2 — S

Taxonomy of Chydoridae (Crustacea: Branchiopoda: Cladocera) from Taiwan..........

....................................................................................................... HILE -~ &R

BoAat B ER Y EES % EMacacacyclopis) B L AEFE Z B e
....................................................................... W MK R RSB

=
P
P
\%‘*
‘;c
Rl
=
e
ba:3
e
o
?\3\
5‘\
W
%
¥
:N
:?H
%
Ll
N

EREMBHAEASTRRMELAELFNER R v, EAR HAEF

UEHFOERADTEET LT EREE TR MKRE - BFE

Effect of Stressfrom Cage Transfer on Fecal Corticosterone Concentration of

Collared-Scope Owls (Otus akkamoena)..........ccceeeevereereeeseeene HWE ~ 45 #
e F B T e R AE — D AE B oo JE S B8

THREFZEEHFEENMRREHRL  #KE

Published by Endemic Species Research Institute,

183
213

225
237

245

257

265

ISSN 207bk97-1

Council of Agriculture, Taiwan, R. O. C. GPN : 20099000_02
EE : HTatE1005TE

_|
Qo
=
QO
>
[
o
c
=
>
o
o
e
=
o
=
<
()
-
@,
—
<

=h e/ =1

Taiwan Journal of Biodiversity

55 13555 3 /A
Vol. 13, No. 3

MERF100E 7 B
July 2011




| HEER

%;-'_tﬁﬁ» EERE -

| B 1723 (Epomisnigricans)iy4) g2 EARN SR ESREIR R IERE - B3 365
g2 LA SAEMIZ 1R FREEUEIR(Duttaphrynus melanostictus) 855 » I HES /R

ME=E #)

SEEYS IR
(R (FFBEYAZE) ¥ 51, 2010 F
TCRREER > WEAZFTFI3E1T)

%17 AN BEE
iR Hm &8 =FE
E R EHET > FTEX

HiTHREE (KK EEF)

[Of2sa ~ MimiE ~ FFBS ~ BRGIE
BRECTR ~ 5RANAA ~ B = ~ 511
E035ST ~ BIRPHAI ~ BESEAD

fmEEEAEES (KT KEEIF)
TERETIDIT~E B TEE
T 8 =200% =2RERE - FInis
A58~ A&5L0 ~ RBE - RiB=
SHEE ~ ASERE ~ =B ~ MREERR
P ~ PRAFER ~ BREIN ~ BFEE
SRBE &\ £ BEE > iR
B~ BRI~ B—A ~ FEKEH
HEea ~ 20l -~ 22E3% - EiET
A= ~ BIET

KX HwmeE 5
BDIEHRER N imE

e e BEEEEFEEASRERE RN
=® ntEEE FRESEREE 552 RACERES 1 5%
= g5 049-2761331 #& 315

4 ik~ http://tesri.coa.gov.tw

EN ll,~ B4 ELE ENl iR
HhkEHER,RERE 100 F£ 7 5
EITEE, FERE 88 FtH
HhREEC, B EEESE 10207 57

iE B, HaH 100 T

B g R
AFEXILES 04-22260330
SHmAPLE 2 58

BIXEEMCIFIM  02-25180207
Bt e 209 5% 1 12

BB E S
http://www.govbooks.com.tw

BFEEVMFRERERIVEES T
FIIRPRERERIE R A RS 1 5%
049-2762490

Taiwan Journal of Biodiversity

(Continuation of former journal of “Endemic
Species Research”, 1999-2009)

Publisher / Hsiao-Yu Tang
Editor-in-chief / Hsun-Hwang Lee
Editors / Hsi-Chi Cheng and Tsai-Wen Hsu

Executive Editors /
Jen-Zon Ho,
Tsai-Wen Hsu,
Rung-Tsung Chen,
Fang-Tse Chan,
Hsi-Chi Cheng,
May-Li Hshiu

Editorial Board /
Hon-Tsen Yu,
Ying Wang,

Shin Wang,
Fu-Yuan Lue,
Ching-Ming Wang,
Homer C. Wu,
Chi-Guang Wu,
Hsing-Juh Lin,
Chen-Meng Kuo,
Chang-Po Chen,

Ching-Fong Chang,

Hsiang-Ping Yu,
Ping-Shih Yang,
[-Chiu Liao,
Jung-Tai Chao,
Chu-Fa Tsai,
Chern-Hsiung Ou,

Ruey-Shing Lin,
Chih-Hui Chen,
Ho-Ming Chang,
Chi-Li Tsai,
Ching-Yu Liou,

Lee-Shing Fang,
Jenn-Che Wang,
Kuang-Yang Lue,
Ling-Ling Lee,
Chang-Hung Chou,
Shi-Kuel Wu,
Kwang-Tsao Shao,
Yao-Sung Lin,
Ming-Yih Chen,
Chien-Chang Hsu,
Shong Huang,

Ching-I Peng,
Jeng-Chuan Yang,
Kurtis Jai-Chyi Pei,
LuciaLiu Severinghaus,
Huei-Yann Joann Jeng,
Tzen-Yuh Chiang

English Editor / Chu-Fa Tsai

Assistant Editor / Lei-Chen Lin

Published by Endemic Species Research Ingtitute
1 Ming-Shen E. Road, Jiji, Nantou 552,

Taiwan, R.O.C.

Tel: 886-49-2761331 ext. 315

http://tesri.coa.gov.tw

Published Date: July 2011

G PN: 2009900002
ISSN: 2076-6971

Contents

Taxonomy of Chydoridae (Crustacea: Branchiopoda: Cladocera) from Taiwan
..................................................................... Yuan-Hsien Tuo and Shuh-Sen Young

Effects of Condensed Tannins on Digestive Physiology of the Captive Taiwanese
Y/ =Tor=To (U1 (1Y = o= Tor= Mo Y o Ko ] o) 1
................................ Chun-Ming Lai, Mei-Fong Lin, Chi-I Chang and Hsiu-hui Su

Effects of Temperature and Water Deprivation on Survival and Development of
Microhylid Frog (Micryletta steinegeri) Tadpoles.........cooovvcieiiiiiiieieeeeecee e
...................................................... Chun-Fu Lin, Yu-Chang Yang and Ho-Chin Wu

Importance of Anuransin Diet and Life History of the Ground Beetle Epomis nigricans
............................................................................... Ta-Chuan Yeh and Chun-Fu Lin

Retrospective Analysis of the Causes of Morbidity of Wild Formosan Pangolins
(Manis pentadactyla pentadactyla)...........ccoeveeieereeieeie e
.................................................... Ling-Min Wang, Yi-Jung Lin and Fang-Tse Chan

Effect of Stress from Cage Transfer on Fecal Corticosterone Concentration of
Collared-Scope Owls (Otus akkamoena)........c...cceeeeeeeennee. Pei-1 Lin and Chi Yang

Hymenogaster arenarius (Basidiomycota) Newly Recorded to Taiwan......................
..................................................................................................... Wen-Neng Chou

183

213

225

237

245

257

265



B4 Y2 R ERFFE(TW J. of Biodivers.) 13(3): 183-212, 2011 183

Taxonomy of Chydoridae (Crustacea: Branchiopoda:
Cladocera) from Taiwan
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Abstract

This paper describes and illustrates 19 species of freshwater cladocerans belonging to 14 genera of
the family Chydoridae collected from Taiwan in 1997 to 2006. They are consisted of 12 species that are
new records to Taiwan and seven species that have been known previously. The new records are Kurzia
longirostris Daday, 1898; Camptocercus uncinatus Smirnov, 1971; Monospilus dispar Sars, 1862; Leydigia
ciliate (Gauthier 1939); Oxyurella singalensis (Daday 1898); Karualona karua (King 1853); Dunhevedia
crassa King, 1853; Ephemeroporus barroisi (Richard 1894); Alonella excisa (Fischer 1854); Pleuroxus
trigonellus (Mller 1785); Disparalona leei (Chien 1970); and D. hamata (Baird1835). The known
species are Acroperus harpae (Baird 1835); Alona diaphana King, 1853; A. rectangular Sars, 1862; A.
costata Sars, 1862; A. affinis (Leydig 1860); A. quadrangularis (Muller 1785); Chydorus sphaericus
(Mdller 1785). A key to the speciesis provided.
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Introduction

Taxonomy of cladocerans (Crustacea: Bran-
chiopoda: Cladocera) of Taiwan were studied
early by Ueno (1935b, 1938a, 1938b) and Harada
(1933, 19433, 1943b). They reported 22 species
for the order Cladocera with nine species in the
family Chyodridae. In 1997 to 2006, we collected
samples of cladocerans from inland freshwaters
of Taiwan, and have reported 26 species for the
families Sididae, Bosminiidae, Daphniidae,
Moinidae, llyocryptidae, and Macrothricidae
(Young and Tuo 2011). This paper reports 19
species for the family Chydoridae, the largest
family of the order Cladocera (Korovchinsky
1996). Many of the chydorid cladoceransin Taiwan
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Accepted: July 14, 2011

arelessthan 1 mmin body length. They are bottom
dwellersinlittoral areas, but occasionally planktonic.
The specimens collected were mainly from shallow
water areas and some from benthic substrates.

Materias and Methods

Chydorid cladocerans were collected from
quite inland freshwaters throughout the island of
Taiwan (Fig. 1), such asreservoirs, pools, ponds,
paddy fields, ditches and sinks (Appendix 1). The
reservoirs and lakes described by Chen and Wang
(1997) were the key collection sites. A conical
plankton net was used to collect planktonic species.
It was 30 cm long with a 55-um stretch size, and
had a 15 cm wide opening and a small collection
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Fig. 1. Collection sites (solid circles) of Chydorid cladocerans from Taiwan.
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bucket at the cod-end. For shallow water in paddy
fields and littoral zone of open water bodies, the
water was stirred with awood stick, scooped with
acup, and then filtered with the plankton net. The
samples were fixed in the 5% formalin-water
solutionin thefield, brought back to the laboratory
for sorting and identifying under a stereomicroscope,
and then preserved in the 70% ethanol-water
solution. Appendages were dissected, mounted
on microscopic slides, tinted with polyvinyl lac-

Taxonomy of Chydoridae

tophenol, and then covered with a cover glass.
Line drawings were made using acamera L ucida
Measurement and observation were aided by a
computerized image analysis system. Average
and standard deviations (SD) of body lengthswere
based on the measurements of 15 or more specimens.
The terminology and abbreviations used in the
morphological descriptions (Fig. 2) followed those
of Chiang and Du (1979) and Smirnov (1996).

Fig. 2. General morphological descriptions of Chydoridae (1, rostrum; 2, head pores; 3, brood pounch;

4, egg; 5, gut; 6, setae natatoriae; 7, postabdomen; 8, claw; 9, anal teeth; 10, thoracic limb; 11, antennules
(Al); 12, antenna (All); 13, labral plate; 14, compound eye; 15, occellus; 16, inner distal lob (IDL) of

thoracic limb 1).



S Y% B EFZE(TW J. of Biodivers.) 13(3): 183-212, 2011

Results

We collected 19 species of cladocerans
belonging to 14 genera of the family Chydoridae.
Of them 12 species are found to be the new records
to Taiwan. These were Kurzialongirostris Daday,
1898; Camptocercus uncinatus Smirnov, 1971;
Monospilus dispar Sars, 1862; Leydigia ciliate

189

(Gauthier 1939); Oxyurella singalensis (Daday
1898); Karualona karua (King 1853); Dunhevedia
crassa King, 1853; Ephemeroporus barroisi
(Richard 1894); Alonella excisa (Fischer 1854);
Pleuroxustrigonellus (Muller 1785); Disparalona
leei (Chien 1970); and Disparalona hamata (Baird
1835). They are small, mostly benthic, and
inhabiting in shallow water.

A key to the genera and species of Chydoridae from Taiwan:

la. Posterior margin of valve high, nearly to the highest part of valve; claw with 1 basal spine (Oxyurella

With 2-3 SPINES) (ATONINGE).........uiiieiitiiee ittt 2
1b. Posterior margin of valve low, usually not reaching the middle of the valve; claw with 2-3 basal

spines (Dunhevedia with asping) (Chydorinag)..........coocueieeeiiiirie e 13
2a. Inner side of claw with abackward large spineinthemiddle............c.ccoveiriiini i, 3
2b. Inner side of claw without backward large spineinthemiddle............ccoccviiieeieiiiiiiiieee e, 5
3a. Al short; tipreaching mMiddi@Of FOSITUM..........coveiiieeierceeee e Kurzialongirostris
3b. Al long; tip exceeding middle or reaching near the distal end of rostrum.............ccccveeeieeinicnnnen. 4
4a. Postabdomen dlender; anal spinesinserted on dorsal margin (Camptocercus)........... Camptocercus uncinatus
4h. Postabdomen rectangular; anal spinesinserted on lateral side near dorsal margin (Acroperus)........

........................................................................................................................... Acroperus harpae

5a. Head with ocellusbut no compound eye (MONOSPIlUS).........cccevvereeiieiiesie e, Monospilus dispar
5b. Head with ocellus and COMPOUNT EYE.........ccoiuiiiiiee e e e et e e e e e e e neenees 6
6a. Postabdomen enlarged and semi-circular; lateral side with at least 10 bundles of larger anal spines

and more than 15 bundles of smaller anal spines (Leydigia)..........ccccevvvevevieiieiceeseesienn, Leydigiaciliata
6b. Postabdomen rod-shaped, not enlarged; lateral side with less than 10 bundles of weak anal spines

.................................................................................................................................................... 7
7a. Claw with 2-3 basal Spines(OXYUrell@).........cccoeeerieirseiere e Oxyurellasingalensis
Th. Claw With @basal SPINE.......ciii it e e e s e e e e e e s ns e e e e e s enreereeeeeeansnnees 8
8a. Posterior corner of ventral valvewith 2-3 denticles (Karualona)............cccocevvnennnnene. Karualona karua
8b. Posterior corner of ventral valve without denticles (AloNa)............eevvveeiiiiiiierieee e 9
9a. Anal spinesonthedorsal margininabundle...........ccccooeieiiincice s Alona diaphana
9b. Anal spinesonthedorsal margin Notin abUNAIe.............ccviiiiiiiiiiici e 10
10a. Lateral anal spines stronger than dorsal anal SPINES.........cccoeeeviviiiiieeeee e, Alonarectangula
10b. Lateral anal spinesweaker than dorsal anal SPINES...........cceiiueieieiiiiiiree e e sere e e e eeaee e 11
11a. Posterodorsal corner of postabdomen tranQUIAN............ccocevirrereieriiiseeee e Alona costata
11b. Posterodorsal corner of postabdomen rounded..............uuiiiiiiiiiiiiiiiiie 12
12a. Inner side of basal spineon distal end of clawsciliated; dorsal with 2 major head pores......Alona affinis



190 Taxonomy of Chydoridae

12b. Inner side of basal spine on distal end of claws usually non-ciliated; dorsal with 3 major head pores
.................................................................................................................... Alona quadrangularis

13a. Postabdomen boot-shaped (DUNNeVEdia)...........cccueieiiieiieciie e Dunhevedia crassa
13b. Postabdomen rod-ShaPEU...........oeeiiiiie et e e ee e st e e snte e e e ensae e e enneeeeeenneeeenees 14
14a. Postabdomen length lessthan twice of the height............cccoiiiiiiiiii e 15
14b. Postabdomen length more than twice of theheight..............c.eevvvii s 16

15a. Labral plate with serration; posterior corner of ventral valve with a denticle (Ephemeroporus).......
................................................................................................................. Ephemeroporus barroisi
15b. Labral plate without serration; posterior corner of ventral valve smooth without denticles (Chydorus)

...................................................................................................................... Chydorus sphaericus
16a. Rostrum length lessthan twice of Al length (AloNell@).........cccvecveieniniiiiiceeeces Alonellaexcisa
16b. Rostrum length more than twice Of Al 1ENGLN........ueviiiii i 17

17a. Distal end of rostrum straight (Pleuroxus); posterior corner of ventral valve with 1-3 denticles......
..................................................................................................................... Pleuroxus trigonellus
17b. Distal end of rostrum curved inward; posterior corner of ventral valve without denticles (Disparalona)

18a. Posterior valve slightly concave at posterodorsal corner; IDL with 3 setae, length of the shortest
setatwo-thirds of the longest Seta.........cccoveiiiiiiiiiiii Disparalona leei
18hb. Posterior valve not concave at posterodorsal corner; IDL of thoracic | with 2 setae, proximal seta

NOOK-SNAPEA. ...t e Disparalona hamata

Descriptions of the Species

Kurzia longirostris Daday, 1898
(Fig. 3: A~D)

Alona longirostris Daday, 1898: 34.
Pseudalona longirostris Brehm, 1933b: 34-40.
Kurzia longirostris Smirnov, 1974: 490-491;

Chiang and Du, 1979: 202-203; Michael

and Sharma, 1988: 217-219; Hudec, 2000:

175-176.

Female: Body lengths 0.54 - 0.69 (0.60 +
0.05) mm [ranges (mean + SD) mm)]. Preserved
specimens whitish or tinted yellow in color. Body
roughly square laterally; dorsal margin convex;
ventral margin with setae in middle region; pos-
terodorsal corner slightly pointed, tip of the corner

slightly below level of maximum height;
posteroventral corner rounded without spine.
Valve surface marked with distinct longitudinal
ridges crossed with weak ridgesto form a square
grid.

Head shield with along rostrum. Labral plate
cuneiform with pointed tip. Ocellus located
anteriorly to the area between base of rostrum
and Al; its diameter equivalent to a half of
that of the compound eye. Al tip not extending
beyond middle of rostrum. Setal formula of All:
0-0-3/1-1-3.

Postabdomen long and narrow, slightly
tapering distally, with 10-13 major marginal anal
spines. Claw with a basal spine, a row of small
spines on inner margin, and a backward large
spine at middle.
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Ephippium of female valve darker in color
with the surface marked with reticular grid lines.
Theother structuressimilar to those of parthenogenetic
females.

Male: Body length about 0.46 mm, smaller
than females. Body structure similar to that of
parthenogenetic females. A few specimens were
collected.

Collection sites: Collected in April and
Sepember from a rice paddy irrigation ditch in
Hsinchu County (site 10) and fish pondsin Mailoi
County (20, 23) (Apendix 1). Benthic or planktonic
in littoral areas.

Camptocercus uncinatus Smirnov, 1971
(Fig. 3: E-G)
Camptocercus uncinatus Smirnov, 1974: 101,
535-537; 1998: 76-77.

Female: Body lengths 0.56 - 0.68 (0.610
+ 0.033) mm. Preserved specimens whitish or
tinted yellow in color. Body long and oval
laterally; dorsal margin archly rounded; ventral
margin with setae in middle region; posterodorsal
corner of valve rounded, slightly below level
of maximum height; posteroventral corner
rounded without spines. Valve surface marked
with longitudinal ridges.

Head shield with a blunt rostrum and three
main head pores. Labral plate cuneiform without
marginal teeth. IDL of limb | with threedigitiform
lobes; proximal lobe as hard as a hook spine;
two longer lobes at distal end with a plumose
brush on base of distal spine. Ocellus smaller
than compound eye, located anteriorly to the
area between base of rostrum and Al. Tip of Al
reaching near apex of rostrum. Setal formula
of All: 0-0-3/1-1-3.

Postabdomen long and narrow, slightly
tapering distally, with 15-17 groups of marginal
anal spines and a row of spine groups laterally
along the margin. Claw with abasal spine, arow
of small spines on inner margin, and a backward
large spine in the middle.

Male: Not found.

Collection sites: Collected in January to
September from Maioli country (sites 23, 24) and
Taoyuan County (47, 48, 49) (Appendix 1). Benthic
or planktonic in littoral areas.

Remarks: C. uncinatus is distinguishable
from other congeners by the presence of digitiform
lobeson IDL of thoraciclimbl. Itiseasily confused
with C. rectirostris by having similar valve shape
(Tang et al. 1963; Chiang and Du 1979; Hann
1981; Michael and Sharma 1988).

Acroperus harpae (Baird 1835)
(Fig. 4: A~C)

Lynceus harpae Baird, 1835: 100.

Acroperus harpae Baird, 1843: 91; Ekman, 1905:
23-24; Ueno, 1930b: 446; Smirnov, 1974:
495-500; Chiang and Du, 1979: 202-203;
Michael and Sharma, 1988: 189-192; Duigan,
1992: 9-10.

Female: Body lengths 0.50-0.59 (0.550 +
0.064) mm. Preserved specimens whitish or tinted
yellow in color. Body prolonged oval laterally;
dorsal margin archly rounded; ventral margin with
setae along middle region; posterodorsal corner
rounded with 1-3 denticles, its height slightly less
than the maximum height. Valve surface marked
with longitudinal ridges.

Head shield with a broad but short rostrum.
Labral plate cuneiform. Ocellus small, itsdiameter
1/2 of that of compound eye, located anteriorly
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to the area between the base of rostrum and Al.
Al rod-shaped; tip almost reaching to tip of rostrum.
Threetransverse rows of setae on proximal, middle
and distal parts of rostrum, respectively. Setal
formula of All: 0-0-3/1-1-3.

Postabdomen rectangular. No marginal anal
spines; 12 groups of lateral spineslinearly arranged
on thelateral side. Claw with abasal spine, arow
of small spine-like denticles on inner margin, and
a backward large spine in the middle.

Male: Not found.

Collection sites: Collected in June to July
inllan County (site 14) (Appendix 1). Benthic or
planktonic in littoral areas.

Monospilus dispar Sars, 1862
(Fig. 4: D, E)
Monospilus dispar Sars, 1862: 165; Ueno, 1935a:
90-91; Smirnov, 1974: 620-623; Chiang and
Du, 1979: 234-235; Duigan, 1992: 32-34;
Masson and Amoros, 1992: 145-148.

Female: Body length 0.31 mm. Preserved
specimens white or tinted yellow in color. Body
globular in lateral view; dorsal margin semicircular;
setae along whole ventral margin. Posterodorsal
and posteroventral corners of valve rounded and
smooth. Molting incompletely; the remaining part
of old valve covering the new valve surface. Each
valve surface marked with circular pits as many
dimples on the water surface when viewed under
microscope.

Head shield with ashort rostrum with pointed
distal end. Labral plate cuneiform. Head with an
ocellus located anterior to the area between base
of rostrum and Al. Compound eye not found. Al
not extending over middle of rostrum. All setae
formula: 0-0-3/0-1-3.

Taxonomy of Chydoridae

Postabdomen short with several linear bundles
of setae along | ateral side. Preanal angle prominent.
Anal teeth 5-7. Claw with alarge basal spine and
arow of small hair-like setae on inner margin.

Male: Not found

Collection sites: A single specimen of M.
dispar was collected in January from Taoyuan
County (47) (appendix 1). Benthic or planktonic
in littoral areas.

Remarks: The female M. dispar specimen
collected had no eggs or ephippium and its valve
had only two layers. The number of layers
on the valve surface increased with the number
of molts.

Leydigia ciliata (Gauthier 1939)
(Fig. 5: A-C)

Leydigia propinqua var. ciliata Gauthier, 1939:
168; Dumont, 1981: 99; Dumont et al ., 1981.:
165.

Leydigiaciliata Smirnov, 1974: 557-561; Dumont
et al., 1984: 167-168; Chen, 1993: 14.

Female: Body lengths 0.67-0.90 (0.770 £
0.068) mm. Preserved specimens whitish or tinted
yellow in color. Body oval laterally; dorsal margin
arched and slightly rounded; ventral margin with
a linear row of long setae. Length of posterior
valves equal to body height; posterodorsal corner
distinct; posteroventral corner rounded and smooth.
Valve surface marked with longitudinal lines on
the dorsal part and curved lines parallel to the
margin of the posteroventral corner.

Head shield with a broad and short rostrum.
Labral plate broadly cuneiform; front margin with
setae. Ocellusslightly larger than compound eye,
located anteriorly to the area between proximal
base of Al and rostrum. Tip of Al reaching apex
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of rostrum; front with 3 transverse groups of setae
on posterior surface. Setal formulaof All: 0-0-3/1-1-3.

Postabdomen broader than a third of body
height; posteroventral margin with two notches
and three oblique rows of setae on lateral side
near ventral margin. Anal depression prominent;
along the dorsal margin with 20-24 groups of
lateral spinesdecreasing in size proximally. Claw
with atiny basal spine (invisiblein some specimens).
A row of small hair-like setae on inner margin of
claw.

Male: Not found.

Collection sites: Collected in January and
February from Hsinchu County (site 11), and Jaiyi
County (18,19), Tainan county (36), Taoyuan
county (46, 48) (Appendix 1). Benthic or planktonic
in littoral areas.

Oxyurella singalensis (Daday 1898)
Fig. 5: D, E)
Alonopsis singalensis Daday, 1898: 43; Stingelin,
1905: 348; Brehm, 1933a: 700;
Oxyurella singalensis Rzoska, 1952: 472; Smirnov,
1974: 607-609; Chiang and Du, 1979: 233-234;
Michael and Sharma, 1988: 212-214.

Female: Body lengths 0.51- 0.70 (0.580 +
0.075) mm. Preserved specimens whitish or tinted
yellow in color. Body oval in lateral view; dorsal
margin archly rounded; ventral margin with setae
from middleto posterior end; posterodorsal corner
rounded, slightly below level of maximum height;
posteroventral corner rounded and smooth. Posterior
valve surface marked with lines parallel to ventral
margin.

Head shield with along rostrum. Labral plate
broad with smooth margin. Ocellus smaller than
compound eye, located between rostrum and the

proximal base of Al. Tip of Al exceeding the
middleof rostrum. Setal formulaof All: 0-0-3/1-1-3.

Postabdomen slightly tapering distally; dorsal
margin with 14 anal spines, the spine at the distal
end small and the other 13 spines decreasing in
size proximally. Lateral setaein groups arranging
in arow along dorsal margin. Claw large with a
slender basal spine and 1-2 additional small spines
at the proximal base.

Male: Not found.

Collection sites: Collected in July from Ilan
County (site 14) (Appendix 1). Benthic or planktonic
in littoral areas.

Karualona karua (King 1853)
(Fig. 6: A, B)

Alona karua King, 1853: 260; Sars, 1916:
337-338; Stingelin, 1905: 352; Ueno, 1936:
518; Tang et al., 1963: 145; Chiang and
Du, 1979: 215-216.

Alonella karua Sars, 1901: 59; Stingelin, 1905:
352-353; Gurney, 1916: 336.

Biapertura karua Smirnov, 1974: 587-588;
1988: 74-76; Michael and Sharma, 1988: 207-209.

Karualona karua Dumont and Silva-Briano,
2000: 61.

Female: Body length 0.35-0.43 (0.38 + 0.02)
mm. Preserved specimenswhitish or tinted yellow
incolor. Body oval in lateral view; dorsal margin
archly rounded; ventral margin with setae;
posterodorsal corner distinct, below level of
maximum height, and about 1/3 of body height;
posteroventral corner of valves distinct with 2-4
denticles. Valve surface marked with lines crossing
each other in a hexagonous grid.

Head shield with along rostrum; dorsal head
with two major head pores. Labral plate broad
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with smooth margin. Ocellus smaller than compound
eye, located posteriorly to the area between
proximal base of Al and rostrum. Tip of Al almost
reaching apex of rostrum. Setal formula of All:
0-0-3/0-1-3.

Postabdomen short, slightly oblong. Preanal
angle small and anal teeth 7-8. Lateral setae in
linear groups along dorsal margin, extending
beyond the margin of postabdomen; first seta of
each group large. Claw largewith asmall basal spine.

Male: Not found.

Collection sites: Collected in January to
October from Hsinchu City (site 1), Hsinchu
County (6), Taoyuan County (46) and Tainan
County (35) (Appendix 1). Benthic or planktonic
in littoral areas.

Alona diaphana King, 1853
(Fig. 6: C, D)

Alona diaphana King, 1853: 260; Ueno, 1938a
130; 1938b: 167; 1938c: 286; Chiang and Du,
1979: 222-223; Brancelj, 1990: 14; Frey, 1991.
13-23.

Alonadavidi Stingelin, 1905: 352; Smirnov, 1974:
451-453.

Alonella diaphana var. punctata Gurney, 1911: 30.

Alonella diaphana Gurney, 1927: 74; Jenkin,
1929: 248; Brehm, 1933a: 734.

Female: Body lengths 0.38-0.51 (0.450 +
0.028) mm. Preserved specimens whitish or tinted
yellow in color. Body oval laterally; dorsal margin
archly rounded with a linear row of setae along
almost the whole ventral margin; posterodorsal
corner distinct, below the maximum height and
about 1/3 of body height; posteroventral corner
rounded and smooth. Valve surface smooth with
no distinct markings.

Taxonomy of Chydoridae

Head shield with ashort and pointed rostrum.
Plate of labrum broad with smooth margin. Ocellus
smaller than compound eye, located anteriorly to
the area between proximal base of Al and rostrum.
Tip of Al almost reaching apex of rostrum. Setal
formula of All: 0-0-3/1-1-3.

Postabdomen moderately oblong with a
rounded posterodorsal corner, 9-14 groups of anal
teeth on dorsal margin, and 7-8 groups of lateral
setae. Claw with abasal spine and arow of setae
on inner margin.

Male: Not found.

Collecion sites: Collected in February to
August from Ilan County (site 15), Jaiyi county
(16,18) and Tainan County (39) (Appendix 1).
Benthic or planktonic in littoral areas.

Alona rectangula Sars, 1862
(Fig. 6: E, F)

Alona rectangula Sars, 1862: 160; Daday, 1904:
60-61; Schiklejew, 1930: 342; Ueno, 1935c:
298; Harada, 1943a: 191; Smirnov, 1974:
425-428; Chiang and Du, 1979: 224-225; Ra-
japaksaand Fernando, 1982: 52, 64; Sabater,
1987: 54-55; Michael and Sharma, 1988:
171-173; Duigan, 1992: 22-24.

Alona intermedia Gurney, 1927: 72.

Female: Body lengths 0.32-0.38 (0.35 +
0.02) mm. Preserved specimens whitish or tinted
yellow in color. Body oval in lateral view; dorsal
margin archly rounded with alinear row of setae
along almost whole ventral margin; posterodorsal
corner distinct, slightly below the maximum
height; posteroventral corner rounded and smooth.
Posterior valve surface marked with longitudinal
lines.

Head shield with a short and broad rostrum.
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Labral plate broad with smooth margin. Ocellus
smaller than compound eye, located in the area
with an equidistance to compound eye and to
proximal base of Al. Tip of Al almost reaching
apex of rostrum. Setal formulaof All: 0-0-3/0-1-3.

Postabdomen short and broad with a round
posterodorsal corner. Preanal angle distinct; dorsal
margin with 8-10 anal teeth and a linear row of
10 groups of lateral setae that are longer than
marginal teeth. Claw large, base with a spine.

Male: Not found.

Collection sites: Collected in January to
September from Taipei County (site 44), Taoyuan
County (46, 48, 49, 50), Hsinchu city (2), Hsinchu
County (7, 8, 10, 12), Maioli County (21, 26, 27),
Yunlin County (51), Jaiyi County (18), and Tainan
County (41) (Appendix 1). Benthic or planktonic
in littoral areas.

Alona costata Sars, 1862
(Fig. 7: A, B)
Alona costata Sars, 1862: 286; Smirnov, 1974:
456-460; Frey, 1965: 160-162; Chiang and
Du, 1979: 228-229; Michael and Sharma,
1988: 177-180; Duigan, 1992: 16-17.

Female: Body lengths 0.35-0.53 (0.430 +
0.042) mm. Preserved specimens whitish or tinted
yellow in color. Body oval laterally; dorsal margin
slightly arched; ventral margin lined with setae;
posterodorsal corner rounded, slightly below the
maximum height; posteroventral corner rounded
and smooth without denticles. Posterior valve
surface marked with longitudinal lines.

Head shield with a short and broad rostrum.
Labral plate broadly rounded with smooth margin.
Ocellus smaller than compound eye, located
anteriorly to the area between proximal base of

Al and rostrum. Tip of Al almost reaching apex
of rostrum. Setal formula of All: 0-0-3/1-1-3.

Postabdomen oblong; dorsal and ventral
margins almost parallel. Preanal angle distinct.
Posterodorsal corner of postabdomen sharply
pointed. Anal teeth 11-13; latera side of postabdomen
near the anuswith alinear row of about 11 groups
of setae. Claw largewith abasal spine and smooth
inner margin.

Male: Not found.

Collection sites: Collected in January to
October from Taipei County (site 44), Taoyuan
County (48, 49, 50), Hsinchu County (4, 7, 9, 10),
Ilan county (14), Maioli County (21, 22, 23, 27),
Jaiyi County (18), Tainan County (35, 36, 40, 41),
Pingdong County (31, 33), and Taidong County
(34) (Appendix 1). Benthic or planktonicin littoral
areas.

Alona affinis (L eydig 1860)
(Fig. 7: C, D)
Lynceus affinis Leydig, 1860: 223.
Alona affinis Sars, 1916: 331,332; Chiang and
Du, 1979: 220-221; Duigan 1992: 24-27.
Biapertura affinis Smirnov, 1974: 572-579; Michael
and Sharma, 1988: 205-207.

Female: Body lengths 0.67-0.92 (0.780 +
0.068) mm. Preserved specimens whitish or tinted
yellow in color. Body oval laterally; dorsal margin
arched slightly; alinear row of setae along almost
wholeventral margin; posterodorsal corner rounded,
slightly below level of maximum height;
posteroventral corner rounded, smooth without
denticles. Posterior valve surface marked with
longitudinal lines.

Head shield with ashort and broad rostrum;
dorsal with two major head pores. Labral plate
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broad and rounded without teeth on margin. Ocellus
diameter equal to or slightly longer than that of
compound eye; located in the area between proximal
base of Al and rostrum. Tip of Al almost reaching
apex of rostrum. Setal formulaof All: 0-0-3/1-1-3.

Postabdomen oblong, slightly dilated distally.
Preanal angle distinct. Posterodorsal corner
rounded. Anal teeth 10-15; lateral side with more
than 15 groups of setae along dorsal margin. Claw
large with one basal spine. A short row of setae
at the base of basal spine.

Male: Not found.

Collection sites. Collected in July from
Taipei County (site 45) and Tainan County (37)
(Appendix 1). Benthic speciesin littoral areas.

Remarks: Fryer (1999) considersthis species
to be under the genus Biapertura, but we consider
it to be under the genus Alona, based on the shell
and postabdomen structures. Fryer’s (1999)
description of “Biapertura” merely emphasizes
the head pores but neglects its similaritiesin the
important shell and postabdomen structures to
those of the genus Alona.

Alona quadrangularis (M uller 1785)
(Fig. 7: E, F)
Lynceus quadrangularis Miller, 1785: 72.
Alona quadrangularis Baird, 1843: 92; Ueno,
1930a: 42; Tang et al., 1963: 144; Smirnov,
1974: 417-419; Chiang and Du, 1979: 219-220;
Michael and Sharma, 1988: 170; Duigan
1992: 23-26.

Female: Body lengths 0.36-0.51 (0.460 +
0.068) mm. Preserved specimens whitish or tinted
yellow in color. Body oval inlateral view; dorsal
margin arched; almost whole ventral margin with
alinear row of setae; posterodorsal corner almost
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rounded, slightly below level of maximum height;
posteroventral corner rounded with smooth margin.
Posterior valve surface marked with longitudinal
lines.

Head shield with a short and broad rostrum;
dorsal with three major head pores. Labral plate
broad and rounded with smooth margin. Ocellus
smaller than compound eye, located anteriorly to
the area between proximal base of Al and rostrum.
Tip of Al almost reaching apex of rostrum. Setal
formula of All: 0-0-3/1-1-3.

Postabdomen oblong, slightly dilated distally.
Preanal angle prominent; posterodorsal corner of
the postabdomen rounded; anal teeth 15-18; |ateral
side with more than 10 groups of setae along
dorsal margin. Claw large with a basal spine.

Male: Not found

Collection sites: Collected in January, April,
and July from littoral areas of high mountain
ponds in Taoyuan County (site 47), Hsinchu
County (11), Nantou County (28), and Taidong
County (34) (Appendix 1).

Remarks: Chiang and Du (1979) distinguish
Alona quadrangularis from A. affinis based on
setae on postabdomen and basal spine of claw.
Duigan (1992) found that his specimens are not
distinguishable between the two species by the
same traits described by Chiang and Du (1979).
Our samples of the two species are distinguishable
by setae of postabdomen, basal spine of claw, and
number of head pores.

Dunhevedia crassa King, 1853
(Fig. 8: A, B)

Dunhevedia crassa King, 1853: 261; Stingelin,
1905: 357; Sars, 1916: 343-344; Jenkin 1929:
248; Smirnov, 1966: 183; 1969: 555; 1974:
390-394; 1996: 166-167; Chiang and Du,
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1979: 242-244; Michael and Sharma, 1988:
157-159.

Female: Body lengths 0.41-0.44 (0.420 +
0.011) mm. Preserved specimens whitish or tinted
yellow in color. Body oval shapelaterally; anterior
and posterior parts of ventral margin with setae
on inner face of valve near margin; middle part
of ventral margin with setae; posterodorsal corner
distinct, slightly below level of maximum height;
posteroventral corner with adistinct sub-terminal
denticle on ventral valve.

Head shield with ashort and narrow rostrum,
sharply pointed terminally. Labral plate cuneiform;
margin smooth, without teeth. Ocellus smaller
than compound eye, located in the area between
proximal base of Al and rostrum. Tip of Al reaching
apex of rostrum. Setal formulaof All: 0-0-3/1-1-3.

Postabdomen boot-shaped; dorsal margin
with 13-14 anal teeth; lateral side scattered with
several rows of short setae. Claw with abasal spine.

Male: Not found.

Collection sites: Collected in July from Jaiyi
County (17) (Appendix 1). Benthic species in
littoral areas.

Ephemeroporus barroisi (Richard 1894)
(Fig. 8: C-F)

Pleuroxus barroisi Richard, 1894: 375-377;
Dumont et al., 1981: 165, 174-175.

Chydorusbarroisi Sars, 1904: 636; 1916: 339-340;
Stingelin, 1905: 358; Gurney, 1916: 336;
Johnson, 1953: 928; Smirnov, 1974: 367-372;
Chiang and Du, 1979: 257-258; Michael and
Sharma, 1988: 149-151.

Alonella barroisi Schiklejew, 1930: 344-345.

Ephemeroporus barroisi Frey, 1982: 234-237,
266-267; Smirnov, 1996: 156-159.

Female: Body lengths 0.25-0.32 (0.270 +
0.026) mm. Preserved specimens whitish or tinted
yellow in color. Body almost circular in lateral
view but dorsal margin semicircular. Anterior
ventral margin of valve arched without setae;
posterior margin of ventral valve straight with
setae on inner surface; posterodorsal corner of
valve rounded, halfway below level of maximum
height; posteroventral angle of valve sharply
pointed with a denticle. Valve surface smooth or
with faint markings.

Head shield with a short and sharp rostrum.
Labral plate broadly cuneiform with four
denticular notches on outer margin. Ocellus
smaller than compound eye, located in the area
between proximal base of Al and rostrum. Tip
of Al extending to middle of rostrum. Setal
formula of All: 0-0-3/0-1-3.

Postabdomen moderately oblong with distinct
preanal angle; dorsal margin with two groups of
anal teeth, an anterior group with three larger
spines and a posterior group with seven smaller
spines. Claw with two basal spines; proximal
spine smaller than distal spine.

Male: Not found.

Collecion sites: Collected in April and July
from llan County (site 14) and Pingdong County
(32) (Appendix 1). Benthic speciesinlittoral areas.

Remarks: According to Frey (1982), E.
barroisi has adenticle on posteroventral angle of
valve and denticular notches on outer margin of
labral plate, and should be assigned to the genus
Ephemeroporus rather than to the genus Pleuroxus
(Dumont et al. 1981).

Chydorus sphaericus (M uller 1785)
(Fig. 8: G, H)
Lynceus sphaericus Miller, 1785: 71.
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Monoculus sphaericus Jurine, 1820: 157.

Chydorus sphaericus Baird, 1843: 89; Pratt, 1898:
471; Steuer, 1902: 127; Stingelin, 1905: 359;
Tang et al., 1963: 145; Smirnov, 1974:
342-346; 1996: 101-104; Chiang and Du,
1979: 253-254; Duigan and Murray, 1987:
113-124; Michael and Sharma, 1988: 139-142;
Duigan, 1992: 55-61; Brancelj, 1996: 45-59.

Female: Body lengths 0.32-0.39 (0.360 +
0.019) mm. Preserved specimens whitish or tinted
yellow in color. Body circular in lateral view;
dorsal margin arched to semicircular. Posterior
margin of ventral valve with setae on inner surface
of shell; posterodorsal corner of valve rounded,
conspicuously below level of maximum height;
posteroventral corner rounded, smooth without
denticles. Valve surface with lines crossing each
other to form a polygon grid.

Head shield with an acute rostrum. Labral
plate cuneiform; outer margin smooth. Ocellus
smaller than compound eye, located in the area
between proximal base of Al and rostrum. Al
short, 2/3 length of rostrum; tip not extending
over gpex of rostrum. Setal formulaof All: 0-0-3/0-1-3.

Postabdomen short and wide. Preanal angle
distinct; posterodorsal corner rounded. Dorsal
margin with 8-10 anal teeth. A row of minute
lateral setae lined along the posterior end. Claw
with two basal spines; inner margin with a row
of setae.

Male: Not found.

Collection sites: Collected in late Winter to
early Spring in January to April and late Summer
to Autumn in July to October from Taipei City
(sites42, 43), Taipei County (45), Taoyuan County
(46,47,49), Hsinchu City (1), Hsinchu County (4,
5, 10), llan County (13, 14), Maioli County (23,
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26), Jaiyi County (18), Nantou County (29) and
Pingdong County (33) (Appendix 1). Benthic
species in littoral areas but occassionally found
in planktonic collections.

Alonella excisa (Fischer 1854)
(Fig. 9: A-C)

Lynceus excisus Fischer, 1854: 428.

Alonella excisa Stingelin, 1905: 355; Gurney,
1916: 336; Sars, 1916: 338-339; Ueno, 1966:
97; Smirnov, 1966: 184; 1969: 550; 1974:
317-321; 1996: 90-92; 1998: 210; Chiang
and Du, 1979: 239-240; Michael and Sharma,
1988: 135-136; Duigan, 1992: 35-37; Hudec,
1998: 210.

Female: Body lengths 0.26-0.32 (0.290 +
0.025) mm. Preserved specimens whitish or tinted
yellow in color. Body oval in lateral view; dorsal
margin arched; arow of setae along ventral margin.
Posterodorsal corner of valvedistinct, conspicuously
below level of maximum height; posteroventral
angle distinct with ablunt process. Valve surface
with many lines crossing one another to form a
polygon grid, each grid having small striationsinside.

Head shield with a sharp rostrum. Labral
plate broad with blunt apex; outer margin smooth.
Ocellus smaller than compound eye, located
anteriorly to the area between proximal base of
Al and rostrum. Tip of Al reaches pass middle of
rostrum. Setal formula of All: 0-0-3/1-1-3.

Postabdomen oblong. Preanal angle rather
distinct; dorsal margin with 9-11 anal teeth; lateral
side with a row of 11 setae near dorsal margin.
Claw with two basal spines; proximal spinesmaller.

Male: Not found.

Collection sites: Collected in September
from llan County (site 13) (Appendix 1). Benthic
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species in littoral areas, sometimes found in
planktonic collections.

Pleuroxus trigonellus (M uller 1785)
(Fig. 9: D-F)

Lynceus trigonellus Miiller, 1785: 74.

Pleuroxus trigonellus Baird, 1843: 93; Ueno,
1935b: 212; Smirnov, 1966: 177, 180, 188;
1974: 276; 1996: 38-40; Chiang and Du,
1979: 247-248; Michael and Sharma, 1988:
125-127; Duigan, 1992: 41-43; Frey, 1993:
134-135.

Female: Body lengths 0.42-0.49 (0.450 +
0.021) mm. Preserved specimens whitish or tinted
yellow in color. Body oval in lateral view; dorsal
margin arched; almost whole ventral margin with
setae. Posterodorsal corner of valve rounded, con-
spicuously below level of maximum height; pos-
teroventral corner distinct, angle with denticles
varying in size and number.

Head shield with along and narrow rostrum.
Labral plate cuneiform; front margin smooth.
Ocellus smaller than compound eye, located
anteriorly to the area between proximal base of
Al androstrum. Al and All short; tip (not including
setae) of Al not reaching beyond middle of rostrum.
Setal formula of All: 0-0-3/1-1-3.

Postabdomen oblong, slightly narrowing
distally; distal end deeply depressed. Preanal
angledistinct; dorsal margin with 12-15 anal teeth.
Claw with two basal spines; proximal spinesmaller
than distal spine.

Male: Not found.

Collection sites: Collected in January to
April, July, and September from Taoyuan County
(sites 46, 47, 48), Hsinchu County (11), Maioli
County (23, 25. 26, 27), Jaiyi County (19), Tainan

County (38), and Pingdong County (32) (Appendix
1). Benthic speciesin littoral areas.

Disparalona leei (Chien 1970)
(Fig. 10: A-C)
Alona leei Chien, 1969: 67-72.
Alonella leei Chien, 1970: 536-538.
Disparalona leei Michael and Frey, 1984: 95-106;
Smirnov, 1996: 79-81.

Female: Body lengths 0.38-0.42 (0.400 +
0.021) mm. Preserved specimens whitish or tinted
yellow in color. Body elongate and oval in lateral
view; dorsal margin arched; almost entire ventral
margin lined with setae. Posterodorsal corner of
valvedistinct with ashallow depression on posterior
valve margin near the corner; posteroventral corner
rounded and smooth without denticles. Valve
surface marked with longitudinal lines crossing
each other, forming a polygon grid.

Head shield with a long and sharp rostrum.
Labral plate small and cuneiform; front margin
smooth. IDL with three setae; length of the short
seta equal about an half of that of the other two
setae. Ocellus smaller than compound eye, located
in the area between proximal base of Al and
rostrum. Tip of Al not extending pass half of
rostrum. Setal formula of All: 0-0-3/0-1-3.

Postabdomen oblong with both dorsal and
ventral margins convex. Dorsal margin with 9-11
anal teeth. Claw with two basal spines.

Male: Not found.

Collection sites: Collected in January and
February from Hsinchu County (sites 3, 10),
Maioli County (24), and Jaiyi County (18) (Appendix
1). Benthic speciesin littoral areas.

Remarks: Morphologically the valve of D.
leei isfairly similar to that of D. rostrata, so that
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many authors have treated D. leei as D. rostrata
without denticles at posteroventral corner (Tang
et al. 1963; Smirnov 1974; Chiang and Du 1979;
Idris and Fernando 1981).

Disparalona hamata (Baird 1835)
(Fig. 10: D-F)
Lynceus hamatus Baird, 1835: 100.
Pleuroxus hamatus Baird, 1843: 94; Smirnov,
1974: 293-296.

Pleuroxus hamulatus Birge, 1879: 22-23; 1910:
1052; Chiang and Du, 1979: 244-246.
Alonella hamata Dumont, 1981: 105; Dumont et

al., 1984: 164.
Alondlahamulatusidrisand Fernando, 1981: 241-242.
Alonella hamulata Zoppi de Roa and Vasquez,
1991: 56.
Disparalona hamata Smirnov, 1996: 81-83.

Female: Body lengths 0.42-0.55 (0.490 +
0.037) mm. Preserved specimens whitish or tinted
yellow in color. Body oval in lateral view; dorsal
margin arched; almost whole ventral margin with
a row of setae. Posterodorsal corner of valve
rounded, conspicuously below level of maximum

Taxonomy of Chydoridae

height; posteroventral corner rounded and smooth
without denticles. Posterior valve surface marked
with longitudinal lines.

Head shield with along and narrow rostrum.
Labral plate cuneiform; front margin smooth.
Ocellus smaller than compound eye, located
anteriorly to the area between proximal base of
Al and rostrum. IDL with two setae; the proximal
seta hook-shaped. Tip of Al not reaching middle
of rostrum. Setal formula of All: 0-0-3/1-1-3.

Postabdomen oblong; middle of the posterior
end depressed. Preanal angle distinct; posterodorsal
corner of the postabdomen rounded; dorsal margin
with 12-14 anal teeth. Claw basewith two basal spines.

Male: Not found.

Callection sites: Collected in January, August,
and September from Taoyuan County (site 47),
Hsinchu County (5), and Maioli County (23).
Benthic speciesin littoral areas.
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Fig. 3. Kurzia longirostris Daday, 1898 (adult female: A, lateral view of habitus; B, rostrum plate; C,
postabdomen, and adult male: D, lateral view of habitus), and Camptocercus uncinatus Smirnov, 1971
(adult female: E, lateral view of habitus; F, setae on inner distal lobe of limb I; G, postabdomen) (Scale
bar = 0.1 mm).
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Fig. 4. Acroperus harpae (Baird 1835) (adult female: A, lateral view of habitus; B, posteroventral angle

of valve; C, postabdomen), and Monospilus dispar Sars, 1862 (adult female: D, lateral view of habitus;
E, postabdomen) (scale bar = 0.1 mm).
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Fig. 5. Leydigia ciliate (Gauthier 1939) (adult female: A, lateral view of habitus; B, antennule; C,
postabdomen), and Oxyurella singalensis (Daday 1898) (adult female: lateral view of habitus; E,
postabdomen) (Scale bar = 0.1 mm).
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Fig. 6. Karualona karua (King 1853) (adult female: A, lateral view of habitus; B, postabdomen), Alona
diaphana King, 1853 (adult female: C, lateral view of habitus ; D, postabdomen), and Alona rectangular
Sars, 1862 (adult female: E lateral view of Habitus; F, postabdomen ) (scale bar = 0.1 mm).
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Fig. 7. Alona costata Sars, 1862 (adult female: A. lateral view of habitus; B, postabdomen), Alona affinis
(Leydig 1860) (adult female: C, laeral view of habitus; D, postabdomen), and Alona quadrangularis
(Muller 1785) (adult female: E. lateral view of habitus; F, postabdomen) (scale bar = 0.1 mm).
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Fig. 8. Dunhevedia crassa King, 1853 (adult female: A, lateral view of habitus; B, postabdomen),
Ephemeroporus barroisi (Richard 1894) (adult female: lateral view of habitus; D, labral plate; E,
posteroventral angle of valve; F, postabdomen), and Chydorus sphaericus (Mller 1785) (adult female:
lateral view of habitus; H, postabdomen) (scale bar = 0.1 mm).
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Fig. 9. Alonella excise (Fischer 1854) (adult female: lateral view of habitus; B, posteroventral angle of
valve; C, postabdomen), and Pleuroxus trigonellus (Muller 1785) (adult female: lateral view of habitus;
E, setae on baso-segment of All; F, postabdomen and posteroventral angle of valve) (scale bar = 0.1 mm).
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Fig. 10. Disparalona leei (Chien 1970) (adult female: lateral view of habitus); B, setae on inner distal
lobe of limb I; C, postabdomen), and Disparalona hamata (Baird 1835) (adult female: lateral view of
habitus; E, setae on inner distal lobe of limb I; F, postabdomen) (scale bar = 0.1 mm).
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Abstract

Chemical components of plants may affect digestive physiology of herbivores, which in turn, set
constraints on their feeding patterns and feeding strategies. Therefore, information on the effects may
reveal the feeding strategies. This study was aimed to investigate the effects of condensed tannins on
digestive physiology of the Taiwanese macaque (Macaca cyclopis) and to determine whether this secondary
metabolite of plants affects its feeding strategy. Captive macaques were fed with food added with 3%
and 6% Quebracho powder as the condensed tannin. We found that the recovery rate of the ingested
condensed tannin was over 90%, and the ingestion significantly reduced the amount of the food intake
and digestibility of its dry matter and protein. The results suggested that the digestive physiology of the
Taiwanese macague is compromised by condensed tanninsin its food, and thus, this secondary compound

of plants may constrain its feeding strategy.
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i 2 R DRIIEY) o A — K EEY) RS
YIny R BRI R etk EE - [ 2
V)R AR B — KV 35 R i ARIREE > IR/
WE— R A - R R EIRE &
= 1M & B {5 & (Baranga 1983; Burgess and
Chanpman 2005) -

LTI AR I 2 B R L
REBTEEYIKE - (h TR 52-67%
{HIFEVEEE R ~ B ~ BEF ~ - RALFEDY)
#HfZ(Su and Lee 2001; 5§ 1999; Ji. 2000; &
2004) - FRTm » BFFFE A B IR L E B A AR R
W gE s > SRR AT A R R B 2 R
BT B SRR IR 2R CRBEREHRL) »
AR ERA S EBRIA AR RS
] > FE5 AT 2B - K » A5 LI

GEIR AR PSS RIRE RS
B BEYHEE LA ZEE HElER
&~ GEm R~ RYRmIRLE - REE
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— ~ WFsEER

ST SRS I RO B AR B L Bl rho
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k) I ERE S K R R 90 cmx B 60 cmx i 80
cm e E P L—RERERE R - L4 8 LR
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M)A R/ SRR ISR > HBRE KBRS 15

B SRS R I (LA
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EF 8B o T AR IR /R R ZE I
Rl RV » Glsk LSRRy <R
o itk ERNERHY A ENEN R
Py i B E B BRI -
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Fig. 1. Enclosures used in this study for Taiwanese macaques under which food residues and fecal samples

were collected for chemical analysis.
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FEREIRE - RREIELRY - SERIRER
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Table 1. Mgjor nutritional contents and gross energy of food items provided to the captive Taiwanese

macaques in the study.

Food itemn Dry matter Crude fat Crude protein Carbohydrate Gross energy
(9/100g DM) (9/100g DM) (9/100g DM) (9/100g DM) (Kcal/g DM)
Banana 22.69 0.18 594 83.96 3.86
Melon 12.79 5.45 14.82 60.67 429
Carrot 6.15 1.83 15.81 53.77 3.89
Potato 8.56 0.23 7.73 74.02 3.79
Toast* - 12.70 14.60 69.00
Chocolate sauce* 65.79

* Nutrition information obtained from labels of products.

- No data available.

AR S 3~11 KA NiRLAHEEm . -
PaGERBRAH A (8 #2 0 &P IR S &)Y
'H 3% R R R S 1 BE 9502 (76.5 mg/g DM)
Z H B2 (quebracho) i K (#) 29 » #I& B G
FLEEE 137.7 mg) » RGBSR A
Al [RatEAH B (R B BV G ' PIEZY)
HE 6% HBEAR KRG 49> GRETERE
M 275.4mg) - & H YR HEE RS 2= L RV
DEHERE ~ JRERE M E - IR
YER o #EER R 6 K (A GABRAETT 258 8 RK)t% »
AET IS B T R RS ORISR SR R R R
ez E B 1~1.5%0 = F AL 8% (Cr20s) 5}
ARAFFAFAC(BA 1985) » LIV /1 8 =S (L —
M ARRE G 2R ER R LRERE - 6]
BEAIL TR - IR HRE RS R R
HEER G A Rk CRIBAE - PEEE Bk
R HRE S = AL R HRIEREA
& =R AL T R R Y EPEE TRk
(=S L SR B0 RN RG> DA &
Yz B A E R R > ISR HEE RN I

WREYERE - JEREYE R

LT EERE REIRE 2R - MASRE
ml Y% 2 HBUE e & A R amyRE Y
RHBEYEERH : RYRARERE T
a8 PO YEE P RS B e E T
IREfE] -

ABRES 1215 K TRmmAe ey -
anfE A MERER ) ZBRERE - (RIRE
B tH A 0 lle 7 (5] i HAT & 2 BN R - S
AH G T G R oC 2 B A G T HERR
Y o LATECRENY) 76 2 1 A Pas IR B By R 7
& o FRIEIEEREE - Rl RIRIE S 52
BYbE A G R EEEREE N E AR
W REIRIR G R EER 2 R AR - PREE SRR
R - FRE GG R S SR & H PR
8 B B SRR SRR 3 RAUHEAEE - R
3 KA R PR & % AR F 2 &
Aoy B R AL &) o ik A (BE 1985) » it
RIENAE POR AV B SR IR o KAk
2353 G R EZP)E (dry matter) ke &2 HE I (L
o FHEAKMT ¢

VB IRAE AR (%) = A & 87 ) W
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x100%

HEHEIRLER%) =
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x100%
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carolinensis) : Chung-MacCoubrey et al. 1997) »
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(crudefat, CF) ~ ¥H###f (crude fiber, CF) ¢ Jx 47
(ash) » T & H #7(nitrogen-free extract, NFE ;
F U TR 2 oKL &) 2 Rz E
SR EIK T ~ MEEE ~ FIE BRLEHE &
H1%REG - #8RE(gross energy, GE) (Fi{if keal/
g DM) @ NEHG & &3l 9.45 ~ MHE H & E ok
LL5.65 » JefikAb &Y & it B RLAEAE & A
2Ll 4.15 ZHNHEKIF(BH 1985) - & E& /7>
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R B T 5 B 2 e

% AR AT R T
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ST R R S s R R R
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IR TS B NG B IR ~ 153 v R I ] e Bk
A o IR b — S (SR
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T EEHAR 3 B Y 75 50 1B AR & HBRANK
R BREER G R H 84 -

— RYPRSMEER S B ERELPEEE
wE

B R B R S S Y R R 2
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VsV E 6% HBAM R EYH . ERER
R 2 5L(P<0.01) - $BRH T HERER
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H i 6% AN B ERAH 2t B R 895.8165.5
g (n=5)  JE &M B AR bR A BTSSR B EE
17 5 (F (2,41 =3.299, P<0.05) » Sheffe & k€
il R ER A AR B B & RV E E
6HEARM KM 2B ERHHEE ZR
(P<0.05) » ¥ U HH(E 42 7F o5 H B H 1
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BV EEER R > £ 30.8£8.6 hrs(n=5) o
BEGAEYGZYER 6% SHHERAEY 2
{15 15 15 38 3 2 IN7 [ 7 A 5% 0 £ 50.0£4.6 hrs
(n=5) » &Y T & B G T B e e R
i B I T e S 25 5 %88 (¢2=4.831, df=2, P=0.089)
(%2 -

= RYTREERER S B REHEZ

v

B R G B R R L T S R 2
VIR LA B 7 B (°=6.746, df=2, P<0.05) -
B2 ERCR RS 5 92.1x2.1%
(n=4) > FE R & BYHZY)VE & 6%H BAK K2
WPV LA RAR o £5 89.5£3.0% (n=5) - 4
B SRR L B A R R 2 B B IR
B2 5 %8 (42=9.035, df=2, P<0.05) » %} i 4H
.2 E A HHLAR RS - £ 77.3£8.1% (n=4) »
WRERYGYEE 6% AN K H 2 &
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% 2. AR FE RS GV B s 2 S2 A B R s R B BLE R - MR YIGE R R

Table 2. Food intake, fecal excretion, and gut retention time of captive Taiwanese macaques fed with

the diets containing different concentrations of condensed tannin. (quebracho powder)

Control 3% Quebracho 6% Quebracho
(n=5) (n=5) (n=5)
Food intake (g) 939.9+68.221 929.4+71.32b 895.8+65.5P
Wet fecal mass (g) 40.3+13.4 42.1+10.6 46.8+16.6
Dry fecal mass (g) 9.4+2.42 11.2+2.62b 12.1+3.3°
Number of feces 45+1.7 4.4+1.9 4.0+1.4
Passage time (hr) 25.2+4.1 24.0£3.9 30.8+8.6
Retention time (hr) 45.8+1.0 48.6x3.6 50.0+4.6

a |tems with different superscript lettersin the same row indicating the significance in the difference at P<0.05 (ANO-

VA with Tukey’s post-hoc analysis).
LR A HE 7= (M eant SD).
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Table 3. Digestibility of dry matter and crude protein in the diets containing different concentrations of

condensed tannin (quebracho powder) for the captive Taiwanese macagues.

. Control 3% Quebracho 6% Quebracho
Digestibility (%) X2
(n=5) (n=5) (n=5)
Dry matter 92.1+2.1t 90.8+2.0 89.5+3.0 6.75*
Crude protein 77.318.1 73.5+£5.8 68.9+8.8 9.04*

* Significant difference at P<0.05 (Kruskal-Wallistest).
LR AR HE 7= (Meant SD)

I =i Rl AT EVES
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BEAEH > REERHENAL S - MASG R
Yz ) e & 6% BRI R () 49 > & 275.4mg
FEVEHSEBR) S < EREHE N HA
A EERR B L R 2 Y E
Iz o GEER R O H A5k (Macaca fus-
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Abstract

The mycrohylid frog Micryletta steinegeri is an explosive breeder whose tadpoles live in still
watersin thetemporal zone. In this study we investigated the effects of temperature and water deprivation
on survival and development of the tadpoles. The results showed that the tadpoles could not survive
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for an hour at 25°C without water. They had the lowest tolerance to water deprivation among the
members of Microhylidae examined and of other anuran tadpoles coexisting in the temporary waters.
The optimal temperatures for the growth and development of the mycrohylid tadpoles with a mean
metamorphic rate at 38% were at 20°C and 25°C. The shortest tadpole period was 11 days at 25°C and
30°C. At 15°C the growth decelerated and the development ceased at the stage with protruded hind
legs; no tadpole stretched out fore legs to reach the metamorphic climax of Gosner’s stage 42.
Developmental periods of the tadpoles under different environments were compared, and the effects
of environmental factors were discussed.
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Fig. 1. Surviving periods (hours) of three species of microhylid tadpoles under water deprivation (number
of individuals = 12 for the control and each of the test species).
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Fig. 2. Surviving periods (days) under water deprivation for eight species of anuran tadpoles coexisting
in the temporary waters (number of individuals = 12 for the control and each of the test species).
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Table 1. Developmental periods (mean + standard errors) to four Gosner’s stages at four temperatures

(°C) for Micryletta steinegeri tadpoles (different letters a, b, c and d within a stage indicating significant

differences among the periods by Tukey’s test).

Stages Temperatures Days Ranges F Df P

15 21.0a+0.2 17-26
20 16.7b+0.1 13-18

31 831 3,131 < 0.0001
25 9.0c+0.1 7-11
30 8.3c+0.2 7-11
15 35.8a+0.2 32-39
20 20.5b+0.1 18-22

37 385.5 3,106 < 0.0001
25 10.3c+0.1 8-12
30 9.2d+0.1 811
15 38.1a+0.3 37-39
20 21.9b+0.1 20-24

41 285.5 3, 69 < 0.0001
25 12.3c+0.1 10-14
30 11.4d+0.3 10-13
15 - -
20 25.0a+0.1 21-28

42 1311 2, 59 < 0.0001
25 13.0b+0.1 11-15
30 12.2¢+0.3 11-15
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Table 2. Survival rates of Micryletta steinegeri tadpoles at four Gosner’s stages under four test temperature
(°C) regimes (different letters a, b, c and d within a stage indicating significant differences among the
survival rates by simultaneous confidence intervals).

Stages Temperatures Survivals Survival rates X2 Df P

15 27 0.30a
20 49 0.54b

31 831 3 < 0.0001
25 48 0.53b
30 35 0.39ab
15 15 0.17a
20 45 0.50b

37 385.5 3 < 0.0001
25 46 0.51b
30 27 0.30a
15 7 0.08a
20 39 0.43b

41 285.5 3 < 0.0001
25 36 0.40b
30 8 0.09a
15 - -
20 34 0.38a

42 131.1 2 < 0.0001
25 34 0.38a
30 7 0.08b

250 -

Numbers of tapoles

10 11 12 13 14 15 16 17 18
Days
S EFHMERESIRIT T SE P /NS EaRhs i RE e (Gosner 55 42 1) A 75 58 B ISF A S 70 A7
Fig. 3. A frequency distribution of the developmental periods (days) of Micryletta steinegeri tadpoles
to reach the metamorphic climax (Gosner’s stage 42) under outdoor conditions.
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Table 3. Tadpole periods of Micryletta steinegeri under different environments.

Environments Temperatures Water levels Food Tadpole periodY, days
Laboratory Fixed Stable adequate 11-28
Outdoors Unstable? Stable adequate 10-18
Thewilds Unstable? Decreasing Unknown 8-

¥ Number of days to reach the metamorphic climax (Gosner’s stage 42)

2 Daily air temperature fluctuation of 23.8° to 30.7°C.
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Fig. 4. Monthly average temperatures and water levels at the habitat of Micryletta steinegeri in Jiji,

Nantou, Taiwan, 2009.
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Abstract

Most of the insects preying on amphibians are aquatic forms that feed on eggs, tadpoles, or newly
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metamorphosed juveniles in water. In this study we found that adults and larvae of the terrestrial beetle
Epomis nigricans preyed on juvenile and adult frogs on land, whose sizes were usually bigger than those
of the beetles themselves. In the summer 2007, we surveyed the amphibian fauna of the Matsu islands
off the coast of mainland China, and observed three larvae of E. nigricans that preyed on adult frogs;
one attached on the abdominal body wall of Duttaphrynus melanostictus, one attached on the tarsal skin
of Hylarana guentheri, and the other one roamed on the ground. They were brought back to the laboratory
and bred in captivity, and their diet, predatory behavior, and life cycle were investigated. The results
showed that adults of E. nigricans preyed only on live frogs. For larvae at the 3 instar stages, each larva
attached on a live frog for feeding, detached from the prey in ecdysis, and then preyed on another live
frog for the next instar stage. In other words, alarva of E. nigricans requires preying at least three frogs
during its 3 instar stages for developing to the adult stage. In predation the larva attached on frog’s skin
with its mandibles and sucked the prey’s body fluids. The area attached became a festering lesion, in
some cases, resulting in loss of tissues or legs, or even in death of the prey. It took the larvae for 26.4 +
1.1 days at room temperatures (26-30°C) to develop from eggs to adults. E. nigricans has been also
recorded from Taiwan but its predation on frogs has never been reported. Further studies are required in

the field to better understand the predatory behavior of this species.
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B~ B PLEYE AR iR & (Toledo et
al.2007) » LUK R ST HIMERHEBY)  HR15 Toledo

] \\l

B 2R AR 2R T S A AN (R B B S AN R Y
KRR » SR AR AR O Bkt i = - 37
% [ HEFMEEN ) - 4136 & (platyhelminthes) ~
74 (gastropoda) ~ 7K (hirudinea) LI K £fi 5 )
1) (arthropoda) £ A i /& H I AEHY KL » Horr 3L
LIoKHE B & T o ) L1 B /= (Weells 2007) - i
IR R B BB RE - SRR 5 B HEFTZ i
PRI B e SR I > T R KR I AR e

(2005) % # 8 Re i 8 2 MEF HE B V) i e 1Y)
SCRREEUT » HRRICE ZA IR (4 48%) » HK
FARRTEF M H E #h(ih 25%) - iibERER) B
RS - (BH D17 E S5

AT mh R PE RV B g ELRRT B DAT &
R} (Carabidae) £ # 4 [H (Coleoptera) 4 & il H
(Adeohaga)ri » FREAE % HU—FL > Bk THE7D
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VB [ A% o [ Z o3 AT S 2 T SR £ i A It (Stehr
1091) - /2 Bl ik B 8 5 K5H » 2% B 2
£ 1 (polyphagous) it B ¥ » RMEIEH EIZ 5 b
w8 73 R KA A T8 i 2 1 (phytophagous) sl £ 14
(omnivorous) : [ %1 & Rl % 5 A & 14 (sarcoph-
agous) » H )RR 4 2R B A ~ I S A
I 25 %% (L 6vei and Sunderland 1996) - H fij L%
RSB - B RIEETBLTEE 7
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Catadromus lacordairei [% & (Littlejohn and
Wainer 1978) ~ Cicindela sedecimpunctata i &
(McCormick and Polis 1982) ~ Chlaenius
darlingensis % &% (Robertson 1989) -~ Epomis
dejeani % &5 Bil %) 5 (Elron et al. 2007; Wizen and
Gasith 2011) ~ E. circumscriptus [% & Eil 4/ 5
(Brandmayr et al. 2010; Wizen and Gasith 2011) »
LU B #4217 & Epomis nigricans fif &5 Bil ) &5
(Toshiaki 2006; cited in Elron et al. 2007)% -

RHF5E 2 B A% 1T & E. nigricans 73 4 i
GEAR ~ R~ SRS - HA ~ K
FITRE (#h 55 2003) » J&8 % J& ek 73 A I W) o 9K
1M > E BTG A B S AH AR S bR SE B Al A
B B TARHSE R AR B SR 20 0 B
fth bt st I {25 BT 0B 9850 553 C Bk (AR 1998) » H BRI
oM B A 3 B L SR T Z BRI o TR AT
FeRE IR IS B &I > DUEMER 77 2R
R E N R ATRE R > M SRR A
SEREEAT D ERET R B D 1T R R
B R ER A o

AR Tk

W I M L ]

HAMfE 2007 £ 7 A YL S 5 BT B
SRR IR AR - PO E S B R A Kt
0 BB 1 B AR O S S P ECORE (Hy-
larana guentheri) i) &I F 5 SRR L
) 7K Je J1E 1 1th Fit PR ) 52 HE i kR (Duttaphrynus

mel anosti ctus) i & K Fif i th 2% > 7R HR1G L&
FHIRIR S o B IEE A LY. 2 e ) e T e Bl e i 2
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FrE LY RAE R ONEE » FrHEEAL
% BRIV 1 Bpla o ROHEE Bk AT
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U T BB R A TP A - (U
IRAHC - BRI » T HUSERDNKL » DAtz
FEEAT B IT B BT ~ BRAT BB
ZHHBATFFEEA o

Jo8 e £ P R
1R 25 SRR BP0 25 5 20 17 b ol T
€ B4t B IERARYRE /1 (Toshiaki 2006) - [A 1t -
HAM B2 (it 5 I B o0 LY i (Fejervaryallim-
nocharis) Bl fij 1 75 FC /RdE (H. latouchii) /g fs
Tl 0 LABRES SUBRPEC BT RS SR © Lot > 15
TE—D TR B BRI - BT
fE e B S B SR A Al Re B RIS 8 A Y M
B DOEITRCE R B TEEIE » B EEE « 18
bimaculatus) ~ # 5 4% g% (Bl attella bisignata) ~
JRIk(Lycosasp.) ~ J it (Bradybaenasimilaris) ~
fEfE L e g (M eghi mati um billineatum) ~ {0/ V& fifg
15| (Bimastus parvus) ~ .4 fa (Poeciliareticulata)
B R ek R RE S5 o B B IR R 457 9 P Bl B R 3 K
Pl bz it L& - (AR E F> F iy g 2 56
WKy L H o B EN ) R S A% A P
7o
3 T R g 1l sk S W KR KR AL (B 2 P
RETT > FAM PR 5 R S8 RE R (3 e/ ik B 5k
BT R R 16 > FIFE PR 40cm ~ 7116
cm J s 28 em HASH W 18 2 KRBV
W e FiREkRERC NI R - HIIEH g4 El 3 K1
BB R B IEARS - MRIE I IEY)
HEAL » DOHIAE s P REsl B i KRB R -
RIFEER AT 7 16 KA - EERRE
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RSBV T 8 - FAMIBEH Sony Bifk =X i 2
PELURL MRS 2 T 850 - B H P H P sk B
R R E i BRI R

Sy £2 VAR

TES R B T » BAMBR 7 DL EdlEe
Rk B PE 2 VIR > 1 LI % AN Al AE
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TES Ek R ABR T A5 SRR - PR
AR RS AT 0 L tindha AU A - Hahsasw]
AL SN N TGS R GRS YNGR
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HRVH R KBRS H R 1 B B2
& 0 Ll b a2 RS A R K BHE 3~4 KFH(n
=24) - (HE] 3N & - HAEKEE 1~2K(n
=14)A1n] 2R 5 1Ay S st IR AT R 5
4mm (n=10) - [fi{E 3B - fHR
E R 19~21 mm (n = 6) 3 #%tin I 2h & (eI &
Ry kiEimaidd - BRGNS 1
K&k 2 3 v i ad it AR R - HERSSETCHY
IR KWIRLIR 73 I % 25, 40 k2 50 mm (% 1) -
Srpth FHUER N s R R - H G RNE

B RELRBR TR B 1 5 A I B R AR T A Y
5z > HIRTREE SRR RR 5 R HEEDE A
# o BRI o @ RN L s i
R SR - Rithass iEL SN 3L AR 1
BRI 2 HWE AR HE
BUERRIE T - SR s sl - Sha A IR ER
HIRBHTEY) 5 R R )@ R e
SEC - B s oK L B B 5 B TR &)
B RARGEIAR -

1 PEIR 26~33C T » BT & & tin W1 4h st R SR P R U LR R B~ IR TR A RE K
L LSRR i KB R (RN B A UR R A -

Table 1. Feeding durations and body lengths of Epomis nigricans larvae at the 3 instar stages under
laboratory conditionsat 26°-33°C , and the maximum sizes of the preys (frogs) killed (sample sizesin parentheses).

Body lengths, mm

Instar stages Feeding Maximum sizes of
a0 durations, days pre-feeding post-feeding frog killed, mm
1st 3-4(24) 4(10) 12-13(10) 25
2nd 2-3(18) 10-11 (9) 17-19 (8) 40
3rd 1-2(14) 14-15 (8) 19-21 (6) 50
R AT b AL TG B SaalEE 1EL E(n=7) -

1 (26~30°C) I » H %k D17 & IE A
i) 72 22 B P TR IRF 1] > RIS JRIRY 26.4 £ 11K
(n=10) - JRHY#E HIEH EE - 2955 4 K(n
=54) o H)ak#E MR TP EFCE 3 (H s -
A 2% Hin JTH] - S e P e e 3 SR S A
WERZ 3 2tk - MEHTEES —{EH - FrLIE
A gkt - BEEBLS T REDHMK
VIR 3 M FH (AR A RESE ARG B © Hrfiin
YA kB 1 — SR A RE R U R B 1~4
RANGE - H AR IR 1 2 i 01 o A A
e S LUK fim 4 k) L R ) B R e PR
1R AVATEEBRIRPI (3R 1) o % i 4 ad (£ HL R BE
HER ME R % - B A P FIn ROE W = -
B 1% 10~11 K (n = 10) » M{LR AR5 3 K
BICHH G B (n = 1) o Akt & 1 B 22

#* %

L RPAT R mh B N B AT R EEERY
KA ERY) » W Hp e e B & nsec-
ta) ~ WkHZAf (Arachnida) ~ & i #il(Gastropoda)
55 JE 4 (1 sopoda) B i ] 55 4 45 A Bl ¥ (L bvel and
Sunderland 1996) » Ll J 32 15 8058 1 1Y) #5 #E 8
Py (LittleJohn and Wainer 1978) o i A & i fils 52
AIRN > B D AT mb Al b I A B A A B S A
BH—M > FReM R R BREAKRA S
RUZWERA o 5y FH 52 ol e 15 15 V58 0 T o
(I - I B R A R & AT RE A SR YY)
WIHETST AT @ FS TR SRR IhAs - LEhdE
e e B R Y (Love and Sunderland 1996) -
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Toshiaki i 2006 & 7+ H 4 H #8445 20.4 mmi
AR AT mh A (EAE AR WAL £ 36.0 mmiy
M 3E 7R iE (Pel ophylax nigromacul atus) i 8 - it
SREZ MRS A S K2 Rl » (HANHRILE RS B -
e SR IR RERH T > — ik A B MEE W) - AU
L NEIRCT ) ARUR /&Y d AP HIEVNEDE
P o SRIMET 2 MEEMEBH V) AIRE BE A =R ~ 48
SEERR R T WREBAHE BRI
(Toledo et al. 2007) » 7f it 2 = HARY W B AH A 25
W o ESRER AT {5 1 A IS 10 A B B k01T
b > HANE [ B BUE P 1T &4 (Pheropsophus
javanus) B/ N g £ 4E A & (P. occipitalis) il &k
ZOKESB PR CTT » B4 [FEK B R T
B BRI A B B -

H kLT B ER B > Chlaenius J& > 1M
Epomis £ 5 i) — {li 51 /& (subgenus) 2R >
Brandmayr et al. (2010)# i 745 2 RE R ERSS
RS Epomis 4k BEF KSR S > AT RE Bl
RIEERARIT R AR » HHEPRESE f i
i RS 2 82T+ @I 7 B ) - BT RE
Al bl ERVEAL > BRE 1T Rh BB Rl &
TEf R RARAT 5 L SE B — 1% - H Al
FE N Epomis @1 A 1T st MK A 20 BRfE - £
205 A7 i3 3 P i 3 [ (M editerranean region) ~
ditlE(Paearcticarea) » Lk FEIH | (Brandmayr
etal. 2010) - H Fij{#% 41 3 ff Epomis/& &) &4 B
AR RO R - HLEE ARG 7 B RS H A ke
LLta %1 3h [ (Elron et al. 2007; Brandmayr et al.
2010) » Hrp > E. dejeani ifjik - E R WILE
711 12~33 mm )i A5 {[E & (Elron et al . 2007) -
AR BFIVEBISREE ORISR 2 S 0wl R KA RO
# o FIRP) 53 A5 20 mm i) 2 IE # ik K 60 mm
FE T8GRI » AN TE & R AR RZ AR BB i AT L
FHE 2 WS RERY/ N - AT R B 50 1T 8 0
RHEIEH S E R BV -

HiFx AT BB RIEE B - (5
FIFTEREA RER R BLEE R » BTUERANRRERY (1
JE SR S Al > 38 BRI A s B — P B TR

ARG AT RN

VIR E — 'R H R # > (K Toledo et al.
(2007) i KL 7 R B 4 B —fi B & (temporary speci-
alized predators) o KE7 HAT w52 BN E
THHEME®KREHE— 148 8w (liquid-
feeding) (L6vei and Sunderland 1996) - A £ »
BB BRI RIS > BERHA LB R TE A
WY > FRHRRA R » 836 A H % 34
W mlEAbE > Atk rgEE T T Ml R
FERNTHREE K2 R RIERE R T » BVATFI A Mk
B8 AR A Y) (Cohen 1995) - Brandmayr
et al. (2010) ¥} [Al i i & HEXEAY E. dejrani J¢ E.
circumscriptus i 5 LU F i B AT R R -
B L i S kPR 5 S e RS SR T R R BN > B
] € ANl LIRE ) 2 s IR £ 4 25 AR IR
HE (ectoparasitic habitus) ; MA@ E 2 2 #h
3nlRs > 2 BUE RSB A H R SRR Eh 1T 5
ST FF] A S ST B e AL AR > L IR AR A 4
(predation)fR7E - ATCESR F kD1 T RS R -
[Tk thA H B R RIS s p A DR SR - Hfe
Sk B LUK A RS - s (£ B
I 10 EDRRBA K50 - JEH A 5 B S R
% o QI VA BRI RE R BN R S
— IRV o GRS A R R N2 4
b B IR I - ol R 1R A5
BEIIEAE - Wit > Bt fRER I CIE
ey &Y - B0 BRI 4 & EHRD)
FE R 5 & R MUE RV 8 C 2
] > dhadfy T HRECEHE > (ERE 4R R R
B G K5 DU R V) A AR B SR 5 72 L[]
IR > S ek th B 78 LA RIRdE - &
15 A AT e ) e AR W) A i 71K T8 1 0 5 L e R
2 DUE B8 A B 6 v Ja g T E 15 A (R ) S
1% & (fitness) o

EATE SRR ZEH - M LB Rt a Y
Hn A E AR - YN H £ A a K IR 26
K> A S Ed E. dejeani #H{LI(Elron et al. 2007) -
SRIM - BPAMERE R B B R > HERIM U
= O R IRY) » HEREE R E R P
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It o 5 St B O R [ e B B - i
T EL A A ) i AT Ll i 25 5008 L Ry J
B o DRIIEL » ol ek 7 D13 ) 328 432 5 i BAL MR JE IR A
B - ATREE ISR T Whed H i S HORY)
HIREr - AWHFERA K H EHEYE - & HEE
HEM > BREIA B A TR AR SRAHE 5
BRARRERT 5 AL > HSEZMh IR B Z R IROK
F oo EitE RARE I ENROKE » BREFT
% & X E Kt - R £2 1 e RE R 4 1 B il 35
s o (RGO R R B k20 AT e AT R B G
IREE o 2F 3 EE H A R RC Sk s - i
AR ZP I SRR L i > B B A RS B
SEESHY R R R AT B > B E R R Y
(HFREE 1963; Toshiaki 2006; Yahiro and Yano
1997) o 5 17 5 e S8 911 5% B 52D AT ®hi AT RE
g3 AT A (PR S 2003) » {H H Aij I i B ER A PR
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Retrospective analysis of the causes of morbidity of wild
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Abstract

A retrospective study was conducted to determine the causes of morbidity of wild Formosan pangolins
(Manis pentadactyla pentadactyla) and to evaluate the results of their treatments. During the period
from 1993 to 2009, 117 morbid pangolins were admitted for treatments at the Wildlife First Aid Station
of Endemic Species Research Institute, Taiwan. Most of them were from Nantou County (42.7%) and in
April to July (53%). Their ages and sexes were identified for 99 cases; adult males occupied 55.6%. The
numbers of the pangolins admitted were positively correlated with monthly average temperatures and
precipitations. Trauma was the major cause accounting for 51.3% of all admitted cases; other causes
were healthy animals but incautiously caught by people (17.1%), malnutrition and emaciation (16.3%),
juveniles (6.8%), disease (3.4%), and unknown (5.1%). About 70% of the traumas were caused by gin
traps. After the treatments 60.7% were rel eased to the wild, 35.0% died or euthanized, and 3.4% crippled
and kept in captivity. The trapped pangolins usually had high mortality rate and poor prognoses. In many

cases they needed amputation to save their lives and were unable to be released to wild later.
BRG] : 221U~ B~ B - BRER

Key words: pangolin, morbidity, trauma, gin trap
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Fig. 1. Frequency distributions of body weights of male and female morbid pangolins admitted to the
Wildlife First Aid Station of Endemic Species Research Institute, Taiwan, 1993-2009.

# 1. [ 1993~2009 H5¢ A A V)W TR B H0 5 AR B V) 2ok B e i 3 2 1 1) R 2 AR U R i B B -
Table 1. Number by county/city of morbid pangolins admitted to the Wildlife First Aid Station of Endemic
Species Research Institute, Taiwan, 1993-2009.

Country/City Number %
& R Nantou 50 42.74%
H g Taichung 14 11.97%
TR Hsinchu 12 10.26%
= Chiayi 11 9.40%
T O5E B Miaoli 6 5.13%
5 i Bz Kaohsiung 6 5.13%
E kR Yunlin 5 4.27%
=Eal il Tainan 4 3.42%
it & B Hualien 3 2.56%
& At Taipei 2 1.71%
% 1t & Changhua 2 1.71%
B iR Taitung 1 0.85%
S Pingtung 1 0.85%

B Total 117 100%

s
CE
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Number

1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

Year
sl 2. 5 1993~2009 55 H £V 52 0/ B O B £ Bh ) SRk B B 22 | 11 FH .2 S B oy A [
Fig. 2. Annual numbers of morbid pangolins admitted to the Wildlife First Aid Station of Endemic Species
Research Institute, Taiwan, 1993-2009.
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Fig. 3. Mumbers of morbid pangolin admitted by months to the Wildlife First Aid Station of Endemic
Species Research Institute, Taiwan, 1993-2009.
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Fig. 4. Numbers of male and female morbid pangolins admitted by months to the Wildlife First Aid
Station of Endemic Species Research Institute, Taiwan, 1993-2009.
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Fig. 5. Numbers of adult, subadult, and young pangolins admitted by months to the Wildlife First Aid
Station of Endemic Species Research Institute, Taiwan, 1993-2009.
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Fig. 6. Monthly average temperatures and precipitations, and monthly numbers of morbid pangolins
admitted to the Wildlife First Aid Station of Endemic Species Research Institute, Taiwan, 2001-2009.
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Fig. 7. Percentage compositions of the causes of morbidity (Ieft figures) and trauma (right figure) of 117
pangolinsadmitted to the Wildlife First Aid Station of Endemic Species Research I nstitute, Taiwan, 1993-2009.
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Fig. 8. Percentage composition of the outcomes of 41 trapped pangolins after treatments at the Wildlife
First Aid Station of Endemic Species Research Institute, Taiwan, 1993-2009.
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Effect of Stress from Cage Transfer on Fecal Corticosterone
Concentration of Collared-Scope Owls (Otus bakkamoena)
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Abstract

Corticosteroneis secreted from adrenal glandsin response to environmental stress and/or emotional
arousal. It isregulated by hypothalamic-pituitary-adrenal axis (HPA axis). Its measurement with the non-
invasive technique has become an important tool for assessing environmental or other stress in wild
animals. In this study we used 14 collared-scope owls (Otus bakkamoena) as test animlas. They were
caged together for more than six months and then transferred into individual cagesfor 21 days. The fecal
samples were collected during the pre-transfer period and post-transfer period. Fecal corticosterone
concentration was measured with EIA. The food intake was recorded during the post-transfer period.
The results showed that a peak corticosterone concentration was found within first 2 days after transfer.
All owls showed poor food intake, indicating that the cage transfer caused stress on the owlsfrom handing,
examining, and change in cage environment. The fecal corticosterone concentration decreased gradually
on thethird to sixth day after transfer in response to diminishing in the stress effect. Food intake gradually
recovered. The mean corticosterone concentration decreased to a baseline level on the eighth to the



258 Collared-Scope Owls

twenty-first day after transfer, that was only a third of that prior to transfer. It is concluded that the
collared-scope owls needed 6 to 8 days after cage transfer to adapt to a new cage environment.
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Introduction

Environmental stress may cause physiological
stress of animal, often resulting in sickness or
even death (Wasser et al. 1997; Del Hoyo et al.
1999). As abody experiences the stress, adrenal
gland secretes glucocorticoids. There are two
kinds of glucocorticoids: corticosterone for birds
and rodents, and cortisol for mammalians such
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as primates and carnivores (Walsh et al. 1985;
Touma and Palme 2005).

A non-invasive technigue has been devel oped
to assay corticosterone concentration in feces. It
has become an important tool for measuring en-
vironmental stress of wild birds, particularly for
endangered species. The method can get acorrect
physiological datawithout puncture to the birds.
It has been also used in assaying glucorticoid con-
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centrations in many of other animals (Toumaand
Palme 2005). It has excellent practicability, high
accuracy, and many other advantages. It does not
need to useinvasive collection of blood that affects
animal welfare (Goymann 2005; Toumaand Palme
2005).

It has been known that there is a positive
relationship in corticosterone level between serum
and feces (Dehnhard et al. 2003; Ludders et al.
2001), Furthermore, glucocorticoid concentration
in owl’sfecal samplesarefound to be more stable
than that in the urine samples (Wasser and Hunt
2005). Therefore, the measurement of fecal cor-
ticosterone concentration has been used in
investigation in the fields of ecology, reproductive
biology, and conservation (Wasser et al. 1997;
Dehnhard et al. 2003). Up-to-date, effect of stress
caused by cage transfer for captive wild-birds has
not been well understood. Wasser et al. (1997)
first used the non-invasive method to measure
physiological stress from disturbance on the
northern spotted owl.

In this study we used the non-invasive method
to investigate the effect of stress caused by cage
transfer on fecal corticosterone concentration of
captive collared-scope owls. The objectiveswere
to determine whether the fecal corticosterone
level of the collared-scope owl is quantifiable,
and to understand whether the stress of cage
transfer affectsthe corticosterone level. Theresults
obtained may be useful in wild animal’s husbandry
and also provide us an observatory period required
for the owl in cage transfer to adapt a new cage
environment.

Materials and Methods

The collared-scope owl (Otus bakkamoena)

isasmall nocturnal raptor, belonging to thefamily
Strigidae of the order Strigiformes. Itisacommon
resident bird in Taiwan and adapts to live with
people. The collared-scope owls are catal ogued
as a rare and specious species by the Wildlife
Conservation Act of Taiwan.

We used 14 captive collared-scope owls
which received medical treatment at Wildlife
Clinic Center, Taiwan Endemic Species Research
Institute, as test animals. They were 8 males, 5
females, and 1 unknown sex with body sizes
ranged from 23 to 25 cm and body weights from
164 to 188g.

Prior to the experiment, all of the owlswere
housed together in four common cages for more
than six months. Then, each of the owls was
transferred to an individual cage of 70x50x115
cmd. Itsbottom was placed 70 cm above the ground
for collecting feces without interference on owls.
A horizontal tree branch was placed inside 25cm
above the cage bottom to provide the roosting
place. Food and water were placed on the bottom
of the cage. The experiment was conducted at
room temperature of about 25°C under natural light.

The experimental period was from October
to November. At the beginning of the experiment,
each owl was given a physical examination, and
then, transferred into an individual cage on 17
October. Its feces was collected and fresh diet
was given daily. Otherwise, there was no other
disturbance on the test animal.

A total of 18 fecal samples were collected
randomly from the owls from the common cages
in October during the pre-transfer period. After
transfer, fecal samples were collected from each
of theindividual cagesat 08: 00 to 10: 00 AM on
the 1st, 2nd, 3rd, 4th, 6th, 8th, 10th, 14th, 17th
and 21st days. We collected all feces on the cage
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bottom, excluding white urine. When collection,
no matter how many feces on the bottom, we
collected all feces and classified to become a
sample. The samples only separated into which
owl and which day. Then, the fecal samples
collected weredried at 55°C and preserved at-20°C,
the weight was varied from 2.275g (maximal) to
0.01g (minimal). When extraction, the samples
did ran out on one-time extraction, and corticosterone
was extracted with 80% ethanol (Wasser et al.,
1994; Wasser and Hunt 2005), and the volume of
ethanol was 3-fold sample’s volume. The cortic-
osterone-ethanol solution was centrifuged, and
the supernatant was collected. The above extracted
steps were repeated twice. Then, solution dried
at 55°C, and recovered with the buffer of the Cor-
ticosterone ELIA Kit (Assay designs, Inc., Ann
Arbor, MI), the recovered buffer volume was
sample’s weight and finally preserved at-20°C to
wait assayed. The corticosterone concentration
was assayed with the Enzyme-linked immunoassay
(ELIA) method with the Corticosterone ELIA Kit
(Assay designs, Inc., Ann Arbor, MI).

Data of fecal corticosterone concentrations
were expressed as mean * standard deviation
(Table 1, 2). Student t-test was used to compare
the corticosterone concentrations between the
pre-transfer period and the post-transfer period.
Analysis of variance (ANOVA) was used to
determine significance (P< 0.05) of transfer stress
on the eighth, tenth, fourteenth, and twenty-first
days.

Results

The corticosterone concentrations of 18 fecal
samples collected prior to transfer were 158.9 +
63.1 ng/g with the range of 69.9 to 239.3 ng/g.

Collared-Scope Owls

After transfer thefecal corticosterone concentrations
rapidly increased to a peak on 1st or 2nd days
after transfer (Fig. 1). The highest concentration
wasdetected mostly onthe 1t day. The concentrations
of these two days were 359.4 + 139.4ng/g with a
range of 139.4t0 591.8 ng/g (Table 1). The mean
concentration after transfer was 2.3 fold higher
than that of prior to transfer. Twelve owls excreted
their first fecesin the first two days after transfer,
and remaining two owls excreted on the 4th day.

Then, thefecal corticosterone concentrations
gradually declined and stabilized at a low level
on 8th day, indicating the adaptation of the owls
to thenew cages. Therewasno significant difference
in the mean concentration between pre-transfer
and post-transfer periods on the 3rd to 6th days
after thetransfer (Table 1). The mean concentrations
from 8th to 21st day were significantly decreased
and lower than onethird of that of the pre-transfer
period.

Amounts of food consumed by the owls
during the post-transfer period are shownin Table
2. They varied from none feeding, common feeding
to high feeding. All owls showed poor appetite
on the 1st day; 7 owls had none feeding, and 7
had common feeding. There was none of high
feeding. The poor appetite continued to 6th day
and get better on 7th day. All owls ate well on
10th day and after.

Discussion

When birds are under environmental stress,
corticosterone is secreted from adrenal glands.
With it also fecal corticosterone concentration
increased (Wasser et al., 1997; Hischenhauser et
al. 2005). When northern spotted owls (Strix
ocidentalis caurina) had the stress induced with
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Table 1. Fecal corticosterone concentrations of collared-scope owls during the pre-transfer period and
post-transfer period.
1. PR A 55 A HE RS BE A 1R Y K2 B s R A L o

Corticosterone Pre-transfer Post-transfer period (day)
(ng/g) period 1st-2nd 3rd_gth 6th gth 10th-14th 17th-21th
mean concentration  158.9 359.4* 2224 201.5 80.7* 69.1* 55.5*
standard deviation 63.1 139.4 86.4 159.9 51.9 34.0 30.5
number of samples 18 16 10 10 12 23 23

* P<0.05 (paired t-test)

Table 2. Food intake of collared-scope owls after transferring to individual cages. (none, no food intake;
high, food intake at 70% by our provision; common, between none and high; number under the feeding

condition, number of owls)

% 2. i HAN AR RGNS HER ML - Hrh "None” RopiER - "High” RR¥ AR
frary R R B 70% . "Common” XA R - (HERAKEE "high” AUREREE - FERE

BRI R -

Days Food intake Days Food intake
after transfer None Common High after transfer None Common High

1 7 7 1 0 5 9
2 1 12 1 12 0 5 9
3 3 7 13 0 2 12
4 2 1 11 14 0 8 6
5 2 9 3 15 0 5

6 1 1 12 16 0 4 10
7 0 6 8 17 0 2 12
8 0 6 8 18 0 6 8
9 2 6 6 19 0 11 3
10 0 0 14 20 0 5 9

ACTH stimulation, the highest fecal corticosterone
concentration was found at 12 h postinfusion.
After punctured ACTH, their fecal corticosterone
concentrations increased within 2 h postinfusion
and an 3foldincrease at 12 h postinfusion (Wasser
et al. 2000). In our study the corticosterone con-
centration of collared-scope owls had a peak on
the 1t and 2nd day after transfer with a 2.3 fold

increase (Table 1), fairly similar to that observed
for northern spotted owls by Wasser et al. (2000).
Theresult of this study suggested that the collared-
scope owls suffered with stress from cage transfer.

Cage transfer stress on captive wild-birds
has not been well understood. Wasser et al. (1997)
collected the blood and fecal samples of northern
spotted owlsat Woodland Park Zool ogical Gardens.
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Theresults showed that both blood and fecal cor-
ticosterone concentrations had an acute increase
after transfer and then returned to baseline level
gradually. The similar case wasfound in our study;
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Collared-Scope Owls

the fecal coticosterone concentration increased
rapidly on the first two days after cage transfer
and then decreased gradually to astable concentration
level on the 8th day (Fig. 1).

0 T T

0 5 10

15 20 25

Transfer Days

Fig. 1. Fecal corticosterone concentrations (solid circles, means; vertical lines, standard deviations) on
1st day to 22 days after cage transfer. Y = 445.509 - 67.945X + 3.768X2 - 0.068X3 ; r2 = 0.615.
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The ad lib feeding models was used in this
study. “High feeding” is defined as a good food
intake, “common feeding” as normal food intake,
and “none feeding” as anorexia (Table 2). None
feeding was observed on the first day when a peak
concentration of fecal corticosterone was detected
(Fig. 1). Then, the owls were gradually adapted

to the new cage environment. With it the
corticosterone concentration gradually declined
and food intake improved from 3rd to 6th days.
The corticosterone concentration decreased to the
baseline level on 8the day, while the food intake
returned to common or high feeding after 6th
days. The results of our study found that the
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response in cage transfer-induced stress was in
correspondent to the changein food intake. After
the corticosterone concentration decreased to
baselinelevel, thefood intake al so returned normal
at the same time. It took 6-8 days for the captive
wild owlsto return normal from the cage transfer-
induced stress.

Because of old cages were used to house
several owls together prior to transfer, we were
unable to collect fecal samples from each of the
owls. When the mean fecal corticosterone con-
centrations of pre-transfer period when the owls
were caged together were compared to those after
transfer when the owls were caged individually,
we found that the concentrations on the 8th to the
21st days after transfer were only athird of those
prior to transfer. This may be attributable to two
reasons. Firstly, the collared-scope owl is a
territorial bird, and competes for foraging and
survival (Carere et al. 2003). Prior to transfer,
several owls were housed together in old cages
that they competed for theterritories. After transfer,
each of the owlswas housed in an individual cage
that wasfairly similar to anatural condition with
independent territory. In other words, in the period
prior to transfer, the owls already had the stress
from competition for the territory, and thus, the
corticosterone concentrations were higher than
the baselinelevel on 8th to 21 th days after transfer.
Secondly, thelower concentrations on the 8th-21st
days might be due to individual difference or the
HPA axis negative feedback. Carere et al. (2003)
showed that there was correl ation between territorial
behavior and fecal corticosterone level in great
tits (Parusmajor); someindividualswould restrain
the corticosterone secretion through HPA axis
negative feedback. It is a body’s protective
mechanism for regulating the adrenal cortex

activity after excitement and for avoiding del eterious
effects after high secretion of corticosterone by
stress (Kitaysky et al. 2001).

Conclusion

Thetrend of the changein fecal corticosterone
concentration during the post-transfer period may
be divided into three phases: (1) the acute increase
phase on the 1st or 2nd day after transfer; the
fecal corticosterone concentration reaches to a
peak level, (2) the gradual decline phase on 3rd
to 6th day; the corticosterone level gradually
decreased from the peak level and the owls started
to adapt the new cage environment, and (3) the
stabilized phase on 8th-21th day; the corticosterone
concentrations decreased to a new baseline level;
the owls have adapted to the new cage.

This study first demonstrated that the stress
of cagetransfer can be shown on thefood intakes
of the birds. After the corticosterone concentration
decreased to baseline level, the food intake also
returned to normal at the same time. It took 6-8
days for captive wild owls to adapt new cages
after stress induced by the cage transfer. The
individual differencein corticosterone concentration
may be dueto individual differencein adaptivity
or in physiology, particularly in HPA axisregulation.
A further research is needed in the future.
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Abstract

This paper describes and illustrates a new record of hypogeous fungus, Hymenogaster arenarius

(Basidiomycota), from Cyclobalanopsis glauca forest of Taiwan.
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2. V)EIEH o A TEHBE ;B YJHE o IR =1cmo
Fig. 8. Fruit body (A) and section (B) of Hymenogaster arenarius (bar length = 1 cm).
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Notice to Contributors

|. General Guides:

1.

The Taiwan Journal of Biodiversity is published quarterly (January, April, July and October) by
the Endemic Species Research Institute, Council of Agriculture. The journal is an academic
publication that welcomes the submission of manuscripts of various biological disciplines in the
field of biodiversity. The manuscripts are limited to original work previously unpublished in any
other journal.

. Thejournal accepts manuscriptswritten in either Chinese or English. Submit 3 copies of manuscript

by mail to the Editor-in Chief, Endemic Species Research Institute, No.1, Ming-Shen East Road,
Jiji, Nantou 552, Taiwan, or by online in WORD format to the e-mail address: tjbd@tesri.gov.tw.
However, the original high quality photos should be sent by mail.

. Manuscript submitted will be sent to at least two referees in the field of its specialty for peer review

and comments. Revised manuscript will be reexamined by the Editorial Board. Author(s) are
responsible for proof correction of the printer’s copy to ensure accuracy.

. Corresponding author is required to sign a Copyright Transfer Agreement for the paper accepted

for publication to the journal publisher, the Endemic Species Research Institute.

. Fifty reprintswill be supplied free of charge to corresponding author once at the time of publication.

[I. Manuscript Preparation:

1

Manuscript should be written in a sequence of 1) Title, 2) Authors full name, 3) Author(s) affiliations(s)
and address(es), 4) Abstract, 5) Key words, 6) Introduction, 7) Materials and methods, 8) Results,
9) Discussion, 10) Conclusions, 11) Acknowledgements, 12) Literature Cited. Of them 1 to 5 should
be written in dual languages, Chinese and English.

. Cover page should contain title of manuscript, author name(s), author’s(s)) affiliation(s), corresponding

author’s name, telephone number, fax number and e-mail address, and a short running title.

. Title should be lessthan 30 words. Capitalize thefirst letter of each word except articles, conjunctions

and prepositions.

. Author’s name should be first name first followed by surname. For multiple authors, use commato

separate the names but the last two names by “and” .

5. Running title should be less than 50 letters including spaces.

6. Abstract must be a single paragraph not exceeding 500 words.

7. Key words should be no more than 5 words.

[11. Manuscript Format:

1

Manuscript must be typed using standard software (Microsoft Word) with top, bottom, left and
right. Mark page numbers on the bottom.



2. Manuscript should be typed in auniform character size. There is no need to differentiate paragraph,
title, subtitle or contents by using large or small characters.

3. Measurements should use International System of Units (kg, mg, km, m, cm.... etc.). All numerals
or quantities should be expressed in Arabic numbers. Yearsin the text should use A. D. universally.

4. Figures and tables in the text should be sequenced by Arabic numbers (e. g. Fig. 1 and Table 1). Both
graphs and photos use same “Fig.” designation.

5. Common name of an animal or plant that appearsin title and first appearsin abstract and text should
be accompanied with scientific name. All scientific names in manuscript should be italic.

6. When citing a reference in text, use surname and year, e. g. (Clough 1998) for single author, use

“and” to link authors, e. g. (Pimm and Gittleman 1992) for double authors, and use “et al.”

e. g. (Baker et al. 1996) for multiple authors. When citing multiple references, separate them with
semi-colons in a chronological order.

7. Using the following system for arranging references in literature cited.

For journals:

Clough, B. 1998. Mangrove forest productivity and biomass accumulation in Hinchinbrook
Channel, Australia. Mangroves and Salt Marshes 2: 191-198.

Pimm, S. L. and J. L. Gittleman. 1992. Biodiversity: Where is it? Science 255: 910-940.

Baker, C. S., F. Cipriano and S. R. Palumbi. 1996. Molecular genetic identification of whale and
dolphin products from commercial marketsin Koreaand Japan. Molecular Ecology 5: 671-685.

For books and symposiums:

Soule, M. E. and B. A. Wilco. 1980. Conservation biology: An evolutionary-ecological approach.
Sinauer Associates, Sunderand, M assachusetts.

Jinchu, H. and W. Fuwen. 1990. Development and progress of breeding and rearing giant pandas
in captivity within China. pp. 322-325. In: H. Jinchu (ed.). Research and progress in biology
of the giant panda. Sichuan Publishing House of Science and Technology, Sichuan, China.

8. Table should be typed on a separate sheet and be headed by atitle of dual languages (Chinese and
English). It consists of only horizontal lines and typed with English terms (if possible) and Arabic
numerals. If foot notes are required, mark with superscripts?, ?, ", *, etc.

9. Figure should be drawn with black ink on a separate white tracing paper with afigure legend of the
dual languages below. Computer graph made from laser printer is acceptable.

10. Photograph should be a glossy black and white shot with sufficient resolution to be clearly legible
after reduction. When multiple photos are employed, the author should arrange them in plates.
Micrographs should include bars indicating scales of magnification. Photos should be pasted on
white A4 paper loosely with the figure legend below.
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