. THEE : A EEMMIE, B, HIRMEMIE, C, BSAMIE, D, BEMALEIIE: E, & LILET4E F i
ARG, G, WAL #) R » IR =1cme

Fig. 8. Fruit bodies: A, Clavaria asterospora; B, Clavariadel phusligula; C, Clavulinarugosa; D, Ramaria
neoformosa; E, Gomphus fujisanensis; F, Tomentella terrestris; G, Gloeostereumincarnatum (bars= 1 cm).
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FHEER) - 1999 o &8 B E Ak o 1TET
REREB G -
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Abstract

This paper reviews the family Tessaratomidae from Taiwan which are consisted of five genera and
ten species. Of them five species and two genera are newly recorded to the island. They are Eusthenes
femoralis Zia, 1957, Eusthenes robustus (Lepeletier and Serville, 1825), Eusthenes saevus Stal, 1863,
Eusthenimorpha jungi Yang, 1935, and Mattiphus splendidus Distant, 1921. They are described and
illustrated with living adult color pictures, and provided with a check list of host plants and a key to the
genera and the species of Tessaratomidae of Taiwan.

W %

AP 5 7 T G R (T&Ssaratomidae) BN SR AE 38 5 K 2 FrAc #5485 #ric $kAE o Pt
G RE M R AL R EEEE > 5 55 Eusthenes femoralis Zia ~ E. robustus
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(Lepeletier and Serville) ~ E. saevus Stal ~ Eusthenimorpha jungi Yang J Mattiphus splendidus Distant

% S o SURMGK A A RER & A EAEY) 4 8% o

Key words: Tessaratomidae, Eusthenimorpha, Mattiphus, host plant, Taiwan

BEsE © 704% - Eusthenimorpha J& ~ Mattiphus & ~ 25 FAEY) ~ &8

Wk HY - 9945 H 13 H

Received: May 13, 2010

Introduction

The family Tessaratomidae (Hemiptera: Pen-
tatomoidea) are large bugs usually with metallic
colors. Adults and nymphs are phytophagus, and
thus, most of the species spend their lives on tree
leaves and stems. They are found mainly in the
tropics of the Eastern Hemisphere but a few in
the Western Hemisphere. Tessaratomidae are a
small family closely related to the family
Pentatomidae. Except for large size and flatted
edge nymph, all members of Tessaratomidae ook
like those of Pentatomidae with robust body and
very small head. Sometimes, the former was
considered as the subfamily Tessaratominae of
the latter. Tessaratomidae comprises 49 genera
and about 235 species worldwide (Rolston et al.
1993). Some species are pests, such as Tessaratoma
papillosa, the pest of litchi (Litchi chinesis), which
injures the fruiter (Drury 1770).

Stal (1865) first established supergeneric
groups of tessaratomid bugs at a subfamily level
under Pentatomidae. Horvéath (1900) recognized
nine tribes and established a key to the genera.
Kirkaldy (1909) catalogued the world fauna, re-

2 HY 98 H 11 H

Accepted: August 11, 2010

cognizing 11 tribes of Tessaratomidae. Leston
(1955) followed Kirkaldy’s classification system,
but reducing some of the tribes to subtribes, and
describing two new subtribes. The modern
tessaratomid taxonomy follows Kumar’s (1969)
classification system. He divided Tessaratomidae
into three subfamilies: Natalicolinae, Oncomerinae
and Tessaratominae. The Tessaratominae are sub-
divided further into three tribes: Prionogastrini,
Sepinini and Tessaratomini. This classification
system was adopted by Rolston et al. (1993) and
followed by this study. Schuh and Slater (1995)
reviewed the systematics and biology of the family.

There were five known species of Tessara-
tomidae from Taiwan (Rolston et al. 1993), three
species recorded by Esaki (1926) and two species
by Hsiao (1977) and Zia (1957). This paper adds
two newly recorded generaand five newly recorded
speciesto thetribe Tessaratomini of Tessaratomidae
of Taiwan. They are described and illustrated, and
provided with akey to the generaand the species,
and the information of their host-plants (Table 1).
All specimens used in this study are preserved in
the Endemic Species Research Institute.
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Table 1. Host plants of ten Tessaratomidae species
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Host plants
Tessaratomids
Family Species References
Eurostus validus Fagaceae Castanea mollissima* Ren and Chen 2009

Castanea sp. Zhang 1985
Castanea seguinii* Linetal. 1999
Castnopsis sclerophylla Zhang 1985
Cyclobalanopsis glauca* Ho and Chen
Quercus acutissima* Zhang 1985
Quercus fabri Zhang 1985

Juglandaceae Juglans sigillata Ji etal. 2001

Piperaceae Piper nigrum Yang 1962; Zhang 1985

Eusthenes cupreus

Eusthenes femoralis

Eusthenes robustus

Eusthenes rubefactus

Eusthenes saevus

Eusthenes theseus
Eusthenimorpha jungi
Mattiphus splendidus

Scrophulariaceae

Euphorbiaceae
Rosaceae

Sterculiaceae

Fagaceae

Theaceae
Sterculiaceae
Verbenaceae
Aquifoliaceae

Fagaceae

Sabiaceae
Theaceae
Araliaceae

Fagaceae

Juglandaceae
Fagaceae
Betulaceae
Fagaceae
Juglandaceae
Fagaceae
Fagaceae

Euphorbiaceae

Paulownia tomentosa*
Sapium sebiferum*
Pyrus sp.

Firmiana simplex*
\ernicia fordii*
Cyclobalanopsis glauca*
Castanopsisindica*
Quercus acutissima*
Camellia oleifera*
\ernicia fordii*
Tectona sp.

Ilex sp.

Castanea mollissima*

Meliosma pinnata*
Camellia oleifera*
Schefflera octophylla*
Quercus spp.
Castanopsisindica*
Juglans sigillata
Cyclobalanopsis glauca*
Alnus formosana*
Quercus spp.

Juglans sigillata
Cyclobalanopsis glauca*
Castanopsisindica
Mallotus sp.

Lei and Zhou 1998

Zhang 1985

Yang 1962; Zhang 1985

Yang 1962; Zhang 1985

Yang 1962; Zhang 1985

Zhang 1985

Ho and Chen

Linetal. 1999

Linetal. 1999

Linetal. 1999

Schaefer and Ahmad 1987

Zhang 1985; Lin et al. 1999

Zhang 1985; Lin et al. 1999;
Ren and Chen 2009

Ho and Chen

Zhang 1985; Lin et al. 1999

Zhang 1985; Lin et al. 1999

Linetal. 1999

Ho and Chen

Ji etal. 2001

Ho and Chen

Ho and Chen

Linetal. 1999

Ji etal. 2001

Linetal. 1999

Ho and Chen

Linetal. 1999
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Fagaceae Castanopsisindica* Ho and Chen
Cyclobalanopsis glauca* Linetal. 1999
Quercus acutissima* Zhang 1995
Rosaceae Prunus sp. Zhang 1995
Scrophulariaceae Paulownia sp. Zhang 1995; Lin et al. 1999
Tessaratoma papillosa Burseraceae Canarium album®* Yang 1962
Caricaceae Carica papaya* Yang 1962
Euphorbiaceae Ricinus communis* Yang 1962
Fabaceae Canavalia spp. Yang 1962
Moraceae Ficus spp. Yang 1962
Musaceae Musa sapientum* Yang 1962
Pinaceae Pinus spp. Yang 1962
Poaceae Saccharum sinense* Yang 1962
Rosaceae Prunus mume* Yang 1962
Prunus persica* Yang 1962
Prunus salicina* Yang 1962
Rubiaceae Coffea spp. Yang 1962
Rutaceae Citrus spp. Yang 1962
Citrus maxima* Yang 1962
Citrus limon* Yang 1962
Fortunella spp. Yang 1962
Sapindaceae Euphoria longana* Hoffmann 1931
Koelreuteria formosana* Ho and Chen
Litchi chinensis* Hoffmann 1931
Litchi sp. Schaefer and Ahmad 1987
Nephelium sp. Schaefer and Ahmad 1987
Solanaceae Nicotiana tabacum* Yang 1962
Solanum melongena* Yang 1962

* The species remarked in this table are also exist in Taiwan.

Family TESSARATOMIDAE $tal,
1865

Body large, and shape ovoid to elliptical.
Head laterally keeled, very small relative to body
size. Bucculae short. Antennae four or five
segmented. Ocelli nearer to eyes than to each
other. Labium short, reaching apices of fore coxae.
Rostrum with 4 joints, reaching the middle of
mesosternum; second joint long; last two joints
short. Scutellum triangular, reaching the base of

membranes without covering corium. Veins of
the membrane not reticulate. Hind wings with a
hamus. External efferent system of metathoracic
gland reduced. Tarsi two or three segmented. The
first pair of abdominal spiraclesentirely exposed,
not hidden by metasternum, easily distinguishable
from those of the species of Pentatomidae. Aedeagus
with upto four pairs of conjunctival processes.
Nymphs with dorsal abdominal glands between
terga l11/1V, IV/V and V/VI (Yang 1935; Slater
1982; Schuh and Slater 1995; Sinclair 2000).
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Key to the genera and the species of Tessaratomidae from Taiwan

1(2) Postmargin of pronotum strongly protrudented backward and covered basal mesoscutellum; head
and basal prothorax extended downward; lateral margin of pronotum prominent but smooth........
.............................................................................................................. Tessaratoma papillosa (Drury)

2(1) Postmargin of pronotum slightly protrudented backward, not covered basal mesoscutellum;

3(17) Metasternum bulged, equal to stature of coax;

4(5) Metasternum bulged strongly, elevated plate, cross-shaped; metatibia crooked inwardly for male
BAUIT. ..o e Eusthenimorpha jungi Yang

5(4) Metasternum bulged weakly, like rhombus or pentagon; if crucifix, lateral margin of abdominal
sternites VI acute; metatibia not crooked on male adult;

6(18) Posterior femora strongly incrassated, with along and strong spine from the base of male adult;

7(8) Yellow brindle on lateral margin of tergites more than 1/3 of the tergites length; angle between
distal spur and postfemur not greater than 45 degree..........ccccceeevvennenen. Eusthenes femoralis Zia

8(7) Yellow brindle on lateral margin of tergites less than 1/3 of the tergites length; angle between
distal spur and posfemur greater than 45 degree;

9(10) Basal of 4th antennal segment primrose yellow; metasternum bulged slightly, like acrucifix; lateral
margin of 7t abdominal segment pointed; metatibia not crooked inwardly on male; 8t ventral
abdominal segment with atriangular indentationinmiddlear€a............ccccveeeeeeiiciiieeeee e,

10(9) Basal of 4t antennal segment black; metasternum bulged, like arhombus, postmarginal spacious
and smooth; 8t ventral abdominal segment without a triangular indentation in middle area;
11(12) Ventrum and legs chestnut brown, with gloss but no dark twills; lateral margin of tergites olivaceous,
with sorrel stripes on basal area, about 25-35 mm inlength...........cccoeiiiiiiiii e
........................................................................................................ Eusthenes rubefactus Distant
12(11) Ventrum and legs blackness; if not, dark twills presented; stripes on lateral margin of abdominal
segments small or absent;
13(16) Small body, lessthan 30 mm in length; an indentation in the middle area on male genital segment;
14(15) Body color glossy with sparse wrinkle and ornamentation........................ Eusthenes theseus Stél
15(14) Body color dim with obvious wrinkle and ornamentation, mush rugged, verdigris-green; ventral
surface glossy, purple-brown or verdigris-green without dark twills.............ccooevviiieieeiiiiciienenn,
..................................................................................................... Eusthenes cupreus (Westwood)
16(13) Large body, longer than 30 mmin length; 3 small lobson male genital segment..........ccocevvvceeiereennnne
.................................................................................. Eusthenes robustus (L epeletier and Serville)
17(3) Metasternum not bulged, sank into the area between meso-coxa and meta-coxa; posterior femur
strongly incrassated with along and strong spine in male adult but smaller in female; 4™ antennal
segment yellowish-brown but blackness in basal area; 8" abdominal segment equal between width
=0 To =TT |4 o ST Eurostusvaridus Dallas
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18(6) Posterior femoraof male not incrassated, without along and strong spine from the base; metasternum
contact with 34 sternum; antenna black; anterior margin of compound eye with a spine...............

Genus Eurostus Dallas, 1851
Type species: Eurostus validus Dallas, 1851.
designated by Distant, 1902.

1. Eurostus validus Dallas, 1851 (Fig. 2A)
Eurostus validus Dallas, 1851. List Hem. 1:
343, pl. 11, figs. 2a-c.

Distribution: China(Anhui, Fujian, Guangdong,
Guangxi, Guizhou, Hubei, Hunan, Jiangsu, Jiangxi,
Shandong, Shanxi, Sichuan, Yunnan, Zhejiang),
India, Hong Kong, Laos, Taiwan, Vietnam (Rolston
et al. 1993).

Genus Eusthenes Laporte, 1833
Type species. Tessaratoma robusta L epeletier and
Severin, 1828. by monotype.

2. Eusthenescupreus (Westwood, 1837) (Fig. 2B)
Tessaratoma (sic) cuprea Westwood, 1837. Cat.
Hope 1: 27.
Eusthenes cupreus Dallas, 1851. List. Hem. 1:
342,

Distribution: Bhutan, Burma, China (Anhui,
Fujian, Guangdong, Guangxi, Guizhou, Jiangxi,
Sichuan, Xizang, Yunnan, Zhejiang), India (Assam,
Sikkim), Laos, Malay Penninsula, Malaysia, Nepal,
Sri Lanka, Taiwan, Thailand (Rolston et al. 1993).

3. EusthenesfemoralisZia, 1957 (Figs. 1A, 1B, 2C)
Eusthenes femoralis Zia, 1957. Acta Ent. Sin.
7: 430, 431-432, 447.

................................... Mattiphus splendidus Distan

Material examined: TAIWAN, Urai, on
Meliosma pinnata (Sabiaceae), 1. X. 2009, 1 male,
by J. Z. Ho.

Characters: Male, 30 mm in length and 18
mm in width. Female, 29-30 mm in length and
16-18 mm in width (Zia 1957). Head wrinkled,
the lateral lobes rather strongly reflex on each
side; antennaefairly closely pubescent. Pronotum
broad, anterior margin thickened; sides oblique,
much narrowed towards the anterior; posterior
angles subprominent, rounded. Scutellumtransversely
wrinkled; connexivum rather broad. Apical teeth
of posterior femora directing towards the apex
and marking each with the femur an angle not
greater than 45 degrees; apex of genital segment
rather convex when viewed caudally.

Coloration: A colorful bug but color highly
variable. Dorsum castaneous or purplish castaneous,
occasionally olivaceous. Ventrum brown or yellow-
brown, Kneesand apex of claws black; connexivum
dark green or greenish-black, spotted with
ochraceous or yellow at segmental bases which
occupying 1/3-1/2 area of each segment; apex of
scutellum yellow; membrane dark brassy-ocraceous,
antennae black but red-brown the basal stained,
the extreme apex brown.

Distribution: Southern China (Fujian,
Guangdong, Guangxi, Guizhou, Yunnan, Zhejiang),
Taiwan (new record) (Rolston et al. 1993).
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4, Eusthenesrobustus (L epeletier and Serville,

1825) (Figs. 1C, 1D, 2D)

Tessaratoma robusta Lepeletier and Serville,
1825. Enc. Meth. 10: 591.

Dinidor (Eusthenes) robustus Laporte, 1833.
Mag. Zool. (Guérin) 2: 64.

Dinidor robustus Spinola, 1837. Essai, 304.

Eusthenes elephas Dohrn, 1863. Stett. Ent. Ztg.
24: 351. (syn. by Vollenhoven, 1868)

Eusthenes polyphemus Stal, 1863. T. E. S.
London. 598.

Eusthenes scutellaris Vollehoven, 1868. Faun.
Arch. Indo-Néerl., 28.

Eusthenes elephas Walker, 1868. Cat. Het. 3:
468.

Eusthenes jason Stal, 1870. Svensk. Vet. Ak.
Hsandl. 9: 232.

Eusthenestouchei Fallou, 1887. Naturaliste, 413.

Eusthenes thoracicus Distant, 1990. A. M. N.
H. (7), 6: 61; Id., 1902. Faun., Br. Ind. Rh.: 266.

Material examined: TAIWAN, Shouka, on Cas-
tanopsis indica (Fagaceae), 15. X. 2009, 1 female,
by J. Z. Ho.

Characters: Body size usualy large and
robustus, like the other speciesthat very complexly
variable in color, forms and sizes (Yang 1935).
Pronotum broader than the bases of hemelytra,
with anterior and lateral margins emarginate
slightly and thelateral areas more or less rugul ose.
Connexivum moderately or broadly exposed.
Basal spine of posterior femora of male strong
and curved. Abdomen slightly or much broader
than the pronotal angles. Apical margin of genital
segment of male entire, but convex at middlie to
forma“W" shape. Terminal abdominal segments
of femalewith pleurite X longer than the pleurite

IX. Apexes of terminal abdominal segments of
female as variable asthose of E. cupreus. Posterior
tibiae of male curved or rather strait (Yang 1935).
Body sizes: Male, 30-38 mm long in length and
17-25 mm long in body width; Female, 32-36 mm
long in length and 18-23 mm long in width.

Coloration: Body above generally blackish-
brown, or reddish-cupreus, sometimes becoming
piceous, dark-green, or olivaceous-green; much
brown or paler on the corious portions; sometimes
more or less tinted with olivaceous-green on the
head above. Antennae black, with the base of
basal joint rather ochraceous, extreme apex of
apical joint rather ferruginous. Antero-lateral
areas of pronotum, scutellum, basal or apical areas
of corium and connexivum. Scutellum, sometimes,
much darker or greenish-darker than other surfaces
of body above. Apex of scutellum, basal spot of
each abdominal segment in the connexivum
distinctly or obscurely ochraceous or concolour
with the other areas of connexivum. Body beneath
also very variable pale or dark brownish-green,
ochraceous, or reddish-cupreus. Rostrum and legs
blackish or ocraceous. Tarsi more or less brown,
someti mes becoming blackish or concolour to the
other portions of legs.

Distribution: Bhutan, Borneo, China (Fujian,
Guangdong, Guangxi, Guizhou, Hainan Island,
Jiangxi, Sichuan, Yunnan), E. Indies, India (Assam,
Bengal, Sikkim), Indo-China, Java, Macao, Malay
Penninsula, Sumatra, Suwalesi (Celebes), Thailand,
Taiwan (new record), Vietnam (Rolston et al. 1993).

5. Eusthenesrubefactus Distant, 1901 (Fig. 2E)
Eusthenes rubefactus Distant, 1901. Trans. Ent.
Soc. London p. 111.
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Eusthenes diomedes Breddin, 1904. Wien. Ent.
Ztg. 23: 15-16. syn. by Distant, 1921.

Distribution: Myanmar, India (Assam), Indo-
China, Sri Lanka, Taiwan, Vietnam (Rolston et al. 1993).

6. Eusthenes saevus Stal, 1863 (Figs. 1E, 1F,

1G, 2F)

Eusthenes saevus Stél, 1863. Trans. Ent. Soc.
Lond. 1: 597-598.

Eusthenes philoctetes China, 1925. Ann. Mag.
N. His. 16: 455.

Eusthenes philoctetes Tang, 1935. Cat. Ins. Sin.
2: 364.

Eusthenes saevus obsol etus Young, 1935. Bull.
Fan Mem. Inst. Biol. 6: 114-115.

Material examined: TAIWAN, Auoneda,
29-30. X. 1992, 11 males and 2 females, by J. Z.
Ho; Puli, 16. V. 1956, 1 female, by K. S. Lin;
Lushan, 14. XI. 1992, 1 female, by J. Z. Ho;
Oneda, 4. X1. 1993, 2 females, by J. Z. Ho; Shitou,
6. 1X. 1993, 1 male, by C. K. Sunekang; 17. Il1.
1991, 1 male, by Lo; Taichung, 18. X. 1961, 1
female, by S. C. Chiu; Taihiyan, 23. X11. 1932, 1
male, by J. Z. Ho; Taoyuan, 9. VII. 1993, 1 female,
by Lo; Wushinkeng, 22. VII. 1993, by J. Z. Ho.

Characters: Head wrinkled, the lateral lobes
not strongly reflex on each side; antennae not
pubescent. Pronotum broad, anterior margin not
thickened; sides oblique, much narrowed towards
the anterior; posterior angle subprominent, rounded.
Scutellum transversely wrinkled; connexivum not
broad. Basal spine on postfemur of male not as
strong as that of E. cupreus and apical teeth of
posterior femora directing towards the apex and
marking each with the femur an angle not greater
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than 45 degrees. Genital segment of male scarcely
sinuate at posterior margin; apex of genital segment
rather convex when viewed caudally. Body sizes:
Male, 24-28 mm long in length and 12-15 mm
long in width; Female, 26-30 mm long in length
and 14-16 mm long in width.

Coloration: Above purplish-green, and
sometimesis olivaceous-green especially in head,
thorax, and connexivum. Body beneath castaneous
or purplish castaneous, usually with golden-
greenish reflection. Antennae black but apical
joint with the base and apex ochraceous (these
ochraceous portion variable, narrow or broad),
sometimesthe apex of third joint isalso ochraceous.
Legs are red or reddish-brown. Connexvium oli-
vaceous-green, spotted with purplish castaneous
at segmental base. Apex of scutellum yellow-
brown. Membrane dark brassy-ocraceous.

Distribution: Bhutan, Borneo, China (Anhui,
Guangdong, Guizhou, Jiangxi, Shanxi, Sichuan,
Yangtze, Yunnan, Zhejiang), India(Assam, Sikkim),
Indo-China, Malay Penninsula, Taiwan (new
record) (Rolston et al. 1993).

7. Eusthenes theseus Stél, 1870
Eusthenes theseus Stél, 1870. Sv. Vet. Akad.
Handl. 9: 231.

Distribution: China (Fujain, Guizhou, Sichuan,
Xizang, Yunnan, Zhejiang), India (Sikkim, W.
Bengal), Indo-China, Laos, Nepal, Taiwan, Vietnam
(Rolston et al. 1993).

Genus Eusthenimorpha Yang, 1935
Type species. Eusthenimorpha jungi Yang, by
original designation.
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8. Eusthenimorphajungi Yang, 1935 (Figs. 1H,
11, 2G)
Eusthenimorpha jungi Yang, 1935. Bull. Fan
Mem. Inst. Biol. 6: 118-119.

Material examined: TAIWAN, Shouka, on
Castanopsis indica (Fagaceae), 15. X. 2009, 1
male, by J. Z. Ho.

Characters: Compared to Eusthenes and
Eurostus species, the body shape of this species
is more ovate. Antenna with the base of basal
joint, second joint longer than third but shorter
than the fourth. Connexivum well-exposed.
Metasternal elevated plate much lower and
transversely cross-shaped, mesosternum rather
uniformly and longitudinally sulcated. Anterior
femora with a very small spine on the anterior
side near the apex, intermediate and posterior
femorawith two spines near apex; posterior femora
also with astronger spine near the base, but without
two rows of small spines or tubercles at the
underside, all these spines are black. Abdomen
not elevated at base. Body sizes: Male, 24-26 mm
longinlength and 16-17 mmlong in width; Female,
24-27 mmlonginlength and 16-17 mmlonginwidth.

Coloration: Body above uniformly dark-
green, beneath uniformly ochraceous. Antennae
piceous and the apical area of the apical joint
rather ochraceous. Apex of scutellum ochraceous,
lateral margins of pronotum brownish-black,
membrane bronze, sternum with pale golden-
greenish reflection; femora ochraceous; tibiae,
tarsi, and rostrum fuscous.

Distribution: China(Zhejiang, Hainan Island),
Taiwan (new record) (Rolston et al. 1993).

Genus Mattiphus Amyot and Serville, 1843
Type species: Mattiphus carrenoi Amyot and
Serille by monotype

9. Mattiphus splendidus Distant, 1921 (Figs. 1J,
1K, 2H)
Mattiphus splendidus Distant, 1921. Entomol.
54: (698) 166.

Material examined: TAIWAN, Shouka, on
Castanopsis indica (Fagaceae), 15. X. 2009, 1
male, by J. Z. Ho.

Characters: This speciesissmaller than other
tessaratomid species in Taiwan. Second joint of
antennae is the longest, third alittle shorter than
the fourth. Pronotum and scutellum more or |ess
finely transversely wrinkled. Lateral margins of
pronotum uniformly rounded and reflexed. Corium
thick but very finely punctate. Body sizes: Male,
20 mm long in length and 13 mm long in width;
Female, 22-27 mm long in length and 13-16 mm
long inwidth (Zia1957); breadth between pronotal
angles in male about 11-15 mm, in female about
13-16 mm.

Coloration: Head, pronotum and scutellum
resplendent green, but darkish-ochraceous in
central lobe of head and sometimes the lateral
margins being irregularly darkish-ochraceous,
and ochraceous or darkish in the apex of scutellum.
Corium pal e castaneous with greenish reflexions
at costal and apical areas; membrane very pale
castaneous. Connexivum greenish-black, ochraceous
(distinct or obscure), spotted at the base of each
abdominal segments. Body beneath resplendent-
green or golden-green or pale-ochraceous
(discoloured). Head beneath, rostrum and legs
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pal e castaneous; antennae castaneous, becoming
darker towards apex.

Distribution: China (Fujian, Guangxi, Guizhou,
Sichuan, Yunnan), Indo-China, Laos, Taiwan (new
record) (Rolston et al. 1993).

Genus Tessaratoma Berthold, 1827
Type species. Tessaratoma papillosa Drury, 1770
(= Cimex papillosa Drury, 1770). disignated by
Distant, 1902.

10. Tessaratoma papillosa (Drury, 1770) (Fig.
21)

Cimex papillosus Drury, 1770. 111. Nat. Hist.
1: 96-97, pl. 43fig. 2. (species nameinindex)

Cimex chinese Thunberg, 1783. Nov. Ins. Sp.
2: 45, pl. 2 fig. 59. syn. by Wolff, 1880.

Cimex sinensis (sic) Gmelin, 1790. Syst. Nat.
ed. 13, 1: 2158.

Edessa papillosus Fabricius, 1803. Syst. Rh.:
150.

Tessaratoma sonneratii Lepeletier and Serville,
1825. Enc. Meth. 10: 590-591. syn. with
Cimex chinesis Thunberg, 1783 by Mayr,
1866.

Tessaratoma ossacruenta Gray, 1832. Griffith’s
Anim. Kingd. 15: 239.

Tessaratoma javana Burmeister, 1834. Nov.
Act. Leop. Carol 16 Suppl.: 293.

Distribution: Australia, Borneo, Burma,
China (Fujian, Guangdong, Guangxi, Guizhou,
Hainan Island, Jiangxi, Kiangsi, Kweichow,
Kwangtung, Manchuria, Sichuan, Yunnan), E.
Indies, India (Assam, Hindustan), Indo-China,
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Indonesia (Lombok Island), Japan, Java, Laos,
Lesser Sunda Island (Timor Island), Malaysia,
Philippines, Sierra Leone, S.E. Asia, Sri Lanka,
Sumatra, Taiwan, Thailand, Vietnam (Rolston et
al. 1993).

Discussion

Many Tessaratomidae species are colorful
and polished when alive, and the characteristics
of body color are used for description in previous
references. However, the body color of these
species are variable and sometimes with high
similarity among relative species and the body
color of living bugs and dried specimens are quite
different. Thus, it might be difficult to identify
these species with these characters. Generally,
the living tessaratomids in Taiwan are emerald-
green, olive-green, or purplish green, but evolve
into dark-green or purple bronze immediately
after abiosis and become ochraceous or caramel
to darkish-ochraceous in several days later.
Therefore, the body color isnot areliable character
for the taxonomy of Tessaratomidae. In addition,
the nymphs of tessaratomids are also colorful and
particular in flat body size, and it is also not easy
to beidentified. However, only afew notices on
these nymph character states were shown. It is
suggested that more importance should be placed
on these nymph character states when consider
the systematic rel ationshi ps between these species.
It could be more suitable than what has been done
hitherto, for Tessaratomidae species classifying
and nymphal morphological characteristicsisalso
need to be taken into consideration in studies on
taxonomy.
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Fig. 1. New record species of Tessaratomidaein Taiwan. A-B, Eusthenesfemoralis Ziaand genital segments
of male; C-D, Eusthenes robustus (Lepeletier and Serville) and genital segments of female; E-G, Eusthenes
saevus Stal and genital segments of male (F) and female (G); H-1, Eusthenimorpha jungi Yang and genital
segments of female; J-K, Mattiphus splendidus Distant and genital segments of male.
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Fig. 2. Tessaratomidae of Taiwan. A, Eurostus validus Dallas; B, Eusthenes cupreus (Westwood); C,
Eusthenesfemoralis Zia; D, Eusthenesrobustus (Lepel etier and Serville); E, Eusthenes rubefactus Distant;
F, Eusthenes saevus Stél; G, Eusthenimorpha jungi Yang; H, Mattiphus splendidus Distant; |, Tessaratoma
papillosa (Drury).
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Abstract

Sassafras randaiense (Hay.) Rehder (Lauraceae) is an endemic species of Taiwan. We collected 137
individuals from 7 natural populations and examined ISSR fingerprintings of the DNA sequences. PCR
amplification with 8 ISSR primers yielded 39 DNA fragments, of which 38 were polymorphic (97.44%).
AMOVA revealed that variance component among the populations was 16.47% (»p<0.0001), while within
population was 83.53% (p<0.0001). Mantel test exhibited low correlation (r=0.2830, p = 0.1542) between
the genetic variation and the spatial distribution. Popgene analysis revealed high genetic diversity (H=
0.3438) of the species and also high genetic differentiation among the populations (Gst = 0.2788). Cluster
analysis and the principal coordinate analysis (PCOA) revealed no significant correlation (r = 0.6635
p = 0.9995) between the genetic differentiation and the spatial distribution. The conservation strategy
for the species is to maintain in situ biodiversity and further to raise its gene diversity by hybridization

among the populations in ex situ conservation.
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FERETE » EEMPBAREE  pREE - H{ES
B AP PR EL AR 52 © Zietkiewicz 2 A (1994)

&

] \\l

515t Sassafiras randaiense (Hay.) Rehder
el EE BRI R o SR
=fdZ EFHEES K 180 BAE) » H Al 2 BRI%
15t @ (Sassafras) WEPIELRE 3 18 > GEEEHRE
R > 5 A A (S, tsumu Hemsl) ~ JE3E
1E81(S. albidum Nees) (F15F 1994) 16t B HH
PIH TR AL > BREI.L ks - G
TEA RIS/ » g F HE RS E B > 1
AR AR RTAEE B S IR S 28
T > 5005 MRV {3t JHE K SR R o

TR > 7 AREEEZ E eV i (g

Pt a8 FE LTS 5 Wil e R s I o ik B o T BEL
%l| &5 6 |5 [5] (inter-simple sequence repeat, ISSR)
T FHRRUREES - BRIETTE - BRLER D Kk
Fii % DNARAEL D » B % AU (polymorphism)
15 5 A B (reproducibility ) i % (8 G - [K]ILBE
U2 JEE P 2 38 (S 88 0 B B St s S I3 - AF S
VIR GRS (A S WA ~ anAE - BN R
B EEE BRIRSE E IR R 2 B R 5 (Adams
et al. 2003; Barth et al. 2003; Christoph et al.
2003; Ge et al. 2003; {2 2007; HEE 2009) o

A TR Z AR TR R = 8 5 s
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WOHT 28 S E LN - B R D Ah 5 2
5 WAL < S s BIHCR# 5 - Hihm @i R
Mo ME—F EREP R G ERE - RS
B T R R A REOR B A AN W] B
A REMIAT

SRR BN S - 1R REF SRR i
BETAE - SEET RS RS ~ BRI
EEE R LU - BIRE IR Z RN A
HERYE - BEIEHHR SRR R Z - 6
GEARRT RN E GRS - GO AR H L A
R R ALRRRE - [RlIRE » S AT IR 2 AR LI A
FAE R OR & BRI A0 SRS R o AL - A

LU 25 50 100km

1 B 2 bR h P (T 8]

WFe Bz IR E R L B b RRE - JEA ISSR 731
TRREDRET B A B R 2 A 1 - DL T IR IR
ZiEEEE S HRRFRIHRME2E -

A ik

N
BE AR 1 AL ~ o BRI
% 7 (6 SR A IR B 1) 5 IR 11-21 g
B> SEERIE 137 HekEbk o 5 MO EN 26 T 00 2
SR 510 B A ARY IR R K B2 A -
BN R AT 1 R 1

1. Ali Shan

2. Li Shan

3. Sheng Guang
4. Guan Wu

5. Tai Ping Shan
6. Ci Lan Shan
7.YulLi

Fig. 1. Collection sites (solid circles) of Sassafras randaiense in Taiwan.
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Table 1. Collection sites, elevations, and sample sizes of Sassafras randaiense collected from Taiwan

Collected site Latitude/Longitude Elevation (m) Sample size

1. Ali Shan 23°31'09"N/120°48'32"E 2,309 15
2. Li Shan 24°15'23" N/121°14'59"E 1,902 15
3. Sheng Guang 24°22'15" N/121°20'17"E 1,862 23
4. Guan Wu 24°30'24"N/121°06'55"E 2,102 21
5. Tai Ping Shan 24°29'40"N/121°32'02"E 1,729 20
6. Ci Lan Shan 24°40'51"N/121°30'10"E 1,495 25
7. YuLi 23°2324"N/121°22'37"E 1,032 18

Total 137

Tk

3B .2 Genomic DNA ZLHY - %122 % Ko-
bayashi et al. (1998) 2 2t L CTAB (cetyl trimethyl
AL B %
Ziekiewicz et al. (1994)0 f i LIES » HX
FEVA TRAS AR RS 25 L - GAFRIREERS © 10 mM
Tris-HCI, 50 mM KCI, 1.0 mM MgCl, 0.1% gelatin
(w/v), 1%Triton X-100 (w/v), 10 ng template

ammonium bromide)}; % & 1T

% 2. G ISSR 73 iz 8 #l5| TP JI R &

DNA, 100 uM dNTPs, 0.2 uM primer, L% 0.5
units Taq polymerase (HT Biotechnology, England) -
ISSR i 5| +H{ H UBC (University of British
Columbia) Biotechnology Laboratory ;2 100 #H

batksl -+ - HAEREL 8 Mk & s8] (3R 2)
HELTIBOR PCRﬁ%?mFE*%FEE@%I?ﬁméZW&

{t(optimization) A% » ISSR 7y T HEAEHEIG
LT~ BRI SRR - BT

FEF

Table2. Primers and annealing temperatures used for the extraction of ISSR DNA sequences of Sassafiras

randaiense
Primer No. Sequence (5" - 3%) Annealing temperature
UBC 825 ACA CAC ACACACACACT 57°C
UBC 855 ACA CAC ACA CAC ACACYT 57°C
UBC 857 ACA CAC ACA CAC ACA CYG 57°C
UBC 864 ATG ATG ATG ATG ATG ATG 55°C
UBC 866 CTC CTC CTC CTC CTC CTC 58°C
UBC 888 BDB! CAC ACA CAC ACA CA 58°C
UBC 889 DBD! ACA CAC ACA CAC AC 58°C
UBC 891 HVH! TGT GTG TGT GTG TG 58°C

I B=(G/T/C), D=(G/A/T), H=(A/T/C), V=(G/A/C).
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LLYE F& 1 B8 (# (mastercycler gradient)yE{T
PCR [ JfE » HC S HE IR S BB ER 22 B © DNA
AT A E(94°C, 6 min) > 39 {E{EER .2 DNA &
1£(94°C, 30 sec) ~ 5| %5 E&(52-56°C, 50 sec) ~
JCAf X HE(72°C, 2 min) » R{RMEREE 72°C, 7
min 5ERY S & o PCRYEHT 2 EYILL1.5%.2 Aga-
rose B F EUk o o EIKAR MBS 0.5<TBE
buffer » A B (200 mL) LLEEJEE 200V 43 Ef 100
min > HHEHTEH) DNAEY)EITE VK o Bk
& BB Fr LI AL £ $E (ethidium bromide) &R
TTH A 1A F5 i LUR S s B s e - LA
Polaroid 667 EFHEC £

AEHUEMW ~ 2 KB A 2 5er > LI
5 1 (HBDAT 0 (AN Hi ) FC Sk A5 7 L B IR DL
FF]FHNTSYS &4 #r## (Rohlf 1993) » L) Simple
Matching 2% 2031 5 W R £k A fis] o2 AH AL 2R e
(SSM) = Ll Dice 22 2\ (Dice 1945)&1 55 /i Wik A
Ml Z AHALLEE (SAB) REfe 1 SSM A (LA AR el it
A% Excoffier et al. (1992)#$ 321 D FR A -
KR H R R - DL Popgene (Yeh et al.
1997) MR HS 73 At i e e e {8 5 5 » 3+ Nei's &
B R B (Nei 1973) » LUK G SRR [RLE
E LR Gst (Nei 1973) » FFI ] Gst fl 2
KA EMENm [Nm=0.5 x (I-Gst)/Gst) ) (Slatkin
and Barton 1989) - ) Simple Matching 73 22t
OB FEE > /5 L) Biom i .2 Mantel test
A (Mantel 1967) » 47 i AR R 2 BRISE 7 17
i o FLHT o S AR T < PR R R R A A 3t
I 2 B ] o PfT A 0 1B o St B PR SR 15 o

LLAMOVA v1.55 F2 2 (Excoffier et al. 1992)
oy AT e st R (A SR oy B S B S M P
(LB ZFPEE AR ~ ALESHRRE » 73 A5k — KRR
~ St 3 A9 IR A T B IR T P 5 — s L Y
B RT3 2 g LR ~ 25 L LR R
RN IR < =805 52 5 2 5 R (3 5 i A IR A
M~ EEFAE R 2 o s ST E &g
e o 58 FE R o7 (il B S R SRRy 2 T B
A DL 9,999 R B % a1k 1 e 2% A8 S R o0 Y B2

M o

HFNTSYS-pe ver 2.0 At & i 2 BB AT
Dice fH{UEE HReH fz AMOVA fit 8 Hi 2 il s ] B
B (DOst)5ERE » LINTSYS-pc v.2.0 i SAHN (se-
quential, agglomerative, hierarchial, and nested
clustering method)f2 =, ~ UPGMA (unweighted
pair-group method using arithmetic averages) /5
AT & M R RO BRRE o A - AR HCBR (7R
tit IR [& (dendrogram) » LUKz #E47 2 FEAE 73 47
DA~ = e R o 5 S i K = ol ol 71 1 ]
SLASIE > K A s sk R Y B SRR R

2 R

R B S R 2 39 (k7Y » Horp
% RIPEGRA A 38 {iE(97.44%) » LIPopgene gt 5
JERHE Nei's J [R5 FEEE S 0.3438 » 4 Ml i
FE/THS 0.0877-0.4038 » LIRERE (LIdth [ A ) - Bl
Bt AR - B E ARG RE E LR
H(Gst)fF5 0.2788 (3£ 3) »

3. GEIRE BB B L POEER
Table 3. Popgene analysis of genetic diversity
(H) and genetic differentiations (Gst) based on
ISSR DNA sequences of Sassafras randaiense

from the 7 collection sites of Taiwan

Collection sites H Gst
1. Tai Ping Shan 0.1403
2. YuLi 0.3372
3. Ci Lan Shan 0.4038
4. Ali Shan 0.0877
5. Guan Wu 0.2546
6. Li Shan 0.2966
7. Sheng Guang 0.1251
0.3438 0.2788
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A AR Lt T S 2 2l 6 e (3% 4) B Vi 4 P e 17 = AR 52 43 M SR - st B I ) 2 %8 07 Ry
(3% 5)HETT BRI EE (Mantel test), 2 tHEH R B &-3.07% (p<0.722) » 1 RF M0 0] & 2 58 77
0.2830 » & 1,000 a8 HE 511 51 B A 32§35 AH 738 17.92% (p<0.01) » JEERE P St 2R 57 (L Y
B8 (p=0.1542) o JiR o) @& 85.15% (p<0.01) (K 6) °

G ARG E TR ~ LR AT E >

F 4. G2 ISSR 73 M7 2 & [ FE A (Ost) AERHE

Table 4. A matrix of Nei’s genetic distances (®st), based on ISSR DNA sequences of Sassafras randaiense,
among 7 collection sites (1, Tai Ping Shan; 2, Yu Li; 3, Ci Lan Shan; 4, Ali Shan; 5, Guan Wu; 6, Li
Shan; 7, Sheng Guang)

1 2 3 4 5 6
2 0.0473
3 0.1482 0.0726
4 0.3236 0.1881 0.1844
5 0.3407 0.2470 0.1993 0.1751
6 0.0586 0.0249 0.0781 0.2190 0.2612
7 0.2714 0.1001 0.1030 0.1955 0.0855 0.1493

5. 5 IS BRI R T 2 v A L e A
Table 5. A matrix of elevation distances of Sassafras randaiense among 7 collection sites (1, Tai Ping
Shan; 2, Yu Li; 3, Ci Lan Shan; 4, Ali Shan; 5, Guan Wu; 6, Li Shan; 7, Sheng Guang)

1 2 3 4 5 6
2 572
3 12.2 69.4
4 131.0 95.8 140.0
5 423 76.3 41.8 113
6 38.7 47.0 46.5 933 30.7

7 243 50.8 31.5 108.0 27.0 15.1
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# 6. R ISSR J34T .2 70 88 T R oy 3 i 4%

Table 6. Analysis of molecular variance based on ISSR DNA sequences of Sassafras randaiense

Source of variation dft SSD?  MSD? Variation Total p-value
component  var. (%)
Nested Analysis
Variance among groups 1 8.87 8.87 -0.01 -3.07% <0.722
E Variance among populations
*posure 5 6839 1368 057 17.92%  <0.01
group within groups
Variance within populations 130 351.07 2.70 2.70 85.15% <0.01
Variance among groups 2 29.64 14.82 0.02 0.55% <0.237
; Variance among populations
Mountains 4 4762 1191 052 16.02%  <0.01
group within groups
Variance within populations 130 351.07 2.70 2.70 83.43% <0.01
Analysis among populations
Variance among populations 6 77.26 12.88 0.53 16.47% <0.001
Populations
Variance within populations 130 351.07 2.70 2.70 83.53% <0.001

I df: degree of freedom.
2SSD: sum of square.
3MSD: mean square.

Tai Ping Shan
\ YuLi
Li Shan

Ci Lan Shan

Ali Shan

Guan Wu

Sheng Guang

0.22 0.17 0.I12 . I . 0.07 0.:)2
Coefficiant
2. R BRI 0 BT (UPGMA) 2t IR & -
Fig. 2. UPGMA dendrogram of 7 populations of Sassafras randaiense based on ISSR DNA sequences.
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Tai Ping Shan
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Fig. 3. Three-dimensional principal coordinate analysis among 7 populations of Sassafras randaiense

based on the ISSR DNA sequences.

i LA R R AR 2 1L SR AT = iR s R
G QLR S EL R ) R 0.55% (p<0.237) »
TRRE LR ]2 8 B 77 72 16.02% (p<0.01) » |1
S8 B 73 0 83.43% (p<0.01) o F5 (T
5l I R A T~ G P (I A T R B SR
B > NFRHEHEL LB 5L R 72 16.47% (p<0.0001) »
TRTHE P ) B LR 73 S 83.53% (p<0.0001) » BEIR
TRRERER 8 BT E RS S sl < REE N (R 4)

St o JR e SRR 0 AP A ST AR - A EL
(oS R o B R (L8 R e Ffr 153 2 1A 2R AH B R B
(cophenetic correlation coefficient, r)£ 0.76008 »
SEUT LB R ] e A HE D 2R B B R RA R - B
FE L] L 2) 3 0 B PR AR o 72 0.02 £1] 0.22 2
fil - FERRREE 0.14 Byt )5 Al UK BOR EREH 2
B 3 e - B St o AR BHE - SRR
FERZP L ~ AE5E ~ BRI LR B L3 4 (8 R
5 RHEA R B LR 5 5 =R - o2
(A RE 7 Eh = RS 3 Mt SRR EL I e ] 2
R OR o JFE A ] e A T2 St 2 9 £ 7 1~ B (1]
3) o

# %

W1 & HOIR SR 2 DR A
73 #r #idi R (Popgene) » fEFF Nei's i [K] 5 5 &
(H=0.3438) Bl [A] kX fEH] ISSR 7 #friff 92,2 & i
Wi A TE | LIH-BE (Rhododendron pseudochrysanthum

Hayata) J [K 5 52 5 /55 0.3371 (8 2003) ~ H41
(Juniperus formosana Hayata)%: [K [ 2 & 5
0.3536 (2% 2004) ~ [ Ff1AR(R. simsii Planch.)
TORH IR B B2 7% 0.3423 (B 2005) 5 AH & -
I B K PR PR & — (AR T (Lespedeza bicolor)
Z BRI FE 0.392 (B35 2007)fH & - HEMIA
R bt S AR R ) S5 R B E B 2 B (B R B
R o B ML b R IR AR 2 IR A
0.0877 % 0.4038 ] » LURERG LA B A i &
Z T (0.4038) o i il B[ LI e R AR {E.(0.0877) »
U 2 b i e L v B S S R AR o AN
TR AT FR BT A e Sl 2 R S R R AR R O
B A RN > BEE A ARMKEHEE - S HERE
TR B R AR, — 1 Li et
al. (2002)WHFE AT fa ik A 1 ~ IS HEY) B S
ZERL R 5 [FINE > HZ BT R  BK
FEPRT ~ elRE U BT (7 2 K 34 (Ranker
1994; Li and Ge 2002) » JR{EBEREF B A B
ZEHG IR -

IeAt - S R e R LR E(Gst)
F5 0.2788 - JReHEfH] A 8 (358 5 5 AR S Y
27.88% » HERERTE B L 52 Hamrick et al.
(1992)7F 220 B .2 662 fE kAR HHATHFSE .2 8
{EH L 57K ZP(Gst=0.129) ° Buso et al. (1987)
R LR TS 0-0.05 (UK 731157 »
0.05-0.15 xR b » K2 0.25 HIp (LA
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A 5 [ Bl HC{th ) ISSR B 92 e B 1L
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Ve e St RS e e o< B T Y B i DR AR S R
FHIBA » S H s (888 5 n] RE A REER T H B A L
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A Key to the Species of the Genus Channa (Channidae:
Teleostel) of Taiwan with Description of a Ventral Fin
Abnormal Specimen of Channa striata (Bloch, 1793)
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W %

T A 2 b 67 L (5% 77 €6 B ST 1 A BHER 90 B (NMINS) B B 25 5 AR IO R 92 1R 7 PP L
(ESRI AR} i& )& Channa (Channidae: Teleostei) f2EfZ A » ofi 38 H & @ IH 4 4 GBS S A 5
RFRLIMERZZ o IRIBIEA > B4R 4 G E 885 515 Channa asiatica (Linnaeus, 1758) -
Channa maculata (Lacepede, 1802) ~ Channa striata (Bloch, 1793) jz Channa micropeltes (Cuvier,
1831) - Hrp 1 EBEREEFALERR - HETRIFI R A - SRR Z IEEEH) 12 A (HABF-00545, 179
mm SL) » #EE iR P E S R R e HL T HERE 0e i Sy C. striata » SIS i e /Y C. asiatica

Abstract

We examined the specimens of the snakeheads belonging to the genus Channa (Channidae: Teleostei)
deposited at the National Museum of Natural Science (NMNS) and Endemic Species Research Institute

(ESRI). Four species were identified. They were Channa asiatica (Linnaeus, 1758), Channa maculata
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all currently known snakehead fishes in Taiwan, Also, we found a snakehead specimen (standard length,

(Lacepede, 1802), Channa striata (Bloch, 1793) and Channa micropeltes (Cuvier, 1831), representing
179 mm) collected from Hualien in the ESRI collections (HABF-00545), whose taxonomic status was

uncertain but it is more closely resemble to C. striata that has pelvic fins than C. asiatica that has no
pelvic fins. This paper briefly describes this abnormal specimen, compared it with the known species,

and presents a key to the species of the genus Channa of Taiwan for further investigation.

BRG] = ARG - LA - BIE - /NVEE B8R
Key words: Channa striata, C. asiatica, C. maculata, C. micropeltes, Channidae
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& C. asiatica ~ C. maculata ~ C. striata J¢ C.
micropeltes - H 1Y) C. asiatica j; C. maculata

e 1902 gk HETE B A G Rl 2E 5 C. micro-
peltes {5 # HFE BA A UHIRS 1995 £ (3R K
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] \\l

TR FE 5 ~ HE s b &R
5o GBI RO E RS E E
Bl o GEE 1 XAVEER SRR 1902 4 L
R R IR IR H By AU IZEER) Ophi- 4%.2004) 5 5301 » MRIFHA (HABF-1652, 178.2
cephalus J 1~ B [ g7 Channa @i {[E & > 3 {F mm SL) » C. striata IR 7E S0k 2 /D 1]

f& Ophicephalus maculata (Lacepede, 1802) ~
O. tadianus (Jordan and Evermann, 1902)

B2 1983 4F o
PR A BB S8 R} R e i AR 28 AR (K]
BT © — ~ G B R A E
i Fla 4 TKotai ) » HEZH5C. asi-
atica J; C. striata ; [ fa 2 1Z#5C. maculata ~
C. striata @ C. micropeltes - — ~ i fi&pf 4
e BERH O EEE FEEIRE - RegxF|

B o = ~ FHASRI AR 18 2 13 C. striata
4 C. striata W HEE S C.

Channa formosana (Jordan and Evermann, 1902) -
%7k 0. tadianus #2252 C. maculata { [7] ff

B o
NS G 8 Hig A IEEER MR O - MRE R IENE

WA fE AT e U@ 8 5 > Ophicephalus JR% 1% ff
A Channa - ilfifffig 1 &2 IRERAVEETR G

Myers and Shapovalov (1931)fR#5 1 £

IR AN AR
maculata o FEfA ot B R > A SCREGE AT
i H BTPRAF AL ST B SR BHEE Y 8 R AT B
¥ZB R A EYMIERE O (LT R
A D) RS R AR R EEERR
g iTIE 1

#H % %€ £ Channa gachua (Hamilton, 1822) » “j~
=
5 T R e R R DAL R4 2 i 5E >

IR A T A > C. gachua 11 518 B
flgxth A 1931 FiE— R - [RIRF M AR R
— AR 20 £ C. formosana (Jordan and Evermann,

1902) /2 C. asiatica [y [A|fH & -
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EHATRFAER LD L - B2 IR SRR IR A
RAREA o

AR T ik

AT EURGE AT I E M R RS L R B
AHt 15 & > Hr 5 EIRE R HARHRE
YIgs » T EBUERFHE L B ERIIT ST
FEARHABF-00545 5 5 4f 3 EAEA S HIRFR
Bzt Sk e m E R EH AR BB -
¥ 2 &= 72 B (morphometric characters){s
WS R RORS T & 2 0.1 mm > 3ff [ RS ¥ i
(standard length, SL)HY 5 77 EL 37 © SRR
AT EL -

&R ENw
IR L A R R

2 2 ffi7i  C.striata ~ C. maculata 5§ C. micropeltes
1B 1 ¥ EEE - m C. asiatica ~ B A JEHE

C. asiatica fyWzfE (opercula stretched) £ U =
2 » 1 C. striata ~ C. maculata @} C. micropeltes
HIIZ 37 V5 A#I(&] 1) » Vishwanath and Geetakumari
(2009) th, 72 Fos Mae B2 ) Al =X 2 85 ol 8 o} MY B
LHRYE - Finl i EH (£ RI C. striata J C.
gachua I ; C. micropeltes ffif% &S (gular portion)
B EH& K > M C. asiatica ~ C. striata Jx C.
maculata 72 fi /i (|8 1) - Musikasinthorn and
Taki (2001) Ay 15 #5 HiMe 58 B A i P A R
FEALA 7 HE > BL4E C. micropeltes » Wi 8 I ET IE
Channa siamensis (Gunther, 1861)J& % & &
Channa lucius (Cuvier and Valenciennes, 1831)
i [ A8 52 4 o {HI R &5 19 &8 43 > C. striata ~ C.
asiatica B C. maculata % {HI#z gk 5/ > 54-61
@& » BHEE /D F® C. micropeltes ) 92 {f ; C.
maculata [ {HI £ /& 15 52 2 {H R AN EAE - H Al
[k hA R G ECRE b7 - AR T R T
P BRI A e 22 A R i o (K88 oA ERTE E
BRHE e 2 GRS AR R T

Channa micropeltes (Cuvier, 1831)

Synonyms: Ophicephalus micropeltes Cuvier, 1831; Ophicephalus bivittatus Bleeker, 1845; Ophiocephalus

stevensii Bleeker, 1853; Ophiocephalus diplogramma Day, 1865; Ophicoephalius studeri

\Volz, 1903

Channa maculata (Lacepede, 1802)

Synonyms: Bostrychus maculates Lacepede, 1801; Ophicephalus guentheri Sauvage and Dabry de

Thiersant, 1874; Ophicephalus lucius Koller, 1927; Ophicephalus tadianus Jordan and

Evermann 1902; Ophiocephaus marmoratus Brind, 1914

Channa asiatica (Linnaeus, 1758)

Synonyms: Gymnotus asiaticus Linnaeus, 1758; Channa ocellata Peters, 1864; Channa fasciata

Steindachner, 1866; Channa sinensis Sauvage, 1880; Channa orientalis Karoli, 1882; Channa

formosana Jordan and Evermann 1902



422 B VUFEGS R fa

Channa striata (Bloch, 1793)

Synonyms: Ophicephalus striatus Bloch, 1793; Ophiocephalus wrahl Lacepede, 1801; Ophiocephalus
chena Hamilton, 1822; Ophiocephalus vagus Peters, 1868; Ophiocephalus philippinus Peters,

1868
T 18 A A PHIG G f bR R %
A key to the species of Channa (Channidae) from Taiwan
LA L TG oottt /) \JE i C. micropeltes
(Gular portion With SMall SCAIES.........ccvceiiieeiice e C. micropeltes)
R I S TSP UPPPPPRRPRPN 2
(Gular portion Without SMAll SCAIES. ......uuviiiiiiiiiiee i e e 2)
W MR [ S e N OO fis £ C. maculata
(Lateral 1ine Scales diSCONTINUOUS. .........veviirereieeeieeesestesee e sesieses e seesaesesseseesee e ssesseneeresseseenens C. maculata)
WA I [ e = PSPPI 3
(Lateral [ine SCAlES CONTINUOUS. ........vviieeiiiiee ettt e st e e e st e e s et e e e e bbee e e sareeeas 3)
3a. iz EHE » MRIEE U » BEREIREL 27-33. e + B i C. asiatica
(Pelvic fin absent, U-shaped sharp isthmus, anal fin rays 27-33.........cccccvievieniiininiiinesiesieaiens C. asiatica)
3b. ELAEEE—¥t > MEREVF » BEEEEIREL 25-27 oo ff8 C. striata
(Pelvic fin present, V-shaped sharp isthmus, anal fin rays 25-27.........ccccoeevieievieiieiine e C. striata)

1. Channa maculata (A: PMSWO001; 217 mm SL) ~ C. asiatica (B: PMSW002; 203.8 mm SL) ~ C.
striata (C: F000693; 107.5 mm SL) & C. micropeltes (D: HABF-2217; 199.3 mm SL)#Mz E8E 7~ » C.
asiatica iz 2 3H U =2 ; C. micropeltes iz ] Bk A -

Fig. 1. Ventral views of the heads of Channa maculata (A: PMSWO001; 217 mm SL), C. asiatica (B:
PMSWO002; 203.8 mm SL) showing U-shaped isthmus between opercula, C. striata (C: F000693; 107.5
mm SL), and C. micropeltes (D: HABF-2217; 199.3 mm SL) showing small scales on the gular area.
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# 2. #54 HABF-00545 Bil 4 f fig B} fo KA T2 E EL R
Table 2. A comparison of morphological characters among Channa striata, C. asiatica, C. maculata and
C. micropeltes

Characters HABF-00545 C. striata n=5 C. asiatica n=5 C. maculata n=3 C. micropeltes n=1
179 mmSL  96.1-233 mm SL  154.5-215.2 mm SL 114.2-217.0 mm SL ~ 199.3 mm SL
Dorsal fin rays 39 43-45 43-47 44-45 44
Pectoral fin rays 16 15-17 15-17 17-18 18
Anal fin rays 26 25-27 27-33 29 29
Pelvic fin rays * 6 * 6 6
Lateral scale rows 63 56-61 54-61 55-58 92
Scale row on cheek 9 9-10 9-10 14-16 22

In % of standard length:

Body depth 14.19 15.71-17.70 15.33-19.21 18.76 - 20.37 29.40
Head depth 31.68 29.91-32.94 24.88 - 27.44 32.81-34.27 41.19
Snout length 5.41 5.20- 6.14 4.98 - 5.50 5.21- 5.85 7.38
Orbit diameter 4.22 3.48- 5.67 3.24- 395 3.55- 5.25 5.02
Interorbital width 7.73 6.95- 7.68 6.87- 7.98 6.41- 7.09 10.94
Upper jaw length 13.26 10.30-12.93 9.19-11.25 12.31-13.05 13.85
Dorsal fin base length 60.70 57.17 - 60.61 63.48 - 71.24 55.50 - 60.28 63.67
Anal fin base length 34.62 32.99 - 38.80 43.09 - 45.19 36.73 - 39.58 43.85
Pectoral fin base length 5.15 416- 4.74 4.85- 5.22 450- 4.73 5.12
Pelvic fin base length * 2.29- 3.18 * 1.84- 235 8.78
Caudal peduncle depth 10.34 7.28- 9.83 9.90-11.76 10.81-12.12 13.55

* lacks both pelvic fins.

50 mm

2. HABF-00545 (179 mm SL)AYIE AR - k7 5 R Channa striata » 2001 4 10 A 16 HIRER
fLERR -

Fig. 2. A specimen (HABF-00545; 179 mm SL) of Channa striata without pelvic fins, collected from
Hualien on 16 October 2001.
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