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Abstract

Summer and autumn anuran line-transect survey of two forest and two stream transects at
Wushykeng area before and after the 921 earthquake (1997 to 2008) was analyzed in this research. We
found 13 amphibian species with two new species records after the earthquake. No distinct seasonal
variation was found in the number of frogs between pre-quake and the first post-quake periods in forest
habitats, but the number of species reduced in the post-quake periods. It might be a result of the
destruction of forest vegetation due to the quake. In the second and the third post-quake periods,
amphibian abundance recovered but showed seasonal fluctuation with high in the summer and low in the
autumn. There was no seasonal population variation in stream habitats in pre-quake and early-post-quake
periods. Increase of species numbers might be a result of frogs seeking new breeding sites after forest
habitats destruction. The total frog abundance fluctuated conspicuously from low in the summer to high
in the autumn due to the explosive increase of Rana sauteri individuals in the autumns in the latter
post-quake periods. Biodiversity indexes were lower in stream habitats in the latter post-quake periods,
resulting from the increase of Rana sauteri abundance. The Odorrana swinhoana population in
Wushykeng recovered in the first post-quake period, probably as a result of the frogs moving between
forest and stream habitats. In addition, the autumn Rana sauteri population bursts in the latter post-quake
periods were presumably due to the stream habitats becoming appropriate for breeding and the recovery
of nearby vegetations.
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between forest and stream populations. (S: summer)
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Fig. 7 Abundances of Kurixalus idiootocus, Buergeria robusta in summer and Rana sauteri in autumn
increased distinctly in the periods of second- and third-post-earthquake periods. (* represents there was
distinct difference of the species.)
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Fig. 8 Similarity of amphibian assemblage was analyzed by ANOSIM. There's only one distinct difference
at stream habitat in the autumn. (Each point represents the community composition from a single survey.
The shorter the distance between two points the more similarities between them.)
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Abstract

Remote sensing images taken by French SPOT satellites showed that there were changes in land
covers in the coastal zone of Qigu in 1994, 2004 and 2010. Specifically, an analysis of images taken over
the past 16 years revealed a number of changes. Firstly, sediments had eroded and were deposited in
Wangziliao, Dingtou'e and Xinfulun offshore sandbars, which drifted east and/or south. Secondly, the
southeast and southern areas of the Black-faced Spoonbill Refuge had been replaced by fish ponds.
Finally, the riverbed was shown seriously eroded at Cengwen estuary. In addition to these changes in land
covers, losses in coastal vegetation were also documented. In 1994, there were three mangrove swaths
with a total area of 6.2 ha in the Qigu estuary. However, two of these were excavated in 2008, and in 2010
only an area of 5.1 ha remained. While the windbreak forest increased from 4.2 ha to 14.8 ha at the
southern Wangziliao sandbar, its area reduced from 8.5 to 3.7 ha at the northern Dingtou'e sandbar.
Another windbreak forest eroded and disappeared at the southern Dingtou'e sandbar, an area of
approximately 87.8 ha in 1994 that diminished to only 7.3 ha in 2010. The windbreak forests have
seriously eroded and may even disappear completely at the southern Dingtou'e sandbar. Therefore, urgent
stabilization of the sand bank of this region is recommended in order to protect the greater Qigu area from
further deterioration.

BRG] - Lk - i - 28

Key words : Qigu, land cover, change

WEHBA - 20033 H 4 H BZHBA 20035 9 H

Received: March 4, 2013 Accepted: May 9, 2013

% Z ST LR RANE B F AR > B

VR R » A REIRBR R S AR A o
B TRt B VDU~ B~ 5 S S (remote sensing) Il SE B AN TE 5
ﬁ~ﬂD\HMM\%'“%MZE%$%% BRI FEHE ~ s SR R R (E RE S &
B> RIS E S R HEYE ¥l (Lillesand and Kiefer 1994) » &M R TS R
ke ﬁ %ia%%ﬁ% %EWHM? HIFHESRUEHIER |2 B A REASCERL > LL
D ~ R TR RS RS KR R NFELEZE R ~ oK R et L iE B - i

B2 e T N Lbf(@%i’@ﬁ; Rk S8BTt U5 B 28 B R BOR B2



EIEEYIZ B ERTSE(TW J. of Biodivers.) 15(2): 99—111, 2013 101

RIS G 1992) » JE FHE I LT SR T f
Bl R IRs it g s B B R & — JH EE B (51 5%
1992)  EHIEFIEAFFEE S - ZIFHEG ~ K
T 25 S RS BT S (B Y Il ] BB R
LE#T > (SRRESRTE - AARIEE RLE BN
o DURHEMG ISR AT e 8 4 2 S iRz
FBIEAD,EE (S 1994) o ITELFA » A {5
I RHEE i - TEA s E R R
ELMFIR EE S R W RRIRE
W~ VYRR ~ BREEORGE R ~ Sl TH
I~ BARCK ~ stV A ~ AR RE ~ TRZIEA -
B E ~ EIRE AR

T AR B SR I 2 )46 R o B I ) A8 S
AR B TR R 2 W)
VIR R B A B PR, - F
WA RER 2 B R R I R B R
RIS > 37 0 S 2 e — B vl 4T
Z Jii: (Klemas 2009) © 3T -2 A [ 2 S G E
FARA Uy 58358 2 FFF9E » 401 Liu et al.(2008)
PRETEE 10 A A B gt o i ok Bl j st
FHUAG F 2 B8 » 458 R Fr s 2 = e
B 1 AR REEMED » HEB)IRE T3
b~ SRS ~ O AR Tb R RS Y
VI |5 R A o Ahmed et al.(2009) 2L
Landsat &5 2GRS 3 (EJL IR S WE E
30 5 (1972-2004) At 2 B BER B R > Sl o) 7
T EIRGEE RN > &N E B E &
VRN B LT M e 2 M SR T 0 - 5
2L A8 ) 2 EF 751% - Ardli and Wolff(2009)
LLEN Je U 2 & 0 47 B 4 5e 3% 151 (Segara
Anakan lagoon)1987 4 ~2006 2 4 i
SPOT #2515 » &b - HFi) F Bl 78 35 72 s
R F BRI A K B A U
VIR FEE I » LA S AT RS o588 Bl 5 5 A 3% © Kurt
et al.(2010) LA 1987 B 2007 42 2 iE Landsat

{81 2 515 o0 B = B H (7 i 3H €2 (Istanbul) 1
il g R AREEE - 48 A G H G R AR
2 F P {3 32 km e El-Asmar and Hereher(2011)
DA% et mitii ~ Landsat k2 SPOT il 255t
.z Atg R G - 7k 1973 F:~2007 4 [H
JE Z# 1 = A (Nile Delta) il i il [ & 1 22 55
B TR KK 5000 A 52 B (= Al 13%
I - 12 $LH I (Manzala lagoon)Eif& (G
ST HHRERIE 34.5% » 5& £ 2L e itk 2
e B\ FEYE Eh ot 1 b F AU RERT B
B E 2 SHBRT T s - 40P
2 (2006) 6 B4 75 1 LI e o 7Y A 22 THSEAR L
[ 10 km /58 o SEITHIFZ KGRI R ~ A3
B RS By o PRET-ERARIDINEEE 2
PR SRR A > S DA i A X B R 53
B 77 LA TR R TR » W RS A
VONORGE 2 R BT 2 o PREE (2007) 65 55 HH R
SEthlE ~ iR~ BRGSOt T R A S E
B> WFFEst AR THIN Bt 1 Ge vl 2 St 8 -
77 BiLA5; (2007) & B 5 2 1 3 0 R0 U 2 8
B o SHEHENER R > IHEK I RN - it
B 1K (2008) LAE 52 VO UNBH T S SR LA
AR RS Bl A S e > SRR HE
fa e Bt A ) 2 Bl SRR o A gEE I E
LRt &R R G AR » Bl & HERE
[ st AR B - EITRAGIEE AT 0 IR
ATRZIMIE YOI ~ REHE e 5 TS5 At 8 17 Bl
K3 SRALERE TR ~ H B A 2 2855 o

MFHE T ik

—  BRESSER

R L E 5 P 7P 8.2 A » L
EIRBR - EESORE 1) HBEIT
POl L — 59 » (AT SCIRRGE - PO



102 LB vt it A& 7y A

B 1-CR v st A e ]

Fig. 1. The study area in the Qigu coastal zone.
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Table 1. Sources of SPOT XS imageries for the Qigu coastal zone

Satellite  Incidence Orientation Azimuth  Elevation
Date Time (am.)  number (°) (°) (°) (°)
3 Jan. 1994 10:55:54 SPOT2 23.7 10.6 159.6 40.6
14 Jan. 2004 11:00:13 SPOT5 29.3 14.4 158.7 41.9
17 Jan. 2010 10:45:00 SPOT5 8.3 13.4 153.5 41.3
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Fig. 2. Satellite images of the Qigu coastal zone by SPOT 3/2/1 in 1994 (left), 2004 (middle) and the two
images overlapped (right).
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Fig. 3. Satellite images of the Qigu coastal zone by SPOT 3/2/1 in 2004 (left), 2010 (middle) and the two
images overlapped (right).
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Fig. 4. Satellite images showing the areas of vegetation change
analysis in the Qigu coastal zone. V1: Qigu Estuary, V2:
northern Wangziliao sandbar, V3:southern Wangziliao
sandbar, V4:northern Dingtou'e sandbar and V5:southern
Dingtou'e sandbar.
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Table 2. A change matrix of vegetation areas (ha) in the Qigu coastal zone from 1994 to 2010

Vegetation 1994 2004 2010
V1 6.2 6.2 5.1
V2 14.4 0.0 0.0
V3 4.2 8.2 14.8
V4 8.5 12.8 3.7
V5 87.8 22.6 7.3
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Fig. 5. Satellite images showing the changes in coastal vegetation in the Qigu coastal zone.
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Fig. 6. Satellite images showing the changes of the area at the Qigu lagoon by SPOT 3/2/1 in 1994 (left),
2010 (middle) and the two area shapes overlapped (right).
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A Review and Status of Fossil Cetacean Research in Taiwan
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Abstract

This study reviews the status of known fossil cetaceans and reported fossil cetacean-bearing
localities in Taiwan, including published and formerly un-reported specimens and localities from field
investigations, national and private collections. There are 15 known localities of cetacean fossils,
spanning Late Pleistocene (~0.01 Ma) to Late Miocene (~5.4 Ma), and four cetacean families are
recognized: Delphinidae, Balaenopteridae, Balaenidae, and Eschrichtiidae. The occurrences indicate the
potential to discover more cetacean-bearing localities and specimens in Taiwan. In particular, the cetacean
fossils of Quaternary age can provide valuable information on the origins of the modern cetacean fauna

around Taiwan.
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Introduction

Fossils of Cetacea (whales, dolphins, and
porpoises) have been discovered and reported
worldwide (Fordyce 2009), with hundreds of
fossil species described on the basis of well-
preserved skeletons as well as single elements
(such as skull or ear bones). Fossil cetaceans are
crucial for understanding cetacean phylogeny
and evolutionary history. In particular, Quaternary
fossils could help understand the origins of living
cetacean species, while late Miocene-Pliocene
fossils could elucidate patterns in rapidly-evolving
groups such as the ocean dolphins, Delphinidae.
Furthermore, cetacean fossils could help refine

Accepted: May 8, 2013

BZHB 20035 A8 H

the geological age and depositional settings of
sedimentary rocks.

Given the abundance and diversity of fossil
Cetacea in Japan (Oishi and Hasegawa 1995b), it
is surprising that relatively few fossils of
cetaceans have been recognized and reported in
Taiwan in spite of the closeness of the two regions
in the western North Pacific. Taiwanese localities
of published specimens and newly-discovered
localities with cetacean fossils are shown in Fig.
1. The oldest fossil cetaceans reported in Taiwan
in the literature are from the latest Miocene to
the earliest Pliocene (Kueichulin Formation;
Chiu 1972). Figure 2A shows an example of an
odontocete from the Kueichulin Formation of
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Guoshing Township in the field. Several factors
could explain the limited knowledge of cetacean
fossils in Taiwan: few fossil cetaceans have been
discovered (possibly relating to the amount of
available marine sedimentary rock outcrop or
the previous lack of direct research on fossil
Cetacea), and most fossil cetaceans from Taiwan
are unpublished specimens that have been
found accidentally or recovered by amateur
paleontologists. Examples of occurrences include
fossil specimens trawled from the sea bottom of
Penghu Channel by fishing boats (Chang 1996),
fossils recovered during construction (Chang
and Cheng 1998), and fossils recovered during
drilling for petroleum (Meng 1961; Huang 1965,
1976; Chiu 1972). In Taiwan, cetacean-bearing
rocks include alternating beds of sandstone and
shale (Erchungchi, Liuchungchi, Kueichulin and
ErJiou Formations), and massive conglomerate
with a few layers of sandstone (Toukoushan
Formation). Figure 3 gives examples of cetacean-
bearing formations and fossils.

The scope of advanced research on cetacean
fossils in Taiwan could include the following
(based on Fitzgerald 2004): 1) to locate where
fossil cetaceans have previously been discovered;
2) to recognize the faunal compositions of these
localities from national institution or private
collections; 3) to understand the sedimentary
geology of these cetacean-bearing localities;
and 4) to resolve the geological age of these
fossil-bearing localities. The purpose of this
study is to review the status of known fossil
cetaceans, to summarize the published fossil
cetacean-bearing localities in Taiwan, to record

formerly unknown specimens from field
investigations, and to report on cetacean fossils

in national museums and private collections.

Materials and Methods

Most specimens discovered remain in the
field because it is imprudent to recover them
without systematic excavation due to risk of
damage. Also, some specimens are in the care
of private collectors, such as fossil balaenids
reported by Tsai et al. 2012; such specimens
could be described formally once the specimens
go to national institutions. Two eschrichtiid
fossils, NMNS-F051728 and LFMM-W-001,
are deposited at National Museum of Natural
Science, Taichung, Taiwan (NMNS) and Land
Fossil and Mineral Museum, Tainan, Taiwan
(LFMM) respectively.

Mysticeti (baleen whale)

Fossil mysticetes from Taiwan were
discovered during petroleum exploration by the
Taiwan Petroleum Exploration Division of the
Chinese Petroleum Corporation in the 1950’s.
Following a series of excavations, a few articles
on fossil whales were published (Meng 1961;
Huang 1965, 1976; Chiu 1972) and several
fossil cetacean localities were reported (Fig. 1).
These discoveries produced many mysticete
fossils, though mainly they were non-diagnostic
elements such as broken vertebrae and incomplete
ribs. As no skulls were discovered, the fossils
could not be identified with confidence. However,

a new species, Balaenoptera taiwanica, was
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established based on an isolated tympanic bulla
(Huang 1965). Huang argued that morphological
characters of the bulla (including an abrupt
limbation (sic) and distinct deep furrow of the
involucrum, gentle depression and very weak
grooves on the middle part of the inner lip, and
narrow tympanic cavity) were sufficient to define
a new species following criteria used by Kellogg
(1924). However, Kellogg did offer a caution
(Kellogg 1924) which states: “the tympanic
bones are sufficiently diagnostic to be used as a
guide in the determination of species... but no
definite allocation will be made until more
material is available for study”. More recently,
Steeman (2010) concluded that ear bones may
show sufficient diagnostic characters to allow
identification at species level, but isolated ear
bones or other isolated skeletal material should
not be used to establish new scientific names
(also see Barnes 1977; Qishi and Hasegawa
1995a). With that provision, if isolated specimens
are used for taxonomical identification purposes,
they may dramatically enhance our knowledge of
cetacean paleo-diversity and paleo-distribution
(Steeman 2010). The taxonomic status of
Balaenoptera taiwanica Huang, 1965, will be
treated in depth by Tsai separately.

Field research and examination of national
and private collections identified the localities
shown in Fig. 1. Newly-recognized specimens
that are currently under study include two fossil
eschrichtiid specimens (NMNS-F051728 and
LFMM-W-001), comprising partial posterior
crania (Tsai et al. 2011) and fossil balaenids,
with cervical vertebrae and tympanic bulla

Fossil Cetacean in Taiwan

(Tsai et al. 2012). In spite of their incomplete
preservation, these specimens show key diagnostic
features, such as the presence of paired tuberosities
on the supraoccipital shield for eschrichtiids
(Ichishima et al. 2006) and the fused cervical
vertebrae for balaenids (Kellogg 1928). These
specimens should elucidate the evolutionary
history and paleo-distribution of Eschrichtiidae
and Balaenidae in the northwestern Pacific.

Odontoceti (toothed whale, dolphin, and
porpoise)

Only four odontocete bearing-localities
have been documented in three publications (Fig.
1; Tan 1937; Chang 1996; Chang and Cheng
1998) and just one family, Delphinidae, has been
reported to date. Eight vertebrae were discovered
(seven in Houlong Township, Miaoli County and
one in Chochen Township, Tainan City) and
identified as posterior lumbar vertebrae based on
the position of transverse processes and lack of
ventral processes for chevron bones (Tan 1937).
An isolated tooth (Fig. 2B) probably represents a
species of Delphinidae from Liuchungchi
Formation of Yujing Township. Two well-
preserved skulls include one identified as the
extant shortfinned pilot whale, Globicephala
macrorhynchus Gray (Chang 1996), and the
other proposed by Chang and Cheng (1998) as a
new species, Pseudorca yuanliensis. The former
specimen shows no major difference from extant
Globicephala macrorhynchus, but does show
minor differences that probably reflect postmortem
erosion, for example, destruction of the globose
and robust antorbital processes (therefore
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obliterating the deep and wide antorbital notch)
or to continuous wear which caused the maxillary
alveoli to be absent from ventral view. The
similarities to extant Globicephala macrorhynchus
include a short and wide rostrum, posterior
extension of the maxillae compressing the
occipital shield which is not visible in dorsal
view, and rugosities on the dorsal surface of
the premaxillae near the anterior tip of the
rostrum. The Late Pliocene or Early Pleistocene
holotype specimen of Pseudorca yuanliensis is
well-preserved, including a nearly-complete
skull, cervical and thoracic vertebrae and ribs,
but its morphology, paleoecology and phylogenetic
relationships need to be reevaluated. Furthermore,
the name, Pseudorca yuanliensis, is a nomen
nudum because publication of the name does not
fulfill requirements of availability (ICZN 1999:
Art. 13). For now, the name is best used in
quotes, thus: “Pseudorca yuanliensis”.

Few well-preserved fossil odontocetes were
encountered during this study. However, the
quantity of fossil odontocetes seems higher than
previously thought. For example, according to an
amateur paleontologist (L. C. Wang, pers. comm.
), a fossil odontocete with a nearly complete
skeleton was discovered, but without financial
support and human resource, the fossil had to be
excavated quickly before a typhoon and only
fragments were recovered. Though few diagnostic
bones (such as skulls) were recognized during
this study, other bones could also be useful for
studying the paleo-diversity of fossil odontocetes
in Taiwan (ear bones, see Bianucci 1996; limb
bones, see Kazér and Bohaska 2008).

Discussion

The known published fossil localities, in
addition to newly-recognized specimens in
national museums and private collections and
those remaining in the field (Fig. 1), indicate
clearly the scope of fossil whale studies in Taiwan
as well as the potential to improve knowledge of
the natural history, paleontology, and geological
context of Cetacea in this region. Until recently,
the published fossil record of Cetacea in Taiwan
represented only two families, Balaenopteridae
and Delphinidae. However, recent findings of
geologically young eschrichtiids (gray whales)
and balaenids (right whales) (Tsai et al. 2011,
2012) reveal a higher paleo-diversity at the family
level than at present (eschrichtiids and balaenids
do not now live in Taiwanese waters). In Taiwan,
the limited fossil record of Cetacea could be
attributed to a combination of the biases outlined
by Uhen and Pyenson (2007): taxonomic, time
scale, collection effort, available rock area, research
effort, and taphonomic biases. Among these
seven biases, the previously limited research
effort is probably significant in Taiwan. Few
papers that mention fossil Cetacea have been
published since the first report that recorded
fossil cetaceans from Houlong and Chochen
Township by Tan (1937).

The seven localities (Fig. 1) identified from
previous publications have expanded to 15 by
recent field work. The new localities expand the
regions yielding fossil cetaceans northwards
(Bali) and southwards (Hengchun). All the fossil
cetacean-bearing localities are restricted to
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western Taiwan, partly because sedimentary
rocks in eastern Taiwan are often metamorphosed
or volcaniclastic sediments, which are unlikely
to yield vertebrate fossils. However, these new
localities reveal that more cetacean-bearing
localities could be discovered. Considering
the extant cetacean diversity around Taiwan
(Yang 1976; Chou 2004) and diverse cetacean
fossil assemblages discovered in Japan (Oishi
and Hasegawa 1995b), a more diverse fossil
record of Taiwanese Cetacea could be expected.
Fossil specimens dredged from sea bottom are
occasionally reported from other countries
(Fordyce 1984; Whitmore et al. 1986; Post and
Kompanje 1995), but this happens frequently in
Taiwan (Chang 1996; Tsai et al. 2011, 2012).
Long-term changes in geography could be a
driving force of cetacean evolution, such as the
opening of the Drake Passage and the initiation
of the Antarctic Circumpolar Current (Steeman
et al. 2009). Pleistocene alternations between
glacial and interglacial affected the geography
between continental Asia and Taiwan: interglacial
high sea levels precluded migration of terrestrial
mammals, and allowed passage of Cetacea, while
glacial low sea levels linked landmasses and
allowed terrestrial movement while limiting
cetaceans. Fossils from the sea bottom of Penghu
Channel (elephants - Takahashi et al. 2001;
gray whales-Tsai et al. 2012) are consistent
with the notion of alternating terrestrial and
marine migration routes. Fluctuating conditions
from shallow marine and lagoon to terrestrial
settings around Taiwan, especially Taiwan Strait
(Ku et al. 2005), also changed cetacean habitat

Fossil Cetacean in Taiwan

on a local scale. Such temporal variation in
habitats may have affected the migration route,
mating and calving regions of gray whales,
Eschrichtius robustus, but the behavior of the
modern western population of gray whales is
too inadequately understood to predict the nature
of possible change (Jones and Swartz 2009).
For other gray whale populations, glacial and
interglacial changes in Pleistocene sea level may
have forced them to change their feeding mode
from benthic feeders to generalists (Pyenson and
Lindberg 2011).

The identification of more cetacean-bearing
localities, and the (re)identification of published
and newly-discovered cetacean fossils (Fig.1)
both suggest that Taiwan could be a high-yielding
region for future discoveries and could improve
the knowledge of the cetacean fossil record along
the western Pacific rim. The fossil record of
Cetacea in Japan could be an analogue for Taiwan;
Japan is stratigraphically well-sampled, yielding
an extremely diverse assemblage of extinct
cetaceans, such as Aetiocetus, Chonecetus,
Herpetocetus, and Balaenula (Mysticeti) and
Kentriodon, Scaldicetus, and Eurhinodelphis
(Odontoceti) (Oishi and Hasegawa 1995b). This
review concludes that comparable taxonomic and
stratigraphic diversity could be developed for

fossil marine mammals in Taiwan.
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Figure 1. Localities of cetacean fossils in Taiwan. erepresents the fossil sites in the literature and a stands
for the new localities reported in this study. Of note, there are two localities overlapping with fossils found
in the past and newly-discovered material, Chochen and Penghu Channel. The number beside the locality
corresponds to Figure 3. The miniature at the bottom right shows the relative position of Taiwan in the

northern Pacific.
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Figure 2. An odontocete fossil in the field, Kueichulin Formation of Guoshing Township (A). Red circles

indicate the positions of the fossil material; an fossil odontocete tooth with matrix, Liuchungchi Formation
of Yujing Township (B).
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Figure 3. Comparison between cetacean-bearing formations and fossil specimens and localities in Taiwan.
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Abstract

Habitat destruction by human activity is a severe issue around the world. The growing number of
semi-natural habitats and artificial habitats should be further studied owing to their potential functions in
conservation and education. A one-year survey of butterflies in an artificial habitat, Ecology Education
Park(EEP) in the Endemic Species Research Institute, was conducted to understand the composition and
monthly variation of the butterfly community there. In total 96 butterfly species and 1754 individuals
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were recorded during 12 investigations. Among them, 9, 16, 13, 18, and 40 recorded species came from
families Hesperiidae, Papilionidae, Pieridae, Lycaenidae, and Nymphalidae, respectively. Species richness
peaked in July and October, and a similar pattern showed in all five butterfly families in EEP. During the
12-months period, large variation of butterfly abundance happened in Lycaenidae and Nymphalidae
owing to one or two apparent peak(s); but no apparent peak resulted in relatively small abundance
variation in Pieridae. For different families, the peak could have occurred due to outbreak of one or two
species, or multiple species maintaining a certain level of population during the same period. Among the
results from four diversity indices, a similar pattern was found when considering the number of
individuals in the total sample. The apparent drop of values of indices occurred in December owing to a
population outbreak of a small number of species. The preliminary results from this study can give light
to the importance of monitoring community structure in artificial habitats by manipulating proper
sampling methods and by adopting adequate diversity indices.
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Introduction

Almost all the habitats around the world
have been influenced by human directly or
indirectly in different scales and in many aspects
(Bishop et al. 1981; Naeem et al. 1994; Vitousek
et al. 1997; Chapin IlI et al. 2000). Since natural
habitats are diminishing, semi-natural and artificial
habitats, which are both increasing in number,
have become important study plots as with
natural ones (Hietala-Koivu et al. 2004). A
well-designed management of those habitats can
generate meaningful insights in conservation
biology(e.g., protect and conserve plants and
animals) or for educational purposes(Pratt 1994;
Fernandez-Juricic and Jokimaki 2001; Li 2005).
Therefore, in addition to conserving natural
habitats, it is critical to direct attention to the
management of semi-natural or artificial habitats.

Previously a log-storage pool, Ecology
Education Park(simplified as EEP thereafter) is
an artificial habitat constructed in 1993 in the
Endemic Species Research Institute(simplified
as ESRI thereafter). After undergoing habitat
reconstruction and systematical planting for
several years, EEP is now composed of diverse
microhabitats with abundant endemic plant
species and has attracted many animals ever
since. At least 697 plant species, 60 birds, 20
reptiles, 16 amphibians, 105 butterfly species,
and 144 moths have been recorded in EEP.
Previous studies have focused on the diversity of
organisms inhabiting in natural sampling plots,
and the correlation between the biodiversity and

ecosystem functioning were also held(Chapin
Il et al. 2000; Loreau et al. 2001). However,
little is known about the species diversity of
artificial habitats, regardless of the benefits that
monitoring changes in species composition in
such habitats may provide useful information
for improving the management protocols. The
EEP, has been constructed and managed, thus
becomes an ideal sampling plot for studying such
important issues.

Butterflies are adequate indicators of habitat
changes(Kunte 1997), especially when comparing
to the other terrestrial insect groups with limited
baseline knowledge(Thomas 2005). In this study,
we underwent surveys of butterfly communities
in EEP by recording the number of individuals in
each species once every month. Assessment of
species richness, evenness, and other diversity
indices were conducted to understand the patterns
of community composition and monthly variation.
Based on the preliminary results, sampling methods
and monitoring protocols for an artificial habitat
are expected to be improved and reconstructed.

Materials and Methods

Study area

Butterfly community survey took place
during 2011 in EEP in ESRI, located in Jiji
Township, Nantou County, Taiwan(N23° 49' 36",
E120° 48' 4.56"). The altitude of the study location
was 301 m. The 3.5-hectare area contains several
habitat types, including forests, grasslands, and
ponds. Around the park, plant species clustered

in areas such as nectar plant area, evergreen
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broad-leaf forest area, precious and rare plant
area, special purpose plant area, and color-
changing plant area(Fig. 1). Information about
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food plants of butterfly adults(i.e., nectar plants)
and larvae(i.e., host plants) in EEP are listed in
Appendix 1.

Aquatic Plant Pond Area

Artificially-Planted
Woodland Area

Precious & Rare Plant Area

Wam

Marsh Plant &
Pond Ecosystem
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Fig.1. A map of EEP with distinctive areas. Shadowed squares with number represent the order of transect

line from 1 to 13, formed as a circular route. That is, after passing the 13" spot, the recorder kept walking

to the 1% spot to finish the investigation.

Sampling methods

The transect was a one-km route across each
habitat type in EEP(Fig. 1). The investigation was
made under good weather condition(except for
raining) once every month from 09:00 to 12:00
when the highest species richness and the
number of individuals could be observed during
the day(Yan 2011). The recorders walked at a

uniform pace forward and recorded the species
name and number of individuals of butterflies
found within a space formed by a 5-m range
cube(i.e., a method which is similar to Pollard
Walk by Pollard(1977, 1982), Pollard and
Yates(1993), and descriptions by Pollard(1991);
see Fig. 2). Most butterflies were identifiable in
flight, while some smaller and indistinguishable
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individuals(usually butterflies belonging to the
family Hesperiidae) were captured by butterfly
net for further identifications. Additional
investigations during each month were made for

129

the supplement of butterfly species(asterisk
symbol in Table 1), and data of which(both the
number of species and individuals) were not

included for further analyses.

*
O
it

Fig. 2. The detection range when sampling in EEP. The space was formed as a 125 m? cube where the

recorder kept track of the species and the number of butterflies passing by.

Diversity indices

We regarded EEP as a relatively small
sampling plot, where the recording of butterfly
species has been made for more than 3 years(i.e.,
assuming nearly all of butterfly species in the

butterfly community were recorded and identified).

The sampling frequency was also assumed to be

enough in order to ensure the probability for each
individual in each population being chosen is
equal. With the above assumptions, the diversity
indices can be adopted for interpretations. Four
commonly used indices were adopted to make
comparisons of the pattern of diversity and

composition of butterflies.
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(1) Species richness

Species richness indicates the number of
species in the community (MclIntosh 1967). In
this study, we adopted the complete count of
the number of butterfly species in order to make
comparisons with other diversity indices
considering the number of individuals.

(2) Evenness

Based on the Shannon index, which will be
described in the next section, Pielou's evenness
index(referred to as Pielou index thereafter)
represents the ratio of observed diversity to the
maximum possible diversity of a community
with the same species richness(van Dyke 2008).
The formula for calculating species evenness are

Hpax =InS

J = H/Hmax
(Pielou 1966)

where Hy,4 is the Shannon index when all the
species in the community had an equal number
of individuals, S the species richness(i.e., the
number of species), In S the natural logarithm
of S; J is the measure of species evenness(i.e.,
Pielou index), H the measure of species diversity
(from Shannon index).

(3) Shannon index

The Shannon-Wiener index is a commonly
used nonparametric measurement of heterogeneity
(uncertainty) based on information theory(
Margalef 1957, 1958). The name of the Shannon-
Wiener index derived from Shannon’s(1948)
admiration for Norbert Wiener for his contribution

Butterfly Diversity and Composition in an Artificial Habitat

of basic philosophy and theory to communication
theory(also clarified by Spellerberg and Fedor
(2002). The Shannon-Wiener index(as Shannon
index thereafter) can be used with both large and
small sample sizes(van Dyke 2008). The formula
for the Shannon index is

s
H = —Z(pi) (Inp; )

(Shannon 1948)
where H is the measure of species diversity (i.e.,
Shannon index), S the species richness, p; the
proportion of individuals in the total sample
which belongs to the ith species, and In p; the
natural logarithm of p;.

(4) Simpson’s index

Simpson(1949) presented a nonparametric
measurement of heterogeneity derived from
the probability that two individuals chosen at
random and independently from the population
belonging to the same group(i.e., species). Since
we regarded the sample as a finite collection(i.e.,
collection as a complete population, Pielou (1966,
1969), the complement of Simpson’s diversity
(simplified to Simpson’s index thereafter) was
used to estimate the heterogeneity of butterfly
community in EEP. The formula for the Simpson’s

index is

S
_ nitn;—= D] Ziini(ni—1)
I_D_l_; NV —1) =1= NV —=1)
(Pielou 1969)

where 1—D is the Simpson’s index of diversity
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for a finite population, S the species richness, n;
the number of individuals in the total sample
which belongs to the ith species, N the number of
individuals in the total sample.

Stastical Analyses

Chi-square goodness of fit test was used to
check if the proportion of butterfly families in
EEP fit the known proportion of butterfly
families of Taiwan. Pearson’s chi-squared test of
independence was used to see if there was any
correlation between total species number and
species number in each family across months.
Bartlett's test of homogeneity of variance was
used to compare the pattern of butterfly
abundance across months in the three families
which took up the majority of total butterfly
abundance.

Results

Composition of butterfly species
Scientific names of butterfly species being

recorded during 2011 are listed in Appendix 2.
As shown in Table 1, 104 butterfly species were
found in EEP, accounting for 24.07% of the
species in Taiwan. Among them, the family
Papilionidae accounted for the largest proportion
(41.46%) while the family Lycaenidae took up
the smallest proportion(15.32%). The species
distribution by families in EEP was different
from the distribution of Taiwan(Chi-square
goodness of fit test: p = 0.013). The butterfly
family Nymphalidae contributed the most to all
of butterfly species recorded during 2011(Table
2), and the similar pattern occurred in most of
time periods(10 months during a year, Fig. 3).
July and October were two peaks of the number
of butterfly species during 2011(Fig. 3). The
distribution of species number in each family
was similar to an overall pattern regardless of
the separation by butterfly families(Pearson’s
chi-squared test of independence: p = 0.719 in
Hesperiidae; p = 0.413 in Papilionidae; p = 0.321
in Pieridae; p = 0.87 in Lycaenidae; p = 0.994 in
Nymphalidae).

Table 1. Number of butterfly species in EEP and in Taiwan

Number of species

Family EEp Taiwan** Percentage(%)
Hesperiidae 13 69 18.84
Papilionidae 17 41 41.46
Pieridae 14 38 36.84
Lycaenidae 19 124 15.32
Nymphalidae 41 160 25.63
Total 104 432 24.07

* represent the number of species including the supplied records
** The number of species in Taiwan is the most recent record from TaiBNET (Catalogue of Life in Taiwan:

http://taibnet.sinica.edu.tw/)
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Table 2. Records of the number of butterfly species and individuals in EEP during 2011

Species Individuals
Family
Number Percentage(%) Number Percentage(%)
Hesperiidae 9 9.37 34 1.94
Papilionidae 16 16.67 149 8.49
Pieridae 13 13.54 456 26.00
Lycaenidae 18 18.75 534 30.45
Nymphalidae 40 41.67 581 33.12
Total 96 100.00 1754 100.00
Species richness of butterfly adults
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Fig. 3. Number of butterfly species in EEP during 2011 (see Appendix 3 for details).
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Composition of individual butterflies

The combination of individual butterflies
(populations of different species) recorded in every
survey was considered as a butterfly community
in EEP. The family Nymphalidae contributed the
most to all of the individuals recorded during
2011, and the families Pieridae and Lycaenidae
also took up relatively large proportions(Table
2). However, the distribution of individual
butterflies during a year in each of the three
families was different significantly(Bartlett's test

Abundance of individual butterfly adults

400

of homogeneity of variance: p < 0.001)(Fig.4).
The family Lycaenidae had the largest variance
5476.6, followed by Nymphalidae at 1346.4 and
Pieridae at 339.3. Outbreaks occurred once in
Lycaenidae in December and twice in Nymphalidae
in July and October, respectively; the abundance
of Pieridae was highest in February while in the
families which contributed less to total abundance:
Hesperiidae peaked in October and Papilionidae
peaked in July(Fig. 4).
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Fig. 4. Number of individual butterflies in EEP during 2011(see Appendix 4 for details).

Information from diversity indices

Species richness increased from January to
the first peak in July, and the second peak occurred
in October after a sudden drop in August(Fig. 5).

The maximum and minimum values of species
richness were 54 and 17 in October and January,
respectively. Once considering the number of
individuals, the distribution pattern during 2011
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changed obviously. Values from the Pielou index
showed that species evenness was relatively stable
until the smallest value occurred in December (Fig.
5). Results of the Shannon index and the Simpson’s

index shared a similar pattern to species evenness

Butterfly Diversity and Composition in an Artificial Habitat

(Fig. 5 and 6). The maximum and minimum values
of the three indices across months were both found
in September and December, respectively(Pielou
index = 0.926 and 0.607; Shannon index = 3.440
and 2.223; Simpson’s index = 0.968 and 0.788).
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Fig. 5. Species richness and evenness of butterfly adults in EEP during 2011.
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Fig. 6. Biodiversity patterns of butterfly adults indicated by two diversity indices in EEP during 2011.
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Discussion

Composition of butterfly species

Slightly less than quarter of the butterfly
species in Taiwan were found in EEP(Table 1).
However, nearly half of Papilionidae species of
Taiwan were found in EEP during 2011. Besides
various nectar plants and host plants(Appendix
1), shoals and small ponds are scattered in EEP.
Adults of Papilionidae species, for example,
Graphium sarpedon connectens, Papilio bianor
thrasymedes, and Papilio thaiwanus, used to
have water in such microhabitats(Hsu 1999). By
studying the life history strategies and behaviors
of butterfly species, the connection of habitat
diversity to their growth, survival, and reproduction,
might be informed. On the other hand, since the
surveys were always held from 09:00 to 12:00,
some butterfly species, such as Ravenna nivea
(belonging to the family Lycaenidae) that is
usually active at dawn and dusk(Hsu 1999), were
possibly neglected when counting. In addition,
many species were active inside the bush or the
forest, making them hard to discover if surveying
along the transect route. In addition, the Pollard
Walk method(mainly followed in this study) was
constructed and advocated in countries in the
temperate zone, thus the investigation method
was suggested to be modified according to
regional characters in countries that lie in the
subtropics and the torrid zones(Lyu 2011). In
conclusion, additional investigations in different
time periods, by various routes, and with
adjustment based on regional difference can
increase the relevance of specie richness

monitoring in an artificial plot.

Species composition by family in EEP did
not coincide with species composition in Taiwan,
although the family Nymphalidae made up the
largest proportion in both cases(Table 2 and Fig.
3). However, the checklist from TaiBNET may
possibly overestimate the number of butterfly
species in Taiwan, since some species were rarely
discovered and even considered as “vagrant”
butterfly species. As a result, the comparison of
species number between EEP and Taiwan will
only be more meaningful if integrated with
checklists of butterfly species made by as many
other survey groups as possible. The pattern of
species number in each family across months
was similar; Papilionidae, Lycaenidae, and
Nymphalidae butterflies mainly peaked in July
and October(Table 2 and Fig. 3). In our records,
monthly rainfall in July and October differed
significantly(July: 309 mm; October: 74 mm;
unpublished data); however, with limited
environmental information, no convincible
explanation could be made. Species abundance
can correlate closely with the weather(Roy and
Sparks 2000), the growth of nectar plants (Warren
1987; Peterson 1997), and many other extrinsic
or intrinsic factors(e.g., Cushman et al. 1994).
Therefore, studies on life history characters of
butterfly species and their interactions with
plants, combining with long-term environmental
factors, should all help to explain the occurrence
of the population outbreak.

Composition of individual butterflies
The abundance peak(i.e., the highest number
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of individual butterflies) in each butterfly family
during 2011 was February in Pieridae, July in
Papilionidae and Nymphalidae, October in
Hesperiidae, and December in Lycaenidae(Fig.
4). In February, Pieris rapae crucivora and P.
canidia contributed the most to Pieridae’s
abundance(unpublished data). Similar to the
description from previous investigation, these
two Pieridae species were active from December
to February even when cold currents came(Li
2011). In July, Cupha erymanthis, Euploea
tulliolus koxinga, Tirumala limniace limniace,
and E. mulciber barsine were frequently seen
in the Nectar Plant area, visiting plants such
as Bidens pilosa radiata, Lantana camara,
Asclepias curassavica, and Eupatorium
clematideum gracillimum. The abundance peak
of Nymphalidae did not owe to the outbreak of
certain species but was influenced by different
species(Fig. 3 and 4). Many Papilionidae species
were active in July as well(Fig. 3). Among them,
Graphium sarpedon connectens and Papilio
protenor protenor usually flew near shoals,
drinking water occasionally. Records of
Hesperiidae were scarce in both number of
species and individuals(Fig. 3 and 4). In October,
there were only 8 Hesperiidae individuals
belonging to 7 species(unpublished data). Owing
to not only the relatively small size but high
flying speed of Hesperiidae butterflies, more
efforts should be made for discovering them and
counting their number. In December, outbreaks
of the two Lycaenidae species, Jamides bochus
formosanus and Zizula hylax(the smallest
butterflies in size in Taiwan indicated by
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Li(2011)) resulted in the abundance peak of the
family(unpublished data). In sum, large variance
in abundance across months indicated that there
was one apparent peak of abundance in the
family(e.g., Lycaenidae); on the other hand,
small variance represented no clear abundance
peak during a year. Among the peak in certain
family, there may be outbreaks of one or two
species(e.g., Lycaenidae), or relatively equal
individuals contributed from several species(e.g.,
Papilionidae). The above scenarios will be more
apparent after incorporating diversity indices.

Information from diversity indices

When the pattern comparison was made
between species richness and species evenness
across 12 months, fluctuations were more obvious
in species richness than evenness(Fig. 5). Results
of species richness indicated that there were
numerous butterfly species coming out in specific
months while results of species evenness showed
that there was only one odd event occurring in
December. From November to December, species
richness of butterflies in EEP was increasing while
outbreaks of certain species(in family Lycaenidae)
caused species evenness to decrease. The Shannon
index and the Simpson’s index both consider the
number of individual butterflies when estimating
the heterogeneity of butterfly community. Though
underlying mechanisms of the two indices are
different, the patterns were similar in this case.
Many diversity indices have been proposed based
on different concepts and for different applications;
each diversity index has its derived characters as
well. For example, the sensitivity is different
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between the two indices we adopted in this study.

The Simpson’s index is more sensitive to changes
in dominant species in the community while the
Shannon index is more sensitive to changes in
rare species(Peet 1974). To choose diversity
indices for biological applications, the following
considerations should be made. First, diversity
indices should be conducted in adequate spatial
scales(i.e., a, 5, or y diversity by Whittaker(1960
); local, landscape, or macro-scale by Whittaker
et al.(2001). Second, the adoption of adequate
indices depends on the understanding of studying
organisms’ life history strategies, of the sampling
methods we design, and of concepts underlying
the indices(summarized by Krebs(1989). Without
thorough consideration, many interpretations and
further examinations based on diversity indices
would be inconvincible(see examples reviewed
by Chi et al.(2003).Were species recorded in
EEP close to completeness? Was the sampling
frequency enough to ensure the equal probability
for each individual in each chosen population?
Only if the above assumptions can be confirmed
by more evidence would the results from diversity
indices be reliable.

Future studies
For the improvement of sampling methods
and monitoring protocols, butterfly diversity and

composition in an artificial habitat was examined.

However, data gathered once a month over a year
provided limited information because of the lack
of long-term monitoring and comparative studies
across years. By long-term monitoring of butterfly

populations or communities, more information

can be obtained. For example, records of butterfly
populations or communities by years can reflect
the butterflies’ phenology(Brakefield 1987;
Pollard 1988; Kunte 1997), the effects of habitat
changes(Krauss et al. 2010; Kramer et al. 2012),
climate changes(Parmesan et al. 1999; Roy and
Sparks 2000; van Swaay et al. 2010), and human
disturbances(Kitahara and Fujii 1994; Blair and
Launer 1997; Kitahara et al. 2000; Tiple et al.
2007; White and Kerr 2007; Chen et al. 2009).

In EEP, park managers prune and renew
vegetation routinely to prevent possible danger
and for the convenience of guided tours offered
to tourists. As indicated by previous studies just
mentioned above, there are some directions
for future studies in EEP. A comparison of the
butterfly community’s structure before and after
vegetation changes, or under different degree of
human disturbances(e.g., mowing, pruning, and
plantation), may help us measure the impact
of artificial managements. In addition, though
the transect route across microhabitats in EEP
was set to avoid nonrandom sampling from
observations in certain habitat types, the
comparison of butterfly communities’ structures
between different microhabitats may provide
information about butterflies’ life history
characteristics(Lyu 2011). Since EEP is an
artificial park planted with various plant species,
the comparison of community compositions
of animal species and abundance between this
artificial-planted environment and other natural
or semi-natural environments may help us examine
the relationship between the characters of habitats
and organisms biodiversity. In addition, the
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relationships of community compositions between
plants and animals may also be informed. The
butterfly is a good model for examining the
relationship between plants and animals, since
previous studies have examined the coevolution
between food plants and butterflies(Ehrlich and
Raven 1964; Janz et al. 2001). In our case, the
plantation of food plants for butterflies(see
Appendix 1), including the control of their
quality(Culin 1997) and quantity(Tiple et
al. 2011), their distribution(Grossmueller
and Lederhouse 1987) and further interactions
with butterflies should all help to improve the
managing protocol in an artificial park.
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Appendix 1. List of food plant species of adults(nectar plants) and larvae(host plants) of butterflies in EEP.
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Nectar Plants

Species hame

Endemic species

Family Acanthaceae

Strobilanthes formosanus Moore

Family Asteraceae

Ageratum houstonianum Mill.

Bidens pilosa L. var. radiata Sch.

Eupatorium clematideum(Wall. ex DC.) Sch. Bip. var.
gracillimum(Hayata) C. | Peng & S. W. Chung

Family Capparidaceae

Crateva adansonii DC. subsp. formosensis Jacobs

Family Iridaceae

Belamcanda chinensis(L.) DC.

Family Leeaceae

Leea guineensis G. Don

Family Plumbaginaceae

Plumbago zeylanica L.

Family Verbenaceae

Callicarpa japonica Thunb. var. luxurians Rehder

Clerodendrum cyrtophyllum Turcz.

Clerodendrum inerme(L.) Gaertn.

Clerodendrum kaempferi(Jacq.) Siebold ex Steud.

Clerodendrum trichotomum Thunb.

Duranta repens L.

Lantana camara L.

Premna hengchunensis Lu & Yang

Premna serratifolia Linn.

Stachytarpheta urticaefolia(Salish.) Sims.

Tectona grandis L. f.

Vitex negundo L.

Vitex trifolia L.

Host Plants

Species name Endemic species

Species recorded

Family Acanthaceae
Hygrophila pogonocalyx Hayata

Lepidagathis formosensis Clarke ex Hayata
Strobilanthes formosanus Moore

Family Annonaceae

Goniothalamus amuyon(Blanco) Merr.

Junonia almana(Linnaeus, 1758)

Zizula hylax(Fabricius, 1775)

Kallima inachus formosana(Fruhstorfer, 1912)
Kallima inachus formosana(Fruhstorfer, 1912)

Graphium agamemnon(Linnaeus, 1758)
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Family Aristolochiaceae
Aristolochia zollingeriana Miq.

Aristolochia heterophylla Hemsl.
Aristolochia cucurbitifolia Hayata
Family Asclepiadaceae

Asclepias curassavica L.

Tylophora ovata(Lindl.) Hook. ex Steud.
Dregea volubilis(L. f.) Benth.

Hoya carnosa(L. f.) R. Br.
Family Cycadaceae

Cycas taitungensis C. F. Shen, K. D. Hill, C.

H. Tsou & C. J. Chen
Family Fabaceae
Archideneron lucidum (Benth.) I.Nielse
Cassia fistula L.

Senna siamea(Lamarck) Irwin & Barneby

Indigofera spicata Forsk.

Family Flacourtiaceae

Scolopia oldhamii Hance

Family Lauraceae

Cinnamomum camphora(L.) Presl.

Cinnamomum verum J. S. Presl.

Machilus japonica Sieb. & Zucc. var.
kusanoi(Hayata) Liao

Machilus thunbergii Sieb. & Zucc.

Family Magnoliaceae

Michelia compressa(Maxim.) Sargent

Family Moraceae

Malaisia scandens(Lour.) Planch.

Ficus microcarpa L. f. var. microcarpa.

Ficus virgata Reinw. ex Blume

Ficus formosana Maxim.

Family Oxalidaceae

Butterfly Diversity and Composition in an Artificial Habitat

Byasa polyeuctes termessus(Fruhstorfer, 1908)
Pachliopta aristolochiae interposita(Fruhstorfer, 1904)
Byasa polyeuctes termessus(Fruhstorfer, 1908)
Pachliopta aristolochiae interposita(Fruhstorfer, 1904)
Byasa polyeuctes termessus(Fruhstorfer, 1908)
Pachliopta aristolochiae interposita(Fruhstorfer, 1904)

Danaus chrysippus(Linnaeus, 1758)
Parantica aglea maghaba(Fruhstorfer, 1909)
Parantica sita niphonica(Moore, 1883)
Tirumala limniace limniace(Cramer, 1775)
Parantica sita niphonica(Moore, 1883)

Chilades pandava peripatria(Hsu, 1989)

Eurema blanda arsakia(Fruhstorfer, 1910)
Eurema blanda arsakia(Fruhstorfer, 1910)
Catopsilia pomona(Fabricius, 1755)
Catopsilia pomona(Fabricius, 1755)
Freyeria putli formosanus(Matsumura, 1919)

Cupha erymanthis(Drury, 1773)

Graphium sarpedon connectens(Fruhstorfer, 1906)
Graphium sarpedon connectens(Fruhstorfer, 1906)
Graphium sarpedon connectens(Fruhstorfer, 1906)

Graphium sarpedon connectens(Fruhstorfer, 1906)

Graphium doson postianus(Fruhstorfer, 1908)

Euploea tulliolus koxinga(Fruhstorfer, 1908)
Euploea mulciber barsine(Fruhstorfer, 1904)
Euploea eunice hobsoni(Butler, 1877)
Euploea mulciber barsine(Fruhstorfer, 1904)
Euploea eunice hobsoni(Butler, 1877)
Euploea mulciber barsine(Fruhstorfer, 1904)
Euploea eunice hobsoni(Butler, 1877)
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Oxalis corniculata L.

Family Piperaceae

Piper betle L.

Family Plantaginaceae

Plantago major L.

Family Poaceae

Miscanthus floridulus(Labill.) Warb. ex
Schum. & Laut.

Setaria palmifolia(J. Konig) Stapf

Family Rutaceae
Genus Citrus

Family Salicaceae

Salix babylonica L.

Salix warburgii O. Seem

Family Scrophulariaceae
Lindernia ciliata(Colsm.) Pennel
Lindernia anagallis(Burm. f.)
Family Zingiberaceae
Hedychium coronarium Koenig

Alpinia zerumbet(Persoon) B. L. Burtt & R.

M. Smith

Zizeeria maha okinawana(Matsumura, 1929)

Graphium agamemnon(Linnaeus, 1758)

Junonia almana(Linnaeus, 1758)

Parnara bada(Moore, 1878)

Melanitis leda(Linnaeus, 1758)
Telicota bambusae horisha(Evans, 1934)

Papilio demoleus(Linnaeus, 1758)

Cupha erymanthis(Drury, 1773)

Cupha erymanthis(Drury, 1773)

Junonia almana(Linnaeus, 1758)
Junonia almana(Linnaeus, 1758)

Jamides alecto dromicus(Fruhstorfer, 1910)
Jamides alecto dromicus(Fruhstorfer, 1910)
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*Generalization from Chao and Fang(2002), Ho and Chang(1998), Li(2004), Moore et al.(2002), Tsai et al.(2005),

Yang(1995), Yang(2009), and Zhang-Jian et al.(2002, 2005)

Appendix 2. Species list of butterflies recorded in EEP during 2011.

Species hame

Endemic species

Family Hesperiidae
Borbo cinnara(Wallace, 1866)

Burara jaina formosana(Fruhstorfer, 1911)

Caltoris cahira austeni(Moore, 1883)

Daimio tethys niitakana(Matsumura, 1907)

Hasora badra(Moore, 1858)
Parnara bada(Moore, 1878)
Pelopidas agna(Moore, 1886)

Potanthus confucius angustatus(Matsumura, 1910)

Potanthus motzui(Hsu, Li, & Li, 1990)
Seseria formosana(Fruhstorfer, 1909)
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Suastus gremius(Fabricius, 1798)
Telicota bambusae horisha(Evans, 1934)
Telicota ohara formosana(Fruhstorfer, 1911)
Family Papilionidae
Byasa impediens febanus(Fruhstorfer, 1908)
Byasa polyeuctes termessus(Fruhstorfer, 1908)
Graphium agamemnon(Linnaeus, 1758)
Graphium doson postianus(Fruhstorfer, 1908)
Graphium sarpedon connectens(Fruhstorfer, 1906)
Pachliopta aristolochiae interposita(Fruhstorfer, 1904)
Papilio bianor thrasymedes(Fruhstorfer, 1909)
Papilio castor formosanus(Rothschild, 1896)
Papilio demoleus(Linnaeus, 1758)
Papilio helenus fortunius(Fruhstorfer, 1908)
Papilio hermosanus(Rebel, 1906) Y
Papilio memnon heronus(Fruhstorfer, 1929)
Papilio nephelus chaonulus(Fruhstorfer, 1908)
Papilio polytes polytes(Linnaeus, 1758)
Papilio protenor protenor(Cramer, 1775)
Papilio thaiwanus(Rothschild, 1898) Y
Papilio xuthus(Linnaeus, 1767)
Family Pieridae
Appias indra aristoxemus(Fruhstorfer, 1908)
Appias lyncida eleonora(Boisduval, 1836)
Catopsilia pomona(Fabricius, 1755)
Catopsilia pyranthe(Linnaeus, 1758)
Cepora nadina eunama(Fruhstorfer, 1903)
Eurema blanda arsakia(Fruhstorfer, 1910)
Eurema hecabe(Linnaeus, 1758)
Eurema brigitta hainana(Moore, 1878)
Hebomoia glaucippe formosana(Fruhstorfer, 1908)
Ixias pyrene insignis(Butler, 1879)
Leptosia nina niobe(Wallace, 1866)
Pieris canidia(Sparrman, 1768)
Pieris rapae crucivora(Boisduval, 1836)
Family Lycaenidae
Acytolepsis puspa myla(Fruhstorfer, 1909)
Arhopala birmana asakurae(Matsumura, 1910)
Artipe eryx horiella(Matsumura, 1929)
Celastrina lavendularis himilcon(Fruhstorfer, 1909)
Chilades pandava peripatria(Hsu, 1989)
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Deudorix epijarbas menesicles(Fruhstorfer, 1912)
Freyeria putli formosanus(Matsumura, 1919)
Heliophorus ila matsumurae(Fruhstorfer, 1908)
Jamides alecto dromicus(Fruhstorfer, 1910)
Jamides bochus formosanus(Fruhstorfer, 1909)
Lampides boeticus(Linnaeus, 1767)
Leptotes plinius(Fabricius, 1793)
Megisba malaya sikkima(Moore, 1884)
Nacaduba kurava therasia(Fruhstorfer, 1916)
Prosotas nora formosana(Fruhstorfer, 1916)
Rapala varuna formosana(Fruhstorfer, 1912)
Spindasis syama(Horsfield, 1829)
Zizeeria maha okinawana(Matsumura, 1929)
Zizula hylax(Fabricius, 1775)

Family Nymphalidae
Athyma cama zoroastes(Bulter, 1877)
Athyma perius(Linnaeus, 1758)
Athyma selenophora laela(Fruhstorfer, 1908)
Cupha erymanthis(Drury, 1773)
Cyrestis thyodamas formosana(Fruhstorfer, 1898)
Danaus chrysippus(Linnaeus, 1758)
Danaus genutia(Cramer, 1779)
Discophora sondaica tulliana(Stichel, 1905)
Euploea eunice hobsoni(Butler, 1877)
Elymnias hypermnestra hainana(Moore, 1878)
Euploea mulciber barsine(Fruhstorfer, 1904)
Euploea sylvester swinhoei(Wallace & Moore, 1866)
Euploea tulliolus koxinga(Fruhstorfer, 1908)
Hestina assimilis formosana(Moore, 1895)
Hypolimnas bolina kezia(Bulter, 1877)
Junonia almana(Linnaeus, 1758)
Junonia iphita(Cramer, 1779)
Junonia lemonias aenaria(Fruhstorfer, 1912)
Kallima inachus formosana(Fruhstorfer, 1912)
Lethe chandica ratnacri(Fruhstorfer, 1908)
Lethe verma cintamani(Fruhstorfer, 1909)
Limenitis sulpitia tricula(Fruhstorfer, 1908)
Melanitis leda(Linnaeus, 1758)
Melanitis phedima polishana(Fruhstorfer, 1908)
Mycalesis francisca formosana(Fruhstorfer, 1908)
Mycalesis gotama nanda(Fruhstorfer, 1908)
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Mycalesis zonata(Matsumura, 1909)

Neptis hylas luculenta(Fruhstorfer, 1898)

Neptis nata lutatia(Fruhstorfer, 1913)

Neptis sappho formosana(Fruhstorfer, 1908)

Neptis taiwana(Fruhstorfer, 1908) Y

Parantica aglea maghaba(Fruhstorfer, 1909)

Parantica sita niphonica(Moore, 1883)

Parantica swinhoei(Moore, 1883)

Penthema formosanum(Rothschild, 1898)

Phalanta phalantha(Drury, 1773)

Polygonia c-aureum lunulata(Esaki & Nakahara, 1923)

Tirumala limniace limniace(Cramer, 1775)

Tirumala septentrionis(Butler, 1874)

Ypthima baldus zodina(Fruhstorfer, 1911)

Ypthima multistriata(Butler, 1883)
*Based on the most recent records from TaiBNET (Catalogue of Life in Taiwan: http://taibnet.sinica.edu.tw/)
and Name Lists of Butterflies of Taiwan(updated on 2011/05/15) by Butterfly Conservation Society of
Taiwan(http://www.butterfly.org.tw/home.php)

Appendix 3. Number of butterfly species recorded during 2011.

. Month
Family JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
Hesperiidae 0 3 1 0 1 2 3 2 2 7 3 3
Papilionidae 1 2 3 6 6 6 10 10 9 9 3 3
Pieridae 6 7 6 8 5 4 4 3 5 5 5 7
Lycaenidae 5 4 3 6 5 9 10 2 5 12 6 11
Nymphalidae 5 9 9 7 14 16 20 10 20 21 16 15
Total 17 25 22 27 31 37 47 27 41 54 33 39

Appendix 4. Number of individual butterfly adults recorded during 2011.

Month

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Total
Hesperiidae 0 3 1 0 2 4 5 2 2 8 3 4 34

Papilionidae 1 2 5 7 13 21 41 14 17 21 3 4 149
Pieridae 33 83 35 43 23 50 46 23 19 38 15 48 456
Lycaenidae 9 20 4 15 15 38 67 10 20 39 24 273 534
Nymphalidae 5 23 30 11 45 59 123 32 55 115 39 44 581
Total 48 131 75 76 98 172 282 81 113 221 84 373 1754

Family
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First Record of Pelagic Aeolid Nudibranch Glaucus atlanticus
Forster, 1777 (Gastropoda: Glaucidae) in the Intertidal Zone
of SiaoL.iouciou off Southwestern Taiwan Island
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Abstract

Glaucus atlanticus Forster, 1777, a pelagic aeolid nudibranch which has been found in temperate and
tropical oceans throughout the world, is reported herein as a newly recorded species to inhabit the
intertidal zone of SiaoLiouciou, Taiwan. The morphological differences to its related congeneric species,
its geographical distribution as well as the environmental conditions of its occurrence are discussed.
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Glaucus atlanticus (Glaucidae), new to Taiwan

Key words : new record, nudibranch, Glaucus atlanticus, SiaoLiouciou, Taiwan
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Introduction

There are two groups of pelagic aeolid
nudibranchs. The Fionidae Gray, 1857 has only
one species, which is not a zooplankton and lives
on floating objects. The other group is of the
subfamily, Glaucinae Gray, 1827, a true pelagic
form, which has the ability to swim, and is the
subject fauna of this paper. Members of Glaucinae
are the blue sea slugs and are found in tropical
and temperate oceans throughout the world (Miller
1974). They float upside down and use their long
cerata and a gas bubble in their stomach to maintain
buoyancy. The colonial floating cnidarians are
their main food (Valdés and Campillo 2004).

Two genera were erected in the subfamily
Glaucinae: Glaucus Forster, 1777 and Glaucilla
Bergh, 1860, each with one species, Glaucus
atlanticus Forster, 1777 and Glaucilla marginata
Bergh, 1860, respectively. However, some authors
recognize Glaucilla as a synonym of Glaucus,
because these two sister monotypic genera are
related and provide the same information. Glaucus
is regarded as the single valid genus within the
family Glaucidae, and with two species Glaucus
atlanticus Forster, 1777 and Glaucus marginatus

Accepted: March 5, 2013
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(Bergh 1860) (Keen 1971; Gofas et al. 2001;
Valdés and Campillo 2004; Burn 2006).

In our recent intertidal monitoring study in
the near-shore waters of SiaoLiouciou on 24
January 2012, 55 individuals of G. atlanticus,
a newly recorded species of pelagic aeolid
nudibranch from Taiwan, were observed and
photo-vouchered, but no specimen was preserved.
This species is a well-known circumtropical
species. Finding this species in SiaoLiouciou,
particularly in the intertidal zone as compared to
open oceanic environments, provides interesting
information on the zoogeographic distribution of
this species.

Glaucus atlanticus has a flattened, slender
and elongate body, of which both sides have
three groups of wing-like cerata (Fig. 1). The
first group of cerata is larger with a short stalk.
The other two groups are smaller and sessile. The
most dorsal ceras is largest in size with the others
decreasing ventrally in each group. The cerata
are conical, tapering and fragile. There are about
81 papillae of cerata in total. The species’ head is
short and not distinctly separated from the body.
Oral tentacles and rhinophores are short and
smooth. Its foot is broad with rounded anterior
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corners, extending to the posterior end of the
body. The anus and renal pore lie between the
second and third groups of cerata, with the renal
pore more proximate to the second group. The
reproductive organs open on the right side of the
body near the first group of cerata (Fig. 3).

The body hue of G. atlanticus is silver gray,
with the lower edge of the cerata electric-blue
(Fig. 1). The dorsum is silver but dark blue on its
ventral surface. The central portion of the foot is
silver in color, with border bands of bright blue
that join together at the head and near the
posterior end of the foot (Fig. 2, 3).

The sister species—G. marginatus which is
closely related to G. atlanticus has not yet been
found in Taiwan. The differences between them
are thus: (1) the body size of G. marginatus is
smaller (approximately 0.5 in adults) than that
of G. atlanticus (Ross and Quetin 1990), (2) G.
marginatus has up to four groups of cerata on
both sides. The first two groups of cerata are
pedunculate with a long stalk, while the last two
groups are sessile and partially fused. A clearly
distinguishable feature is that the body of G.
marginatus is shorter, with the cerata arranged in
uneven lines, one over the other, whereas they
are arranged as a single series in G. atlanticus
(Valdés and Campillo 2004).

Glaucus atlanticus is seldom seen in
intertidal zones or near shore as it is pelagic
except during periods of on-shore winds when
they can be found floating in coastal waters,
sometimes being washed into the intertidal zone.
They float partially by means of an air bubble
that they have swallowed and stored in their

stomach and can move toward prey or mates
with their cerata, making slow swimming
movements. They eat various drifting prey
including the toxic siphonophore Physalia
utriculus, as well as the chondrophores, \elella
velella and Propita pacifica (Bayer 1963;
Thompson and Bennett 1970; Lalli and Gilmer
1989).

Individuals of G. atlanticus were found in
the Duzeiping intertidal zone located in the
northwestern part of SiaoLiouciou Island during
the period from 24 to 27 January 2012. The
water temperature (0-5 meters deep) and air
temperature were 24.3°C, 18.8°C (24/1); 24.4°C,
17.9°C (25/1); 24.8°C, 18.4°C (26/1) and 24.6°C,
20.4°C (27/1). The wind speed and direction from
24 to 27 January were 4.2 m/sec., NW; 4.9 m/sec.,
NW; 3.5 m/sec., N and 3.0 m/sec., N. respectively.
They were washed into the intertidal zone with
their prey, Physalia physalisn and Porpita pacifics.
Some were found with egg strings excreted from
the opening of their reproductive organs (Fig. 3).
This suggests that they had abundant food supply
(Ross and Quetin 1990).

The find of this extremely rare species in
SiaoLiouciou suggests that the populations of
this species have dispersed from the circumtropical
area by the central Kuroshio Current further into
the Taiwan Strait.

We thank the government of Pingtung County,
Taiwan, for providing us with the requisite research
grants.
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Fig. 2. Glaucus atlanticus, the back of the animal, being silver, may provide a way of hiding from
undersea predators as it floats upside down.
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Fig. 3. Glaucus atlanticus is hermaphrodite; the red arrow designates the opening of its reproductive organs

which can receive a partner’s sperm, or release fertilized eggs (egg strings).
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Mitracarpus hirtus (L.) DC. (Rubiaceae), a Newly
Naturalized Plant in Taiwan
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Abstract

Mitracarpus hirtus (L.) DC. (Rubiaceae), native to the tropical Americas, has recently been found in
low elevation, central Taiwan. This represents a newly recorded genus and naturalized species in Taiwan.
A detailed morphology description, line-drawings, photographs and geographic distribution of the plant
are provided in this paper to aid identification.
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Mitracarpus hirtus a Naturalized Plant

Key words : Mitracarpus hirtus, naturalized plant, Rubiaceae, Taiwan.
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Introduction

In recent decades, frequent global trade
activities, transportation, and travels have aided
the distribution of organisms or propagules, and
thus the process of species dispersal. Plants could
travel beyond natural barriers and colonize a
different environment more than ever before. In
Taiwan, hundreds of plants have been introduced
(Wu et al. 2004), some of which have become
newly recorded genus, eg. Clidemia D. Don
(Yang, 2001), Cyphomandra Sendt.(Tseng et al.
2008a), Flaveria Juss. (Tseng et al. 2000), Pectis

L.(Jung et al. 2011), Rivina L.(Tseng et al. 2008b).

In this study we report a newly recorded species,
Mitracarpus hirtus, as well as a newly recorded
genus, Mitracarpus Zucc. ex Schult. & Schult. f.,
in Taiwan. Also provided is a brief description of
the genus and a morphology description, line
drawing illustrations, habitat and morphology
photographs of the species.

Taxonomy Treatment

Mitracarpus Zucc. ex Schult. & Schult. f.,
Syst. Veg., Mant. 3: 210, 399. 1827.

Accepted: May 9, 2013

BEZHB 20035 H9H

EoEAS 30

Annual or perennial herbs, or sometimes
shrubs. Young stems 4-angled. Leaves opposite
and decussate, subsessile to short-petiolate.
Inflorescences terminal or axillary, glomerulate,
with densely crowded flowers, the glomerules
subtended by bracts. Flowers bisexual and
monomorphic, hypanthium turbinate to subglobose.
Calyx persistent, 4-lobed; lobes opposite, two
longer and two shorter. Corolla hypocrateriform,
4-lobes, white, tube usually with a ring of
moniliform hairs within. Stamens 4; style
filiform, bifid. Ovary 2-locular. Fruit capsular
with transversal dehiscence. Seeds planoconvex,
with square-shaped or X-shaped depression
on the ventral face; depressions covered by
strophiole.

About 30 species are distributed in Mexico,
Central America, West Indies, South America,
and are introduced to Africa, Madagascar, and
Asia (Andersson 1992, Taylor and Steyermark
2004).

Mitracarpus hirtus (L.) DC., Prodr. 4: 572.1830.
Basionym: Spermacoce hirta L., Sp. Pl., ed.
2, 1: 148. 1762. TYPE: Browne s.n. s.d., Herb.
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Linn. No. 125.8 (Lectotype: LINN photo!).
HAE Fig. 1-3

Annual herbs 30-50 cm high, stems spreading-
ascending, simple or sparingly branched; branches
subterete or 4-angled, sparsely hirsute to villous.
Leaves sessile; blade thinly papery, elliptic-oblong
or lanceolate, 3-5 cm long, 0.7-1.5 cm wide,
adaxially scaberulous and sparsely villosulous
or pilosulous, abaxially villous or pilose, base
acute to obtuse or rounded, apex acute; secondary
veins 3— 6 pairs; stipule sheaths 2-4 mm long,
villosulous or pilosulous to glabrescent, with 6-9
linear setae, 2-4 mm long. Flowers small, very
dense. Calyx sparsely to densely puberulent or
strigillose; ovary portion subglobose to ellipsoid,
ca. 0.5 mm long; limb deeply lobed; lobes unequal,
triangular to lanceolate, 2 larger 1.8-2 mm long,
2 smaller 0.8-1.2 mm long, ciliate. Corolla white,
funnelform, outside puberulent to glabrous; tube
1.3-1.8 mm long, glabrous inside; lobes triangular
to ovate, 0.5-1 mm long. Capsules subglobose,
ca. 1.5 mm in diam., scaberulous or sparsely
puberulent; seeds dark brown, oblate-suboblong,
ca. 1 mm long, with a X-shaped sulcus on the
adaxial face. Chromosome number: n= 42 (Walter
1962).

Specimen examined: TAIWAN: Taichung
City, Longjing Dist. (F£H:[&), Nanliao Village
(& B), Dadushan, elev. ca. 213 m, 24°10'18.
54" N, 120°3325.50" E, 17 Jan. 2013, Lin C.J.
750 (TAIE).

Distribution and phenology: Mitracarpus
hirtus is native to the Antilles and Central, North,
and South America; and is naturalized in tropical
Africa, Asia, Australia, and Pacific islands (Chen

et al. 2011; Nicolson 1977; Fosberg et al. 1993).
In Taiwan, this species is found in open areas. In
the Dadu tableland in the western part of central
Taiwan (Fig. 3), the species is found along
roadsides and mixed with low grasses and
weeds. Field observations have found that the
populations in Taiwan are stable and have even
somewhat expanded since 2011. The species
flower all year round, but principally from April
to November.

Note: The morphological character of this
genus resembles that of Spermacoce L. in Taiwan,
though it is characterized by circumscissile fruits
and seeds with a X-shaped sulcus on the adaxial
face (Taylor and Steyermark 2004).
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Fig. 1. Mitracarpus hirtus (L.) DC. A: habit; B: abaxial view of leaf; C: stipule; D: flower; E: corolla; F:
showing the stigma and style; G: mature fruit; H: adaxial view of seed; I: abaxial view of seed.
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Fig. 2. Mitracarpus hirtus (L.) DC. A: habitat (On the roadside); B: habit; C: adaxial view of leaf; D:
abaxial view of leaf; E: flowering shoot; F: stem; G: stipule; H: flower; I: mature fruit, showing the

circumscissile dehiscence; J: adaxial view of seed.
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Fig. 3. Distribution map of Mitracarpus hirtus (L.) DC. in Taiwan.
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