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Abstract

It has been previously shown that over 60% of exotic species of birds in Taiwan were originated
from house pets. Most of them belonged to the families Sturnidae, Estrildidae, Cacatuidae and
Psittacidae, of which estrildid finches were most common for sales in pet stores. The objectives of this
study were (1) to investigate the current sale status of estrildid finches in pet stores in the northern,
central, and the southern regions of Taiwan, February to September 2004, (2) to review field records of
these bird species, and (3) to determine the relationship between the sales and the records. There were 28
exotic species of the estrildid finches sold in 130 petstores out of 146 investigated. The five most
common species were the Java sparrow (Padda oryzivora), the Bengalese finch (Lonchura domestica),
the zebra finch (Taeniopygia guttata), the Gouldian finch (Chloebia gouldiae), and the long-tailed finch
(Poephila acuticauda). Based on the field records, there were 11 exotic species of estrildid finches that
had been found in the wild. They were the Java sparrow, Bengalese finch, red avadavat (Amandava
amandava), white-headed munia (Lonchura maja), white-throated munia (Lonchura malabarica),
chestnut munia (Lonchura atricapilla), orange-cheeked waxbill (Estrilda melpoda), zebra waxbill
(Amandava subflava), zebra finch (Taeniopygia guttata), common waxbill (Estrilda astrild), and black-
rumped waxbill (Estrilda troglodytes). Numbers of the Java sparrow, the zebra waxbill, and the red
avadavat sold in the pet stores were significantly related with the regions of Taiwan. For the five most
commonly species sold, the Java sparrow was the only species that have been recorded in the wild every
year, suggesting that it has established a natural population in the wild. For the other four species, there
were only two field records of the Bengal ese finch, and no record for the zebra finch, Gouldian finch, and
long-tailed finch from 1999 to 2003. Apparently, natural environments of Taiwan are not suitable for

these four species of exotic estrildid finches commonly sold in the pet stores to propagate in the wild.
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Table 1. Sales of exotic estrildid finches in Taiwan and their native ranges

Numbers  Numbers
Selling
Common names Scientific names of of Native ranges’
ranks
individuals  stores

1 Java sparrow Padda oryzivora 7975 125 Southeast Asia
2 Bengalese finch Lonchura domestica 3068 89 Avrtificial breeding
3 Zebrafinch Taeniopygia guttata 2072 89 Africa

4 Gouldian finch Chloebia gouldiae 1404 95 Australia

5 Long-tailed finch Poephila acuticauda 439 58 Australia

6 White-headed munia Lonchura maja 256 20 Southeast Asia
7 Chestnut munia Lonchura atricapilla 193 16 Southeast Asia
8 Pin-tailed parrotfinch Erythrura prasina 156 5 Southeast Asia
9 Common waxbill Estrilda astrild 149 16 Africa

10 Orange-cheeked waxbill Estrilda melpoda 132 23 Africa

11 Star finch Neochmia ruficauda 126 19 Australia

12 Blue-breasted cordonbleu  Uraeginthus angolensis 112 4 Africa

13 Zebrawaxbill Amandava subflava 42 5 Africa

14 White-throated munia Lonchura malabarica 26 7 South Asia

15 Red avadavat Amandava amandava 23 9 Southeast Asia
16 Crimson-rumped waxbill Estrilda rhodopyga 19 6 Africa

17 Green-winged pytilia Pytilia melba 17 3 Africa

18 Green-backed twinspot Mandingoa nitidula 10 3 Africa

19 Cut-throat finch Amadina fasciata 4 2 Africa
20 African quailfinch Ortygospiza atricollis 4 2 Africa
21 Jameson's firefinch Lagonosticta rhodopareia 3 2 Africa
22 Black-rumped waxbill Estrilda troglodytes 3 1 Africa
23 Black-tailed waxbill Estrilda perreini 2 2 Africa
24 Black-throated finch Poephila cincta 2 1 Australia
25 Masked finch Poephila personata 2 1 Australia
26 Purple grenadier Uraeginthus ianthinogaster 2 1 Africa
27 Cinderellawaxbill Estrilda thomensis 1 1 Africa
28 White-capped munia Lonchura ferruginosa 1 1 Southeast Asia

&Clements (2000).
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Fig. 1. Numbers of exotic species of Estrildidae sold in the three regions of Taiwan.
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Fig. 2. The percentage of pet stores selling the three exotic species of estrildid finchesin the
three regions of Taiwan.
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Table 2. Results of Chi-square analyses for 13 exotic species of Estrildidae

Selling ranks Species Xz
1 Padda oryzvora 9.70""
2 Lonchura domestica 5.42
3 Taeniopygia guttata 161
4 Chloebia gouldiae 1.48
5 Poephila acuticauda 3.19
6 Lonchura maja 0.22
7 Lonchura atricapilla 3.30
9 Estrilda astrilda 2.92
10 Estrilda melpoda 2.97
13 Amandava subflava 9.45™
14 Lonchura malabarica 2.61
15 Amandava amandava 9.89"
22 Estrilda troglodytes -
**p< 0.01.
*p< 0.05.

X3, I RMH LA RS P 8%
Table 3. The field and breeding records of the exotic species of Estrildidae (Y, present; N, absent; selling
ranks denoted to those in Table 1)

Species Field records Breeding  Selling
1994-1999° 1999** 2000°* 2001™* 2002** 2003* record” ranks
Lonchura maja Y 22 18 18 12 18 Y 6
Lonchura malabarica Y 5 21 23 16 28 Y 14
Estrilda astrild Y 2 6 20 13 13 Y 9
Estrilda melpoda Y 3 2 6 11 7 Y 10
Lonchura atricapilla Y 10 5 4 3 5 Y 7
Padda oryzivora Y 12 10 4 4 1 Y 1
Amandava amandava Y 1 2 1 1 5 N 15
Taeniopygia guttata Y 0 0 0 0 0 N 3
Amandava subflava Y 0 0 0 0 0 N 13
Estrilda troglodytes Y 0 0 0 0 0 N 22
Lonchura domestica N 0 0 0 2 0 N 2
Chloebia gouldiae N 0 0 0 0 0 N 4
Poephila acuticauda N 0 0 0 0 0 N 5

°Severinghaus (1999).

"Wild Bird Federation Taiwan (1999-2003) and Kachsiung Wild Bird Society (1999-2003).
*http://www.geocities.com/~smewmao/observer/bird/current/ntt1999.html
*http://www.geociti es.com/~smewmao/indexbsd.html
*http://dns.haes.cy.edu.tw/syf/birds/birds.htm

‘Lin (2004).
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AHFFEHE 1996477 H 22 199946 H LI — 4 L] F i i B v 2 QA k7 15 8 2 0 A7 e L B A I BRI
TIRAGR » UL EEPGE SRR ~ § S0 ~ /KR ~ B8 ROK RS B 25-340m A fiff H
HR RS B AT 2 B 0 TR ~ ERE SRR R S R B v 2 S R B 8 T
(catch per unit effort, CPUE) /3T Y B B ERGEIN -+ - MRIBERIEE R » HRAr ARG o
EiiEFE1.0 mis - EEEE 3366 1mhos/cm @ /KZEF%38 cm ¢ JEEE BRI (B 1K 7.7-30.5cm) °

Abstract

Distribution and environmental requirements of Snogastromyzon puliensis, an endemic species of
fish in Taiwan, were investigated from July 1996 to June 1999. The fish were found in the Kaoping,
Tsengwen, Choshui, Wu and Tachia rivers in the western portion of Taiwan at altitudes from 25m to 340
m. Velocity, substrate, conductivity and altitude were the important environmental factors affecting the
population density (catch per unit effort, CPUE) and the distribution. The preferred habitats of the fish
were at velocity of 1.0 m/s, conductivity of 366 «mhos/cm, water depth of 38 cm, and substrate of 7.7-
30.5 cm in diameter.



14

BRI + LR AR~ RS B~ 0

Iy B v R R M R 5K

Key words. Snogastromyzon puliensis, distribution, habitat, Taiwan

et HE - 9443 23H

Received: March 23, 2005

4

nu\l

FH SRR R 0 > DL {8
RIEAHE SR (Fretwell 1972) » 1E38 B AJER
B > HER RS HBUEE RS - B
HIJEREE » H R & S U S sk R
L fa RE IR o A & 2 B3 2 IR N 1 105
% o Yu et al. (1995) #EIR K (temperature) ~
7k € (depth) FlTi7t 33 (vel ocity) 52 B 1E Y & %
FORHA R AR 7 AR RO - 255 (1998) R H/K
i~ KRR E (altitude) i 52 28 5 B $i aH
AL B ERR IR M E RN T - BiRE
g~ RE - EEY - S E(DO) ~ IEF
TRy FBREEAES M EERK T
(Moyle and Cech 1988; Yu and Peters 1997)

I B f #E €S M (Sinogastromyzon
puliensis) f5& A 1A - 2R FHTT
[ C A FEA A 52 (2 1974 ¢ 5 1981 »
1986 : ¥ 1984 » 1993 : [ifl 1986)  FR45 STk
Lk > A SAPRKEER - BIE -~ K
# -~ 02~ SFEVREL (Liang 1984 5 &
1985 : Tzeng 1986 : fr] 1990 : FA%: 1992 : V1
1992 > 1993a 1993b : /& 1991 : %% 1995 -
1997 ) o HL A B H 48 S ]k 53 A1 A5 15 T P S
HIE R ~ 02 ~ E/KIE ~ BIR R KHIR
S B{EEVR 7 2 MG E50-340m A B th o IR
IR o B o T K 5 AT S v B KA T
BARRGHNTES: - FQE L > R E s
itk 5 AT S R RS R ZE A P TR 2 B s T KR

Wz H - oatE7H4H

Accepted: July 4, 2005

ES R ESG RSPy G i) S ZE LN E S
WA T2 B+ FSY AL i B o 2 TR fif
SIS 7 B R AT B T AR B« KH
Vo AE 2 AR 8 BRI B o 3 S AR S AT (3
2000) ° ZRIMICAE SARTE B R ~ B S0R ~
IKIE ~ F18 BRI S SIS IR T St B i
EIPNCaN BRERyNalI) 73 A 3 BE  7-3 (i 2877
Ho BN AR o NI - AR EEH
5 = (1) FRaT o B o 38 e A ik Bl B0 (A 1)
B R - ()3 L FE C S AR 75 oK < A
15l SR 80P oA 2R I EL rp 2 RS KPR T 2
M e

M AL 7 %

— ~ REE T

Fo e G2 E% SRR I o0 AT BB PR TR - BR
219967 H £ 19974 F6 A S ¥ m FIE ~ B X
8~ KR S IR - KHIR KRR35 6%
W2 FHB S T 0 MR 1998F 7 H &
19996 H /LM ~ MR ~ MiINE ~ HHE
&~ TYE R SIRACR IR TRE » ARy
Frf ~ VR E R - ARG ERRES (18] 1) - IS E
A TR IR (12(RFF) - FREFA305088 - A
BIRzFHRISH NI R o TR
PRbk > B REREST R » LRI - 3
HEH - B HE2E -~ #SEIESREE R
B o

W ERERBEIN 7 & B AR AS AR I ~ RS



FrE YIRS 7(2) ¢+ 13-22, 2005

Taan River
(4 l-_ \

Tachia River

. . J/ B4 g
Wu River

Choshui River

Pokang River

Tsengwen River

Kaoping River G19
Tungkang River
Linpien River : r

Fangshan River Yh g«
Fengkang River-"%3 22L1
Szuchung River” |

il 1. BRIER AR B o AT [
Fig. 1. Sampling sites in the study area.
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Table 1. Descriptive statistics of environmental variables in the distribution ranges of Snogastromyzon

puliensis studied

Variables Minimum  Maximum Mean Mode Median SD

Altitude (m) 25.00 340.00 197.00 249.00 196.00 64.00
Width (m) 14.00 141.00 53.30 50.00 52.00 24.90
Depth (m) 0.07 0.90 0.36 0.31 0.35 0.14
Velocity (m/s) 0.12 2.32 0.95 1.32 0.95 0.39
Discharge (m?/s) 0.18 102.60 18.83 4.48 15.29 15.62
Substrate (cm) 0.10 114.00 24.40 30.40 24.00 10.80
Temperature ('C) 17.90 29.80 22.90 24.50 23.20 2.40
Turbidity (NTU) 1.16 6744.00 151.80 9.50 21.20 470.00
Conductivity («mhos/cm) 90.00 649.00 371.00 393.00 395.00 100.00
DO (mg/l) 492 0.68 8.14 10.89 8.10 147
pH 6.18 10.90 8.20 8.42 8.39 0.51
TDS (mg/l) 47.00 419.00 229.00 164.00 237.00 53.50

2. BIRIGIN 7 B il HH R R B

Table 2. Pearson correlation coefficients among environmental variables

Altitude Width Depth Velocity Discharge Temperature Turbidity Conductivity DO pH  TDS Substrate

Altitude 1.00 -0.39° 008 0.03 -0.15 -0.35° 011 0.16 0.05 042 001 015
Width 100 -009 0.03 0.58"* 0.25* 0.12 -0.34* 018 -004 -028 0.13
Depth 1.00 0.08 057" 0.01 0.20 -0.11 -0.05 0.05 -0.09 0.15
Velocity 100 053" 0.16 -0.11 -013 -002 019 -018 0.8
Discharge 1.00 0.19 0.08 -0.32 007 012 -026° 024
Temperature 1.00 -0.14 -0.24 011 009 -024 0.03
Turbidity 1.00 012 -004 -004 025 -0.13
Conductivity 100 -012 001 0.76-0.22
DO 100 015 -021 0.8
pH 1.00 -018 0.35
DS 1.00 -0.40
Substrate 1.00

* : significance level 5%.
** . significance level 1%.
DO: Dissolved oxygen.
TDS: Total dissolved solids.
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Fig. 2. Frequencies of occurrence (A) and CPUESs (B) of Sinogastromyzon puliensis
collected with electro-fishing at different current velocities.
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Fig. 3. Frequencies of occurrence (A) and CPUEs (B) of Snogastromyzon puliensis
collected with electro-fishing at different water conductivities.
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collected with electro-fishing at different bottom substrates.
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Fig. 5. Frequencies of occurrence (A) and CPUEs (B) of Snogastromyzon puliensis
collected with electro-fishing at different depths.
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Abstract

This paper provides an overview of the current status of land planarian taxonomy. Familial and
subfamilial definitions of Bipaliidae, Rhynchodemidae (Rhynchodeminae and Microplaninae) and
Geoplanidae (Geoplaninae, Caenoplaninae and Pelmatoplaninae) are detailed in Systematic Account on
the various taxa. Previous taxonomical studies of Taiwan land planarians are discussed. Based on
material collected by Lue in 1982-1985, Lee in 2002, and Wu, Tsai and Lin in 2002, this preliminary
study identified a total of 18 species: one species of Bipalium kewense Moseley, 1878 and 13 species of
Diversibipalium from the family Bipaliidae, one species from the family Rhynchodemidae; two species
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from the subfamily Caenoplaninae, family Geoplanidae and one species of Australopacifica from the
subfamily Caenoplaninae, family Geoplanidae. For each species, the material examined, description,
distribution in Taiwan, remarks and specimen figures (if available) are provided in order to promote

further studies on the Taiwanese land planarian fauna.
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Introduction und Ordnungen des Tier-Reichs. Next to these
fundamental but classical studies, several
The present status of taxonomic studies of land European and American authors published their
planarians taxonomic studies while in Asia, Kaburaki
(1920a, 1920b, 1922a, 1922b) was the first
Land planarians have been studied for the specialist in this research field (cf. Kawakatsu
past 150 years or more. von Graff (1899) 1991; Kawakatsu and Lue 1984; Lue and
published the first Monograph for this group of Kawakatsu 1986; Kawakatsu et al. 2001).
animals. During 1912-1917 he also published a The most important taxonomic characters

comprehensive review in the Bronn's Klassen for identification of land planarians reside in the
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anatomy and histology of their copulatory
apparatus. Although this identification method
was established already in the late 19" Century,
nevertheless, numerous land planarians were
described as new species based on the external
morphology of non-sexual specimens. In
addition, these published records, notes, and
information are scattered in various journals and
magazines. All of these greatly complicate the
construction of a modern classification of this
group of animals.

Recent modern taxonomic review of land
planarians were published by Ogren, Kawakatsu,
Froehlich and Jones in their serial articles
entitled the "Land Planarian Indices Series"
(Ogren and Kawakatsu 1987, 1988, 1990, 1991;
Ogren et al. 1992, 1997; Kawakatsu and Sasaki
2001; Kawakatsu et al. 2001, 2002, 2003) (see
the last part of Literature Cited in the present
publication). This series has been published
annually since 1987, containing a complete list
of published literature on land planarians.

Land planarians belong to the phylum
Platyhelminthes, class "Turbellaria” (non
homogenous group at present), order Seriata
Bresslau 1933, suborder Tricladida Lang 1884,
infraorder Terricola Hallez 1892. According to
Ogren et al. (1997), the Terricola (land or
terrestrial planarians) is now classified into 3
families and 5 subfamilies: Bipaliidae von Graff,
1896, Rhychodemidae von Graff, 1896 (with 2
subfamilies: Rhychodeminae Corréa, 1947 and
Microplaninae Pantin, 1953), and family
Geoplanidae Stimpson, 1857 (with 3
subfamilies: Geoplaninae Stimpson, 1857;
Caenoplaninae Ogren & Kawakatsu, 1991;
Pelmatoplaninae Ogren & Kawakatsu, 1991).
For the familial and subfamilial definitions, see
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Systematic Account. For the geographical
distribution ranges, see Ogren et al. (1992: 99-
103, pls. I-1V, and also Kawakatsu et al. 2001 in
web articles).

According to Ogren et al. (1997, 4 tables), a
total of 44 genera and 808 species were reported
in the above-mentioned 3 families and 5
subfamilies. Among these known species,
nearly half of them (ca. 53.9% of the whole)
were described adequately on the basis of
sexually matured specimens with a reproductive
apparatus, the rest of 46.1% was described
insufficiently on the basis of non-sexual or
immature specimens. Additionally, several new
species and a few genera were reported after the
year 1998.

It must be emphasized that numerous
species of land planarians described cursorily in
the past 230 years are actually poorly known.
Their external features are incompletely known
and internal, anatomical features are totally
unknown. Because of this they cannot be
accurately placed in one of the currently known
genera.

Therefore, Kawakatsu and his coauthors
proposed 5 collective groups for these poorly
known species (genera without type species,
ICZN, 3 Ed., 1985, Art. 42c, i; ICZN, 4" Ed.,
1999, Art. 42.3.1). They are asfollows:

Diversibipalium Kawakatsu, Ogren,
Froehlich & Sasaki, 2002, for Bipalium species
inquirendae.

Anisorhynchodemus Kawakatsu, Froehlich,
Jones, Ogren & Sasaki, 2003, for Rhychodemus

species inquirendae.
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Statomicroplana Kawakatsu, Froehlich,
Jones, Ogren & Sasaki, 2003, for Microplana

species inquirendae.

Pseudogeoplana Ogren & Kawakatsu,
1990, for Geoplana species inquirendae from
North, Central and South America

Australopacifica Ogren & Kawakatsu,
1991, for Geoplana species inquirendae from
Australia and Pecific.

Many species for which only external
features are known cannot be assigned to the
appropriate genera, but they should be placed in
one of these 5 collective groups until their
anatomical features are described. Species
incertae sedis and undescribed species should

also be placed in one of these collective groups.

In the family Bipaliidae, 4 genera are
currently known, including the collective group
Diversibipalium. The other 3 genera are:
Bipalium Stimpson, 1857, Novibipalium
Kawakatsu, Ogren & Froehlich, 1998, and
Humbertium Ogren & Sluys, 2001. Although
the generic separation of the bipaliid species by
their external appearance is impossible, the
external morphology of each animal (i.e., shape
of head, coloration, color patterns and
longitudinal stripes on both dorsal and ventral
sides of body) may have secondary taxonomic
value. A tentative separation of the samples as
different Diversibipalium species (spp.)
sometimes is possible. The same may hold true
in the families Rhynchodemidae and
Geoplanidae. For this reason, a detailed
description of external morphology of presently

Land planarians of Taiwan

unidentified animals will contribute to the future
progress in land planarian taxonomy.

For the correct identification of the
material, several sets of serial sections of fully
sexually mature specimens will be necessary.
Usually, sagittal sections of the prepharyngeal,
pharyngeal and copulatory apparatus pieces will
be prepared for microscopic examination of
histology and reconstruction of the anatomy of
the copulatory apparatus. Additional transverse
sections of a part of the preparyngeal region are
also necessary for the examination of body
muscle layers. Horizontal sections of the
copulatory apparatus are also desirable for close
examination of the genital anatomy.

Previous studies on Taiwan land planarians
and the purposes of this preliminary study

Kaburaki (1922a) studied the taxonomy of
planarians of Japan, reporting two bipaliid
species from the vicinity of Taipei, Taiwan, of
which one is a new species Bipalium
ruteofulvum and the other is "Placocephalus
virgatus (Stimpson)" (nec Bipalium virgatum
Stimpson, 1857). Later, he also added another
occurrence of "P. virgatus' from the vicinity of
Taipei (Kaburaki 1922b). His identifications of
B. ruteofulvum and "P. virgatus" were based
merely on the external morphology of non-
sexual immature specimens.

Kawakatsu et al. (1985, 1986) reported
additional localities of Taiwan land planarians.
Although he prepared serial histological sections
of the additional specimens for later study, he
had not been able to study these material prior to
his retirement in 1999. These serial histological
sections are now deposited at the Zoological
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Museum, University of Amsterdam.

Winsor (1983) considered that "Placo-
cephalus virgatus" (sensu Kaburaki 19223,
1922b) is conspecific with the cosmopolitan
species Bipalium kewense Moseley, 1878. This
opinion is now accepted among turbellariol ogists
(Ogren et al. 1997; Kawakatsu and Sasaki 2001;
Kawakatsu et al. 2005).

Kaburaki's (1922a) Bipalium ruteofulvum
is now tentatively classified as Diversibipalium
ruteofulvum, a species inquirenda (Kawakatsu et
al. 1998; Kawakatsu and Sasaki 2001;
Kawakatsu et al. 2005; Kawakatsu et al. 2005a).
In addition, Stimpson's (1857) B. virgatum, a
species inquirenda, was reported from the
Rydky( Islands in the Southwest Islands of
Japan ( Ogren and Kawakatsu 1987; Kawakatsu
and Sasaki 2001). B. virgatum is now classified
as D. virgatum (Stimpson 1857).

For a more detailed taxonomic history of
Taiwan land planarians, see a bibliographic web
article by Kawakatsu et al. (2005).

The present report aims to present a general
outline of the modern taxonomy of land
planarians, together with the tentative taxonomic
results for this animal group in Taiwan. Part of
the detailed taxonomic study (Lue's 1985-1986
Collection) will be published in detail elsewhere.

This preliminary study on Taiwan land
planarians is based on material collected by Lue
in the 1980's, Lee in 2002, and Wu, Tsai and Lin
in 2002 (Table 1). For each species, material
examined, locality, brief diagnostic character,
figures (Fig.1 except Lue's samples, i.e.
Diversibipalium spp. -  which were strongly
contracted and partly broken in some cases),
distribution and remarks are provided. The

distribution map (Fig. 2) shows the known
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localities of land planarians in Taiwan. This
report is aso intended to promote further studies
on the Taiwanese land planarian fauna.

Material and Methods

Lue's collection from the 1980's (eight
unidentifiable bipaliids from 13 localities) was
assigned with Kawakatsu's Specimen Lot
Number (abbreviated as KSL) (Table 1). After
photographing the animals, histological sections
(7-8 micrometers, stained with Delafield's
hematoxylin-eosin) were prepared for taxonomic
study by Kawakatsu at the Fuji Women's
College, Sapporo, Japan. Upon the retirement of
Kawakatsu in March, 1999, the serial sections of
about 800 glass slides and images, including
sketch figures, monocolor films, etc. were
transferred to Sluys' laboratory at the University
of Amsterdam, The Netherlands.

The recent collections of preserved
specimens and color transparencies made by
Lee, Wu, Tsal and Lin in 2002 (Table 1) were
also deposited at Sluys' |aboratory.

Systematic Account

Order Seriata Bresslau, 1933
Suborder Tricladida Lang, 1884
Infraorder Terricola Hallez, 1892

Family Bipaliidae von Graff, 1896

Land planarians having a broad, transverse,
head plate, possessing numerous small eyes
along the border and having the creeping sole
begin at the base of the head piece. The
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Table 1. Taiwan land planarians used for this preliminary study©

Date Tentative
Sta#t KSL# GPS# Spect Locality
collected classification
59 1695 - 1* Taipei City: Norma Taiwan Univ. 1982/07/09  Diversibipaliumsp. 1
60 1753 - 1* Taipel City: Normal Taiwan Univ. 1984/09/ Diversibipalium sp. 2
61 1694 - 1* Taipel County: Shiting 1982/06/27  Diversibipaliumsp. 1
62 1749 - 1+ Hualien County: Lienhua Pond 1983/06/25  Diversibipaliumsp. 3
63 1750 - 1+ Hualien County: Chilai, Mt. Hohoan 1983/08/08  Diversibipaliumsp. 4
64 1693 - 1+  Chiayi County: Mt. Al 1982/06/21  Diversibipaliumsp. 4
65 1751 - 1+  Chiayi County: Mt. Ali 1983/11/09  Diversibipaliumsp. 5
66 1752A - 1+ Pingtung County: Mt. Wutou 1983/01/24  Diversibipaliumsp. 6
67 1752B - 1+ Pingtung County: Mt. Wutou 1983/01/24  Diversibipaliumsp. 7
79 1807-08 - 2+*  Taipei County: Harpen near Ulai 1985/07/30  Diversibipaliumsp. 1
80 1809 - 1+ Nantou County: Tienchi, Nengkau 1985/07/26  Diversibipaliumsp. 8
81 1810 - 1+ Nantou County: Tienchi, Nengkau 1985/07/26  Diversibipaliumsp. 5
82 1811 - 2+*  Nantou County: Patongkoan 1985/07/04  Diversibipaliumsp. 5
14 - - 1+?  Chiayi County: Mt. Ali 2002/07/ Bipalium kewense
15 - - 1+  Chiayi County: Mt. Al 2002/07/ Diversibipaliumsp. 9
16 - - 1+?  Taichung City 2002/10/ Diversibipalium sp. 10
17 - - 1*?  Taichung City 2002/10/ Rhynchodemidae sp. 1
18 - - 1+?  Taichung City 2002/10/ Australopacifica sp. 1
19 - 232 2++? Nantou County: South of Wushe 2002/10/17  Diversibipaliumsp. 11
19 - 232 1+?  Nantou County: South of Wushe 2002/10/17  Diversibipaliumsp. 12
19 - 232 1+ Nantou County: South of Wushe 2002/10/17  Diversibipaliumsp. 13
19 - 232 1+?  Nantou County: South of Wushe 2002/10/17  ?Caenoplaninae sp. 1
20 - 217 1*?  Nantou County: South of Wushe 2002/10/16  ?Caenoplaninae sp. 2

OSexually matured (+), immature (*), questionable (?); Sta. Nos. 59-67, 79-82 were collected by Lue;
Sta. Nos. 14-18 were collected by Lee; Sta. Nos. 19-20 were collected by Wu, Tsai & Lin.
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Fig. 1. External features of Taiwan's land planarians: A. Bipalium kewense Moseley, 1878; B.
Diversibipalium sp. 9; C. Diversibipalium sp. 10; D. Diversibipalium sp. 11; E. Diversibipalium sp.
12; F. Diversibipalium sp. 13 (&, dorsal view; b, ventral view); G. Rhynchodemidae sp. 1 (a, dorsal
view; b, dorsal view of the anterior part of the body; c, a sketch of the side view of the head; notice
the large, right-side eye.); H. Australopacifica sp. 1 (a, dorsal view; b, side view of the anterior part
of the body; c, a sketch of the side view of the head; notice many small eyes on the right side of the
head); 1. ?Caenoplaninae sp. 1; J. ?Caenoplaninae sp. 2 (a, dorsal view; b, ventral view).
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: Bipalium kewense A : Diversibipalium =p.11

: Diversibipalivm =p. ‘f?_\,: Diversibipalium sp.12

. Divarsibipalium sp.2 ﬁ: Diversibipalium 5p.13
: Diversibipalium sp.3
: Diversibipalium sp.d
. Diversibipalium sp.5
: Diversibipalium sp.6

: Diversibipalium sp.7

bbb »

: Diversibipalium sp.8
&: Diversibipalium sp.9

;@: Diversibipalivm sp.10

N
@.‘ Rhynchodemidae sp.1 g2
EB: Ausiralopacifica sp.1
@: PCaenoplaninae sp.1 q}
‘@'; ?Caenoplaninae sp.2 50 km

Fig. 2. The geographical distribution of Taiwan land planarians (from Kaburaki, 1922a and b;
Kawakatsu et al. 1985; and the present study; the Taiwan map also showing county and city
lines and adjacent islands).
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copulatory organs are simple, without accessory
ducts, or copulatory bursa, while the male and
female exit ducts are separated by afold of tissue
before they enter the common genital antrum.
(Ogren and Kawakatsu 1987: 79-80.)

Genus Bipalium Stimpson, 1857
Bipalium kewense Moseley, 1878
Fig. 1A

Material Examined:
Chiayi County: Mt. Ali at elevation
2,600 m: Station 14 (Lee collection).

Description:

The living sexual matured (?) specimen
with atypical appearance of Bipalium kewense: a
semicircular head, pale brownish purple in color
with a pair of moderately developed auricles and
a pair of dark, narrow transverse patches at the
"neck”, 5 longitudinal stripes on dorsal side (1
mid-dorsal, 2 laterals and 2 marginals
abbreviated as 1 md + 2 la+ 2 mg) (Fig. 1A), 2
longitudinal lateral stripes (abbreviated as 2 vla)

on ventral side.

Distribution in Taiwan:
Taipei City and its vicinity (Kaburaki,
19223, b); Mt. Ali.

Remarks:

This cosmopolitan bipaliid species has been
considered as one of the old exotic animals in
Taiwan. However, judging from Kaburaki's
(1922a, 1922b) Bipalium reteofulvum (=B.
kewense) and Lue's samples from Taipei City
and its vicinity, this species might be a natural

habitant of Taiwan. In recent years B. kewense
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may have expanded its range by asexual
reproduction and through the commercial
distribution of potted garden plants (Kawakatsu
et al. 2001).

Genus Diversibipalium Kawakatsu, Ogren,
Froehlich & Sasaki, 2002

In this section, descriptions of Diversi-
bipalium spp. - are based upon the data
presented in two previous papers (Kawakatsu et
al. 1985: 120-122, fig. 8 and 1986: 70-71,

fig. 6).

Diversibipaliumsp. 1

Material Examined:

Taipei City: Campus of Taiwan Normal
University (KSL No. 1965).

Taipei County: Shiting (KSL No. 1694);
Harpen near Ulai (KSL Nos. 1807 and sexual
specimen 1808).

Description:

Body 32-150 mm long and 2-4 mm wide;
pale yellowish brown (fixed in Bouin's fluid);
three or 5 longitudinal stripes (1 md + 2 la+ 2
mg) on dorsal side and 2 longitudinal stripes (2
vla) on ventral side.

Distribution in Taiwan:
Taipei City.
Taipei County: Shiting, Harpen near Ulai.

Remarks:
It is highly probable that Diversibipalium
sp. 1 is conspecific with Bipalium kewense (see

"Remarks" on B. kewense above).
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Diversibipalium sp. 2
Material Examined:
Taipel City: Campus of College of Science,
Taiwan Normal University (KSL No. 1753).

Description:

The single sexual immature specimen
measured 62 mm long and 2.5 mm wide. Live
specimen pale yellowish brown above, with a
single mid-dorsal longitudinal stripe (1 md), no
stripes on ventral side, lateral margins of body

dightly serrulate.

Distribution in Taiwan:
Taipe City.

Remarks:

5S rRNA has been sequenced by Dr. H.
Hori of Nagoya University, Nagoya, Japan
(Kawakatsu personal communication).

Diversibipalium sp. 3

Material Examined:

Hualien County: The vicinity of Lienhua
Pond along the East-West Cross Mountain
Highway at elevation 1,2100m (KSL No. 1749).

Description:

The single sexual specimen (fixed in
Bouin's fluid) measured 52 mm long and 2.5 mm
wide. Body pale-yellowish brown with 5
longitudinal stripes (1 md + 2 la+ 2 mg) on
dorsal side and 2 longitudinal stripes (2 vla) on

ventral side.

Distribution in Taiwan:

The Central Mountain Range: Lienhua

Land planarians of Taiwan

Pond, Hualien County.

Diversibipalium sp. 4

Material Examined:

Hualien County: Mt. Hohoan at the vicinity
of Chilai Cottage, elevation 3,200m (KSL No.
1750).

Chiayi County: Mt. Ali at elevation
2,100m (KSL No. 1693).

Description:

The sexual specimens (fixed in Bouin's
fluid) measured 25-29 mm long and 3.5-4 mm
wide. Body pale yellowish brown with 2 thin
mid-dorsal and 2 wide lateral longitudinal stripes
(2 md + 2 la) on dorsal side, no ventral stripe,
lateral margin slightly serrulate.

Distribution in Taiwan:
The Central Mountain Range: Mt. Hohoan
and Mt. Ali.

Diversibipaliumsp. 5

Material Examined:

Chiayi County: Mt. Ali at elevation 2,100m
(KSL No. 1751).

Nantou County: The vicinity of Nengkau
Tienchi at elevation 2,900m (KSL No. 1810);
Patongkuan at elevation 2,800m (KSL No. 1811a
. b).

Description:

The sexual specimens measured 45-92 mm
long and 6-9 mm wide and asexual specimens
(fixed in Bouin's fluid) measured 43 mm long

and 3 mm wide. Body blackish grayish on both
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dorsal and ventral sides.

Distribution in Taiwan:
The Central Mountain Range: Nengkau
Trail in Chiayi and Nantou Counties.

Diversibipalium sp. 6

Material Examined:

Pingtung County: The vicinity of Lake
Takuei, Mt. Wutou at elevation 2,280m (KSL
No. 1752 A).

Description:

The single sexual specimen (fixed in
Bouin's fluid) measured 31 mm long and 4 mm
wide. Body yellowish orange brown with a pair
of brown deltoid marks on head plate and 2
longitudinal blackish brown marginal stripes (2

mg) on dorsal side and no stripe on ventral side.

Distribution in Taiwan:
The Central Mountain Range: Mt. Wutou,
Pingtung County.

Diversibipaliumsp. 7

Material Examined:

Pingtung County: The vicinity of Lake
Takuei, Mt. Wutou at elevation 2,280m (KSL
No. 1752 B).

Description:

The single sexual specimen (fixed in
Bouin's fluid) measured 23 mm long and 3 mm
wide. Body pale gray on both dorsal and ventral

sides, lateral margin serrulate.
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Distribution in Taiwan:
The Central Mountain Range: Mt. Wutou,
Pingtung County.

Diversibipalium sp. 8

Material Examined:

Nantou County: The vicinity of Nengkau
Trail, Tienchi at elevation 2,900m (KSL No.
1809).

Description:

The single sexual specimen (fixed in
Bouin's fluid) measured 35 mm long and 3.5 mm
wide. Body nearly black on dorsal side and dark
brown with a pair of wide reddish-brown
longitudinal band (2 vla) on ventral side.

Distribution in Taiwan:
The Central Mountain Range: Nengkau
Trail.

Diversibipalium sp. 9
Fig. 1B

Material Examined:
Chiayi County: Mt. Ali at elevation
2,600m: Station 15 (Lee collection).

Description:

The living sexual specimen measured 200
mm long and 8 mm wide, with a conspicuous,
crescent-shaped head and well-developed and
pointed auricles. Body pale brown with

numerous small dark brown spots on dorsal side.

Distribution in Taiwan:
The Central Mountain Range: Mt. Ali.



Diversibipalium sp. 10
Fig. 1C

Material Examined:
Taichung City: Station 16 (Lee Collection).

Description:

The living sexual (?) specimen measured
20-30 mm long and 2 mm wide, with a crescent-
shaped head, moderately developed, non-
recurved auricles, and a pair of indistinct,
blackish spots on head plate. Body is pale
yellowish brown with 3 longitudinal stripes (1
md + 2 1a) on dorsal side, "neck" with a wide
black band.

Distribution in Taiwan:
West side of the Central Taiwan.

Diversibipalium sp. 11
Fig. 1D

Material Examined:
Nantou County: Roadside on Hwy 83 at 16
km sign (Wu et al. Collection: GPS No. 232).

Description:

Two living sexua (?) specimens measured
about 18 mm long and 3 mm wide, with alarge,
lunate head and well-developed and recurved
auricles. Brownish body rather stocky with
bluntly pointed posterior end, a blackish, mid-
dorsal longitudinal stripe with an oblanceolate
anterior end at the head plate, a dark, broad,
bipaliid-shaped pattern around the mid-dorsal
stripe, a pair of blackish lateral stripes, the
margin of the head and auricles surrounded by
an inner, crescent-shaped, orange brown band

Land planarians of Taiwan

and outer, thin, semicircular edge, two
conspicuous rather broad and blackish marginal
stripes. Color pattern: 1 md + 2 la+ 2 mg.

Distribution in Taiwan:
The Central Mountain Range: Wushe area.

Diversibipalium sp. 12
Fig. 1E

Material Examined:

Nantou County: Roadside on Hwy 83 at 16
km sign, south of Wushe (Wu et al. Collection:
GPS No. 232).

Description:

The living sexual (?) specimen measured
100 mm and 5 mm wide, with a very large,
lunate head and a pair of well-developed and
recurved auricles. The entire head plate is dark
brown. The brownish gray body with a thin,
blackish mid-dorsal stripe reaching the anterior
end of the head, and a pair of thin, blackish

marginal stripes (1 md + 2 mg).

Distribution in Taiwan:
The Central Mountain Range near the

Woushe area.

Remarks:

The coloration of head plate is frequently
different from that of dorsal side of the body.
The differing color patterns between head plate
and body have a great value in the land planarian

taxonomy.

Diversibipalium sp. 13
Figs. 1F (a, b)
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Material Examined:

Nantou County: Roadside on Hwy 83 at 16
km sign, south of Wushe (Wu et al. Collection:
GPS No. 232).

Description:

The fixed sexual specimen measured 25
mm long and 3.5 mm wide, with a rotundate
head and a pair of rather short rounded auricle.
Dark blue body (both dorsal and ventral sides)
rather stocky and without stripes.

Distribution in Taiwan:
The Central Mountain Range near the
Wushe area.

Family Rhynchodemidae von Graff, 1896

Land planarians of elongate cylindroid form
with two eyes near the simple, tapered anterior
end; no tentacles or head plate; with well-defined
creeping sole occupying part of the ventral
surface. Anterior end may have a sucker organ
on ventral surface (Cotyloplana). (Ogren and
Kawakatsu 1988: 44.)

Subfamily Rhynchodeminae Corréa, 1947

Rhynchodemidae with strong cortical
musculature in which the subepithelial
longitudinal muscle fibers are grouped into large,
definite bundles; penis papilla absent or greatly
reduced (Platydemus in part). (Ogren and
Kawakatsu 1988: 44.)

Subfamily Microplaninae Pantin, 1953

Rhychodemidae of generally short, plump,
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cylindroid form, anterior end often blunt; eyes
often small or may be retrogressed; body wall
with weak subpithelial muscul ature consisting of
thin outer circular layer and single layer of
longitudinal fibers inconspicuously developed
and not aggregated into large bundles; male
copulatory organ often complicated with well-
developed penis papilla; female copulatory organ
simple or complex, may have genito-intestinal
connection, with or without semina bursa with
one or more exits. (Ogren and Kawakatsu 1988:
46.)

Rhynchodemidae sp. 1
Figs. 1G (a, b, ©)

Material Examined:
Taichung City: Station 17 (Lee Collection).

Description:

The living immature (?) specimen measured
20 mm long and 2 mm wide in a tube-like shape.
The bluntly pointed head is yellowish-orange in
color with a pair of eyes near the anterior end;
the rest of the body bluish in color with a
conspicuous blackish mid-dorsal longitudinal
stripe (1 md).

Distribution in Taiwan:
West-Central Taiwan.

Remarks:

The two-eyed animal is undoubtedly a
member of the family Rhynchodemidae. The
subfamily and genus are not known until
microscopic examination of subepidermal

muscle layers and genital morphology is studied.
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Family Geoplanidae Stimpson, 1857

Land planarians having numerous small
eyes concentrated around the anterior, and along
the sides, sometimes located dorsally, or without
eyes; without auricular or tentacular organs, or
semilunar headplate. (Ogren and Kawakatsu
1990: 83.)

Subfamily Geoplaninae Stimpson, 1857

Geoplaninae with broad ciliated creeping
sole covering most of ventral surface (or sparse
body cilia as in the Geobia); mouth just behind
midbody (since in Polycladus mouth is in
posterior fourth); dorsal testes; subepithelial or
cutaneous longitudinal musculature, well
developed, arranged in bundles; longitudinal
parenchymal muscle absent, or not well
developed, nor forming a ring zone. (Ogren and
Kawakatsu 1990: 83.)

Subfamily Caenoplaninae Ogren &
Kawakatsu, 1991

Geoplanidae of testes ventrally situated,;
subepithelial longitudinal musculature in large
bundles; mouth in third quarter; eyes often in
single row around anterior, continuing
posteriorly ; but not usually extending dorsally.
(Ogren and Kawakatsu 1991: 28).

?Caenoplaninae sp. 1
Fig. 1l

Material Examined:
Nantou County: Roadside on Hwy 83 at 16
km sign, south of Wushe (Wu et al. Collection:

Land planarians of Taiwan

GPS No. 232).

Description:

The living sexual (?) specimen measured 50
mm long and 5 mm wide, with a small, rotundate
head without conspicuous auricles. Body is dark
brown to blackish, rather stocky with bluntly
pointed posterior end. Anterior edge of head and
margin of body with a thin dark-orange line.
Except for the regions of pharynx and copulatory
apparatus, this species has a rather wide, dark
orange mid-dorsal longitudinal stripe. Color
pattern: 1 md + 2 mg.

Distribution in Taiwan:
The Central Mountain Range near the

Wushe area.

Remarks:
Examination of the preserved specimens is

necessary for identification of this sample.

?Caenoplaninae sp. 2
Figs. 1J(a b)

Material Examined:

Nantou County: Roadside on Highway 85
(=Hocho Agriculture Route) at 1.2 km place,
north of Wushe (Wu et al. Collection: GPS No.
217).

Description:

The living asexual (?) specimen measured
40 mm long and 4 mm wide, with a rotundate
head without auricles (slightly damaged). Dark
blue body is slender with pointed end.

Distribution in Taiwan:
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The Central Mountain Range near the

Wushe area.

Remarks:
Examination of the preserved specimen is

necessary for identification of this sample.

Genus Austral opacifica Ogren &
Kawakatsu, 1991

Australopacifica sp. 1
Figs. 1H (a, b, ©)

Material Examined:
Taichung City: Station 18 (Lee Collection).

Description:

The living sexual (?) specimen measured 43
mm long and 2 mm wide, with a rather pointed
head of pale-grayish brown in color and several
small eye spots at both sides of the head; the rest
of body had grayish brown coloration with a
rather wide, blackish mid-dorsal stripe (except
for head) and a pair of thin, blackish lateral
stripes (1 md + 2 19).

Distribution in Taiwan:
West-Central Taiwan.

Remarks:
Examination of the preserved specimen is

necessary for identification.

Subfamily Pelmatoplaninae Ogren &
Kawakatsu, 1991

Geoplanidae of elongated narrow body with

tapered anterior; numerous eyes clustered along
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sides of anterior, but usually not extending
behind the mouth; cylindrical pharynx; creeping
sole narrow, about 25% of ventral area; testes
ventral; tegmentary subepithelial longitudinal
muscle weak not in bundles; parenchymal
longitudinal musculature very strong and
forming annular ring zone; male copulatory
organ with a well-developed penis papilla.
(Ogren and Kawakatsu 1991: 33.)
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Comparison of Four Philomycid Slugs (Gastropoda:
Stylommatophora: Philomycidae) of Taiwan
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Abstract

During the investigation on Taiwan land snail resource, 34 philomycid slugs were collected from 21
localities. This study examined external appearances and reproductive system; and it recorded habitats
and distribution in Taiwan as well. This study identified two already recorded species, Meghimatium
bilineatum (Benson, 1842) and M. fruhstorferi Collinge, 1901 and two newly recorded species M. pictum
(Stoliczka, 1873) and M. rugosum (Chen and Gao, 1982). Based on size, four Taiwan Meghimatium can
divided into two groups: 1. M. bilineatum and M. pictum are medium-sized with almost similar external
color pattern and reproductive system as well. The main differences between them are ovotestis size,
length of spermathecal duct and the opening position of spermathecal duct, vagina and penis to the
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terminal atrium, 2. M. fruhstorferi and M. rugosum are large-sized with almost similar external
appearances and reproductive system but M. rugosum can be distinguished from M. fruhstorferi in
having a longer and narrower penis. The aforementioned two groups can be distinguished not only from

differences in size, but also from distinct spermathecal duct morphology and opening position of penis

into the terminal atrium.
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Key words: Philomycidae, taxonomy, anatomy of reproductive system, new record, Taiwan

W HEA - 93124 10H

Received: December 10, 2004

)

BEIUMERE > RIRREZN > B2 &S
AR B - #Z2E 17 S S IR A i A&
Ui o AR 308 25— L o P b A ey A= 1) & O B A el
5 ( Adams 1868; Pilsbry and Hirase 1905;
Kuroda 1941; i 1990) > 15 AL #R RINAIE
B} (Philomyci dae) £ B K1 £ il M eghi matium
bilineatum (Benson, 1842) ~ [l #F i M.
fruhstorferi Collinge, 1901 ~ ZEZRIEiH M.
formosensis Cockerell, 1890F1% % i M.
taivanensis Simroth, 19025 1/@4fd - HS AR}
AU B (5 SRR K - AR BR A Y H T A R 1) #
Al WEE THE ZWNFRER S > W
Hoffmann (1924) F1WiktorZs A (2000) #2 %27
i W B 5 T G i S A S ) (R R SR % T
L% g A e 75 30 5 2 B %4 ff (valid species)
( Azuma 1982) - {HA sk T AlIEE 5 E th /2
R IGE S (7 [ f 22 44 ( Wiktor et al. 2000 ) » #(5
8 5C 55 A % D RER I i 2 A 7 BT R E 2
DU

T 8 A i A=t o3 BE 2 BB AR R I 2
HIo1 TR ~ BR B AR TE A5 ( reproductive

Bz HHA - 945H23H

Accepted: May 23, 2005

system )[4 IS ARG 3 - HAga
BHEFE AR K > MU A AR 3 AU R o3
$H | E{K B (Hoffmann 1924) » AFF2IH
I 7 S8 8 HH R 6 18 55 3t AT R 4 B0 1 R R i
g > BRIZRERGAAYL - MHC A A GE R A
HARES &V RIS I /0 BEE SV 180 T % -

A ¥ $2 7r ik

ATRI TR 12 7€ 19982 20044F- B
S5 A A IR AR o TR HIFTER R
B R R E A ~ ARLAR S A F PR AR I B (1) 2
RIS IR A - T2 PR EEBE 34 AR A (F1) »
Wi EIEREGE ~ B0k - 802 AKd
B RAHT% - PR AL 709104 1 [ 8 e R
17 > FiLeica Wild MZ8fiEHIBATSER S T A5l %
WL B ] > Sl LANikon Coolpix 9958
IVAE3 7 TR B Rk = 3

# X

HAS AR S A B (1 72 AR K - AR B 1
SMERE R R - B R IRIB I 72 f R A Bl



FEEHEYINTSE 7(2) : 41-49, 2005 43

Re1. BERRIE IR EE 717 £ (1998-20045F)
Table 1. The collection localities of the philomycid slugs from Taiwan, 1998-2004

Species Date (year/month/day) Locations NumF)er of
specimen
2001/02/18 Lujhou City, Taipei County” 4"
2001/05/29 Taiwan University Agricultural 1
Meghimatium Farm®
bilineatum 2002/12/24 Jiji Township, Nantou County N
2003/10/16 Shoufong Township, Hualien 1
County
2004/05/23 Sinshe Township, Taichung County *
1998/03/28 Orchid Island, Taitung Conuty® *
2001/03/09 Fushan Research Station, Yuanshan -
Township, Yilan County®
2001/04/07 Taman, Wulai Township, Taipei 1
County®
2001/04/16 Taman, Wulai Township, Taipei 2"
County”
Meghimatium 2002/04 Meifeng, Ren-ai Township, Nantou 1
pictum County”
2002/10/09 Yuanfeng, Ren-ai Township, 1*
Nantou County
2002/10/16 Lushan, Ren-ai Township, Nantou 1
County
2003/10/18 Zhongxing village., Nantou City 1
2004/05/23 Sinshe Township, Taichung County 2"
2004/08/17 Zhongxing village., Nantou City 1
1999/04/24 Neilinger Mt., Zhuoxi Township, 1"
Hualien County®
1999/04/27 Rueisuei Township, Hualien 1
Meghimatium County ©
fruhstorferi 1999/07 Mingchi, Datong Township, Yilan 1"
County®
2004/9/2 Dongyan Mt., Fusing Township, 2"
Taoyuan County ™
1999/07/20 Taman, Wulai Township, Taipei 1"
Meghimatium County”
rugosum 1999/08 Mingchi, Datong Township, Yilan 1"
County®

“Sexually matured, *Immature, “Collected by Shu-Ping Wu, *Collected by Shih-Wei Chang, others were collected
by Wu, Tsai and Lin.
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&1, SERLTREE IS T REAE AT (bar = 1om) © A-B, BERIG G (A, 245 ¢ B, EUl) : C-D, fE
Igig (C, ¥ ¢+ D, fRILMEYIE) « E-G, (L% (E, WaEATL : F B : G, SRER(L) = H, BERUiE i
() -

Fig. 1. The external views of philomycid slugs from Taiwan. ( bar = 1 cm ). A-B, Meghimatium
bilineatum ( A, Jiji; B, Lujhou); C-D, Meghimatium pictum ( C, Taman; D, Fushan Research Station); E-
G, Meghimatium fruhstorferi ( E, Neilinger Mt.; F, Mingchi; G, Dongyan Mt.); H, Meghimatium
rugosum (H, Mingchi ).

AR FT 2 (R e 52 4 1) DKL i ol e B €2 (7 A 2. Meghimatium pictum (Stoliczka, 1873) #% 1t

1b > (HHE AR BT PR AL PR A2 R fE > &% %igi (s 1C-D Kz [2B)

Hoffmann (1924) 38 5% K HE 5 8 K 55 [F] fd 52 N ER - I BE € B B R 0 0 FE
oo HAE o ARFEAGE R AR S T 2 L > ABEF I FRAERR LLHS 4% - ([El1C-D)
Wiktor et al. (2000) A fifiide. 2 U =X, EIERAR : MTERR/N - BETE » K

5mm > T 3.5 mm > WPEEHIR - WA e
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[Rl2. &8RRI A S A AR (bar=5 mm) © a, BERREE (FEEE) 5 b, fEifim (fRILEYIE)

c, [LiFigy (MREER L) ¢ d, SeriEim (M) (A, HIERE © Ag, EEIR ¢ Hd, IMEE : L, JB5 ¢ Od,
TRONE © Ot FIEMR « Prm, BEEIGHEL : P 2%« Sd, FEFSREE ¢ Sp, fEFSEE © Spov, FEUNE -

Va, 258 ¢ vd, ki) o

Fig. 2. The reproductive system of Taiwan philomycids ( bar =5 mm ). a, Meghimatium bilineatum
(Jiji); b, Meghimatium pictum ( Fushan Research Station); ¢, Meghimatium fruhstorferi (Neilinger
mountain ); d, Meghimatium rugosum (Mingchi ) ( A, Atrium; Ag, Albumin gland; Hd, Hermaphroditic
duct; L, Ligula; Od, Oviduct; Ot, Ovotestis; Prm, Penial retractor muscle; P, Penis; Sd, Spermathecal
duct; Sp, Spermatheca; Spov, Spermoviduct; Va, Vaging; Vd, vas deferens).
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Changes in Landscape Heterogeneity of Taiwan: A Case
Study at the Nanjen Mountain Ecological Reserve
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Abstract

This paper presents a case study of changes in landscape heterogeneity of Taiwan conducted at the
Nanjen Mountain Ecological Reserve. The techniques of photogrammetry, geographic information
system (GIS), and traditional ecology analyses were used. According to the aerial photographs (1/5,000)
of 1976 and 1997, the study area was divided into 15 plots, and landscape patterns were identified with
nine land-use categories. For each plot a distribution of landscape patterns was established with a grid
map, and relative dominance and relative frequency of land use categories were calculated. The result of
this study suggested that the forest ecosystem succession is stable at the Nanjen Mountain Ecological
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Reserve. It also provided information useful for biodiversity related studies, natural conservation, and

sustai nable devel opment of Taiwan.

Braa] = SRR~ MU HURME ~ Mz - HHIRT A

Key words: landscape pattern, GIS, aerial photograph, land use
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Fig. 1. The study area- the Nanjen Mountain Ecological Reserve.
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Fig. 2. The study area divided by 15 plots (A to O) based on 1/5,000 photo base map.
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Table 1. Land use categoriesin the study area

Land use categories

Definitions

Big tree
Middle tree
Shrub
Bamboo
Orchard
Farmland
Building
Riverbed
Water

Tree higher than 10m

Tree between 5-10m

Tree lower than 5m

Bamboo forest

Coconut, betel nut

Ricefield, dry land, and pasture
Human exploitation

Sandy beach

Stream, lake, fishpond, and pool
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Land use categories
I Big tree
7 Middle tree
[ Shrub
| Bamboo
B Orchard
| Farmland
N Building
| Riverbed
B Water

0 2.500 5.000 10,000
L 1heters

&3, ifF7E 0 197681 19974 4 HiuF1] FH 72l & -
Fig. 3. Land use map of the study areain 1976 and 1997.

Land use categories
B Big tree
P Middle tree
Shrub
Bamboo
B Orchard
Farmland

B Guilding

Riverbed
0 2500 5,000 10,000
e Matere [ Water

4. B 721 - S R A 7 Ari ] -
Fig. 4. Distribution patterns of the dominant land use categories in the study area.
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Change Detection for Vegetation from Landslides of the
921 Earthquake at Mt. Jiyjiufong with the NDVI Analysis

IR 7K
Tien-Shui Chen
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Endemic Species Research Institute, Jiji, Nantou, Taiwan
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Abstract

Vegetation recovery at Mt. Jiujiufong after the 921 earthquake of 21 September 1999 in Taiwan was
investigated with the Normalized Difference Vegetation Index (NDV1) analysis. The time-series of seven
SPOT satellite images for a period between 1999 to 2004 for an area covered by the 8th to 20th forest
compartments in the Puli Working Circle were used. The results showed that the vegetation was
flourished with the NDVI value of 0.61 prior to the earthquake, the value reduced to 0.37 immediately
after the earthquake due to severe landslides. Then, the vegetation recovered gradually for nearly two
years under stable weather conditions, and the NDV1 value increased to 0.54 prior to Typhoon Torgji. For
the three-year period between Typhoon Torgji of July 2001 and Typhoon Mindulle of July 2004, the
NDVI values fluctuated widely with weather conditions at the mean value of 0.45, due to land erosion
from rainfalls.
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Fig. 2. The images of Mt. Jiujiufong by SPOT 3/2/1 on 24 June 1999 (A), 27 Sep.
1999 (B), 25 July 2000 (C), 2 July 2001 (D), 20 June 2002 (E), 10 July 2003 (F), and 12
July 2004 (G) (red hues, the areas with vegetation; blue hues, areas with landslide).
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Fig. 3. The histograms of the NDVI images of Mt. Jiujiufong on 24 June 1999 (A), 27 Sep. 1999 (B), 25
July 2000 (C), 2 July 2001 (D), 20 June 2002 (E), 10 July 2003 (F), and 12 July 2004 (G).
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Fig. 4. The histograms of the NDV| images of the Jiujiufong Nature Reserve on 24 June 1999 (A), 27 Sep.
1999 (B), 25 July 2000 (C), 2 July 2001 (D), 20 June 2002 (E), 10 July 2003 (F), and 12 July 2004(G).
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Fig. 5. The NDVI classified images of Mt. Jiujiufong on 24 June 1999 (A), 27 Sep. 1999 (B), 25 July
2000 (C), 2 July 2001 (D), 20 June 2002 (E), 10 July 2003 (F), and 12 July 2004 (G).
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Table 3. Areas (ha) (relative areas, % in parentheses) of NDV I classes at Mt. Jiujiufong

Date NDVI<0.3 0.3=NDVI<0.5 NDVI=0.5
24 June 1999 21.31 (0.70) 149.83 (4.91) 2878.73 (94.39)
27 Sep. 1999 1075.75 (35.27) 911.00 (29.87) 1063.12 (34.86)
25 July 2000 702.71 (23.04) 805.47 (26.41) 1541.69 (50.55)
2 July 2001 232.13 (7.61) 669.13 (21.94) 2148.61 (70.45)
20 June 2002 557.06 (18.27) 1045.81 (34.29) 1447.00 (47.44)
10 July 2003 190.24 (6.24) 818.38 (26.83) 2041.25 (66.93)
12 July 2004 380.40 (12.47) 1392.87 (45.67) 1276.60 (41.86)

Fe4. JUILIEE F AR LRI IENDV M /3 #5 I FE

Table 4. Areas (ha) (relative areas, % in parentheses) of NDV|1 classes at the Jiujiufong Nature Reserve

Date NDVI<0.3 0.3=NDVI<0.5 NDVI=0.5
24 June 1999 1.44 (0.12) 50.45 (4.21) 1147.17 (95.67)
27 Sep. 1999 750.11 (62.56) 312.02 (26.02) 136.93 (11.42)
25 July 2000 49508 (41.29) 43595 (36.36) 268.03 (22.35)
2 July 2001 155.07 (12.93) 434.32 (36.22) 609.67 (50.85)
20 June 2002 389.19 (32.46) 582.30 (48.56) 227.57 (18.98)
10 July 2003 117.29 (9.78) 540.52 (45.08) 541.25 (45.14)
12 July 2004 206.74 (17.24) 782.99 (65.30) 209.33 (17.46)
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Occurrence of a Pelagic Pteropod Diacavolinia
bandaensis van der Spoel, Bleeker & Kobayasi, 1993
(Gastropoda: Cavoliniidae) in Nearshore Waters of

Northwestern Taiwan
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Diacavolinia bandaensis van der Spoel, Bleeker &

Kobayasi, 1993
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Abstract

Diacavolinia bandaensis van der Spoel, Bleeker & Kobayasi, 1993, a pelagic cavolinid pteropod

which has been known only from the Banda Sea, Indonesia, is reported herein as a species newly

recorded to coastal waters of the northwestern Taiwan. The morphological differences to its related

congeneric species as well asits distribution are discussed.
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Diacavolinia bandaensis van der Spoel, Bleeker & Kobayasi, 1993 (WEiEECIR) & S HTic sk - H R
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Pelagic pteropod Diacavolinia bandaensis

Key words: new record, cavolinid pteropod, Diacavolinia bandaensis
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Pelagic mollusks in the vicinity waters of
Taiwan were sporadically studied in the past few
decades (Zhang 1964, 1966; Dai 1989; Huang et
al. 1993; Hsueh 1995; Ling 1999) with atotal of
67 species and subspecies (mostly pteropods)
that have been reported so far (Zhang 1964,
1966; Dai 1989; Huang et al. 1993; Hsueh 1995;
Ling 1999). In our recent zooplankton study in
the nearshore waters of northwestern Taiwan, a
specimen of Diacavolinia bandaensis van der
Spoel, Bleeker & Kobayasi, 1993, an unrecorded
species of pelagic cavolinid pteropods
(Gastropoda: Cavoliniidae), was collected. The
species was originally known only from the
Banda Sea, Indonesia (van der Spoel et al.
1997). Finding of this species in the West
Pacific, particularly in the nearshore waters
environment as compared to open oceanic
environments, provides interesting information
on the zoogeographic distribution of the species.

The specimen of D. bandaensis collected in
this study had the shell length (tip of dorsal lip to
tip of posterior margin; SL) 4.5 mm, shell width
(between tips of lateral spines; SW) 4.8 mm,
rostrum length (tip to base of rostrum; RL) 0.4
mm (Fig. 1). It was collected by P. W. Hsueh
from surface water near the Yun-Ann Fishing
Port (25°00.325' N, 121° 00.247' E), Tau-Yuan
County, northwestern Taiwan, 5 May, 2002, and

Accepted: June 29, 2005
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deposited at the National Museum of Natural
Science Taichung, Taiwan (NMNS 4780-001).

Diacavolinia bandaensis is closely related
to its three congeneric species, Diacavolinia
angulosa (Gray, 1850), Diacavolinia pacifica
van der Spoel, Bleeker & Kobayasi, 1993 and
Diacavolinia grayi van der Spoel, Bleeker &
Kobayasi, 1993 by sharing the character of fairly
similar shell form. However, D. bandaensis is
distinguishable easily from the latter three
species. Diacavolinia bandaensis has no notch
on rostrum whereas D. angulosa and D. pacifica
have a fully developed notch (Fig. 1a, 1c, 1d).
Diacavolinia bandaensis has the similar level
between the caudal joint and the lateral spinetips
(Fig. 1a 1c, 1d) (van der Spoel et al. 1993; van
der Spoel et al. 1997), whereas D. grayi has the
caudal joint projected posteriorly below the
lateral spinetips.

It is surprising to find D. bandaensis in
nearshore waters of the northwestern Taiwan,
where is thousands kilometers away from its
known original home range in the Banda Sea,
Indonesia (van der Spoel et al. 1997). It is
difficult to explain this disconnected distribution
by ocean current transportation alone. The
Banda Sea and northwestern waters of Taiwan
are located in two different hemispheres. It is

difficult for pelagic oceanic animals to cross the
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Fig. 1. Dorsal view (a), lateral view (b), ventral view (c), and ventral view with posterior margin elevated

(showing the cone-shaped rostrum without a notch and the similar level between caudal joint and the

lateral spine) of the shell (SL 4.5 mm; SW 4.8 mm; RL 0.4 mm) of a specimen of Diacavolinia
bandaensis van der Spoel, Bleeker & Kobayasi, 1993 collected from nearshore waters of Northwestern

Taiwan.

equator via surface oceanic currents. Therefore,
it is hypothesized that D. bandaensis in the
nearshore waters of the northwestern Taiwan is
one of the populations or subpopulations of the
species in the western Pacific. However,
because of its extremely rarity, it was not found
in the past. In this study we made 72 plankton
samplings, but only a single specimen was
collected. The surface water habitat found in
this study corresponds with the shallow water

distribution of the species noted by van der
Spoel et al. (1997).

We thank Mr. Chin-Ling Chen and Shou-Yu
Chen for their assistance in laboratory sorting.
This study is supported in part by the grant of
National Science Council (NSC92-2621-005-
002) of Taiwan. We also appreciate logistic
support from National Museum of Natural

Science, Taiwan.
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Taxonomic Status of Aphnaeus hirayamae Matsumura,
1919 (L epidoptera: Lycaenidae)
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Abstract

Aphnaeus hirayamae Matsumura, 1919 of Taiwan has been considered a synonym of Spindasis
syama (Horsfield, 1829) for a long time. We examined this unique holotype of A. hirayamae and
compared it with the specimens of S. syama and Spindasis vulcanus (Fabricius, 1775), and found that
characters of the holotype differ from those of S. syama, but are undistinguishable from those of S
vulcanus, which is known mainly from the Indian subcontinent. Accordingly, we assigned Aphnaeus
hirayamae Matsumura, 1919 as a synonym nov. to Spindasis vulcanus (Fabricius, 1775). As A.
hirayamae has not been found in Taiwan since it was originally described in 1919, it seems unlikely that
S. vulcanus (= A. hirayamae) occurs in Taiwan. It is suspected that the holotype of A. hirayamae is more
likely a mislabeled specimen of the museum, rather than an individual accidentally introduced to Taiwan.
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Taxonomic status of Aphnaeus hirayamae
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Aphnaeus hirayamae Matsumura is a
hairstreak butterfly described by Matsumura
(1919) based upon a male specimen (holotype)
from Taiwan. It was transferred to the genus
Spindasis Wallengren, 1857 by Shirézu (1960),
and then subsequently considered to be a
synonym of Spindasis syama (Horsfield, 1829)
by Shirézu and Ueda (1992). This unique
holotype of A. hirayamae (Fig. 1) has been
deposited in the Matsumura collection of the
Systematic Entomology Laboratory, Hokkaido
University (SEHU), Sapporo, Japan.

We examined the holotype of A. hirayamae
and found it to agree well with the illustrations
of pl. 48, Fig. 7 in the original description
(Matsumura 1919) and that in page 546 of
Matsumura (1931). We compared the characters
of the holotype with those of the specimens (38
males and 25 females) of S. syama (17 males and
5 females from Taiwan; one male and one
female from East China; one male and one
female from Central China;, one male and two
females from West Chinga; two males and three
females from Hong Kong; nine males and six
females from the Philippines; three males and

two females from Thailand; and four males and
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four females from Borneo), and found that the

holotype differs specifically from S. syama in the

following characters (terminology of wing

patterns after Nijhout 1991):

1. Two prominent longitudinal orange streaks are
present on forewing uppersides of A.
hirayamae, (Fig. 1A), but such streaks are
absent in S. syama.

2. Proximal band of the central symmetry system
on hindwing underside of A. hirayamae forms
a continuous band (Fig. 1B), whereas it is
consisted of several detached spotsin S.
syama.

3. Basal symmetry system on forewing underside
of A. hirayamae is represented as a bar that is
attenuated basally and enlarged into a circle
distally (Fig. 1B), whereas that of S. syama is
asimple bar.

4. Parafocal element on hindwing underside is
attached to the distal band of the central
symmetry system in A. hirayamae (Fig. 1B),
whereas these two bands are separated each
other in S. syama.

We also compared the holotype of A.
hirayamae with Spindasis vulcanus (Fabricius,

1775) (Fig. 2), for which we examined the
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Fig. 1. Holotype of Aphnaeus hirayamae Matsumura (SEHU): A, upperside; B, underside; C, labels.
1. HATCE B A [ 7R LR ik | HUIERIZCAEA - A, TH#; B, IR C. 154 -

specimens of five males and four females from
India and two males and one female from Sri
Lanka. We found that the characters of the
holotype of A. hirayamae agree fully with those
of S. vulcanus, which is distributed in India
(Nicéville 1890; Evans 1925, 1932; Gay et al.
1992; Kunte 2000), Sri Lanka (Evans 1925,
1932; Woodhouse 1952; D'Abrera 1986; Banks
and Banks 1985), Sikkim (Haribal 1992), Nepal
(Smith 1989, 1994), northern Thailand
(Pinratana 1981), and Java (D'Abrera 1986).

Accordingly, A. hirayamae is synonymous
to S. vulcanus, not to S. syama as previously
considered (Shirbzu and Ueda 1992). Therefore,
we herein assign Aphnaeus hirayamae
Matsumura, 1919 as a junior synonym of
Aphnaeus vulcanus (Fabricius, 1775).

S. vulcanus is distributed primarily in the
Indian subcontinent (Kunte 2000), extends
eastwardly to the central Indochina (Pinratana
1981), and has an isolated population in Java
(D'Abrera 1986). It seems unlikely that it occurs
in Taiwan, as no butterfly species is known to
occur in the Indian subcontinent and Taiwan
without presence also in mainland China.
Furthermore, no more specimen of this lycaenid
butterfly has been collected from Taiwan,
besides the holotype of A. hirayamae. We
strongly suspect that the holotype of A.
hirayamae is an individual that was accidentally
introduced to Taiwan, or a mislabeled specimen
of the museum; it is more likely for the latter
than the former. Its museum label is Holotype
male: Formosa Matsumura | Horisha Hirayama |



Taxonomic status of Aphnaeus hirayamae

Fig. 2. A specimen of male Spindasis vulcanus (data of label: India: Calcutta, 14-19 Oct 1978, JAP-IND

CO TR, SEHU) :A, upperside; B, underside.

Wil 2. F1EE 7 2 P i R R MBAEAS + AT TR, B, NS T -

Type Matsumura[red label] (SEHU) (Fig. 1C).

A synonymic list of Spindasis vulcanus
(Fabricius 1775) modified by Nicéville (1890)
and Evans (1932) isrevised as follows:

Spindasis vulcanus (Fabricius, 1775)
Papilio vulcanus Fabricius, 1775: 519.
Papilio etolus Cramer 1779: pl. ceviii, figs. E, F.
Polyommatus vulcanus Godart, 1823: 644.
Amblypodia vulcanus Horsfield, 1829: 106.
Aphnaeus vulcanus Hibner, 1816-1841.:
Aphnaeus etolus Hewitson, 1865: 61.
Aphnaeus bracteatus Butler, 1883: 147.
Aphnaeus tigrinus Moore, 1884: 25.
Spindasistigrina de Nicéville, 1885: 25.
Aphnaeus hirayamae Matsumura 1919: 613.
syn. nov. and stat. rev.
Spindasis vulcanus Evans 1925: 758.
Spindasis etolus Evans 1932: 276.
Spindasistigrinus Evans 1932: 276.
Spindasis hirayamae Shirdzu 1960: 455.
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