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Morphology and Distribution Patterns of the Rhinogobius
Species Complexes (Gobiidae) in Taiwan
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Abstract

The morphology and distribution patterns of the Rhinogobius species complexes (Gobiidae) in
Taiwan were studied based on the specimens collected by Endemic Species Research Institute from
various river systems around the island during the period from 1992 to 2005. Morphological examinations
revealed ten valid nominal species which can be grouped into two species complexes, R. giurinus and R.
brunneus. The former has only one species while the latter contains nine species namely, R. candidianus,
R. delicatus, R. gigas, R. henchuenensis, R. lanyuensis, R. maculafasciatus, R. nagoyae formosanus, R.
nantaiensis and R. rubromaculatus. These species can be distinguished from one another by a
combination of morphometric measurements, coloration pattern and meristic counts that were slightly

different between species and also by their geographical distributions. The shape of the fused pelvic fins
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that form the ventral adhesive apparatus was also different between the members of these two species
complexes. Members of the R. brunneus complex have a round fleshy adhesive apparatus with frenum
and connecting membrane while R. giurinus has a large, elliptical-shaped adhesive apparatus. In addition,
three types of pre-dorsal fin scale pattern were found and can also be used for species identification.
Further studies, particularly on habits, habitats, life histories, migratory patterns, and molecular

phylogenetic relationships are needed for the conservation and management of this group of gobies.
H %
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Introduction suborders (23% of the Perciformes) with

approximately 2,211 extant species classified into

Gobioidei is one of the largest vertebrate 270 genera (Nelson 2006), making it one of the
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most speciose and morphologically diverse
groups among teleost fishes (Thacker 2003).
This group of fish is widely distributed
throughout the tropical, subtropical and
temperate regions of the world, in freshwater and
near shore marine habitats. The high diversity,
with small adult size of most goby species has
hindered full understanding of their taxa and led
to the confusion in their systematic relationship
(Wang et al. 2001). Also, as compared to other
Perciformes, gobies are often morphologically
reduced with many species possessing
simplifications and losses in various aspects of
morphology (Thacker 2003). These factors,
coupled with the generally cryptic nature of most
goby species and the inherent difficulty to
sample them hinder the study of their phylogeny
and biology.

Among the Gobioidei, the Asiatic
freshwater goby genus Rhinogobius Gill 1859, of
the family Gobiidae, is of particular interest
because of their wide distribution and great
variation in coloration, morphology and
ecological forms. Rhinogobius species are widely
distributed on some islands of the West Pacific
including Japan (Akihito et al. 1993, 2002),
Taiwan (Chen and Shao 1996; Chen et al. 1998;
Chen and Fang 1999), Hainan Province, China,
(Chen at al. 2002), the Philippines (Herre 1927)
as well as continental Asia in Russia, Korea,
Vietnam, Laos, Cambodia and Thailand (Kottelat
1989, 2001a, 2001b; Chen and Miller 1998,;
Chen, Kottelat and Miller 1999; Chen, Wu and
Shao 1999; Chen and Kottelat 2000, 2003).
Studies on the life histories of this group of

gobies indicated that the genus includes both
diadromous and non-diadromous  species
(Mizuno 1960; Mizuno and Goto 1987,
Kawanabe and Mizuno 1989; Iguchi and Mizuno
1991; Tzeng and Lin 1996; Akihito et al. 1993,
2002; Lee and Chang 1996; Shen et al. 1998;
Chang et al. 2008; Tsunagawa and Arai 2008,
2009). Non-diadromous Rhinogobius are mainly
landlocked continental species with limited
distributions and are usually confined to the
upper tributaries of the river systems (Chen and
Miller 1998; Chen, Wu and Shao 1999b; Chen,
Yang and Chen 1999), while the diadromous
types are the migratory species mainly found in
many islands with fast flowing rivers and
streams.

At present, it is estimated that more than 80
species are known in East and Southeast Asia
and some of them are still in need of formal
description (Akihito et al. 2002; Chen and
Kottelat 2003, 2005; Chen and Fang 2006). In
Japan, most Rhinogobius species reported remain
taxonomically uncertain, thus their scientific
names has not yet been decided and only
common names has been given on the basis of
the color of macules and morphological features
(Mizuno et al. 2001; Tsunagawa and Arai 2009).
On the other hand, in Taiwan, two species
complexes were recognized, R. brunneus and R.
giurinus (Chen and Yu 1986; Tzeng 1986a).
Collections and re-examinations of all
Rhinogobius specimens from rivers in Taiwan
during the last ten years revealed that R.

brunneus species complex should include at least

eight to nine species based on both
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morphological and molecular data (mtDNA
sequences) as well as on some ecological
considerations (Chen 1994; Chen and Shao 1996)
while R. giurinus species has only a single
species. It was reported in previous researches
that the members of R. brunneus species
complex are extremely variable in color and
consist of many morphs (Akihito et al. 1984;
Kawanabe and Mizuno 1989; Masuda et al. 1989;
Katoh and Nishida 1994; Chen and Shao 1996;
Kon and Yoshino 2003). Despite of these
findings, however, the Rhinogobius species in
Taiwan remain taxonomically uncertain and their
biological cycle and the parameters leading to
such extreme evolution in a small island remain
poorly understood. Also, their phylogeny is
difficult to resolve using morphological analyses
alone because their meristic characters widely
overlap, but the specific coloration patterns
maybe useful in differentiating the members of
the R. brunneus species complex (Mizuoka 1974;
Masuda et al. 1984; Akihito et al. 1993; Chen et
al. 1998).

In the present study, we examined the
morphology and the geographical distributions of
the members of Rhinogobius species complexes
in Taiwan based on the fish collection done all
over the island from 1992 to 2005. Also,
diversity indices such as species richness (S),
Margalef’s and Menhinick’s were calculated and
compared between the different regions of
Taiwan. S is the most common measurement of
biodiversity used by scientists, conservationists
and policy makers (Magurran 1988; Gray 2000;
Wilsey et al., 2005; Flynn et al., 2009). It is

Rhinogobius species complexes in Taiwan

also the simplest way to describe community and
regional diversity. Diversity indices are a
necessary tool to calculate and quantify diversity
status (van Strien et al. 2012). The results
obtained here will form the basis for future
phylogenetic and ecological studies to help
resolve their taxonomy and life histories in
Taiwan.  Understanding  their  evolution,
distribution, dispersal and life histories is crucial

for their management.

Materials and methods

Sample collection

All of the specimens of Rhinogobius
examined in the present study were collected by
Endemic Species Research Institute using
electro-fishing from various rivers systems
around the island from 1992 to 2005 (Fig. 1 and
Table 1). The specimens were fixed with 15%
formalin solution and then preserved in 75%
ethyl alcohol. All specimens are deposited in the
ichthyological collection of the Endemic Species

Research Institute in Jiji, Nantou, Taiwan.
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Fig. 1. Map showing the river systems and its tributaries (No. 1-33) around Taiwan where the
Rhinogobius species were collected during the period from 1992 t02005. The names of the river systems

and its tributaries are shown in Table 1.
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Table 1. Data of the Rhinogobius species complexes samples collected in Taiwan

_ No. c_;f _ Tributary/local _ _ Sample
Region sampling  River system Sampling period i
. branch size
location
1 Dong'ao 2004 15
2 Lan-yang 2003 2
a. Songluo 2003
b. Annong 2002-2003 25
c. Cukeng 2002
d. Paigu 2003 4
e. Duowang 2004 1
f. Xiao 2002 11
g. Sichong n/a 1
h. Han 2003 6
Northern | i. Malun 1999 106
Toiwan 3 Shuangshi 2003 11
a. Dingzailan 2002, 2004 15
b. Hou Fanzaikeng 2002-2004 14
c. Mudan Stream 2004 9
4 Tanshui
a. Huiyao 2000 11
b. Keelung 2000 17
c. Dahan 1995, 2000, 2003 62
d. Xindian 2002, 2004 42
5 Fengshan 2000 17
6 Tougian 2000 5
a. Youluo 2000 10
7 Zhonggang 2000 4
a. Dadong 2000
b. Emei 2000 5
8 Houlong 2000, 2005 54
Central Taiwan a. Wenshui 2000
9 Da'an 2001
a. Wushikeng 1997 1
10 Dajia 1999, 2001, 2003 22
11 Wu 2000, 2003-2005 250
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2001-2002, 2005,
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a. Fazi 85
2007
b. Mei 2004 41
¢. Maopukeng 2004 16
d. Toubiankeng 2004-2005 7
e. Dongbiankeng 2004 10
f. Caohu 2005 1
g. Cukeng 2005 4
h. Zhangping 2005 31
i. Wupengkeng 2005 6
j. Maoluo 2005 47
k. Dali 2005 32
1. Pinglin 2005 38
m. Nangang 2004 70
n. Sanguang 2004 7
0. Meiyuan 2005 3
p- Beikeng 2004 17
g. Gan 2005
r. Shigang 2004
12 Zhuoshui 2001 12
a. Qingshui 2001, 2003 50
b. Dongpurui 2003 15
c. Pinglai 2004 3
13 Beigang 2004-2005 59
a. Huaxing 2001 2
14 Puzi 2001 8
a. Shitou 2001 1
15 Bazhang 2002 14
a. Chilan 2000-2002 30
16 Jishui 2002 1
Southern a. Baishui 2002 9
Taiwan 17 Zengwen 2002-2004 30
a. Houjue 2002-2003 46
b. Cailiao 2003 12
c. Cao 2002-2003 106
18 Yanshui a. Xu 2002 4
b. Wukan 2002 5



102 Rhinogobius species complexes in Taiwan

19 Angongdian 2002 1
20 Kaoping 2000-2003 70
a. Qishan 2002-2004 29
b. Laonong 2002, 2004 8
c. Qingshui 2002-2003 95
d. Koushe 2002 15
21 Donggang 2000-2003 7
22 Linbian 2002 4
a. Walusi 2002 2
23 Fenggang 2004 3
a. Shuangliu 2002-2004 18
b. Daren 2004 8
24 Sichong 2002 39
a. Damei 2002 4
b. Mudan Stream 2002 38
25 Gangkou 2004 8
a. Jiadoulu 2004 3
26 Dongqing 2004 1
27 Yeyou 2004 1
28 Nantaimali 2000 4
29 Zhiben 2004 52
30 Beinan
a. Luye 2000 3
31 Hsiukuluan 2002-2003, 2005 41
a. Hongye 1992, 2003-2004 18
Eastern Taiwan b- Lehe 2003
c. Fuyuan 2003 2
d. Amei 2003
32 Hualien
a. Lao Stream 2001-2004 36
b. Bai-bao Stream 2002-2004 65
c. Matai'an 2001-2002 4
33 Heping 2003 26
Total 2188

*No. of sampling location refer to Fig.1
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Morphometric measurements and species
identification

After initial species identification, 20
individuals (when applicable) were chosen from
each species for morphometric measurements
and meristic counts following the methods of
Akihito et al. 1984, Chen and Shao 1996 and Lee
and Chang 1996. All measurements and counts
were made from preserved specimens.
Morphometric measurements include total length,
standard length, head length (HL), body depth
(BD) and width (BW), pre-dorsal fin (PDL) and
pre-anal fin (PAL) lengths, caudal peduncle
length (CPL) and depth (CPD) and 1* dorsal fin
(D1bl), 2™ dorsal fin (D2bl) and anal fin (Abl)
base lengths. Meristic counts on the other hand,
include 1* dorsal fin (D1), 2" dorsal fin (D2),

pectoral fin (P1) and anal fin (A) ray counts.

Species diversity index calculation
The species diversity per geographic region
was calculated using different species diversity
indices (Equations 1-2):
(1) Margalef’s species diversity index,
D= (5-1)

InN

(2) Menhinick’s species diversity index,
5

N

where D is the number of species for a
given number of individuals, S is the number of
species recorded (species richness) and N is the
number of individuals (Jennings et al. 2001). The
higher the index, the greater the diversity.

Results and discussions

Species Composition

A total of 2,188 individuals were collected
from 33 river systems around Taiwan during the
period from 1992 to 2005, and out of these, ten
species were identified (Fig. 2) and assigned into
two species complexes, R. giurinus and R.
brunneus. Rhinogobius giurinus complex has
only one species under it, R. giurinus (Fig. 2d),
while R. brunneus complex contains the
remaining nine species namely R. candidianus
(Fig. 2a), R. delicatus (Fig. 2b), R. gigas (Fig.
2¢), R. henchuenensis (Fig. 2e), R. lanyuensis
(Fig. 2f), R. maculafasciatus (Fig. 2g), R.
nagoyae formosanus (Fig. 2h), R. nantaiensis
(Fig. 2i) and R. rubromaculatus (Fig. 2j). About
95.34% of the specimens examined were adults
while the rest of the collection was composed of
juveniles (4.43%) and larvae (0.23%) (Table 2).
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Fig. 2. External features of the 10 Rhinogobius species found in Taiwan.

Table 2. Composition of developmental stages and comparison of the 3 morphological characteristics

(Pre-dorsal fin scale pattern, and ventral adhesive apparatus and scale types) of the 10 Rhinogobius

species collected in Taiwan

Stage composition Pre-dorsal .
. . Ventral adhesive
Species . Total  fin scale ) Scale type
Larva Juvenile Adult , apparatus type
pattern
R. candidianus 5 62 1126 1193 Type 2 Type 2 ctenoid (flank)
R. delicatus 0 1 94 95 Type 3 Type 2 and cycloid
R. gigas 0 0 183 183 Type 3 Type 2 (predorsal area)
I ctenoid (flank
R. giurinus 0 9 68 77 Type 1 Type 1
and predorsal)
R. henchuenensis 0 2 112 114 Type 1 Type 2
R. lanyuensis 0 0 2 2 Type 3 Type 2
R. maculafasciatus 0 3 311 314 Type 2 Type 2 ctenoid (flank)
R. nagoyae and cycloid
0 0 6 6 Type 3 Type 2
formosanus (predorsal area)
R. nantaiensis 0 0 34 34 Type 2 Type 2
R. rubromaculatus 0 20 150 170 Type 3 Type 2
Total 5 97 2,086 2,188

'Predorsal fin scale pattern refer to Fig. 3; *Ventral adhesive apparatus type refer to Fig. 5
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Morphological Features
Ventral adhesive apparatus

The shape of the fused pelvic fins that forms
the ventral adhesive apparatus was different
between the members of these two Rhinogobius
species complexes (Fig. 3 and Table 2).
Rhinogobius giurinus has a large, elliptical-shaped
adhesive apparatus (Type 1) while the members

of the R. brunneus species complex have a round

adhesive apparatus with frenum and connecting
membrane (Type 2). Also the distance of the tip
(posterior part) of the ventral adhesive apparatus
in relation to the anus and genital pore was
different between the members of these two
species complexes. When adpress the posterior
of part of the Type | ventral adhesive apparatus
is closer to the anal pore as compared to that of

Type 2.

Fig. 3. Two types of fused pelvic fins that form the ventral adhesive apparatus in Rhinogobius spp. Type 1:

R. giurinus complex; Type 2: R. brunneus complex.

Body scale type

Scales were collected along the flank, head
and caudal regions of each species and examined
under the microscope. The scales of the
Rhinogobius species examined were classified as
ctenoid (Fig. 4) and cycloid. Ctenoid was the
only type of scale observed in the different body

regions of R. giurinus. On the other hand, all the
members of the R. brunneus complex have two
types of scales: ctenoid on the flank region and
small cycloid scales on the predorsal fin area.
Ctenoid scale can be divided into two fields, the
anterior field and the posterior field. The anterior

field is the part of the scale that is buried
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(embedded) in the fish skin. Prominent vertical
grooves that begin outward until the scale margin
can be observed in the anterior field, and these
are called secondary radii (Fig. 4b). In between
these secondary radii (inter-radial area) and also
in the lateral field of the scale were elevated

ridges called circuli that usually appear as lines

Rhinogobius species complexes in Taiwan

that more or less follow the outline of the scale
(Fig. 4b). The posterior field of the scale, on the
other hand, is the exposed part and it contains
pigment cells (chromatophores) (Fig. 4c); and
the tiny, comb-like projections on the margin
called ctenii (Fig. 4d).

Fig. 4. Microstructures of the scale of Rhinogobius. (b-d) is partially magnified from the scale (a): (b)

circuli (black arrow) and radii (white arrow), (c) pigment cells (chromatophores) and (d) ctenii.

Pre-dorsal fin scale pattern

Three distinct types of pre-dorsal fin scale
pattern were found in the ten Rhinogobius
species examined (Fig. 5). In first type of
pre-dorsal fin scale pattern, the scaled area
extends almost to the posterior margin of the
eyes (Fig. 5a). Rhinogobius giurinus and R.
henchuenensis exhibited this type of pattern
(Table 2). On the other hand, in the second and

the third type of pre-dorsal fin scale patterns, the
scaled area does not extend beyond the posterior
margin of the preoperculum with the third type
noticeably shorter in coverage (Fig. 5c) than the
second type (Fig. 5b). Rhinogobius candidianus,
R. maculafasciatus and R. nantaiensis exhibited
the second type pattern while R. delicatus, R.
gigas, R. lanyuensis, R. nagoyae formosanus and
R. rubromaculatus exhibited the third type.
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Fig. 5. Types of pre-dorsal fin scale patterns found
among different Rhinogobius species from

Taiwan.

Morphological measurements and fin ray counts

Morphometric measurement data and
meristic counts are listed in Table 3. Rhinogobius
lanyuensis has the shallowest BD (15.12+1.29
mm) while R. maculafasciatus has the deepest
(23.894+2.17 mm). In terms of BW, R. gigas has
the narrowest body (15.88+1.89 mm) while R.

maculafasciatus has the widest (20.33+2.12 mm).

PDL ranged from 39.58+1.74 mm in R.
rubromaculatus to 42.90+1.51 mm in R.
lanyuensis while PAL ranged from 62.57+1.26
mm in R. giurinus to 67.32+1.73 mm in R.
nagoyae formosanus. CPL ranged 16.22+2.30

mm in R. rubromaculatus to 19.77+0.84 mm in R.

lanyuensis. CPD on the other hand, ranged from
12.39+£0.96 mm in R. giurinus to 14.75+1.49 mm
in R. henchuenensis. DIbl ranged from
15.83+1.64 in R. henchuenensis to 18.30+1.33
mm in R. candidianus while D2bl ranged from
16.34+1.39 mm in R. gigas to 20.80+1.64 mm in
R. rubromaculatus. Abl ranged from 12.80+1.33
in R. delicatus to 16.20+1.17 mm in R.
rubromaculatus. Rhinogobius maculafasciatus
has the longest head length (34.06+£1.87 mm)
while R. nantaiensis had the shortest head
(30.504£2.15 mm). The D1 of the specimens
examined ranged from 5 to 6 while D2 from 7 to
10. A on the other hand ranged from 7 to 10
while P1 ranged from 15 to 22.

The members of the Rhinogobius species
complex of Taiwan have only very few
distinguishable morphological differences except
probably for their color patterns. Chen and Shao
(1996) also indicated that the R. brunneus
species complex in Taiwan has radiated into
many distinct morphological species with a high
degree of local endemism. But previous
researches have indicated that these species
exhibit distinct segregation in terms of the
ecological niche they occupy such as preference
for fast or slow water current, upstream or
downstream areas, deep or shallow waters,
migratory habit and egg size diversity (Chen and
Shao 1996, Lee and Chang 1996, Shen et al.
1998, Cheng et al. 2005a). Therefore, it is
important to use a combination of morphological
characters and ecological considerations in
identifying the different Rhinogobius species in

Taiwan.
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Geographical Distribution

Thirteen years of intensive collections from
various river systems and its drainages around
Taiwan revealed that the different Rhinogobius
species examined exhibited species-specific
distribution patterns (Fig.6). Some species have a
very narrow geographic distribution while the
others are distributed widely. Among all the
species examined, R. candidianus and R.
giurinus can be found in the majority of the river
systems in Taiwan (Fig. 6a and 6d). Rhinogobius
delicatus, on the other hand, can only be found in
rivers along the northern, eastern and southern
Taiwan (Fig. 6b). Rhinogobius henchuenensis
and R. maculafasciatus can only be found in the
rivers in southern Taiwan (Fig. 6e and 6g), while
R. lanyuensis seems to be restricted only in
Orchid Island (Lanyu), a 42 km” volcanic island
off the southern coast of Taiwan (Fig. 6f).
Rhinogobius nagoyae formosanus is only
restricted in northern Taiwan (Fig. 6h) and R.
nantaiensis can only be found in the rivers in
central and southern Taiwan (Fig. 61).
Rhinogobius rubromaculatus is found in
northern, central and southern Taiwan (Fig. 6j).
In addition, population genetic studies on some
of the species such as R. maculafasciatus and R.
rubromaculatus showed that there is little genetic
differences among their respective populations in
Taiwan (Cheng et al. 2005ab), indicating
contemporary gene flow among its populations
through oceanic larval dispersal. Unfortunately,
the population genetic structures of the other
Rhinogobius species in Taiwan have not yet been

investigated. On the other hand, the geographic

distribution pattern of the different Rhinogobius
species in Taiwan might be affected by a number
of factors such as temperature preference, river
topology, inter-specific competition and habits of
different goby species. The dominance of one or
more species in a certain region might restrict the
ability of the other species to colonize that area.
Species that prefers warmer water temperature
might not be able to colonize the colder northern
region of Taiwan. But some researchers have
suggested that the occurrence of freshwater fish
species of marine origin (like amphidromous
gobies) in northern Taiwan is probably because
of the strong Kuroshio Current that flows from
south to north (Chen and Fang 1999).
Diadromous types wusually have wider
geographic distribution since their oceanic
larval duration allows them to be transported in
arecas not reached by non-diadromous types.
Non-diadromous types also have limited
opportunities for gene flow (Tzeng et al. 2006).
Also, since each region in Taiwan offer different
types of habitat, it is expected that the
Rhinogobius species in the island will have a
variety of ecological forms according to the
niche they occupy. Species that prefers muddy or
sandy river substrate with slow river flow were
often found in western Taiwan while those that
preferred rocky substrate, steep river topology
and swift river current were found in eastern

Taiwan.
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Species diversity

In terms of the number of species observed,
southern Taiwan is the most speciose region in
the island with seven out of ten Rhinogobius
species found, followed by northern Taiwan with
six species (Table 4). Central and eastern Taiwan
has similar number of species, four each. The
other indices of species diversity showed
different pattern. Margalef’s diversity index
indicated that southern Taiwan was the most
speciose region while central Taiwan was the
least. Menhinick’s on the other hand, indicated
that northern region of Taiwan was the most
speciose while its central region was the least.
High species diversity is also expected in
southern Taiwan since it is a subtropical region
and productivity is high. On the other hand, the
restriction of some freshwater fish species to the
western or eastern part of Taiwan was thought to
be highly correlated with the topographical
isolation due to the rise of the Central Mountain

Range about one million years ago (Lin 1966;

Tzeng 1986b; Wang et al. 1999, 2000). Taiwan is
an isolated island located between East and
Northeast China and South China Sea in the
southwest and is under the influence of
subtropical weather regimes. The waters on its
western slope are shallow while very deep (up to
1,000-2,000 m) on the eastern slope (Wu et al.
2007). On the other hand, the majority of the
river systems on the island mainly flows to the
western and eastern coasts and is well separated
by the Central Mountain Ridge (Page and Suppe
1981; Wu et al. 2007). These features resulted in
a unique freshwater fish fauna on the island.
Therefore the study of freshwater fishes in
Taiwan is extremely important because it
confirms the relationship between the island and
its adjacent areas. Tzeng et al. (2006) also
stressed that the use of freshwater species for
biogeography studies are very appropriate
primarily because of their restricted distribution
and strong association between evolutionary

history and geological events.

Table 4. Comparison of species diversity indices of Rhinogobius species among different regions of

Taiwan
No. of specimen Species diversity indices
Region
collected Species richness Margalef’s Menhinick's

North 388 6 0.84 0.30
Central 915 4 0.44 0.13
South 620 7 0.93 0.28

East 265 4 0.54 0.25
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Conclusion and perspectives

The Rhinogobius species in Taiwan exhibits
great variations in coloration, morphology and
ecological forms and such variations resulted in
confused and problematic taxonomy. A reliable
phylogeny for the group would help in setting
evolutionary hypothesis that resulted in their
extreme diversity in such a small island like
Taiwan. Also, determining their phylogeny
would establish their exact relationship and
would help establish a timeline for their
speciation. This would present a more detailed
evolutionary history of the diverse Rhinogobius
species in the island. It is also interesting to
explore the effect of different barriers to
dispersal such as mountain ranges and
oceanographic  current systems on the
distribution pattern of the different Rhinogobius
species. Understanding this information is
essential for their conservation and management
and also will present an important contribution to
the understanding of the historical biogeography

of freshwater fishes of East Asia.
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H 2012 3 A2 2013 F 2 AR H 9 #ER LA ERE 2 RTE KB ET TR B RERI & IR &
FEPLECER R 3 B 1 M HATHIR & ke 1 B 2 FEARAT IR S - HITHIRE A 4  HEBR S > 77l
PRI (I ctinaetus malayensis) ~ €5 (Spilornis cheela hoya) ~ JE\SHE & (Accipiter trivirgatus) s & HA%E
[&(A. virgatus fuscipectus) ; 6 fHEEET SEHES > 77 AlR I IEE (A, soloensis) ~ JKIHI i (Butastur
indicus) ~ & (Buteo buteo) ~ /& (Pandion haliaetus) ~ 5 (Falco peregrinus) L (F. tinnunculus) °
g+ —FH 5 74 [E (Pernis ptilohynchus) > HITRE G 8 B8l S 2 FAURE - 2 FRIT IR B B »
RIS TE SR (Otus lettia) S B £ 595 (0. spilocephalus) » #ERERS HATIHRE BAG & i i w9 -
1E 9 {ih & aa A AR BG HE AT 388 o o (P FThREL h DU & SO AR B IR S )RE % bRk o i) -
DRSS TR Z BRIEN S - SRS BRI 11 MR o

Abstract

We investigated species and abundance of raptors along Suhua Highway from March 2012 to
February 2013. Eleven species of diurnal raptors and two nocturnal raptors were recorded from nine study

sites along Suhua Highway. There were four resident species, specifically the Indian Black Eagle
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(Ictinaetus malayensis), Crested Serpent Eagle (Spilornis cheela hoya), Crested Goshawk (Accipiter
trivirgatus) and Besra (A. virgatus fuscipectus); and six migration species, specifically the Chinese
Goshawk (Accipiter soloensis), Grey-faced Buzzard (Butastur indicus), Common Buzzard (Buteo buteo),
Osprey (Pandion haliaetus), Peregrine Falcon (Falco peregrinus) and Common Kestrel (F. tinnunculus).
The Oriental Honey Buzzard (Pernis ptilohynchus) may be considered as either a resident species or
migration species. The two nocturnal raptors are both resident species, specifically the Collared Scops
Owl (Otus lettia) and Mountain Scops Owl (O. spilocephalus). The Crested Serpent Eagle is the most
common diurnal raptor, as it was recorded in all study sites. The diversity of raptor at Guanyin site and
Hanben site were the highest among all of the sites. In terms of seasonal changes, raptor diversity was

high during autumn.
BB : JLE ~ 5 9O MRARIL AR
Key words: raptors, Suhua Highway
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HASHUR N > [BI8E 1 5088 > SRR FIHREE 3 735
% 1 JEER (Comulier and Bretagnolle 2006) ° i
PIRE AT RO (RS SR R A K MR £
fi& 85 (Glaucidium brodiei) ~ 7% 1 £ 58 (Otus
spilocephalus) ~ fE 55 (O. lettia) 5 #/E 56 (Ninox

FRAC RS HIIE B

scutulata) o %% B35 GH [N LI /1A S5 ML 14
ZITAL > LU SR B RS, » ANTR] 5 AL AENS
(B RS (R — (e o 3 IRF3 B 2 [ml 8 5 [ R 1T
WSS B A AT A A > TR R] — (a8 -
BRIER] T RIS AL » AR RS 5 — S LI B -

B 1. 5 9 #RERIRZE AT KB 20 8 A R L i ] -

Fig. 1. The nine study sites along Suhua Highway.
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B 2. & 9 #RERIR 2RI KBS P A AN R AL Z A IR,

Fig. 2. Species of raptors recorded among different seasons in the nine sites.

B 3. 5 9 HRERIR 2 RIE KBS AL ARG AN R 212 A s R o

Fig 3. The individuals of raptors among different seasons in the nine sites.
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R 2. ATRHET AT R AT ISR SR S R
Table 2. Individuals, species and diversity of raptors recorded during different seasons
=i
Yot Season HER
Species HF o= FkZ AT Total individuals
Spring  Summer Autumn  Winter
FAHE Indian Black Eagle 1 1
I¥ME Crested Serpent Eagle 106 46 36 40 228
HJ7UE Oriental Honey Buzzard 4 2 1 5 12
E\SH A [ Crested Goshawk 34 19 14 11 78
BIEAEE Besra 2 2 3 7
& Osprey 2 2 4
JXTHZEE Grey-faced Buzzard 1 101 102
JRIEIE Chinese Goshawk 1 1
& Common Buzzard 1 1
W#H: Peregrine Falcon 2 1 6 2 11
#LH# Common Kestrel 1 1 2
FEAAS Collared Scops Owl 2 6 5 13
B %S Mountain Scops Owl 4 15 15 3 37
YIRS Total species 8 8 11 8 13
#EEEX Total individuals 155 88 186 68 497

K2R o (EEFAA KB IR S YR > DA
FRBECERE] 7 MRS - LU RS o KE4E
BRECERE 6 > HAh LUK B S R EE > %
B ~ B AREE VB KRB 5 308k B 4 1 -
HAARBFC SR SRR AL 1-3 f 2 -

A 2012 5 12 HE 2013 4 2 HE(T
AT > o (R AR AR S 2 Bl 6 FE 60
B o HITHAR S LIEREEC BB E 40 &
K% > H%ZHAT IR & 2 850 80y
66.7% * JE\BHEBHEX.Z » 15 183 % : Hith
KPP T 8.3% » SHEHE 1 3.3% » WA &
FLEEA G 1.7% AT AR & IR B2 0 1158
FIpEMAES 2 8 > HrhLLE M sRac Bk E e iR
% o BN S » 2= FEHEE RS KD

FELSRE AR - Hh DR S ES Y -

A7 9 {[HFR ARG B YL E IR
1K > DUKSEEREL ~ AR BORIE /KRB 23
BV 4 R OB RS
1-3 fEZ[H] -

= ARG B A SRSV (B 4)
B AE RS (& 5T 3 £ 4 AR EYEE
KGR - LU R A e A ZE b Y] -
Zig%E 8 HEG SV B - 9
HZi% » MR (AR B M s - K
FRRKGE S K TS R B (ISR R 2 3R
DRI FEWE - 10 F 1% - A S V)RR (e A8 B
SRS RAR o @ 5 H 5 2 5 3 A
AR o AR L TUIEE B AR OR B T (5 B Ak
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MOBSFIIE S PR BGE 2 R - B 15 S eiE (B ELRC AP B > LU el — B ARG R A Ry
SR S PR (ERE A T AR LY - Boik HAGKR 2012) ARFFEE S 2012 5 4 A 27 Hf?
SRS IR MR S HE - HLBR (E R A SRR BRI SR 2 18 (RS E 22 PR fE
ARIZEFIMAZR » BRI REEVEE
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W
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0 : : ‘
3/1 6/1 9/1 12/1 3/1
Date
—e— Diurnal raptor
—C— Nocturnal raptor
B 4. ECERIER IR E YRS H 281k -
Fig. 4. The species of raptors varied with the date.
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Fig. 5. The individuals of raptors varied with the date.
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fE—RzH > HITHIRE KA e
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TR 302 ERER 3) o B R BITHILE - alke
B (86%) FI1IELE 2 [ (90%)F - F e i »
TR ECHIEIES) - HITHE &R — KA 2
{EREB) S IEHA - 2 RlE LA REERRY 8 BhE 10
B AR 2 BEE 3 B> VDL 8 BEE 10
BLAT BB IR R AR EUR 2 (& ©6)
RS T RIERFRPER » ARE ~ KE -
B RERTHIEEE o #WUA ZRR DT 77

F 3. TGS B K M2 B E 7 B

FRAC RS HIIE B

(Newton 2008) ° 3 & HIFRIT /7 =L RE A 70 BN
il @ 5734 (flap) ~ B HE (soar) ~ 1§ (glide) ~ TE Bk
(hover) ~ {fif{ (dive) 5 7T (display)(Fk 2006) °
H A1 (70%) 2 K E oy BAT PSR i) £ 2R
1775 HATEBIEE R a2 WIS (79%) B JEL
HE 1 (69.2%) th & LU e 5 &= By AT 77 20
(#F 4) - BAECRIIRE » Ak RE (e 22 Hh i fie
IR LR HLAS AR » BRI » #0495 5) 1%
AN BRI o [EABE A B 1 22 rh i e [T HL
HEAD N > KBRS 5 3B -

Table 3. The percentage of diurnal raptors appeared in morning and afternoon

%E, Morning Aﬁjrion '%%I%;k

Species 0800~1100 1400~1700 Total individuals
FKE Indian Black Eagle - 1 1
TEHE Crested Serpent Eagle 196(86%) 32(14%) 228
W& Oriental Honey Buzzard 12 - 12
JE\BE A& Crested Goshawk 70(90%) 8(10%) 78
BN EE Besra 6(86%) 1(14%) 7
faJE Osprey 3(75%) 1(25%) 4
JKTHI & Grey-faced Buzzard 7(7%) 95(93%) 102
JRHEI& Chinese Goshawk 1 - 1
# Common Buzzard 1 - 1
i#H: Peregrine Falcon 6(55%) 5(45%) 11
#[E Common Kestrel - 2 2
AR Total individuals 302(68%) 145(32%) 447

O el AR Ak B AR AR E 2 TS
&3t 31 R IR A S 20 22K - A
B 11 B W AR TERIRATRC R B # I
IS 17 B2X - sHASSHIE 2 B R@EE 5) - #
WES 7 55 P A€ 2 B A R 22 KT VK B i A i
AWIEATIEARES - B 7 &R H =B R A
EREILLSY > HoAth 8 (EFHARE R RCHE, - 2 TS

SR L A IR A IR U O 5 - I B BR H
RO o R A R R A A3 A 2 S B
%58 2 5 Rl A 75 B2 (Wilcoxon  Signed
Ranks Test, Z = 0.597, P> 0.05) : fE 55 HI7E[A]
18 1% B 5% 8 2 R SO B 2 (] i 2 B0 8%
(Wilcoxon Signed Ranks Test, Z = 2.496, P <
0.05) = TE 11 55 F10E £ A5 AR S48 ik (R R KRS
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MR A2 [l - o Bigngs foy B  [m] R A 1S LY S L fth 55 5 S g S LD 2 0 o 7 I (3R
W RIfER 9 Kk > sAsRHIE 5 K > H 2 Mg 5) ¢

B 6. — KRB AT#iS: < ATV S YR B (E R B -

Fig. 6. The species and individuals of diurnal raptors in the time of day.

x4 HITHIEENTREAE 7

Table 4. Percentage of behavior patterns of diurnal raptors

(RSN o
LS Behavior patterns Total
- - L . - N ota
Species E1E iz fie e i IE RBon B ORE%R
) ) individuals
Flap Soar Glide Hover Dive Display Perch Chase
PR Indian . |
Black Eagle
TEMHE Crested
25(11%) 180(79%) 14(6.1%) - 1(0.4%) - 8(3.5%) - 228
Serpent Eagle
R IEE
Oriental
7(58.3%) 4(33.3%) - - - 1(8.3%) - - 12
Honey
Buzzard
B
Crested 6(7.7%) 54(69.2%) 10(12.8%) - 1(1.3%) - 6(7.7%) 1(1.3%) 78

Goshawk
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FRALABSHIR S
EIAENS
6(85.7%) 1(14.3%) - - - - 7
Besra
AaE Osprey 4 - - - - 4
IXIH B
Grey-faced 38(37.3%) 64(62.7%) - - - - 102
Buzzard
JREEIE Chinese | |
Goshawk ) ) ) ) )
£ Common . |
Buzzard
[##5 Peregrine
4(36.4%) 3(27.3%) 2(18.2%) - - - 2(18.2%) 11
Falcon
#[# Common
1(50%) 1(50%) - - - 2
Kestrel
FAER Total
o 85(19%) 313(70%) 30(6.7%) 1(0.2%) 2(0.4%) 1(0.2%) 14(3.1%) 3(0.7%) 447
individuals
F 5.2 MR T VAR & Bl % S ek 3
Table 5. Survey of two nocturnal raptors’ responses to broadcasting
Species of playback I n
HEHE EU=0 THA HRIEES SErgeEl
(el 5 .
Vi Collared  Mountain Scops Collared Scops Brown Spontaneous
] Pigmy Owlet Owl Owl Hawk Owl call
Species
I 55 Mountain Scops Owl 6 11 2 1 17
A5 Collared Scops Owl 2 1 5 3 2
Bl (& 1993)~ THIZE K B ERH A IR
(—) BRALABE IR 2SR B R
AHELE 9 #RERRE ARG KA H ~ 1%
TR ILECEE 4 B} 13 8 - iRIBEE SUBE
BTG SRR RO I B P AHRR AR 52

¥

st 1 g
i

IR ) (MERE A PEERER] TREAF] 1994) ~
M EER R EA T SR

R G
NIERAT 1996 TR BB AR
(BB A B ISR

2002) ~ T &R BAGRE IE) ~ fa& iR

B

SN
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Abstract

Natural disasters can cause severe influences on the ecosystem through different spatial and temporal
scales. Decades of forest fire researches have been conducted to understand the effects of natural disaster
on the ecosystem. However, the effects of typhoon upon freshwater ecosystem remain unclear, and the
difficulty is exacerbated by the impacts of global warming and climate change. Furthermore, freshwater
crabs are perhaps in a much difficult situation because their most important biodiversity occurs in
locations where the most destructive typhoons happen, but there is still no research focusing on it.
Typhoon Morakot passed through Taiwan in August 2009, and the heavy rainfall brought by the typhoon
resulted in serious floods, debris flows and landslides in southern Taiwan. From spring 2010 to summer
2013, we investigated the trends of freshwater crabs and their habitats after Typhoon Morakot using

systematic sampling and analyzing methods for six individual and community indicators (body size, sex,
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maturity, community biodiversity, community abundance and community biomass). Our results revealed
highly increasing community abundance and marginally increasing community biomass in freshwater
crabs, which indicated that the numbers of freshwater crabs and their habitat resources were recovering
after typhoon. Interestingly, the constraints of gradually ascending community biomass and drastically
rising community abundance resulted in the“side-effect” of body size decline in freshwater crabs. To
reduce extinction risks in a dramatically fluctuating environment, we surmise that freshwater crabs shift
their adaptive strategy toward r-selected life history to benefit their reproductive success in face of

extreme catastrophes like Typhoon Morakot.
H %

A B SR AR R S ATBRRF FEREE - SRR SERE R A RER IS A RN 28 REZH B2 -
(HFSBR 4 2= BRI LB SR A R BN T » A0 5 W2 PR5 - B L A e J A 5K B8/ S A R
FHRRRANE - MRFRI ST B o] HEE 52 e B 1= B T 8K B B A2 AR ME BRI KR - 5 (Y HEAH B
BHFSE o S 2009 F 8 F 8 S vo e JH\ B0EE - STk SE1E R s AR B KR ~ AR L O
16 o WS AL e B % - SRR 22 & K I BFSERR G - BRES 2010 52 1 A B 4)
HAFAAR KRR BEARE RI L M 2011 FEZEE 2013 F 5 Z WM RHEE T A OB
BB 6 TEAHRRTEESE (BETY ~ TEA ~ Bt ~ BERAEYIZ R - RS E L AAEREYR) - H
LLGIHr EC S B S AR IR P83 LRSS - B S e R B K R R B B R BT BB e W) B
H I INEHEES - SRR R SRR K B R R B R BRI AR IR R - SRR RS oAl »
BRAS KR IS AR EY) B B b RORER S L 58 pl ik R A NI L HRR 7 A o AP
FHEHITERG BRI MR K 53 A % » A1) S v e JBUFITa R A S - 8 /I AR ] A Tl 2
&> EEIREGE E RIS 1) r USRS S > R LU iR (U SRR Z A LIRS P A 1

AN

=2

Key words: freshwater crab, freshwater ecosystem, Typhoon Morakot, recovery
PR : RKBERE ~ KRR ~ SR TORe ~ 15
Received: August 22, 2013 Accepted: March 21, 2014

IWEHEA < 2013 4 08 H 22 H BESZHBA 20014 03 H21 H



B AL RS (TW 1. of Biodivers.) 16(2): 135-151, 2014 137

Introduction

Natural disasters can affect ecosystems
remarkably. Forest fire is one of the best studied
topics in natural disasters. Fire regime is realized
not only to play a crucial role in the forest
ecosystem structure (Ahlgren and Ahlgren 1960;
Agee 1996), but also to influence the forest
ecosystem function via chemical and physical
dynamics of the environment (Johnson and
Miyanishi 2001). In addition, fire enhances
transformation of forest ecosystem structure and
function through space as well as time (Whelan
1995). Tropical cyclone, known as hurricane or
typhoon by its originating location, is another
important cause of nature disasters. Tropical
cyclone effects on forest ecosystem are also well
documented in the literature. It can acutely and
dramatically affect forest populations (Horvitz et
al. 1995), communities (Pascarella 1998) and
ecosystems (Loope et al. 1994). For example,
defoliation is the most common effect of tropical
cyclone on forest structure, and typhoon strength
accounts for 82% of the litter fall variation in
Fushan Experimental Forest in Taiwan (Lin et al.
2003).

Tropical cyclone effects on distinct
ecosystems such as forest and freshwater
ecosystem, however, are not interchangeably
applicable without supporting evidence. The
relationship between tropical cyclone and
freshwater ecosystem is still unclear, and this is
made all the more difficult to understand due to
the impacts of global warming and climate

change. Ongoing global warming (IPCC 2007)

can accelerate the happenings of more intense
and frequent tropical cyclone (Emanuel 2005;
Webster et al. 2005; Elsner et al. 2008), and the
phenomenon will amplify the ecological impacts
on freshwater ecosystem. Along with this impact,
freshwater ecosystem is particularly vulnerable
to climate change because of its isolation and
fragmentation within a largely terrestrial
landscape (Woodward et al. 2010). Thus, further
research is needed to understand tropical cyclone
effects on freshwater ecosystem to reduce the
double threats.

Furthermore, freshwater crabs of the
freshwater ecosystem are highly probable in a
much difficult situation because their most
important biodiversity occurs in locations where
the most destructive tropical cyclones happen,
but there is no research focusing on it. Asia,
including Taiwan is the biodiversity global center
and hotspot of freshwater crabs (Cumberlidge et
al. 2009). As such, it has not only the most
abundant but also the most endangered
freshwater crab species in this area. At the same
time, the highest number of tropical cyclones in
the world are formed in western tropical Pacific
Ocean (Chan et al. 2004), and their paths follow
three general directions that majorly affect
Southeast and East Asia (Elsner and Liu 2003)
where the most important biodiversity of
freshwater crabs occurs. Therefore, it becomes
urgent to study the responses of freshwater crabs
to tropical cyclone in order to determine if these
catastrophic events would threaten the survival
of freshwater crabs.

Typhoon Morakot, equivalent to category 1
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on the Saffir-Simpson Hurricane Scale (Simpson
and Riehl 1981), passed through Taiwan in
August 2009, and it was the most devastating
typhoon in Taiwan’s historical records due to the
tremendous amount of rainfall it brought from
August 6 to 11. The extremely heavy rainfall
induced lots of serious floods, debris flows and
landslides in southern Taiwan in places where
many unique freshwater crabs exist. Hence
Typhoon Morakot might have rapidly increased
the risk of extinction of freshwater crabs in
Taiwan.

This study is the first research discussing
the effects of typhoon on freshwater crabs. Using
systematic sampling and analyzing methods for
six individual and community indicators (body
size, sex, maturity, community biodiversity,
community abundance and community biomass)
of freshwater crabs from spring 2010 to summer
2013, this study aimed to investigate the
recovery trends of freshwater crabs and their

habitats after Typhoon Morakot.

Materials and Methods

Study sites

Typhoon Morakot induced floods and debris
flows in most major water systems in southern
Taiwan. Our study sites were all selected in
different affected water systems where crabs
could be found alive or defunct. These sites were
divided into three types according to different
sampling methods (Fig. 1).
I. Historical Study Sites

Sites where crab surveys had been

Freshwater crabs and habitats after Typhoon Morakot

conducted in previous studies. First, Haigian
NO.2 Bridge, located in estuary of Zhongni
Stream, Hengchun, Pingtung. Second, Maolin
Suspension Bridge, located in northern upstream
tributary of Gaoping River, Maolin, Kaohsiung.
Third, Jixiang Bridge, located in upstream

Gaoping River, Namaxia, Kaohsiung.

I1. Monitoring study sites

Sites were selected by their unique
freshwater crabs fauna and used to evaluate the
species effect on crab indicators. First,
South-Link Highway 458K, located in upstream
Fenggang River, Shihzih, Pingtung. Second,
Laiyi Village, located in upstream Linbian River,
Laiyi, Pingtung. Third, Taiwu Village, located in
upstream Donggang River, Taiwu, Pingtung.
Fourth, Yila Waterfall, Yila Community and
Wautai NO.2 Bridge, located in southern upstream
tributary of Gaoping River, Wutai, Pingtung.

III. Other study sites

Sites were selected by their habitat
difference and used to evaluate the habitat effect
on crab indicators. First, CSIST Dormitory,
located in downstream Xuhai River near estuary,
Mudan, Pingtung. Second, Chunri Village,
located in downstream Beishi River, Chunrih,
Pingtung. Third, Liangshan Waterfall, located in
upstream Donggang River, Majia, Pingtung.
Fourth, Sandimen Bridge, located in southern
upstream tributary of Gaoping River, Neipu,
Pingtung. Fifth, Majia NO.3 Bridge, Majia NO.5
Bridge and Majia Waterfall, located in southern
upstream tributary of Gaoping River, Majia,



B AL RS (TW 1. of Biodivers.) 16(2): 135-151, 2014 139

Pingtung. Sixth, Wutai Watersource, located in
southern upstream tributary of Gaoping River,
Watai, Pingtung. Seventh, Guanshan NO.1
Bridge and NO.6 Bridge, located in upstream

r'_.
=
,—“—f’) o
- i
’.v’%
&,
Gaoping River
Cionggang River
Linhian River -
Beishi River

Fenguang River

Gaoping River, Jiasian, Kaohsiung. Eighth,
NO.15 Bridge, Minzu Bridge and Nacilan Bridge
Upstream 1k, located in upstream Gaoping River,

Namaxia, Kaohsiung.

@ Historical Study Sites
& hdonitoring Study Sites
1 Cther Study Sites

X¥uhai River
! { Downstream near Estuaryd

Zhongniu Stream
[ Estuard

Fig. 1. Geographic distributions of the study sites in this study. Study sites were distributed in different

affected water systems in southern Taiwan after Typhoon Morakot and labeled as Historical, Monitoring

and Other ones.

Study methods

We conducted surveys in study sites from
spring 2010 to summer 2013 to collect
freshwater crab data of six individual and
community indicators. In each survey, we made
exhaustive search but with least harm to collect
crabs in 50 meters along riparian upstream from

the fixed point of study sites and set six traps

overnight. After identifying species and
measuring the traits of carapace breadth,
carapace length, wet weight, sex and maturity,
the captured crabs were released to their native
habitats, but ones with doubt in species
identification were needed for confirmation in
the laboratory. The data were transformed into

individual Indicators (body size, sex and
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maturity) for each crab data and community
Indicators (biodiversity, abundance and biomass)
for each study site data. Habitat intactness and
water quality of the study sites were also
recorded for further study.

It is necessary to mention that community
biomass of freshwater crabs, one of the
community indicators, can indicate the status of
the habitat resource. It can be illustrated by the
hypothesis of habitat resource supply and
consumption. Total resource consumption by all
communities in the habitat is proportional to total
resource supply of the habitat, and specific
community accounts for particular ratio of total
resource consumption. In addition, specific
community biomass is proportional to its
resource consumption because there is an
allometric  relationship between individual
biomass and its resource consumption (Ernest
and Brown 2001; Ernest et al. 2003, detailed
discussion in the Results). Freshwater crabs,
moreover, also comprise a large proportion of the
overall biomass of all invertebrates in the
tropical streams (Abdallah et al. 2004). It was
supposed that these relationships would not
change after Typhoon Morakot. Thus, the
community biomass of freshwater crabs was
taken as an indicator of the habitat resource for

evaluating its recovery trend.

Data analysis

Individual indicators (body size, sex and
maturity) and community indicators (biodiversity,
abundance and biomass) of freshwater crabs

were mainly analyzed in multiple linear and

Freshwater crabs and habitats after Typhoon Morakot

logistic regression models by JMP 9.0. Using six
crab indicators as dependent variables (Y) and
time series as independent variable (X), we could
evaluate the time effect on crab indicators, and
thus obtained the recovery trends of crab
indicators after Typhoon Morakot. These factors
are listed in Table 1.

Besides major independent variable (X) of
time series, we also considered the influences of
minor independent factors on crab indicators.
These factors included seasons, species, habitat
types, time series interaction with habitat types,
reciprocal  interactions among  individual
indicators and autoregression of community
indicators, which are not further discussed in this
study. By setting these minor factors as
covariates in the multiple linear and logistic
regression models to control their influences, we
could confirm the true time effect on the six crab
indicators.

If the potential time relationships among
crab indicators (Y) exist, time series analysis of
panel data is suggested for analyzing these
reciprocal relationships. Panel Data Analysis
(PDA) or time-series-cross-section (TSCS) data
analysis is one of the most popular analyses in
econometric research, and it has become popular
in other research fields. The advantages
principally lie in capacity for modeling
cross-sectional and longitudinal (time series)
data (Hsiao 2007). Our data of freshwater crab
community indicators were fit for panel data
analysis, and thus we attempted to progress the

analysis in EView 7.2 for better understanding of

the temporal relationship among crab indicators.
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Results

Summaries of survey frequencies and crab
data in each study site are listed in Table 2, and

crab faunas are listed in Table 3.

Descriptive statistics of six indicators of
freshwater crabs after Typhoon Morakot

The means + SE of individual and
community indicators of freshwater crabs were
listed as follows: body size (CB: 18.356 &+ 0.155
mm, n=2,797; CL: 15.365 + 0.130 mm, n=2,797;
W:4.033 £0.103 g, n=2,792), sex (male: 55.3 %,
female: 44.7 %, n=2,758), maturity (juvenile:
59.6 %, adult: 40.4 %, n=2,539), community
biodiversity (Shannon H.’: 0.505 + 0.036 ,
n=153), community abundance (N: 15915 =+
1.234 , n=177) and community biomass (TW:
63.703 £ 6.363 g, n=177).

Time effects on six indicators of freshwater
crabs after Typhoon Morakot (Table 4)

I. Individual indicators

Firstly, three body size traits of freshwater
crabs, carapace breadth, carapace length and
weight, were highly correlated (CB and CL:
r=0.990, p<0.0001; CB and W: r=0.989,
p<0.0001; CL and W: r&=0.987, p<0.0001). It
would be adequate for applying principal
component analysis to acquire the single
indicator representing three body size traits.
Principal component 1 (PC1) accounted for the

most variance (A=2.882, variance %=96.078) and

Freshwater crabs and habitats after Typhoon Morakot

had the same pattern with three traits in multiple
linear regressions. We used PC1 as the body size
indicator in the analysis and found that body size
was highly negatively influenced by the time
series. Secondly, the time series had no effect on
the likelihoods of sex and maturity of freshwater

crabs.

II. Community Indicators

Firstly, the time series had no effect on the
biodiversity (Shannon H’) of freshwater crab
communities. Secondly, community abundance
of freshwater crabs (N) was highly positively
influenced and community biomass of freshwater
crabs (TW) was marginally positively influenced

by the time series.
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Panel data analysis of body size, community
abundance and community biomass of
freshwater crabs after Typhoon Morakot

The effects of time on freshwater crabs were
dominant in trends of the three indicators, body
size decline, community abundance and community
biomass rise, from results of previous section.
The relationships among body size, abundance
and biomass can be illustrated by the equation of
habitat resource supply and resource consumption
by populations or communities (Ernest and
Brown 2001; Ernest et al. 2003):

R=C e (1)
where R is the resource supply of the habitat, Cyy

total —

is the resource consumption by all communities
and C; represents resource consumption by
specific community. If we focus on crab
community of the habitat, the resource consumed
by crabs in a habitat can be expressed as:

C, =aB =aN,M; ()

where B; is the biomass of the crab community,

Freshwater crabs and habitats after Typhoon Morakot

N; is the number of total individuals of the crab
community (abundance), |\/|_I is the mean body
mass of the crab community (body size: mean
weight), a is an allometric constant and b is an
allometric exponent. If the typhoon effect will
not alter the relationships in the equation 1 and 2,
we believe that the community biomass of
freshwater crabs can infer their habitat resource,
and thus the recovery trend of habitat resource
can be assessed by time pattern of crab
community biomass.

In order to identify whether the trends of the
three indicators resulted from reciprocal
influences in equation 2, we further analyzed our
data by Vector AutoRegression (VAR) Granger
Causality Test of panel data analysis. This test
can determine whether one time series data is
useful in forecasting the others. Our results
revealed that both biomass and abundance would
granger cause body size of freshwater crab

communities (Table 5).

Table 5. Vector AutoRegression (VAR) Granger Causality among body size, abundance and biomass of

freshwater crab communities. Biomass and abundance would granger cause body size of freshwater crab

communities
. Abundance :
Body size (Crab individuals Biomass
. (Mean weight, W) (Total crab weight, TW)
Indicators =24 number, N) =24
n=24
df 2 p value df $ p value df Y p value
Body size 6 2.045 0.915 6 1.889 0.930
Abundance 6 12.791 0.046 * 6 1.464 0.962
Biomass 6 17762  0.007** 6| 0907 0.989

Notes: * p<0.05, ** p<0.01

Moreover, the VAR equation of crab body size could be expressed as:

W =-0.002xN(-1) +0.083xN(-2) -0.154xN(-3)" -0.153xN(-4) -0.091xN(-5) -0.099xN(-6) +0.005xTW(-1)
+0.006XTW(-2) +0.022xTW(-3) * +0.005xTW(-4) -0.003xTW(-5) +0.026xTW(-6) +0.387xW(-1)
-0.233xW(-2) -0.556xW(-3) +0.288xW(-4) -0.509xW(-5) -0.045xW(-6) +8.778
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Five over six lag phases of abundances
negatively affected body size, especially for most
significant effect of lag 3 (asterisk labeled, y,*=
4.434, p= 0.035). On the contrary, five over six
lag phases of biomass positively affected body
size, especially for most significant effect of lag
3 (asterisk labeled, y,°= 4.943, p= 0.026).

In equation 2, our results supported the
positive effect of biomass and negative effect of
abundance on body size. According to the
relative stable trend of biomass in result of Table
4, the former’s drastically increasing abundance

caused the latter rapidly decreasing body size
(Fig. 2).

Fig. 2. Drastically rising community abundance (Crab individuals number, N) and gradually ascending

community biomass (Total crab weight, TW) resulted in rapidly declining body size (mean weight, W) in

freshwater crab communities.

The trend patterns of community abundance
rise and body size decline of freshwater crabs
were further checked by adding a square of time

series as independent variable in their multiple

linear regressions. The results revealed that these
trends would not change through time
(community abundance: F;s=0.323, p=0.571;
body size: Fy2471=1.598, p=0.2006).
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Discussion

This study is the first research focusing on
the responses of freshwater crabs after typhoon,
and we found drastically increasing community
abundance and gradually increasing community
biomass in freshwater crabs after Typhoon
Morakot. It indicated that the numbers of
freshwater crabs and their habitat resources were
recovering in short-term study period after
typhoon, but the recovery in freshwater crabs
was much faster than the natural recovery of
habitat resource. Despite lack of pre-typhoon
information for comparison, the results are
consistent with the findings of McMullen and
Lytle (2012). They concluded that the abundance
of freshwater invertebrate reduces at least one
half after flood events, and the negative effect
becomes greater with increasing relative flood
magnitude. Freshwater invertebrates increase in
numbers in short-term period after a flood event,
but these patterns vary among different
taxonomic groups. They propose the variation
patterns of abundance recovery arising from
different life history and lifespan of taxonomic
groups.

The abundance increase was a result of the
higher offspring surviving rate, which involves
the adaptive strategies of species. In comparisons
with marine crabs, freshwater crabs will undergo
direct development in which the large, yolky
eggs hatch directly into juvenile crabs and
extend their parental cares (Yeo et al. 2008).
Abbreviation of larval development and

extension of parent care are key features of

Freshwater crabs and habitats after Typhoon Morakot

freshwater decapoda such as freshwater crabs,
which tends to be k-selected life history with
parental investments for best offspring surviving
in particularly varied freshwater habitats (Vogt
2013).

Our results, however, revealed an average of
97.4% (3.876 *4/15.915, Table 4 and first part
of the results) increase annually in abundance of
freshwater crabs after Typhoon Morakot. We
suggest adaptive strategy modification toward r
selected life history in freshwater crabs to rapidly
recover from the catastrophic damages and
reduce the extinction risk in future extreme
catastrophes. Typhoon Morakot, the most
devastating typhoon in Taiwan’s history, induced
the most serious floods in affected water systems
and caused the highest reduction of abundance
in freshwater crabs. If more intense and
frequent typhoons or other nature disasters
happen due to the impacts of global warming
and climate change, the occurrence of extreme
catastrophes will be in a much higher condition.
Under the usual extinction pressures caused by
extreme catastrophes, it will be evolutionarily
advantageous to shift to r-selected life history
that maximizes reproductive potential in
dramatically fluctuating environments.

Interestingly, our results also showed the
trend pattern of body size decline in freshwater
crabs, which resulted from the constraints of
gradual ascending habitat resource and
drastically rising abundance. The negative
relationship between body size and abundance
has been widely recognized in diverse taxa and is

generated by the metabolic rate (White et al.
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2007). The negative relationship between body
size and abundance, which is acquired by
tracking communities through time, is called
cross-community scaling relationship (CCSR).
When habitat resource availability is stable
through time, body size directly determining
abundance is the regular pattern in CCSR as
discussed by White and his colleagues. But our
results supported the inverse effects of rapidly
increasing abundance on significantly decreasing
body size in freshwater crabs. In order to reduce
extinction risks of extreme catastrophes,
freshwater crabs rapidly increased their
abundance with relative stable habitat resource,
and thus led to the“side-effect” of body size
decline in short-term study period.

Although we found the trend pattern of their
rapidly increasing numbers to counteract
surviving threats, specific species such as
Geothelphusa shernshan and G. lili, which were
restrictedly distributed in affected area with
small populations, still decreased in population
abundance and suffered much higher extinction
risks than the others after Typhoon Morakot
(unpublished data).

We depicted the adaptation strategy and the
different responses of freshwater crabs and their
habitats in short-term study period after extreme
catastrophes, but establishing long-term datasets
are important for biodiversity research
(Magurran et al. 2010). It is crucially important
for the rare, endangered (Cumberlidge et al.
2009) and totally endemic (Shih and Ng 2011)
resource of freshwater crabs in Taiwan.

Long-term monitoring, which gauges not only

the background data of specific species but also
the variation patterns of the ecosystem, will
provide critical information for conservation
policy. We continue to monitor freshwater crabs
and their habitats in important study sites to

collect long-term datasets.
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Abstract

This study was undertaken to develop a simple and practical method to control the time of ovulation
in Macaca cyclopis. Group 1 (n=6) was treated witha single 150 mg intramuscular injection of
medroxyprogesterone acetate (MPA) injectable suspension, while Group 2 (n=5) was treated with diets
containing 0.3 mg levonorgestrel (LNG) given weekly to normally cycling female monkeys for 2 weeks,
and Group 3 (n=3) remained untreated. Plasma concentrations of estradiol and progesterone, vaginal
smear and conspicuous swellings were determined in order to estimate the estrus cycle. The average
length of the normal menstrual cycle in the non-mating season was 28.29 £5.3 days. Vaginal smear, were
observed in relation to ovulation. However, conspicuous swellings of the perineal skin and timing of
ovulation are not obvious in females of Macaca cyclopis particularly during the middle stages of the
ovarian cycle. Group 1 treated with MPA, ovulation occurred more than 120 days after medication. MPA
administration resulted in a significant increase in plasma progesterone levels 11 weeks after medication
(281.42 +51.18 ng/mL) and plasma estradiol values did not differ significantly in all monkeys. Group 2
was treated with LNG at 0.3 mg/weekly for two weeks, plasma progesterone level was significantly
greater (253.70 £50.11 ng/mL) than those in the control group and the results indicated that ovulation
occurred more than 28 days after the last administration in all monkeys. The results indicate that a single
150 mg IM dose of MPA could be applicable for delaying ovulation, and suggest that MPA is a more

proper way of non-invasive reproductive control for the wild Macaca cyclopis.
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Bl ~ e NETE &8 ~ BN HRERIRIER IR 5
KLVHE B - 5 H A i AT Ry b 22 88 2 —
(Moore et al. 1995; Munro et al. 1996 ) o HEE/#
ZAERIRHERS « (07 = AR B s D ~ i
HRESHE NSRS SRS UNE IR » TR T a8 Ak
% 3-10 /NIFARG T 0.4mg & 1E 3 /% MR
FWEEFEPErh i8R ~ 75 5/ MRHE = 51
i LS IS8 TR ~ 75 9 /N 81
FRENHE BT TERE N ERECR IR EE S
W 7 7 3 100 7 A0 2 R 3 S T (o6 BB 1
F o~ FAWGR ~ R SRR s TR LR K
T 107 B S & BR &R AV B (Landgren et al.
1994) © LNG {88 5 JAA0 {5 A s FAKTE 11 B 75
EAFME]  fER LR EE S T itha L
EHEINHIIHEE © 1F Nagle 25 ARIHFZEH » S5
TEHEIIRT 8 /NRE LA {58 FHAERG 8~9 /NIRE » WX
2mg YR LNG » w] LU 4 B ¥% (Cebus
capucinus)iY I s R - 3 2 CASHED
HINZ AU (Nagle et al. 2009) - {F R HE
FEAI TR e - 5 KR S0pg 1Y LNG B AE
gk AT DU RN E AR R - (BRI
s th—tRAEE (A Te R 4E - fEB G R+
(25-35 days)i] 16-29 K {5 I ELAETE H i fi B {5
F 5] DI 30 8 R B 1% B # (Nakama et al.
2012) ° A4t B Ortiz 55 A\ AT/ EROT ST 5 A
WU LNG REfBE R B » (45 H »
ek (Cebus apella) CASSCALIE S 1 /NREA
i O IREGE B2 TS 0.75 mgLNG » A
B AR o WERAHIHIHEINRY DRE - (H %
PR A P8 K/ A Smm /Y B B (Ortiz
2004) « B T IARAG 7 o B S HrE YR T —
AR LNG ROE S - FIF K )70

G R 2 LA T

& 70mgLNG Hy/NE HE A H T {1 5
(Pithecia pithecia)fz ¥ » R] LL5e 2= 3hfH (- HEYP
/b 8 {[E F (Savage et al. 2002) o 7 ik TEHLHIE
(Saguinus oedipus)4 > FI|FI & H LNG HIBHSHT
A BT o A U A5 R (Wheaton et al.
2010) < EBH BN —1EEH T ARG EZ LNG
R A2y YN ISRTE R AN RSN &
Ji 25pge W LA B S F H IR 3 B LU GEE
R > HENE It E R EN
(Wadsworth et al. 1979)

ey oo ST MPA SR LNG 2
77 AT RN B Y RE 50 5 455 AR Y) R
T FEHINHIPEIN A KB EE I 2 77 2GEF]
AR BOR » SR AHRE Z B 921 & 1 1
fa] 24 - K AG R SeBh B H 5 &1
SRR W)L 2 B EEE R A LI
ik LNG SLAES MPA 7728 » JHlEAH: B 2 )
TE I TG > FEBLHEN @ S Ha ZERER - R
IeAEIE R A7k o S B 8 > LA
A A A A B2 AT AT

R &~

AR FE R e 2 7 B 5 SR 2 P v [
(PR AR 101 5%)6 - 15 B2 21
Bz 16 & > Hrh etz 14 6 R St
T8 ZIiENx 2 & - Bl i) B — BE > A o sl
{REBE(100 cm x 76 cm x 76 cm)N » K EREA
WIE - A K R ELRR EalRLE B ) o BT E
PRI e R > Fosfife DR 25 A im Fe < AR 1
BB & MRS ~ F e ~ SHBUETT
oA A 6 B LUIL P T B KA
MPA(Depo-Provera®, Pfizer, Kalamazoo, USA)
TS M s ELUORASAK T
LNG(Microgynon 30, Bayer Schering Pharma
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AG, Weimar, Germany)i#£17at58 » % FHF S
LNG SEFEIIA BRI ER R W T =R A 3
F At 3 BERAIRM - Frd Sl 5
MR AR 272 B e — R - B BRI R
101 7 12 A% 102 & 7 A1EHE1T 8 WA
HOIRFIE] > SBR R RS BRI B A H S T —
R ERR Ay - FEEHIPU{E H A - FErT
IrHHBR PR BAR SEE AN T -

— ~ AT SRR B E R AR

A RHIR IR B SR I Al 5-7 HAETT— X
pEERtR T » RERISARRRIMAILS S 4 mg/kg
Zoletil® 50(Zoletil®, Virbac, Carros, France) * />
30 - 50 73 S RRAERSE T A SEE AT 9 MBS ~ IR
BRAPREE KB R b & AR -

IMETERIER TSt MEAR & 1 R e AR Bl 5 56
T8 Rt -

MR AR R LL 23 ORBEEZE > A1RA
FRIREREER 3 - 4 mL IR » 73 BIE T T R 5%
et P T e (R b .+ Al o o 22 B e —
IR RIS RS 2 mL MIEAS 6,000 g2 10 473
O » HUMTE 7 5B OB RS -80 °C IR1FE i
IIR o R o R AR A 53 il (5 e SR AL B A
Cayman Chemical® Progesterone EIA Kit
( Cayman Chemical company, Ann Arbor, USA )
Eil Cayman Chemical® Estradiol EIA Kit( Cayman
Chemical company, Ann Arbor, USA ) HI [ H
2P B AR o RAEWR AR AN A SR E A o
(https://www.caymanchem.com/ pdfs/582601.pdf,
https://www.caymanchem.com /pdfs/582251.pdf )

B PR A A HI R DAV 2F P R K 2 A
AP E B AR 8 PSSR Bl H i) » I %
ERRE R #I A E i DABI R R 0k (Lin’s
stain A and B, ASK®, Taipei, Taiwan)4 af#E %
B fkiZ - DL R i - Bl RO ERERT
R b B HIIER AL -

T~ IR EER R B B S I ST

s =R S RIS AR A - B —fH 6 &
HEEET TAILA R B MPA SEET 7358 B £ 150
/R TR RIS % it el
IR ) 222 B e — PR a8 » 25 —fH.Z 5
EMEREST TR T A% T LNG TR -
B 0.3 Z5w/RAE PR EIRGE - M HEEE
GRZE o W A I L YR P 7% Z2 i B e — I
sl b7 E R BB E A 2 SR BRSO -
Az 3 I R G 7 AR Bl 2
TRV G ey B - B A PR OK > = RH %81
FHELUT 5 2 7 Hin— Rz Sz Bl g o
2 A B — IR - A H R B (A I 2
ETEII

=~ YRR

1 $5 B i U H BRAGIURE F il £R 56 2
MR EETT B A 2 AR P B i o H IR B 2
MR A R o LU HE - [RGBl 2 1 e
MR EEBHE L (2 1994 ) LA EEY)EH>
2 A B TR B G BE B D B 2 R - B IH
HEE (—) &IMmERGHE : k%5 0.5 mL MR
A& H L &N 2 (ethylenediaminetetr-
acetato ; EDTA)EZERIME F » L TFI9Z1E
G i - HCE R MR A 2 E BBk 74
(Medonic CA530 Vet 9 Parameter System, Boule
Medical AB, Stockholm, Sweden) 1 TALIMMERAE
B~ ML ~ MALSR ~ ZFERLIMER AL ~ 7
PR IMER IMAT SRR ~ 1 MRk BRI E 79
Mt o () i A= 22 Bl Fh e IR R A - 2R
% 1.5 mL [ 7E A & H 3 (heparin ) B 22 4R
M H » B FEEER & Mk - i’ s s
6,000g » 10 77 $#AfEO1% » B 1 mL VS 45
A LRI IE LD RSE VNI Ra K (A7 ViR -5
(Hitachi 705 Automatic Analyzer, Boehringer
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Mannheim Diagnostic, Houston, USA ) i 5
PRI T ~ KA MR v ~ PR iR v ~
HAERLSR ~ MIRFRR ~ FENEREIEE ~ UERET ~ AL
WA 2R T ~ IR ~ B~ AREEEE ~ AUREE
B~ 7 P I L O DA e T
A (Biolyte 2000 Na*, K', CI/Li" Electrolyte
Analyzer, Biocare corporation, Taoyuan, Taiwan)

AEFT oA I b ~ B SR

MY ~ #EET o HT

{1 SPSS #EATHEAT 74T © LA paired t-test
Pt b B TR AT M — i S 2l = R e - 4
p <0.05 HURAHEIR 2 B E R p <

G R 2 LA T

0.01 HIBT: ELRIE 72 52 -
% X

EERRE) SRz SRR B8

A R 1 BT TR 1 2 I B Ak (n=14)FR 1M
TR BRI A4 (2R B P - EABREN Y (BRI
TGN ~ BB B EER S B - DK L 15
AR 73 Wbz s Al R EREE » 5 DL =K B 15 E
BRSNS - HENEEMTIE 2829453 K » &
DATE & BRCE B ER b e e v A TS - oA —
RIEE BRI (0 = 14)F0#5 R385 > BhiEELH
R 28.04 3.0 K(EE 1)

K 1. 14 SV SEEBR IR KB E PR Py B M AR AT 1S L i = R B 1 ]

Table 1. Three consecutive reproductive cycles of mature female Macaca cyclopis based on vaginal swab

and appearance

No. 1st (days) 2nd(days) 3rd(days)
FO03 37 29 27
F04 37 27 32
F05 37 27 27
F06 19 29 27
F07 35 34 27
FO8 16 29 29
F10 29 34 32
F11 37 22 29
F12 29 27 29
F13 22 27 24
F14 22 27 29
F15 15 22 32
F17 34 29 24
F18 34 27 27
average 28.79 27.86 28.21
STD 8.34 3.44 2.61

5 FFY e 2 {2 LA T3 MR L o 3 P —
B ZPIRIR T 5 FEME ARy HMmu AR
5 118.78+22.70 pg/mL-224.33+8.76pg/mL f#]

TGER > 7 4 BB —EEGE 1) 5 ZERED
A2 97.51£19.83ng/mL-161.88+26.84 ng/mL
il » LBl —F Al > E9 5 4 8 —(E1EER (& 2) -
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B 1. Zalamik it — s LIS BB MPA BeERF ] AR BRI £ LNG gl o
Pl T 5 = RH R < M — e 2 45 S i Bk = AHBRE: - 6 H R B — RiEiE o e85 1% MPA #H
Z M PSR D ANREEE 2 T e A B HERH (R R R DU — X e 2SR < (H LNG #HRAAEE 13
K FEMETRE 2 FA BIERESE 17 84 EARBRA B ZIEE -

Fig. 1. Weekly estradiol concentrations of Macaca cyclopis from different treatment groups. There is high
consistency between three groups before treatment and 4-weeks cycle is prominent. After medication, the
estradiol concentration of MPA group had insignificant elevation but still poses 4-weeks cycle as the

control group. However, the LNG group had delayed elevation until week 17, which showed delayed estrus.

B 2. 2GR 2 PR LIS T - ERRETIER MPA SRR 5 ERRETIENIES LNG R EEREH] -
Pl ] b = RH R < 2l 2 4 S T B S < FHBRTE » 6 BRI — RS - MPA RSP 4ER%
2P ENGRAG LT 225 23 SHER Sl > BURBEIRIE IS s iyl 0 LNG AHRIRES 13 HR HBE
HIE I ELZE RS 19 B R > BRAER#ENEe -

Fig. 2. Weekly progesterone concentrations of Macaca cyclopis from different treatment groups. There is
high consistency between three groups before treatment and 4-weeks cycle is prominent. After
medication, the progesterone concentration of MPA group had gradual elevation until week 23, which
showed the females are in the luteal phase. However, the LNG group had delayed elevation until week 19,

which showed delayed estrus.
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T2 BRI [R] R EEA TR TE TR b -
PR EIREE E R > HAIFRZ
RO T S (2 - (B FHRATA SR B - SR
5% T SC I M A EE R 5 b R B K S IR 2L
BYIRRLL > WI5 R =R R b R R - R
A (basal zone) ~ HH]f& HHAEIE (mid zone) °
K AALERIR b R R o #7 I — e R RE B 1E
FMPIR VR R B A ZLEN V)AL « EhIEE
2B SRR A % B0 M ERELRT MR » AR 5¢
Atz HEENEER S » AR R

G R 2 LA T

At B D (8 3) > RIS A L HERE A N
(&l 4) > FEHEINIIRE - A @ik E R iE =
fr ik o R T AT ORI < A b R
AR 5) > BEIRFEIE 3R < R L 5% B i =il o
B BRI ARk - i v o g e o
LB 1E SRUREEPOH ek - i hha s e kA b
Tt EEHERT AT R E mERE B E 6) o M
PR A SR B R B TR A o AR AH BT FH B
PR i T 3C o

& 3. FIREH] - AT 2 BAY M ERELRL I ER » Mok 5e 2 A LAY i el 2 - @ik bRzt

f%/D o (Liu’s stain, 400X )

Fig. 3. Menstrual phase. Marked white blood cell and red blood cell could be seen. Uncornified mid zone

cells are more than cornified squamous epithelium cells. ( Liu’s stain, 400X)
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& 4. pEi] - Az R - R RALIER K HIMEK o (Liu’s stain, 400X )

Fig. 4. Follicular phase. There are increase amount of cornified squamous epithelium cells but without

red blood cells and white blood cells. ( Liu’s stain, 400X )

5. HEGIHA- el B i m g - ke b Al ROCERRE < AL b RZHERE e ( Liv’s stain, 400X )
Fig. 5. Ovulation phase. Epithelium cells peak at this stage. Large amount of comified squamous

epithelium cell with condensed nucleus could be seen microscopically. ( Liu’s stain, 400X )
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G R 2 LA T

B 6. v iy 22 Farl s - i ] e A e > 227 #ERT AT R B RHG A = ( Liw’s stain, 400X )

Fig. 6. Luteal phase. The number of epithelium cell decreased and replace by mid zone cells. The number

of white blood cells will increase again before menstrual phase. ( Liu’s stain, 400X )

SEYIG TR s SR LB 15 E HAEM L

6 EEMEPE SR LA ES MPA 31T
B TR 150 Z50/R o &7 — ik l5E
TR T B SEE AT HR 1M M LAY 32 1% o3 b s AR e
I FH A M T B 2 P S8 b o 5 SR IR
HH%Zmr s Ll 103.96 +£27.59 ng/mL &8
B BT By E SR A 7 BB 8 A - Al
228.67 £26.88 ng/mL £ 265.22 £35.04 ng/mL °
EHEHE 11 EZ2ERE T2 280.18 +21.67
ng/mL > B BLEGTEEY AT 2 88 L B I B
RHEEVETHE (p< 0.01) > HRAESHL 14 2015
FETh 8% 229.10 £20.13 ng/mL(p<0.01) » {LFE
B 22 VPRI T BRI v R P B (8] 2) o T — 17
YR A LA LSRR 209.33 +5.86 pg/mL »
SR ME BRI R 2 168.67 £62.69 pg/mL
2 349.43 +27.81 pg/mL(MEFHE ML) » &Y

RGBT 2 MPA IR
FEA RSB (E 1)

R B AR s L RIS ST MPA 1% »
ARBE IR (n = 6) B BRI B RS B e AR
B Bt R LI R e e s A (L2
KigHim T MIHEEIE A28 L - gk
002 1 iz R e FI) 9 B S e O L € P i o

A—rHBEH S EERRRIEEE 11 E KR 12
g 5 SRR LR T 3T LNG 1T
B PR 0.3 =5/ > #2538 > F
R 35 G028 3 AT A T 11097 g 222 B g —
Py AL o AR LNG HZli Bt — %2 i
T IR FEARAGRS SRR - ME R IR SR 538
IRFBRIAIET FHAA SERT 207.84 £5.14 pg/mL €T
£ 238.60 +35.71 pg/mL(p<0.05) * FAIIARIELS
6 ARG E E I 357.32 £65.70 pg/mL » AR
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5 7l ((p<0.01) FFEZE 199.40 £34.75 pg/mL »
AHER R CTIRIZES 10 B B (& 1) 5 220
oy MIZEOMREES 7 84 A ZERTHY 104.16
+£30.84 ng/mL 28 253.70 £50.11 ng/mL(p <
0.01) > HAOMREE 8 AR FREE 120.20
+£12.26 ng/mL * MiAERF B RIS 11 HFIRR
1BICTH (& 2) o B2 L RIS B Tk
T HT LNG % » i B2 IR (n =5) & 20
IR B - AR A 1 223 LU ] g i
Ry HEEE 2 BAEARY M R e AR B A €0 i

fah o

EMEZ R EERR R EEM L
BHEA R E g 2 MR TR > P EERT
H % 4.06+0.76 Kg » MBEER I R%E —Rind
ZHEER 4.78 £0.99 Kg > W& MERHEE 7242 5 1M
TESEE R 2 M ERE H G SRR« ALimEk 5.11
+£0.53 x 10%/uL > MZ¥EL 34.16 £3.13 % > KL
11.73 £1.04 g/dL » FILIMERAFE 67.01 £3.66
fL > ZFIFRLMERIMALSR 23.07 £1.53 pg > ZFIIHL
IMERIMAL R IR 34.43 +£1.34 > M/ 428.32
£75.83 x 10°/uL Bl MEK 1330 +£5.67 x
10°/uL o BEA% - A A L ERE SR A0 T - ALR
4.67 +0.53 TU/L » KigdEmiler 314.20 +£211.91
TU/L > RFIA-Rileidifiic iy 47.73 +28.47 TU/L
P s i T 101.17 +84.98 TU/L » #EIEHLE
0.35 +0.14 mg/dL » [l /R & % 2624 +8.07
mg/dL » HENEMEEE 135.93 £32.94 mg/dL » LI
BF 1.16 £0.24 mg/dL > FILERISEE 3 7 85.00
+40.56 TU/L » [FE 56.46 £29.31 mg/dL » % 3.96
+£1.00 mmol/L *» #&EHHE 8.19 £1.01 g/dL » L
il 5 @I 427.94 +£145.04 mmol/L B G
Ty 77.40 £36.30 TU/L © MENGAs M i s+
TEFEHE AR (81 141.41 £9.25 mmol/L» # 3.71
+0.29 mmol/L Bil&{ 107.50 +8.34 mmol/L °

# W

S < B IFE FAAHBART 92 /710 > Peng
TEABE 1973 TR RS 29.4 £15.5 K (Peng et al.
1973a) » Chen % A2 1990 FEEIZHE R 27.8
+2.9 K (Chen et al. 1990) » 5 A2 1997 £ 4
FEHIES 27.3 £8.9 K(FZE » 1997) > Nigi 5 A
FHAPE RS 263 5.4 X (Nigi
1975 ) ~ Dukelow ¢ NEZL B 30.9 +4.8 K
( Dukelow 1975 ) o AR AEAERIHTEH I -
B S R A R T ~ B~ IR B
R B /K S5 G DU B B — R @D 1 e it
NBRER - BB —RoeEEN G HIF 5 28.79
+8.34 K » B{ERSI 22 K > BER—
Atz > REE R ERTEL A R B K Bk
5 RS = R EEEIAREAEE - 95
B 27.86 +3.44 KBl 2821 +2.61 K - {EHE[]
7 FLAWR )N > BLET AW ZE 265 IR -
I Gt B e o £ B Bl A X KT AR /7
NBEEEETERIN - THRIEAT AT » 2 AN
PR e A e A S P T A B AT AT T 28
HYJ S8 (Hotchkiss et al. 1971; Stabenfeldt and
Hendrickx 1973; Channing et al. 1977; Aidara et
al. 1981)

RGBT TS S I 1 B 1R T
IRF O R AR AN A b » s SR L e IR B M A P
EANBARE - AL AR IR BRI A AR i [
fife (Wildt et al. 1977; Deschner et al. 2004) » 2
TRBERS R B TRE N 2SRl > 38 2 I
TR Al TR rh g A AL > (HELAYER
Gy AR GRS AT 252 » SO TR
N B AL > SO MR RS R HTHL » tha /DR
SHERE DA IVERN L o P R IERR IR
2 AR I AT B AP > 1 RS B AR FT Y 28
F BB BRAR TSR (3= 1996) o KIBL » #%
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FARPOREEI TR BRI - DUVE R IEAR S L FE AR
B E BRI TR A AR o

AR GG - R B AR AT R
ST YL B A T B FCY (R R R RS S Y
Yok st o nINEF] DRGSR 77 B LU E R
YNELE A S LIRS » 25 TRIRERC & N 3 bS5
(PRSI — DR AT R > AT LIFE o E AR R
(I HEGIRE i B B 175 S A

ST S | b O T S A A T T
T FE R o A%t [ 2 T R R A = A
11 A% 12 A (F 2003)° PLELZSE A (1997) e 2=
SN (2002)%1 B2 SRR IR SRS AR L - R
It » Fo & A B BRAS S » MPA B2 3Rk 21
SRR RESHERE — (8 A LL s ia il > Bl
PR S B SRZR B FUE KB E A - BLIL
RS Z G 8RS g PR IR 5
MPA SE R BFI TAEREES o KL > FF4E 8
2 11 AR EFIME R MPA 31T - JE AT IE
T3 SR S R R AT 2 1B T

Nakama 5 A2 2012 FE 8K SR BRI T
AR EEY) (LNG) » I A SUE R HEINER -
HIBRSE 16 - 29 K> &K 26 % 36 X (Nakama et
al. 2012) » MIRBEAE R 26 RER o (5T
Ak LNG 1% NGt — i (DRSS 5 )2
B IRILEE 7 B8 4 BA LT BRI
MRAGTS LNG FEEREA BUC R HEINEL 5 i
B ARE ST RS 10 25 12382455
s M R B A R R B 2 AT o BUR
FIARFAEE LNG R Z R C R PEIEY - A1
S » FHAAASUCERHINEL > QIR
RHEYNEAFAIERE S T AR LNGe K BLAA H
ML AR 5 208 7 LNG #9757 T RELZE LI
EIH T 7720 0 (SR REREIRES & S ]
LIGHAE I £ A LEE o TR DA SESEE 1 T FHRTER
B v Re L H OB P EE 7 K -

G R 2 LA T

HIZhS 1994 F- Al SR E R R < 1 22 il
I 2B LA B A R B B e Al e L
WEATISAN - A2 MERG T - A USRS i
RWFFE » H MERBUER AT RMFE 5 AL TS
AALERT T - HER A R SR 22 % (it
W - [RIRF S BB PHEOREER SV RE B) -
SEE TR - R SE) T < 56 P Sl AR SR L 2
L2 ERRIVER » thyg A i ARAGE AR RAan
BRI ~ fEEERFRIVER -

f ey bt - REFRSEYIE T Bk < B
PEfR 7 2 H R )71k HLL MPA BE5 RIAT »
IRIMEFSE TAERIHELT - TRAC S B LR < 58
TR B o3 AR AR LR A B R ) P HIRE % B B
DU B AR - vt fa {0 5 58— 20 5K
R EFIHIFFE

E

AN FERE I T B e R 2 & MBS R 10 A
ST » [R]IRF ST AL 52 2R ERRIE R Al B
FpF5E == BRI AHBY -

5] SRR

IR SRR R AR TR 20 R © 2002 ¢
SR A o SRR R
BV R S ORI - (TR R
BEMEEABET - 8-33

ZE R o 1994 o 5 {8 B % ( Formosan rock
macaque ) A TEIEIRGE N 2 MR8
IMRAL B 2 -5 - EEEREEEE 20(4):
371-376 °

ZRHEHE © 1996 o SEEPHE IR A2l A P B\ T 2H
FEF 2 Rt o T am S o BN Z AR ER
BEEL LSRR


http://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=QWdmAK/record?r1=1&h1=0
http://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=QWdmAK/record?r1=1&h1=0
http://ndltd.ncl.edu.tw/cgi-bin/gs32/gsweb.cgi/ccd=QWdmAK/record?r1=1&h1=0
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Abstract

The objectives of this study were to investigate the root-fungus association characteristics of
Calanthe arisanensis, an endemic species in Taiwan. The isolated fungal strains from Calanthe
arisanensis have been identified as Sordariomycetes, Neonectria and Xylaria by a DNA sequence
analysis. The root-fungi associations from the site were found swollen and densely adhered to the surface
by hyphae under a stereomicroscopy. Young and old peloton structures in the root cortex of Calanthe
arisanensis were observed with a scanning electron microscope. These results demonstrate that Calanthe

arisanensis could form orchid mycorrhiza in the field.
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Fig. 1 Morphology of Calanthe arisanensis

root-fungus association.
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A: swollen association (bar= lmm); B:

association surface with hyphae (bar= 1mm)

[ 2l EE ARG R AR B S o S DR S
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() s C: ZILEME () -

Fig. 2 Untrastructure of Calanthe arisanensis
root-fungus association.

A: association surface with numerous fungal

hyphae; B: young peloton; C: old peloton.
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3 ol FEL L RRAS B AR A S A P AL B V& T RE

At Ca2 BPK 2% MEA W& RE 5 B Ca2 WMk PDA WTEIRE 5 C @ Cad Witk 2% MEA B & RE ;
D : Ca4 [#Pk PDA BIVAIRE 5 E @ CaS Btk 2% MEA &R  F 1 Cas Witk PDA BETVRE : G :
Cab 1k 2% MEA R TRE 5 H @ Ca6 Wlk PDA WETRE -

Fig. 3 Colony morphology of endophytes from Calanthe arisanensis fungal-root association after 27d.
A and B, colony of Ca2 on 2% MEA and PDA, respectively; C and D, colony of Ca4 on 2% MEA and
PDA, respectively; E and F, colony of Ca5 on 2% MEA and PDA, respectively; G and H, colony of Ca6

on 2% MEA and PDA, respectively.
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Table 1 Growth rate of Calanthe arisanensis root-fungus association on and under different media and

temperatures after 12ds

[Es 7S FE A ivics P EAFHER % (mm/d)
Strain Medium Temperature Means+SD

Ca2 MEA 23°C 2.6+0.1°

Ca2 PDA 23°C 2.4+0.1°

Ca4 MEA 23°C 2.6+0.1°

Cad PDA 23°C 3.1+0.1¢

Ca5 MEA 23°C 3.0+0.1¢

Ca5 PDA 23°C 3.120.1¢

Ca6 MEA 23°C 2.2+0.3

Cab PDA 23°C 3.10.1¢

All values reported as means+standard deviation for four replicates. (Duncan test, P<<0.05)
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100 r Cab
100 Xylariaceae sp. (JF773596)

100

Neonecrtria sp. (TX243906)

| Cad

Xylaria sp. (EU678668)

—'7032
89 Sordariomycetes sp. DC2456(GQ153034)

" Trichodermaatroviride (JQ712578)

B4 Fusarium proliferarum (KF221215)

0.02

B 4 o] B LIRS T AR St 5 B8 2 PR 2 L DK Jek v R DL B 2 o 2 A R B (R ] -
Fig. 4 Neighbor-joining phylogenetic tree based on rDNA ITS sequence data from endophytes isolated

from Calanthe arisanensis, along with selected high similarity fungal species from GenBank.
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Two Species of Cololejeunea (Family Lejeuncaceae) Newly
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Abstract

Forty-eight species of the genus Cololejeunea (Lejeuneaceae) were reported from Taiwan. This
paper describes and illustrates C. platyneura and C. subkodamae as two new distributional records in

Taiwan, and provides information on their habitats and distribution.
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Two new records of Cololejeunea species in Taiwan
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Introduction

Cololejeunea is a large pantropical genus,
represented in Taiwan by 48 species occurring
from lowland to montane forest at ca. 2,500 m in
elevation (Piippo 1990; Yang 2009, Wang et al.
2011, Ellis et al. 2013). It is characterized by (1)
plants small to medium, yellowish green, pale
green, whitish green to dull green, (2) stems
usually zig-zag, branching of Lejeunea-type, (3)
absence of underleaves, (4) leaf lobes spreading,
ovate, obovate to narrowly lanceolate, insertion
very short (only a few cells), apex rounded to
acute-acuminate, margins entire to denticulate,
often with seriate ocelli and/or hyaline marginal
cells, (5) cells thin-walled, sometimes sigmoid,
cuticle smooth or papillose-tuberculate, (6)
oil-bodies hyaline or finely granular, (7) leaf
lobules small or large, with a very narrow
insertion to the stem, usually inflated and with a
long keel, sometimes reduced or flattened with a
short keel, apex with (0-)1-2 teeth, the hyaline
papilla situated on the proximal base of the first
tooth, but frequently displaced internally, or
rarely on the tip of the first tooth, (8) perianths
inflated 5-keeled or flattened 4- or 2-keeled,

Accepted: November 08, 2013
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smooth or papillose, (9) vegetative reproduction
by multicellular, disciform gemmae from the leaf
surfaces (Gradstein et al. 2001; Yang 2009).

Our recent studies on genus Cololejeunea of
Taiwan revealed two interesting taxa from
Orchid Island. After consulting herbarium
material and relevant literature (Herzog and
Noguchi 1955; Mizutani 1961, 1966 & 1986;
Tixier 1985; Zhu and So 1998; Zhu and So 2001;
Yang 2009), they were identified as C.
platyneura (Spruce) A. Evans and C.
subkodamae Mizut., both new distributional
records for the liverwort flora of Taiwan. We
provide a brief description supplemented with
illustrations and information on their habitats and

local distribution.

Taxonomic Treatment

Cololejeunea platyneura (Spruce) A. Evans,
Mem. Bot. Club. 8: 172. 1902.
Cololejeunea usambarica E. W. Jones, Trans.
Brit. Bryol. Soc. 2: 434. 1954; nom. illeg.
Cololejeunea astyla Mizut., J. Hattori Bot. Lab.
29: 156. 1966.
(BT i Fig. 1
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Description:

Plants small, brown to dark brown when
dried. Stems up to 10 mm long, 60-80 um in
diameter, with leaves 0.78-0.98 mm wide,
irregularly branched; ventral merophyte of the
stem 1-cell wide; rhizoids numerous, in tufts.
Leaves imbricate to contiguous, obliquely
spreading; lobes oblong, 0.41-0.51 mm long,
0.31-0.37 mm wide; apex rounded or sometimes

obtuse, flat to slightly incurved, margins

subentire or denticulate caused by dorsal papillae.

Cells of leaf lobes thin-walled; trigones distinct,
intermediate thickenings sometimes present;
marginal cells 21-26 x 12-19 um, median cells
21-35 x 17-23 pm; and basal cells 3845 x
16-24 pm. Cuticle papillose, except the basal
part of leaf lobe and forming a vitta-like area.
Leaf lobules oblong to ovate, 1/4—1/3 as long as
the lobe, inflated; free lateral margin bordered
with 4-6 elongated cells; apex truncate to
slightly constricted, the first tooth unicellular and
the second tooth indistinct, hyaline papilla
usually at the proximal side of the first tooth,
sometimes situated near the inner base of first
tooth; keel slightly arched. Stylus absent.
Androecia not seen. Gynoecia on a short lateral
branch; female bracts smaller than stem leaves,
the lobe oblong, 0.36-0.39 mm long, 0.1-0.12
mm wide, the lobule 2/3—-6/7 the length of the
lobe, oblong with an acute apex. Perianth
pyriform, inflated, 4-keeled, immature. Asexual
reproduction by discoid gemmae on the ventral

surface of leaf lobe; mature gemmae not seen.

Habitat:

Cololejeunea platyneura is a pantropical
epiphyllous species. It grows on leaves of
vasicular plant in forest at 400-2,270 m in
elevations (Mizutani 1966; Tixier 1985; Zhu and
So 1998; Zhu and So 2001). Both specimens
collected from Orchid Island were epiphytic,
growing on tree barks and rotten wood, and often
creeping on other bryophytes in the tropical

monsoon forests at 300—552 m in elevations.

Distribution:

Africa, Brazil, China, Malaysia, and
Vietnam (Mizutani 1966; Tixier 1985; Zhu & So
1998). New to Taiwan.

Specimens examined :

Taitung County: Orchid Island, Mt. Hongtou,
on tree bark, mixed with Lejeunea excils,
Lopholejeunea subfusca, Radula acumminata,
Frullania aoshimensis, and Taxithelium sp., at ca.
300-552 m in elevations, 22°02' N, 121°31' E,
14 Aug. 1997, Chih-Hsiung Hou BT-1940a
(TAIE, TUNG). Orchid Island, Mt. Hongtou, on
rotten wood, mixed with Lejeunea wightii,
Lophlejeunea nigricans, L. eulopha,
Metalejeunea cucullata, Radula sp. and
Taxithelium sp., at 300-552 m in elevations,
22°02'N, 121°31'E, 14 Aug. 1997, Chih-Hsiung
Hou BT-1999a (TAIE, TUNG).

Remarks:

Cololejeunea  platyneura  belongs to
subgenus Cololejeunea judged by the plants

loosely appressed to the substratum, leaf cell
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with dorsal papillae, inflated perianth with 4
keels, and the absence of distinct ocelli. It is
readily distinguishable from all other congeners
by (1) a vitta-like area in the basal part of leaf
lobe, (2) stylus is absent, and (3) hyaline papilla
is usually situated on the proximal side of the
first tooth. Cololejeunea platyneura is a widely
distributed pantropical species with diverse
morphological variations. Taiwanese material is
larger in both the plant body and cells size;
otherwise, the diagnostic characters agree with
the detailed descriptions and illustrations given
by Mizutani (1966, as C. astyla), Tixer (1985, as
C. usambarica) and Zhu and So (1998).

Cololejeunea subkodamae Mizut., J. Hattori Bot.

Lab. 60: 448. 1986.

i 5t K I e Fig. 2
Description:

Plants minute, pale brown to yellowish
brown when dried. Stems up to 3 mm long,
46-51 pm in diameter, with leaves 0.37-0.48
mm wide, irregularly branched. Leaves loosely
imbricate to contiguous, obliquely spreading;
lobes ovate, 0.20—0.26 mm long, 0.13—0.17 mm
wide; apex obtuse or acute, slightly incurved,
margin densely spinose. Cells of leaf lobes
thin-walled; trigones indistinct and intermediate
thickenings absent; marginal cells 7-10 x 5-8
pm, median cells 813 x 8§—12 um, basal cells
16-27 x 11-14 pm; dorsal protrusion spinose.
Leaf lobules ovate, 1/2-2/3 as long as the lobe,
inflated, ventral surface spinose, free lateral
margin incurved, bordered with 3—4 elongated

cells; apex 2-toothed, teeth crossing each other or

Two new records of Cololejeunea species in Taiwan

approximate, first tooth 1-2 cells long, 1 cell
wide, second tooth 1-celled, about 3 times as
long as wide, a hyaline papilla on inner surface
of the base of first tooth; keel arched, spinose.

Sexual and asexual reproduction organs not seen.

Habitat:

Cololejeunea subkodamae usually grows on
tree trunks, tree branches, tree bases, tree roots,
rocks, boulders, decaying logs, and on leaves of
ferns and seed plants in forest (Mizutani 1986).
In China (Fujian, Guizhou, and Zhejian), it
grows only from the leaves of herbs and small
shrubs in moist forests at 400-1,250 m in
elevations (Zhu and So 2001). In Taiwan, the
specimens were collected from the fern fronds
and climbers in the tropical monsoon forests of
Orchid Island at 300—552 m in elevations.

Distribution:
China and Japan (Mizutani 1986; Zhu and
S0 2001). New to Taiwan.

Specimens examined :

Taitung County: Orchid Island, Mt. Hungtou,
on climber, creeping on other bryophytes, mixed
with Lejeunea laii, L. wightii, L. excils,
Cheilolejeunea ceylanica, Lopholejeunea
subfusca, Radula sp. and Trichosteleum sp., at
300-552 m in elevations, 22°02' N, 121°31' E,
14 Aug. 1997, Chih-Hsiung Hou BT- 1957a
(TAIE, TUNG). Orchid Island, Mt. Hungtou, on
leaves of fern [Meringium denticulatum (Sw.)
Copel.], mixed with Cololejeunea geobelii and

C. sigmoidea, at 552 m in elevation, 22°03'10" N,
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121°32' 5"E, 14 Aug. 1997, Chih-Hsiung Hou
BT-2325a (TAIE, TUNG).

Remarks:

Cololejeunea subkodamae is characterized
by (1) the spinose ventral surface of leaf lobule,
(2) the obtuse or acute apex of leaf lobe, (3) the
densely spinose margin of leaf lobe, and (4) the
two teeth of leaf lobule usually crossing each
other or approximate. It belongs to subgenus
Cololejeunea, and may be confused with C.
spinosa (Horik.) Pandé & Misra, but the latter
differs in its smooth ventral surface of leaf lobule,
and two teeth of leaf lobule never crossing each
other. Cololejeunea kodamae Kamim. occurs in
Yilan County, Taiwan (Ellis et al. 2013), also
with spinose ventral surface of leaf lobule, and is
closely related to C. subkodame. However, the
lobular teeth are distant from each other, and the
second tooth is as long as wide in C. kodamae.
According to Mizutani (1986) and Zhu and So
(2001), the finding of this species on Mt.
Hongtou, Orchid Island, Taiwan (22°02' N,
121°31" E) represents an extension of its southern
range of the distribution.

Key to the Species of Cololejeunea subg.
Cololejeunea in Taiwan (Yang 2009, modified)
1. Leaf lobe with a vitta-like area in the basal

part; stylus absent.................. C. platyneura
1. Leaf lobe without a vitta-like area in the basal
part; stylus usually present........................ 2
2. Dorsal protrusion of leaf cells spinose ......... 3
2. Dorsal protrusion of leaf cells shortly cylindrical
or semispherical ............cccecceviiiiiin e 0

3. Leaf lobule spinose on ventral surface ........ 4

W

. Leaf lobule smooth on ventral surface ........ 5
. First and second teeth of leaf lobule distant
from each other, second tooth short, about as
long as wide..........covvevnnnnn. C. kodamae
. First and second teeth of leaf lobule crossing
each other or approximate, second long, about
3 times as long as wide ..........C. subkodamae
. First and second teeth of leaf lobule distant
from each other; vitta like ocelli weakly
developed .......cccceceeveevennnn...... C. spinosa
. First and second teeth of leaf lobule usually
crossing each other or approximate; ocelli
absent ...........c..coociiiiiini C. haskarliana
. Leaves usually falcate; hyaline papilla at the
proximal side of the base of first tooth............
......................................................... C. tenella
. Leaves not or slightly falcate; hyaline papilla
on the inner surface of the base of first tooth...7
. First tooth of leaf-lobule acute................... 8
. First tooth of leaf-lobule hammer-shaped or
rounded.........oooiiiii 9
. Leaf lobes with an acute to obtuse apex, base
of dorsal margin nearly entire; vitta like ocelli
absent ... C. shikokiana
. Leaf lobes with a rounded to rounded-obtuse
apex, base of dorsal margin often
spinose-dentate; vitta like ocelli usually
weakly developed...................... C. schmidtii
. Leaf lobe obovate, apex sometimes with 1-5
minute teeth; perianth nearly smooth ............
........................................................ C. dozyana
. Leaf lobe broadly ovate, apex without teeth;
perianth strongly papillose ......... C. macounii
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Fig. 1. Cololejeunea platyneura (Spruce) A. Evans a. Cells of leaf apex. b. Median cells of leaf lobe. c.

Basal cells of leaf lobe. d—f. Leaf lobules. g. Portion of the plant, ventral view. h—j. Leaves. k. Gynoecium,

ventral view, immature. (All drawn from Chih-Hsiung Hou BT-1940a).
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Fig. 2. Cololejeunea subkodamae Mizut. a. Cells of leaf lobe, dorsal view. b—d. Leaf lobules. e.Ventral
view of a portion of sterile plant. (All drawn from Chih-Hsiung Hou BT-1957a).
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