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Two Species of Hypogeous Gasteroid Fungi (Basidiomycota)
New to Taiwan
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Abstract

Two species of hypogeous gasteroid fungi are described and illustrated as new records in Taiwan.
They are Descomyces albellus and Gymnoglossum connectens.
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Introduction

The hypogeous gasteroid basidiomycetes,
known as “false truffles” (Dodge & Zeller, 1934),
usually inhabit under or on soil surface surrounding
Fagaceous and Pinaceous trees. Traditionally,
the truffle-like basidiomycetes were placed in
the taxonomical class Gasteromycetes, but are
now found to be actually closer to different
agaricoid groups (Peinter et al. 2001). As such,

Two species of hypogeous gasteroid fungi new to Taiwan

the taxonomical term “gasteromycetes” is no
longer valid. Two species of hypogeous gasteroid
fungi, Rhizopogon rubescens and Hymenogaster
arenarius, are reported in Taiwan (Chou, 2011).
Two additional hypogeous species, Descomyces
albellus and Gymnoglossum connectens are
found, thus described and illustrated as new
records in this paper. Specimens are deposited at
the Herbarium of National Museum of Natural
Science, Taiwan (TNM).

Taxonomy

Descomyces albellus (Massee & Rodway) Bougher & Castellano, Mycologia 85(2): 282, 1993. (Fig. 1-3)
= Hymenogaster albellus Massee & Rodway, in Massee, Bull. Misc. Inf., Kew: 126, 1898.

Fruit bodies 2-3 cm wide and 1-1.5 cm tall,
irregularly tuberous, exoperidium smooth,
whitish, spotting gray-red when handled. Gleba
grayish red-yellow to ochraceous-brown, gleba
chambers irregularly daedaleoid. Spores broadly
fusiform to obovoid, yellowish, smooth or slight
roughened, apiculate, bearing a large, cup-like
hilar appendix, with irregular, wrinkled utricle,
15-18x 6.5-8 pm (not counting the utricle).
Hyphae with clamps.

Habitat: Hypogeous under Cyclobalanopsis glauca
tree.

Specimen examined: Nantou: Hoshe (F[141),
120°53' E, 23°36' N, elev. 780 m, W. N.
Chou, CWN 11030, Nov. 17. 2015.

Distribution: Southern hemisphere, Australia
(Bougher and Castellano, 1993), Brazil
(Giachini et al., 2000)

Notes: Descomyces can be separated from
Hymenogaster by having distinctive spore
morphology and characteristic peridium
structure (Bougher and Castellano, 1993).
In Australia, this species is very commonly
associated with Eucalyptus trees (Dodge &
Zeller, 1934; Bougher & Castellano, 1993;
Liu, 1998). Descomyces is phylogenetically
related to Descolea, thus was placed either
in Cortinariaceae or Bolbitiaceae by
different researches (Peinter et al. 2001,
Téth et al. 2013).

Gymnoglossum connectens (Bucholtz) Zeller, Mycologia 40(6): 643, 1948. (Fig. 4-6)
= Dendrogaster connectens Bucholtz, Hedwigia 40: 316, 1901.



G A Y% R FE(TW J. of Biodivers.) 18 (3): 169-172, 2016 171

Fruit bodies 2-4 ¢cm wide and 1-3 cm tall,
subglobose, exoperidium smooth, gray-brown.
Gleba grayish red-brown to brown-black,
gleba chambers irregularly oblong. Spores
oblong-ellipsoid, yellowish brown, smooth,
with irregular, apparently, saccate utricle,
short-apiculate, with narrow base, 20-25 x
8-10 pum. Basidia capitate, 24-28x 7-8 um,
with two sterigmata. Hyphae without clamps.

Habitat: Hypogeous under Fagaceae tree.

Specimen examined: Nantou: Lienhwachih (G
#Hf1), 120°53' E, 23°56' N, elev. 700 m, W.
N. Chou, CWN 09892, May 25. 2011.

Distribution: Europe, Russia (Smith, 1966).

Notes: This species is similar to Descomyces
albellus superficially. However, it differs in
having larger spores with a prominent
utricle (Dodge & Zeller, 1934; Smith,
1966).
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Fig. 1-3. Descomyces albellus. 1: fruit body, 2: section, 3: baisidiospores.
Fig. 4-6. Gymnoglossum connectens. 4: fruit body, 5: section, 6: baisidiospores (a) and basidia (b).
Bars=10um
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Energy Quenching and Photoinhibition during Light Induction
in Four Fern Species Adapted to Different Light Regimes
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Abstract

Four ferns with different light adaptation capabilities (ranking from high to low, Pyrrosia lingus,
Asplenium antiquum, Diplazium donianum, Archangiopteris somai) were used to elucidate energy
quenching and photoinhibition during light induction. Pot-grown materials received up to three levels of
light intensity, i.e., 100%, 50% and 10% sunlight, according to their light adaptation capabilities. At least
six months after light acclimation, plant were illuminated with 50, 100, 300, 500, 1000 and 2000 pmol

2 s ! photosynthetic photon flux density (PPFD), respectively, for 30 min, and then dark-adapted for
30 min. Chlorophyll fluorescence were recorded just before and every 2-5 min during illumination and
darkness. Results showed that the leaves measured under high-light intensity declined more in PSII
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efficiency and showed less reversion after dark adapted for 30 min (high photoinhibition). Even though
four tested ferns had different capability of light adaptation, when compared to the same level of PPFD,
the degree of photoinhibition was only divided into two groups. Among them, P. lingus utilized more
sunlight with high photosynthetic capacity, while A. antiquum and D. donianum dissipated more excess
light energy through energy-dependent quenching (qE). This showed that three species could maintain a
low degree of photoinhibition, and this could possibly be attributed to their adaptation to direct sunlight
and sunfleck. In contrast, A. somai,a heavy-shade adapted fern, showed low photosynthetic rate as well as
gE, hence they had high level of excess energy and low ability of photoprotection, resulting in high
degree of photoinhibition.
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Introduction

Sunlight is the energy source for plant
photosynthesis and a major environmental factor
influencing plant growth and distribution
(Boardman 1977; Lambers et al. 1998). Plants
may show reduced net carbon assimilation and
growth if insufficiently exposed to light energy.
However, under high irradiance, the light
reaction may result in more photon absorbance
than the carbon fixation can use, which often
leads to photoinhibition of photosynthesis
(Demmig-Adams et al. 1996; Kato et al. 2003;
Morosinotto et al. 2003). This phenomenon
damages the photosystem, especially PSII,
because of the formation of toxic photoproducts
such as O;, H,0,, and OH™ (Demmig-Adams et
al. 1996; Kato et al. 2003; Adams et al. 2004).

To protect the photosynthetic apparatus
against photodamage, plants have developed
several strategies to balance the captured
and consumed photon energy. Xanthophylls
cycle-dependent NPQ can play an important role
in dissipating the excess energy as heat, thereby
decreasing the efficiency of PSIl (Demmig-Adams
and Adams 1996; Li et al. 2000; Adams et al.
2004). Thus, the light energy absorbed by the
photosystem can be quenched mainly by
photochemical and non-photochemical processes,
and the fraction of both types of quenching can
be estimated by chlorophyll fluorescence
variables (Demmig-Adams et al. 1996).

Under high light, with increasing light
intensity, the proportion of excess light energy
increases. The xanthophyll cycle and NPQ are

often enhanced and PSII efficiency decreases.
Nevertheless, PSII efficiency gradually recovers
and NPQ decreases when light becomes weak
(Demmig-Adams et al. 1996; Verhoeven et al.
1999). As well, when photosynthesis is inhibited
by environmental or physiological factors, PSII
efficiency may decrease because of increased
excess light energy (Ghannoum et al. 2003;
Adams et al. 2004; Weng 2009). At a lower layer
of the canopy and understory, leaves commonly
receive highly variable sunflecks. When leaves
are exposed to a sudden increase in irradiance,
the induction of photosynthesis requires several
minutes to reach stability (e.g., Allen and Pearcy
2000; Wong et al. 2012b). This induction is
always slower than the induction of PSII
efficiency (Han et al. 1999; Bai et al. 2008;
Wong et al. 2012b). At the initial stage of
photosynthetic induction, the amount of absorbed
photons is more than the CO, fixation can use
because photosynthesis is not completely started,;
thus PSII efficiency decreases rapidly. Thereafter,
PSII efficiency may increase and NPQ may
decrease in parallel with the time-course increase
in photosynthetic rate (Finazzi et al. 2004; Tausz
et al. 2005; Bai et al. 2008; Wong et al. 2012b).
NPQ is a heterogeneous process. According
to formation and dark relaxation kinetics, NPQ
can be divided into at least three different
components, namely, gE, qT and gl (Miller
et al. 2001). qE is the fastest component,
with induction and relaxation within seconds
to minutes. It is related to xanthophyll
cycle-dependent energy quenching. The second
component, qT, which forms and relaxes in
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terms of minutes, is state-transition quenching.
The third component, gl, develops when leaves
are under prolonged exposure to highly excessive
light and was originally ascribed to the
photoinhibition of PSII. It needs more time to
relax (Muller et al. 2001; Morosinotto et al.
2003; Finazzi et al. 2004; Kalituho et al. 2007;
Zulfugarov et al. 2007).

Plant species adapted to different light
regimes show differential photosynthetic
characteristics. High-light-adapted species tend
to have high photosynthetic rate and/or NPQ
(Demmig-Adams et al. 2006; Golan et al. 2006).
In addition, the same plant species grown under
different light environments should be able to
acclimate to the habitat by morphological and
physiological changes (Griffin et al. 2004;
Aleric and Kirkman 2005; Demmig-Adams et
al. 2006; Ballottari et al. 2007; Zhang et al.
2007; Dai et al., 2009). However, in the same
species, photosynthetic characteristics and
NPQ may vary under different light conditions
by the species’ acclimation to different light
regimes, and the allocation of absorbed light
energy to photosynthesis versus NPQ differs.
Demmig-Adams et al. (2006) suggested that
the high-light-grown shade-intolerant species
Arabidopsis thaliana and Spinacia oleracea
could enhance their photosynthetic rate
markedly to use more absorbed light energy.
In contrast, shade-grown Monstera deliciosa,
a shade-tolerant species, still showed low
photosynthetic rate but enhanced xanthophyll
cycle-dependent NPQ to disperse more absorbed
light energy when transferred to high light. As

well Ballottari et al. 2007, high-light-grown
Arabidopsis thaliana showed high gE and low g,
which indicates the dissipation of more excess
light energy and diminished photoinhibition,
whereas low-light-grown A. thaliana showed
the opposite results, with more photodamage
(Ballottari et al. 2007).

Most ferns live in moist and shady
environments. However, some species are able to
grow with high irradiance. Light adaptation
capabilities vary greatly among fern species
(Saldafia et al. 2010; Wong et al. 2012a).
Previously, we found that fern species adapted to
different light regimes or the same species
acclimated to different light intensity showed
varied photosynthetic characteristics. Sun leaves
of a slight-shade-adapted fern species showed
higher photosynthetic rate and lower degree of
photoinhibition than leaves of other medium- to
heavy-shade-adapted fern species when exposed
to high light (Wong et al. 2012b). However, the
relation of energy quenching and photoinhibition
in fern species adapted to different light regimes
has not been studied in detail.

These fern plants distribute in different light
environments show different photosynthetic rates
in our previous researches. We use the parameter
ETR as an indicator for estimating the
photosynthetic rate of species across a wide
taxonomic range and light adaptation and
acclimation capability. By comparing the ETR
and photosynthetic rate, P. lingus, which prefers
habitats with higher light intensity, showed
higher photosynthetic capability. A. antiquum
and D. donianum showed lower photosynthetic
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capabilities, prefer distribution under shaded
environments. Arc. somai, which prefers living
under heavy shade, showed the lowest
photosynthetic capability (Wong et al., 2012a ;
Wong et al.,, 2014). Found by our previous
results, the photosynthetic capabilities could be
associated with light environment adaptations for
these fern species. In this study, we used four
fern species with different light adaptation
capabilities in energy quenching and
photoinhibition in leaves induced by different
light intensity. For the purpose to examine that
the fern species possessing higher photosynthetic
rate or higher gE could diminish the excess light
energy to prevent photoinhibition.

Materials and methods

Plant materials

We used four ferns with different
light-adaptation capabilities (ranking from
high to low: Pyrrosia lingus, Asplenium
antiquum, Diplazium donianum, Archangiopteris
somai). Adult plants, about 30 cm tall, were
collected from central Taiwan (23°49'-24°05'N,
120°54'-121°01'E, 560-800 m a.s.l.), Pyrrosia
lingus, which grows on the ground or trunks as
an epiphyte, distributes in the gap or the border
of the forest, palisades or other habitats with
slight shade at the altitude range of about 0-2000
m a.s.l. Asplenium antiquum, which prefers
habitats with slight to medium shade, distribute
on the ground or the trunks under the forest
canopy at an altitude range at about 0-1500 m
a.s.l. Diplazium donianum, which prefers

habitats with medium to heavy shade than A.
antiquum, distributes on the soil or the rocks in
the understory of the forests at an altitude range
at about 0-1500 m a.s.l. Archangiopteris somai,
which possesses very limited ecological
amplitude than other fern species, prefers
habitats with heavy shade and high relative
humidity. In Taiwan, this species could be found
in only two locations: Yuchi Township, Nantou
County (23°56'N, 120°54'E, 700-800 m a.s.l.,
with mean annual temperature at about 21°C and
average annual rainfall about 2,200 mm) and
Waulai Dist., New Taipei City (24°51'N, 121°32'E,
400-500 m a.s.l., with mean annual temperature
at about 17°C and average annual rainfall about
2,900 mm). The yellow soil in these habitats is
deeply covered under dense canopy and contains
abundant organic matters (Wong et al. 2012a ;
Lin et al. 2015). Then the plants were
transplanted to pots (16-cm diameter, 12-cm
depth, 1 plant per pot for A. antiguum and 1
rhizome with 3-4 leaves per pot for the other
three ferns) filled with organic soil and
maintained outdoors in the nursery at the
Endemic Species Research Institute, Chichi
Township, Nantou County, Taiwan (23°49'N,
120°48'E, 250 m a.s.l.). Materials were regularly
watered and fertilized (half-strength Hoagland’s
nutrient solution per month), and received up to
one to three light intensities according to the
light condition of their habitat: (1) complete
sunshine, namely, 100% sunlight; (2) filtered
50% sunshine beneath a shade cloth, namely,
50% sunlight; and (3) filtered 90% sunshine
beneath a shade cloth, namely, 10% sunlight.
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The two slight- to medium-shade ferns, P. lingus
and A. antiquum, received 10%, 50% and 100%
sunlight. One medium-to-heavy shade fern, D.
donianum, received both 10% and 50% sunlight;
and one heavy-shade fern, Arc. somai, received
10% sunlight.

Measurements

At least six months after transplanting, the
chlorophyll fluorescence of the fully expanded
youngest leaves was measured. At nightfall the
day before the measurement, potted materials
were dark-adapted overnight (room temperature
~25 °C). On the measurement day, potted
materials were placed in a growth chamber
(F-360DN) at 25 ©°C. First, chlorophyll
fluorescence of dark-adapted leaves was
measured (see below) under darkness. Then
leaves were exposed to luminescent lamps
(halogen lamp and optical fiber) stepwise from
low to high light, i.e., 50, 100, 300, 500, 1,000
and 2,000 umol m2 s* for 30 min. Chlorophyll
fluorescence were recorded every 2 min during
illumination. After illumination, leaves were
dark-adapted for 30 min, and chlorophyll
fluorescence was recorded every 2 min for 10
min, then every 5 min for 20 min.

Chlorophyll fluorescence was measured
by using a portable chlorophyll fluorometer
(PAM-2100, Walz, Germany). For dark-adapted
leaves, F, and F,, the minimal and maximal
fluorescence, respectively, were determined by
applying a weak pulse of light (0.1 pmol photon
m?s ) and a 0.8-s pulse of saturating flashes of
approximately 6,000 pmol m? s, respectively.

For leaves under each level of illumination, F
was determined for each PPFD level, and F,’
was determined by the same process as for F,. F
and F,’ are the actual and maximal levels,

respectively, of fluorescence during illumination.

Calculation and statistical analysis

The potential quantum efficiency of PSII
(FJ/Fy) was calculated as (Fn, — Fo)/Fn; the
actual PSII efficiency (®PSII) was calculated as
(Fw — F)/Fy; and NPQ was calculated as
Fo/Fm> — 1. qE and ql were calculated as
Fl/Fm — F/Fmp2 and Fr/Fropzo — 1, respectively.
Fmp2 and Frpso is Fr, with dark-adaptation for 2
and 30 min after illumination, respectively
(Bilger and Bjorkman 1990; Demming-Adams et
al. 1996; Maxwell and Johnson 2000; Miiller et
al. 2001). Data are mean * SE for 4 to 6 leaves
from 4 plants for each species grown under each
light condition. Each leaf was considered one
replicate for statistical analyses. Statistical
analyses involved use of Sigma Plot v10.0
(Systat Software, Point Richmond, CA, USA).
P<0.05 was considered statistically significant.

Result

The F./F, for all overnight dark-adapted
leaves was ~0.8. When these leaves were
suddenly exposed to 50 to 2,000 pmol m? s
PPFD, the ®PSII decreased rapidly during the
first 2 min of illumination, then increased with
increasing illumination time almost to a stable
level within ~5 to 20 min of illumination (Fig. 1).
The steady ®PSII value decreased with
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increasing light intensity. At 50 to 1,000 pmol
m? s® PPFD, steady ®PSII was in the
approximate high to low order in P. lingus, A.
antiquum, D. donianum and Arc. somai at the
same PPFD. At 2,000 umol m~? s* PPFD, the
®PSII for P. lingus, A. antiguum and D.
donianum was ~0.2 to 0.3, whereas that for Arc.
somai was < 0.1. In addition, low-light-grown
plants always had lower steady ®PSII than
high-light-grown plants within the same species.
When leaves were exposed to 50-500 pmol m
s* PPFD for 30 min, the relative values of ®PSII
(OPSII 3%, FJ/F, value for each treatment
before illumination set to 100%) decreased
near-linearly with increasing PPFD (Fig. 2A-D).
Arc. somai showed the greatest decrease in
®PSII 5%, followed by D. donianum and A.
antiguum, and P. lingus showed the least
decrease. With increasing PPFD from 500 to
2,000 pmol m? s, the decrease in ®PSII 3%
gradually slowed to reach a steady state at >
1,000 pmol m2 s PPFD. At 2,000 pmol m?s*

PPFD, D. donianum, A. antiqguum and P. lingus
remained at 30% to 40% of ®PSII 3% but Arc.
somai at only about 10%.

After the light was turned off, with leaves
exposed to 50 to 2,000 pmol m2 s* PPFD for
30 min, F,/F,, increased sharply within 2 min,
then slowly reached a steady state within 2 to
15 min (Fig. 2). This steady F,/F, did not
differ among plants grown under different
light conditions as compared with the same
species and at the same level of PPFD (Fig. 1).
When illuminated leaves were dark-adapted
for 30 min, the relative value of F,/Fy
[Fu/Fmpao%, F./Fy, value for each treatment
before illumination set to 100%] decrease
with increasing PPFD (Fig. 2 E-H). Negative
correlation relationships between F,/Fyp30%
and PPFD were observed for all tested species,
and the descending slope of the regression
equation was lower for P. lingus, A. antiquum
and D. donianum than A. somai (0.003-0.004 vs.
0.006, Table 1).

Table. 1, Regression analyses for the association of relative values of photosystem Il efficiency (F,

IFmp20%, Fy /F, value for each treatment before illumination set to 100%) and photoinhibitory quenching
(ql) with photosynthetic photon flux density (PPFD) of four fern species under 50, 100, 300, 500, 1,000

and 2,000 pmol m 2 s* PPFD for 30 min.

. Fy /Fmp20%-PPFD ql-PPFD
Species > > 3 >
a b (x10%) R A b (x10%) R
Pyrrosia lingus 97.648 -0.382 0.793*** 0.145 0.116 0.792***
Diplazium donianum 96.253 -0.324 0.857*** 0.114 0.116 0.848***
Asplenium antiquum 96.202 -0.395 0.915%** 0.122 0.135 0.802***
Archangiopteris somai  90.601 -0.604 0.880** 0.172 0.309 0.928**

Data from Figs. 2 and 3 a and b: constant and regression coefficient of regression equation (Y =bX +a, Y

is Fy /Fnps0% or ql, X is PPFD), respectively; ** and ***:P < 0.01 and P < 0.001, respectively.
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Fig. 1, Time course of illumination and darkness and variation in photosystem Il efficiency [F, /F,, under
darkness and AF/F,’ (®PSII) under illumination] for four fern species cultivated under 100% (o), 50%
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Fig. 2, The relative values of photosystem Il efficiency in leaves of four fern species under 50, 100, 300,
500, 1,000 and 2,000 pmol m 2 s™* photosynthetic photon flux density (PPFD) for 30 min (®PSII,30(%)),
then dark-adapted for 30 min (F, /Fy,p30%). Materials were cultivated under 100%, 50% and 10% sunlight
for at least six months. Values are means + SE; PSII efficiency of each treatment before illumination was
set to 100%. [data of E-H are from Weng and Wong (2015)]

When leaves were suddenly exposed to
50-2,000 umol m 2 s* PPFD for 30 min, NPQ
of all treatments increased with increasing
PPFD (Fig. 3A-D). The increasing pattern of
gE with increasing PPFD was similar to NPQ
but increased slower than NPQ for the
heavy-shade-adapted fern Arc. somai (Fig.
3E-H). gl increased linearly with increasing
PPFD for all species, and Arc. somai had a
higher increasing slope than the other three
species (0.0003 vs. 0.0001) (Fig. 3I-L and Table
1). NPQ was positively correlated with gE and ql
when leaves were illuminated with 50 to 2,000
umol m2 s* PPFD for 30 min. The slope for
gE-NPQ regression was higher for P. lingus, A.
antiquum and D. donianum than Arc. somai

(0.724, 0.735 and 0.675 respectively, vs. 0.226)
but lower for ql-NPQ regression (0.146, 0.109
and 0.104, respectively vs. 0.416; Fig. 4).

After leaves were illuminated with 50 to
2,000 pmol m2 s PPFD for 30 min, F./Frmps%
was negatively correlated with gl when
combining data from each species grown under
each light condition (R* = 0.784, P<0.001) (Fig.
5), so photoinhibition increased linearly with
increasing gl for the four species negatively. As
well, F,/Fnp3% for Arc. somai located at the
lower side of the regression line when gl was <
0.4. Thus, at low light intensity, Arc. somai
showed greater photoinhibition than the other
species even with the same gl.
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m 2 s photosynthetic photon flux density (PPFD) for 30 min. Materials were cultivated under 100%, 50% and
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50% (&) and 10% (e) sunlight for at least six months. **, *** and ns:P < 0.01, P < 0.001 and not significant.
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Fig. 5, The correlation of photoinhibitory quenching (gl) and degree of photoinhibition (F, /Fnps%,

relative F, /Fy, value when leaves were illuminated for 30 min then dark adapted for 30 min, Fv/Fm value

of each treatment before illumination set to 100%) in leaves of four fern species under 50, 100, 300, 500,

1,000 and 2,000 pmol m? s PPFD for 30 min. Materials [Pyrrosia lingus (squares), Asplenium

antiquum (circles), Diplazium donianum (diamonds) and Archangiopteris somai (stars)] were cultivated

under 100% (open symbols), 50% (within the cross) and/or 10% (closed symbols) sunlight for at least six

months. ***:P < 0.001.

Discussion

To understand the energy quenching and
photoinhibition of fern species during light
induction, we examined four ferns adapted to
different light regimes. The F,/F, for all
overnight-dark-adapted leaves was ~0.8 (Fig. 1),
indicated that materials did not experience
long-term photoinhibition before light induction
(Bjorkman and Demmig 1987). When these

dark-adapted leaves were suddenly exposed to 50
to 2,000 pmol m? s' PPFD, the ®PSII
decreased rapidly during the first 2 min of
illumination, then increased with increasing time
to a stable level. The transient decline in ®PSII
at the initial stage of light induction was mainly
due to the downregulation of PSII efficiency
(Finazzi et al. 2004; Kalituho et al. 2007;
Zulfugarov et al. 2007). Because light induction
of PSII efficiency is more rapid than that of CO,
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assimilation (Han et al. 1999; Bai et al. 2008;
Wong et al. 2012b), the energy may be absorbed
more at the early stage of photosynthetic
induction. To avoid the damage caused by excess
energy absorbed, PSII efficiency was sharply
downregulated to a low level, with greater
downregulation under high light because of
greater excess absorbed energy (Thiele et al.
1998; Tausz et al. 2005; Bai et al. 2008).

The excess absorbed energy may decrease
with increasing photosynthetic rate over time
(Mott et al. 1997; Finazzi et al. 2004), which led
to an increase in ®PSII with increasing
illumination time to a stable level (Fig. 1). The
steady value of ®PSII decreased with increasing
light intensity and explains why the excess
absorption of light energy often leads to
decreased the PSII function (Demmig-Adams et
al. 1996; Kato et al. 2003; Morosinotto et al.
2003; Tu et al. 2012). For the difference in
steady value of ®PSII among fern species under
the same level of PPFD, at 50 to 500 pmol m 2
s ' PPFD, the low-light-adapted species showed
lower ®PSII| 3,% than those adapted to high light
(Fig. 2A-D). This finding might be due to the
former species having lower photosynthetic rate
than the latter species (Wong et al. 2012a, b) and
thus decreased requirement for light energy
(Murchie and Horton 1998; Yamashita et al.

2000; Cai et al. 2005; Rodriguez-Calcerrada et al.

2007). To avoid the damage caused by excess
energy absorbed, the former species may
downregulate their PSII efficiency more than the
latter species.

Under high light, leaves may absorb more

photons than photosynthesis can use, and this
excessively absorbed energy often leads to
photoinhibition (Demmig-Adams et al. 1996;
Kato et al. 2002; Morosinotto et al. 2003).
Species adapted to or leaves acclimated to high
light tend to show low photoinhibition at the
final state of light induction (Wong et al. 2014).
However, even though our four fern species had
different light adaptation capability, the
descending slope of F,/Fp3% with increasing
light intensity led to the classification of only
two groups when overnight dark-adapted leaves
were suddenly exposed to 50 to 2,000 umol m™
s PPFD for 30 min (Fig. 2E—H). For Arc. somai,
a heavy-shade-adapted fern, the descending slope
was higher than for the other three test ferns
that were slight-shade-adapted (P. lingus), slight-
to medium-shade-adapted (A. antiquum) and
medium- to heavy-shade-adapted (D. donianum).
Thus, with light intensity > 1,000 pmol m2 s*
PPFD, Arc. somai had the lowest ®PSII and
F./Frp30%, so the fern was more vulnerable to
photoinhibition than the other three species.
These differences among species might
be due to the species-specific variation in
photosynthetic rate as well as qE and ql,
which are components of NPQ. qE is related
to the xanthophylls cycle-dependent energy
quenching and represents the major portion
of photoprotection, whereas ¢l is related to
photoinhibition and represents the major
portion of damage of PSII (Miller et al. 2001;
Morosinotto et al. 2003; Kalituho et al.
2007). Our study also showed that ql was
negatively correlated to F,/Fip30% (Fig. 5).
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Therefore, leaves with high gl showed severe
photoinhibition.

Plants have several strategies to balance the
capture and use of photon energy to avoid
photoinhibition. Demmig-Adams et al. (2006)
noted that high-light-adapted annual species used
more sunlight, with high photosynthetic capacity.
Conversely, a medium- to low-light-adapted
perennial species, Monstera deliciosa, had low
photosynthetic  capacity but showed high
xanthophylls cycle-dependent NPQ to avoid
photoinhibition in full sunlight. Our previous
results (Wong et al. 2012a) indicated that the
photosynthetic rate of tested species was in
the order of P. lingus, slight-shade-adapted
(maximal Py (net photosynthetic rate) was
about 9 pmol(CO,) m? s?), > A. antiquum
(maximal Py was about 6 pmol(CO,) m? s%),
slight- to medium-shade-adapted, > D. donianum
(maximal Py was about 5 pmol(CO,) m? s,
medium- to heavy-shade-adapted > Arc. Somai
(maximal Py was only about 2 pmol(CO,) m
s1), heavy-shade-adapted. In contrast, the order
for the xanthophyll cycle-dependent gE was D.
donianum > A. antiguum > P. lingus > Arc.
somai when leaves were exposed 300 to 1,000
umol m?2 s PPFD for 30 min (Fig. 3E-H).
Therefore, P. lingus could use more sunlight
with high photosynthetic capacity and did not
need high gE to dissipate the excess light energy.
In contrast, even A. antiquum and D. donianum
showed lower photosynthesis ability than P.
lingus (Wong et al. 2012a, b), but they could
dissipate more excess light energy via qE (Fig.
3F, G). Thus, these two species could maintain a

similar level of gl as P. lingus under the same
level of PPFD (Fig. 31-K).

When leaves were exposed to a sudden
increase in irradiance, the two shade-adapted
ferns, A. antiguum and D. donianum, showed
diminished gl through gE, probably because of
their adaptation to sunflecks. In contrast, Arc.
somai showed low photosynthetic rate (Wong et
al., 2012a, b) and gE (Fig. 3H and 4D) but high
gl (Fig. 3L, 4H and 5). The species might retain
more excess light energy, which leads to more
drastic photoinhibition (Fig. 2H and 5). In
addition, Arc. somai showed a lower slope for
the qE-NPQ regression but higher slope for the
gl-NPQ regression than the other three tested
species (Fig. 4). For Arc. somai, the major
portion of NPQ and the decrease in PSll
efficiency during light induction might be caused
by gl but less due to downregulation of PSII
efficiency through photoprotection mechanisms.
This characteristic is probably related to its
adaptation to heavy shade.

We found that when overnight dark-adapted
leaves were suddenly exposed to 50 to 2,000
umol m? s* PPFD for 30 min, the
species-specific differences in photoinhibition
were closely related to the species’ energy
utilization and quenching with adaptation
to different light regimes. P. lingus, a
slight-shade-adapted fern, could use
more sunlight with high photosynthetic
capacity, whereas A. antiquum, a slight- to
medium-shade-adapted fern, and D. donianum, a
medium- to heavy-shade-adapted fern, could
dissipate more excess light energy through qE.
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Thus, under the same level of PPFD, these three
species could maintain a low degree of gl. In
contrast, Arc. somai, a heavy-shade-adapted fern,
showed low photosynthetic rate as well as qE
and so a high level of excess energy and low
photoprotection ability, for a high degree of gl.
In addition, photoprotection of PSII is affected
by antioxidation (Golan et al., 2006; Murchie
and Niyogi 2011). However, this feature needs
further investigation.
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Yt Brodifacoum(2/5) ~ Coumafuryl(2/5) ~ Difenacoum(1/5) LK Flocoumafen(1/5) - ARs 4884 & LA
Brodifacoum £ 5 > HIRE i @i 10,390 nglg ° EEERERE » AWF5eialt Coumafuryl B8
S TSN » IR AR SRV B AR - (R LERRRIE L B /KM BN BR5T ~ KA Eh A
Al PEE -~ B LUK GESEE IR o AR B A SRR 2 TE ARs » tHEEREYIBEA
SETAST AR B s H BRI TR\ SRR S B Z a2 » DK I AH R AR Y 2 2 (6 P MR MR 7 3
ZEM R IE B RS 2 MR RN

Abstract

From December 2014 to May 2015, we received five Taiwanese macaques (Macaca cyclopis) found
dead in Shoushan National Nature Park. The clinical signs were observed on two out of five individuals
with weakness, unconsciousness, seizure and finally death. Necropsy was conducted and the gross lesions
showed severe hemorrhage on multiple organs. Anticoagulant rodenticide poisoning was primarily
suspected to induce the lesions and death. Liver and stomach contents were then collected from the
affected animals for screening residues of anticoagulant rodenticides (ARs) using Liquid
Chromatography-Tandem Mass Spectrophotometry (LC-MS/MS). We found all five individuals with
detectable residues of ARs. Four different ARs, including Brodifacoum, Coumafuryl, Difenacoum and
Flocoumafen with the proportion of 5/5, 2/5, 1/5 and 3/5, were detected in the liver of the affected
animals, respectively. The four ARs were also detected in the stomach contents with the proportion of 2/5,
2/5, 1/5 and 1/5, respectively. In addition, we detected multiple ARs exposure in three out of five
individuals. The highest concentration of ARs residues was the Brodifacoum with concentration of
10,390 ng/g from the individual with severe gross lesions. It is also notable that Coumafuryl, found in the
Taiwanese macaques, is prohibited in the European Union, United State, and Taiwan due to its water
soluble character and high toxicity to aquatic species. In conclusion, our study revealed the impact of ARs
on free-range Taiwanese macaques. Sympatric wildlife, domestic animals and humans might also be
exposed to ARs in the habitat. It is critical to have extensive management on the use of ARs and proper
protection on non-target species against such harmful exposures.
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BYIfGE BER YRR 2K T2
—(Wobeser 2013) » FE3 EERFEE - AR
4 ~ 5 AE ~ BRECHI G R > SRR
AR A EY) ~ KEEY) N\ IB RN
Ve o Rk » 312 B R S E
GURIEF LBV et TR R 2 YRR - 40
S BN St Tt ) P i S ) o 5 2 B T VYT Y

MR ) BVT S » MRy T e B
B BB B FIEEE(Miller et al. 2010) © H
BErTR > #EHEIET A B YIRS < YR
A LASOR — (R R S R R A RE R AR

2 EVSE O s 5 — TR B BRI 5 3R
o FEE S TS B RIFYE
K~ WATIRIRERE SRS AR VT Y4 (Shore et al.
2006; Vidal et al. 2009) » 1775 FA\ &% i i I 2
iR bt R R o 5 1 R 15 P 7 R ]
LGEWIZE 1926 15 EHE SR X & 445 i 7
S B H R S PRI R (R & BT R R
(& 2004) °

PUEE M Y 75 S BE Y & S PRI T
AR K FITHER S ALY IEER G - 438 K
TEAEPRACE 72 9 B e i (R 1 & iy £ 22 A
T FRLUE HEAE SR K PREMDE RS > End e
WIHUAEA R K AREEMEI - 1~ VI~ 1X~ X
EWREALI A A B A = RIRY > WS E UM e
B2 AR DhRe ek g% HL 2 32 FLAL Bodi Rl R
1 [E 1 HH I 75 45 (Stone et al. 1999; Hoare and
Hare 2006; Ishizuka et al. 2008) °

Pt i & A R 1950 F4C
(first generation anticoagulant rodenticides-
FGARs) > [t %5 28 %) 401 %% K 82 (Warfarin)
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Fig. 1. Distribution of Formosan macaque carcasses found in Shoushan National Nature Park.
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Table 1. Information of individual dead Taiwanese macaques from necropsy and rodenticides screening

M RTUhEL HEA 5 Ehn
1 Rk= 2014/12/09 TP S
2 BCHEE B 5 2015/01/29 B i HE
3 SR RS E 2015/02/07 TP CEIDY !
4 Pois 2015/04/11 TP RHCHE
5 fiE LB IR 2015/04/14 BT DY)
#HR 2. BBy
5 ERER (R A RS AL R I 4 FE P
LIRS 11714 5 %% (anticoagulant rodenticides, ARs) °

BE T 118 e 1 - 2 P MR e DA i
F (& 2~ 3)  HMEBAIE AT - Hiep 5 &(E
a3 EE®EE LT H i AL (35) -
(1/5) ~ fili(3/5) ~ PR (2/5) ~ jcﬁﬁaﬂﬁ@&*
NI o AHARIR AR 2 PIRERS ST & AR
RG> RRARER T 25 Rt B aR 2 i
i o JRIRIUIEREE B R E R 2R > fRE 1
B 2 FR RS A AR BN S E AT R
PEVIEE » PIERBEMEIL @R
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\ \

H A TR 2 ARs R I S H LL 15153 7]
% : Brodifacoum(5/5) ~ Coumafuryl(2/5) ~
Difenacoum(1/5) UL & Flocoumafen(3/5) ; & A
KV ke A R B Brodifacoum(2/5) ~
Coumafuryl(2/5) Difenacoum(1/5) LI &
Flocoumafen(1/5) © faifllHH—7H L ARs Z
Hars 3 & ~ (EimlliL B — ARs ZfliHE 2 & -
ARs 5%84 & L\ Brodifacoum %% %4 & 10,390 ng/g
Rm(E 2) °

= 2y
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p3 ;,;;,r

> a‘ ~ AN

l& 2 Eﬁﬁ%%ﬂﬁttﬁfﬂﬁﬁelﬁﬁtﬁm a: tH[f[lEﬂZ W‘ﬁﬁ”ﬂﬁiﬂﬁﬁl Ll&%lﬁ?(!’énulﬁ) b: 1k F iR

Z B (SR R EH) o

Fig. 2. Extensive hemorrhage was observed on the surface of the carcass of Taiwanese macaque. a. Hemorrhage
was found around the ventral side of limbs and trunk (arrow); b. Hemorrhage in the oral mucosa (arrow).
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Fig. 3. Gross and histopathological lesions of suspected rodenticide intoxication of Taiwanese macaque
individuals. a: massive and diffused hemorrhages of the muscle and subcutaneous tissue; b: the
histopathological lesion of the skeletal muscle with hemorrhage (arrow) between muscle fibers
(hematoxylin and eosin stain); c: multiple hemorrhage areas of heart muscle (arrow); d: Histopathological
lesion of the heart muscle with hemorrhage between the space of heart muscle fiber (hematoxylin and
eosin stain); e: gross lesion of hemorrhages in the large intestine; f: diffused hemorrhage in the large
intestine in the mucosal, sub-mucosal and muscle layer (hematoxylin and eosin stain).
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Table 2. The detected anticoagulant rodenticides and its concentration of residues in stomach content

and liver of five Taiwanese macaques.

7 FR B B NAY) = BEER R & nglg IR B B89 & nglg

% BFfBO CF CT DC FM V W| BF BO CF CT DC FM V W
1 2 - e I - - - 47 - -
2 855 - 261 - 23 52 - - [10390 - 344 - 345 720 - -
3 - - 36 - - - - -] 106 - 283 - - 40 - -
4 - - - - - - - -| 53 - - - - - - -
5 88 - e - - - - - -

'BF: Brodifacoum ; BO: Bromadiolone ; CF: Coumafuryl ; CT: Coumatetralyl ; DC: Difenacoum ; FM:

Flocoumafen : V: VACOR ; W:Warfarin

“non-detected: the limitations of detectable concentration were 2ng/g

i %

AT KRG B B 1 T K 7 el B
FRE TS B RE N 2B - JEIL » E
TS LR B IR A RIER T 2 G 8 i 1 R
IREN LR REY 2B ZT -

RIREY faE B ER i A Y i &
AT BB AT RERE S 2V T A B ek
EBOKMRBREYR R 2T » AESE
(B0 ~ 8 ~ oK) ~ RRERE (B B DL K 7 B8
(Wobeser 2013) °

BRESENZELEN SR =50
43 1 1. FEEE (primary poisoning) 2. Kk & E
(secondary poison) LAk 3.FF BUAE 1T B
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poisoning) f& ¥5 B 1) 1 42 £ F 2 & = 5L 4R
BHRHEBBELT 5 3 (secondary poison)
R fEm R RN & E & BN R Y m S
BOLT AR R R R R R EE TR E
T 5 15 7 38 7F 5 P9 28 A 1 288 B3] B ) oK

T s EWHEBEANEBIR (coyote) ~ 55 (bobcat)
AT R 9 BT R A T R R AT A
BRI E K (Riley et al. 2007)° Kk &= HY
s Y AR B YRS LR - A Bt S
(Eason and Wickstrom 2001; Hoare and Hare
2006; Riley et al. 2007) ; I JEE 5L 14 v 4
(sub-lethal contamination) &5 EE MY 2
(AR AT IR IR ~ 425 ) PReSE
il (Hoare and Hare 2006) > Fl 0% F 4 A FEEL
SLFE| 5 2 Brodifacoum RIRELEUHEAT LUK B AR
fit(Eason and Wickstrom 2001) °
2 BUEETE Sy JE b ] DU o3 B e e A 2
4% (acute poisons) ~ i #E M Y FH K %
(anticoagulant poisons) A Fe -t KR 7Y (1) 75 il 4
(Eason and Wickstrom 2001) » = ER7 5 ZEf (s
FDBiEem A = R g R+ - A EMATEH
)7 B B U 2 0 B R L a7 B B ([ 4)
SRS NI T 4 RS AN &
S5 48 5% %8 43 I £ Brodifacoum( AT 3 L) -
Coumafuryl(7a JE i) ~ Difenacoum (£ i) LUK
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WERG A — R R EEAE2ENEY
VS8 & =i 855 nglg 0 #R LT RTHIE A
% 761 (7 &5 R BE I D) R H0 I) SIE BUIE T e
Brodifacoum ZHIMIZ £ » KA {#E - H
NERK AT R B s aL B o RIMB A i AR
e 2 B 07 (329%) » 17 2 T 5 % il 41
A E R EEZ A - PR EEREZ > g
VB AL B YRR R B R B K 1R S 2006
AR VG ET R A S B - i F
Brodifacoum 8 HARTEEF A By PfE 1
5K BERE - B KBS
FIRERE R HEEFHEE) Y ~ WRdE DL & A B 8

35%

BREEH SR 2 aE

(Hoare and Hare 2006) ° #2261 & 3Rk (EHESE
T~ BRRE RIS > M IC a2 SR b
B PLARANR] - (K] 7 B S W A e A
Yz 5% B ) 35 it — 25 1JF 52 (Hoare and Hare
2006) °

Brodifacoum 7] LR R 2 FE 2 B B HH A%
R PR R Bk T B8 (A — 4 LA L (Eason
and Wickstrom 2001; Eason et al. 2008) » [t &&%)
ANEBK > R E i RN WREE R
Vsl G R AR fE 3 o 1A% 3 FR LI =
B I BE AR BRI P B8 8 KR 1] > ] 301
Brodifacoum ARG R » HyTRBE R
Py RE AR Bt IRT i 4 v

32% BEZATEEREER D TS B
30%
25%
20%
20%
18%
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(] (J
- [ = [l

HRE(BF) BUKRE(BO) TI{RE(CH) {HRE(DP) EHME(DF) RKE(FM) REHEW) FIKE(CT) HRE(DC)

BF: Brodifacoum ; BO: Bromadiolone ; CH: Chlorophacinone ; DP:Diphacinone ;
DF:Difethialone ; FM: Flocoumafen ; W:Warfarin ; CT: Coumatetralyl ; DC: Difenacoum

4. BEEZAEFETE LA o LT (Brodifacoum) ilifi 5 LU B2 32% i & -
(BRI - ATBE R R B GBIl IER 2016 - TGRS RIEE 2016)

Fig 4. The market occupancy of approved rodenticides in Taiwan. Brodifacoum has the highest market

occupancy ratio in Taiwan. (Data source:Bureau of Animal and Plaut Health Inspection and Quarantine,

Cauncil of Agriculture, Executive Yuan 2016 ; Enuiron mental Protection Administration, Executive Yuan 2016)
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K 3. HOBARIREEE < A5l - R BOeRI RIS MR S, IRFH] (B Eason etal. 2008) ©

Table 3. Comparing the half-life values and persistence of residues in the body under sub-lethal exposure

(adapted from Eason et al. 2008).

7 B PR nn BT B 2 I R IRE ]
Cyanide + 12-24 J)\if
Zinc phosphide + 12-24 J)\if
1080 <11 /]\RF 7K

Pindone 21 K 4 3H
Diphacinone 3 K 6 3
Cholecalciferol 10-68 K 12 3
Coumatetralyl 50-70 K 12-16 4
Brodifacoum 130-300 K 24 F B BA
Bromodiolone 170 K 24 F B¢ BEA
Flocoumafen 220 K 24 F1 80 A

+ 1 TR IR A U Bk » (HIEEZ/ DS 12 /)NEE (+: indicated no data available, but should be less

than 12 hours)
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AL > HrlRef A ARIR G2 M B EEY)
EHEHT 5 HI% - ©t SGARs PRI
WE H 2 IRR ] o AT L P i oz A s SR B P
T2 8 A 111 953 57 gk 8% 12 2 i 75 BV S 1) B R )
B -

TR i BE  » 5% 3 LR 4
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JE YA (95%(3 HE R [H]) 73 11 5 A M 36.0% (28.9-43.0%) 5 1@ [UAR AR 18.0% (12.3-23.6%) ; 5
8 9.6% (5.2-13.9%) ; E[HFR#k 3.9% (1.1-6.8%) o i1 TIi 43 WS SR BE/I 5 1 % T Jak

Z NG E R o LA T AR ~ i CCAR AR b B 5 S B i S R 1) 22 ] B TR B /0 A 72 5 o ARBHF SRS SR
ST o | L o [ o B AR R e T D oz M e > EURVBAE I R Ll (R e o B AR S P R
B3 9% B0 JE 7 LU EE S AH BRGRRE > B RHEEIT R PR LL T R B o AR By AR 2 K1 i AT e As
Rl Rl R RS 2% -

ﬂ

\«

Abstract

The frequent contact between human and Taiwanese macaques (Macaca cyclopis) has raised
concerns of zoonosis transmission in Shoushan National Nature Park. This study was aimed to
understand the species and epidemiology of selected zoonaotic intestinal nematoda in the population
of Taiwanese macaque in Shoushan. One hundred and seventy-eight macaque fecal samples were
collected for intestinal nematoda screening. In those samples, four intestinal nematoda were
identified morphologically and by molecular technique. Those were Trichuris trichiura,
Oesophagostomum aculeatum, Strongyloides fuelleborni, Trichostrongylus sp.. The prevalence (95%
confidence interval) of the four parasites were 36.0% (28.9-43.0%), 9.6 % (5.2-13.9%), 18.0%
(12.3-23.6%), and 3.9% (1.1-6.8%), respectively. In this study, we also attempted to identify high
prevalence areas as “hotspots” of intestinal parasites by utilizing Geographic Information System and
spatial statistical models. However, we did not find any significant difference in spatial and temporal
distribution for the parasite of T. trichiura, O. aculeatum, S. fuelleborni in the sampling area. Our
findings indicated the potential risk of pathogen transmission between Taiwanese macaques and
human. These results are critical information for the management of zoonotic pathogens in the

Taiwanese macaques and prevention of pathogen transmission between human and macaques.
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Fig. 1. The location (a) and climate condition (b) of ShouShan National Nature Park in Kaohsiung City,

and (c) sampling sites of Taiwanese macaque fecal samples
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Table 1. Target genes and primers selected for nematode identification

5lF4 FFaeg/ B EER 51 F3(5°%m-3 1) Tafd® BER

Str-1TS2F Strongyloides spp./ITS2>  5’-GCTAAGCAGAGCCTTAAATT-3’ 52 C (Arizono et al. 2012)

Str-ITS2R Strongyloides spp./ITS2 5’-TCCGCTTAACGATATGCTTA-3 52C (Arizono et al. 2012)
Trichuris semi-nested PCR

NC5 Trichuris spp./ITS2 Outer primer : NC5-NC2 58 C (Cutillas et al. 2009)
5’-GTAGGTGAACCTGCGGAAGGATCATT-3’
Trichuris semi-nested PCR

NC2 Trichuris spp./ITS2 Inner primer : Tri-ITS2-NC2 55 (Cutillas et al. 2009)

S-TTAGTTTCTTTTCCTCCGCT-3"

Tri-1TS2 Trichuris spp./ITS2 5’-CTCGTAGGTCGTTGAAGAAC-3’ 55C (Cutillas et al. 2009)
NC1® Strongylida/ITS2 5’-ACGTCTGGTTCAGGGTTGTT-3’ 55C (Demeler et al. 2013)
NC2 Strongylida/ITS2 5>-TTAGTTTCTTTTCCTCCGCT-3’ 55C (Demeler et al. 2013)

Y| FREATEEE s 21TS2 ¢ Internal transcribed spacer 2 gene 5 ° [El#3&% H .2 universal primer » 5@ Ff 213

S 1 S E [l o2 1TS2 FEIR B

HXR

— ~ BEREREEREZ S
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(Oesophagostomum aculeatum) 5 & K A2 £

& (Strongyloides fuelleborni) ([& 2) - S ¥ §5%
R e 1 TR R R A A R o o R A
JR S 2 H R AR 59 Tl B i R 36.0% (95%
S HEIE [ : 28.9-43.0) ~ R K FEFR &% 18.0%
(12.3-23.6) ~ IG5 Hii A% 9.6% (5.2-13.9)F1E[E]
355 3.9% (1.1-6.8) °

AN FE A o i~ 5 G BT A R R AR
frER R 1TS2 5 K2R i s W) a8 E 2
H LR > SR T K] 5 b B 25 TR A 8 338 il
ff fig Ee W - Hoj AL A 2 R 80 A G B B iR
Y ZesRAs K BLS L NCBI K&
b Hh [F] — V) HE 2 15 E AR IR 0 I R
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Fig. 2. The parasitic nematodes found in the Taiwanese macaques in this study. a: the ova of Trichuris

trichiura and adult female (small figure at the lower-left side); b. the ova of Oesophagostomum aculeatum;

c: the ova of Strongyloides fuelleborni; d: the ova of Trichostrongylus sp
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JX683517.1 Trichuris mastomysi
X683523.1 Trichuris mastomysi
X683525.1 Trichuris mastomysi
FN&43141.1 Trichuris muris
7| AJ29%407.1 Tichuris muris
931 FNB43180.1 Trichuris muris
FRO49687.1 Trichuris anicolae
75 FRO49684.1 Tichuris anicolae

9B FRBAI673.1 Trichuris anicolae
AM234616.1 Trichuris wipis

'AB386133.1 Trichuris trichiura
100, FM991986.1 Trichuris trichiura
FM9919%.1 Trichuris trichiura
AMS93016.1 Trichurs suis
AM9929%9.1 Trchuris suis
AMS93009.1 Trichuris suis
a9~ AJ251321.1 Trichuris leporis
AJ489248.1 Trichuris skejabini
FR870274.1 Trichuris ovis
og| (AB3GTTOA.A Trichuris discoler
67L HEG08855.1 Trichuris discolor
KF836607.1 Capilana pica
0 IKCUDSmJ Trichinella spialis
100 KCO0B433.1 Trcinela spirals
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) [lalwan Trchurs ichiva ——> E£

R M

Adult stage of Oeso from Ptrc

TTK-Oesophagostomum01 =B
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Tk Oesophagostomume2
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AB21027 Oeso stephanostomum
AB821031 Oeso stephanostomum
AF136576 Oeso stephanostomum

Y1173 Oeso bifurcum
KF319026 Oeso bifurcum
KF319024 Oeso bifurcum
KF319025 Oeso bifurcum
g9, AJB19979 Oeso dentatum
'Y11735 Oeso dentatum
Y11736 Oeso
KJ420908 Oeso venulosum
97111420915 Oeso venulosum
KJ420916 Oeso venulosum
JX188469 Oeso asperum
JX188475 Oeso asperum
X188463 Oeso asperum
AB971665 Oeso asperum
JNB35422 Oeso asperum ITS2

AJO06149 Oeso radiatum
—xm( KJ420895 Oeso radiatum
K1420897 Oeso radiatum
KJ1420906 Oeso sikae
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Fig 3. Constructed phylogenetic relationship of: a. Trichuris; b. Oesophagostomum; c. Strongyloides in
this study and related species (data download from NCBI database) based on the ITS2 gene
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Abstract

Direct observation of carnivores is difficult in Taiwan due to the elusive nature of carnivores and the
Island’s dense vegetation coverage and many rugged mountains with steep slopes. As a way to effectively
understand carnivores in Taiwan, we conducted a survey in Medium Altitude Experiment Station,
Endemic Species Research Institute, COA, EY, from October 2013 to March 2014 via tested camera traps
with scent-station. Forty plots were set up with 10 KeepGuard SD1039 digital camera traps and
scent-stations. We recorded 15 kinds of mammal, among which Lepus sinensis formosanus is a new
record in this area. Occurrence Index (Ol) of species varied from numerous to common, which included
Martes flavigula chrysospila (O1=13.0), Herpestes urva (Ol=4.5) and Paguma larvata taivana (Ol=4.4).
In addition to Ursus thibetanus formosanus and Melogale moschata subaurantiaca, Martes flavigula
chrysospila, Herpestes urva, Paguma larvata taivana and Mustela sibirica showed the highest Ol. We
also found Martes flavigula chrysospila kept Herpestes urva formosanus out from scent-station, and they
were sympatric animals. The Ol of Paguma larvata taivana and Viverricula indica taivana varied due to
suspected food shortage in different seasons, which may cause sympatric carnivores to migrate. We
recommend that camera traps should be set at least 168 hours to record almost all the mammals in the

survey area.
BREEAR © HEAEEE kb ~ HBSEZS ~ RINEHBY) ~ 28k
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Range of Medium Altitude Experiment Station, Endemic Species
Research, COA, EY.

?@S o 500 1,000
R Meters

LA PGB L B e bk Ik » (8] TP 5 RS R iR I - RS 2R iR A o

Fig. 1. The study area in the Medium Altitude Experiment Station, Endemic Species Research,

COA, EY (Squares = plots; orange = points).

>1m

>1.8m

@ scent station

. Camera trap

fi] 2. 5 B AR B e SRR 5 2R T °

Fig. 2. Schematic diagram of camera traps and scent station.
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R(n=7)  (HRURERE R E RS B R BB : &
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Table 1. Our results compared to Chang and Yao (2011~2013)

2011 2012 2013 In our study

Species
Muntiacus reevesi micrurus 55.4 39.2 325 7.9
Macaca cyclopis 12.8 12.3 10.1 6.6
Capricornis swinhoei 31 2.2 21 1.3

 Martes flavigula chrysospila 3.9 0.7 13 13.0**(F=31.3)

» Melogale moschata subaurantiaca 2.4 2.8 0.6 0.76

 Herpestes urva 0.7 0.5 0.3 4.54**(F=306.0)

e Mustela sibirica 0.3 0.4 0.2 1.6*(F=126.8)
Sus scrofa 0 0.1 0.1 0.25

e Paguma larvata taivana 0.1 1 0.1 4.37*(F=43.8)
Rusa unicolor swinhoei 0 0 0.1 0

e Ursus thibetanus formosanus 0.3 0 0 0.1

« Viverricula indica taivana 0 0 0.75
Lepus sinensis formosus 0 0 0.25
Manis pentadactyla pentadactyla 0 0 0
Niviventer coxingi 9.5 30 28.3 11.0
Callosciurus erythraeus 8 8 17.8 4.0
Tamiops maritimus 0.3 0.1 2.4 0.3

OI from Chang and Yao’s survey and our study. We had surveyed all kinds of carnivores that had been

recorded in Medium Altitude Experiment Station using scent-station with camera trap.

= carnivores,* p<0.05, **p<0.01
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Fig. 3. Accumulation of surveyed carnivores. (X = days; Y = species).
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Abstract

Biodiversity hotspot evaluation could be an essential tool to focus conservation efforts. An observed
hotspot is defined as a habitat with significant levels of species diversity that is under threat from
disturbances. In this research, a model is developed by using a combination of a species distribution
model, principal component analysis and fuzzy logic to identify biodiversity hotspots of endemic bird
species in Taiwan on a regional scale, and assess the agreement with legally protected areas. The results
showed that the hotspots were mostly located in high-elevation where there were potential threats for
natural disasters, and then approximately 70% of the hotspots be sheltered by the protected areas.
Furthermore, the hotspots are classified into five levels from high to low according to grade. A few
sub-high-level hotspots have not been protected, such as the edges of the Shei-pa and Yushan National
Park. These critical sites could be conservation priority for endemic bird species. The developed model
may be applied to any taxa requiring planning for future protection and management.
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Key words : disturbance, species distribution model, principal component analysis, fuzzy logic, protected
area, conservation priority
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Fig. 1. Location of study area showing a digital elevation model (altitude) in the background.
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Table 1. Selected bird species and their number of occurrence grids in this study

Scientific name English name Grid number

Arborophila crudigularis Taiwan Partridge 337
Lophura swinhoii Swinhoe's Pheasant 106
Syrmaticus mikado Mikado Pheasant 36
Megalaima nuchalis Taiwan Barbet 259
Urocissa caerulea Taiwan Blue-Magpie 136
Parus holsti Yellow Tit 95
Pycnonotus taivanus Styan's Bulbul 426
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Regulus goodfellowi

Pnoepyga formosana
Locustella alishanensis
Fulvetta formosana

Yuhina brunneiceps
Pomatorhinus musicus
Megapomatorhinus erythrocnemis
Alcippe morrisonia

Garrulax taewanus
lanthocincla ruficeps
lanthocincla poecilorhyncha
Trochalopteron morrisonianum
Heterophasia auricularis
Liocichla steerii

Actinodura morrisoniana
Myophonus insularis

Tarsiger johnstoniae
Carpodacus formosanus
Poecile varius

Bambusicola sonorivox

235
Flamecrest 102
Taiwan Cupwing 214
Taiwan Bush-Warbler 76
Taiwan Fulvetta 116
Taiwan Yuhina 594
Taiwan Scimitar-Babbler 1,195
Black-necklaced Scimitar-Babbler 712
Gray-cheeked Fulvetta 1,074
Taiwan Hwamei 114
Rufous-crowned Laughingthrush 22
Rusty Laughingthrush 113
White-whiskered Laughingthrush 154
White-eared Sibia 611
Steere's Liocichla 546
Taiwan Barwing 80
Taiwan Whistling-Thrush 372
Collared Bush-Robin 170
Taiwan Rosefinch 69
Varied Tit 66
Taiwan Bamboo-partridge 837

(&) BREH

IREEE R BN SDM 2 THIFISEIE -
R~ HITE ~ Y B AT I S 4 BHIR 0 H
th s S5 KT 75 5¢ Hijmans et al. (2005)% 17
19 2 BR 5.1 & FHE (WorldClim database v1.4)
Tl AR B E 2K 0 (K8 1950~2000
ARG HR R UGN & R EE R £
W% - A R/ VR R 1 km? Y
RAEMERE > ARIFFEHERHEH N # 19 4D
S & RS TR IE (22 [ Hijmans et al.

2006; www.worldclim.org) ° Ht & X F H
WorldClim database v1.4 B 5 B {if 25 F2 15 A
(digital elevation model) » F|F ArcGIS 10.0
WS EER IS~ W B A o R E
Gessler et al. (1995)E2 McCune and Keon
(2002)Hy U715 » FEA RN BRI IR R & i
f2 45 1= (compound topographic index) & #1:
K K55 S 58 B Y B & AT 5 AR (heat load
index) » $:3t 5 {5 o MR 7K 95 B
BHZ 23 7l 2 Z % A %5 7F 2 (RiChi GIS Cloud)
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b (habitat risk, HR)HE(GHE 2 » @46 A5
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Table 2. Predictor variables used to model species distributions

Variable Code Keep in final )
Annual mean temperature BIO1 Yes
Mean diurnal range (Mean of monthly (max temp - min temp)) B102 Yes
Isothermality (BIO2/BIO7) (x100) BIO3 No
Temperature seasonality (Standard deviationx100) B104 No
Max temperature of warmest month BIO5 No
Min temperature of coldest month BI10O6 No
Temperature annual range (BIO5-B106) BI107 Yes
Mean temperature of wettest quarter BIO8 No
Mean temperature of driest quarter B109 No
Mean temperature of warmest quarter BIO10 No
Mean temperature of coldest quarter BlO11 No
Annual precipitation B1012 Yes
Precipitation of wettest month B1013 No
Precipitation of driest month Bl1014 Yes
Precipitation seasonality (Coefficient of variation) BIO15 No
Precipitation of wettest quarter BIO16 No
Precipitation of driest quarter BIO17 No
Precipitation of warmest quarter B10O18 No
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Precipitation of coldest quarter
Altitude

Slope

Aspect

Compound topographic index
Heat load index

Distance to the nearest river
Net primary productivity
Tree cover

Latitude

Longitude

B1019 No
Alti No
Slop Yes
Aspe Yes
CTI No
HLI No
River Yes
NPP Yes
TC Yes
Lati No
Long No

aSpearman's rank correlation coefficients < 0.7 between predictor variables are kept.

(=) USRS

AHFZEFI A Phillips et al. (2006)A7BH#EHY
H A (maximum entropy) © Maxent 3.3.3k » fi#
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Fig. 2. Predictors and their average (from 27 species) percent contribution reported from Maxent model

for endemic bird species in Taiwan.
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Table 3. The results of principal component analysis

Selected principal component

Eigenvalue 4; 2.70 0.97 0.64
Variance (%) 54.01 19.44 12.82
Cumulative variance (%) 54.01 73.45 86.27

Habitat risk

! High :5.27

Low :-1.00

SHDI

!High :1.37

Low : 0.55

Habitat risk

I High:5.27

Low : 0.58

SHDI

IHigh :1.37

Low :1.27

0 50 100 km \!%

B 3. (a) GRS Shannon 2 BRIEFEIE Al s (b)BEtfERa /> AAlE  (c)i Shannon %k
P2 Bl (ol A 5 o o R (R S P P+ 1 (AR A 722)

Fig. 3. (a) Shannon index of diversity (SHDI) for endemic bird species; (b) habitat risk in Taiwan; ranges
of high value (threshold at 1 standard deviations from the mean) for (c) SHDI and (d) habitat risk




W% BEPERFSE(TW J. of Biodivers.) 18 (3): 231-245, 2016

FE R R EE AR I SHDI B HR #f A0
W nESRE B2 A R R
PUETEIRERY 3,270 km? > 52 B THIFERY 9% »
BRI E RIAT R Z BRI IRE R E - K8

BB S YA (R AR IR Y (R 2,302 km?) » £

T BBEHEIT 70% o FIIH Jenks E A Ik
3 FEE A] S ENRE S PR R AR AT RGR ~ K

241
e~ s TR B AR 5 (A1 » #E ol ml A -
BRI L B R ~ KIIBIH AR
DURFYR ~ T HL Bt 5yl B 2 B B B R R

8% 5 (BRI - 2RI > JIVE K R BB R 1
R ORAE A » 73 il 3 AR B R el i
T 1B 2R 2% [ o e ([ 4)

[JProtected area
B High
[ Sub-high
[ IMiddle
I Sub-low
B Low
T ] @
50 100 km
4. BIEFE B2 ALY R BB R o
Fig. 4. Range of biodiversity hotspots for endemic bird species in Taiwan.
Gl
Yird 22 [ o g S BT B AR E LAE

L BEERYE - AT SRR ~ HfE ~ b

(DAECNIEESE N g S P E VAL S W e

BRHE SRR A1 > SREETIAS SR A E
PHAEAEAE » HHICATAD » 32X B B 7l
¢ J](Fielding and Bell 1997; Pearce and Ferrier
2000) ° ffrHkERY TEINASIE A - Safige IR 7Y A8 0

G2 8 HERAEML TR (E 2) > 2



242

5B SRR A B IR EE - R - FRAER
fpe R RV AT e RSt PRI S5 AR 50 A > Fll g Bl
SRR BAMTREIE - FHBARIRT ARFSEIT v] 5 A
{/iH0#5 5 (Barbet-Massin and Jetz 2014) » R H;
PR R s B By o A 9eaRRE » i n]
FEMPE RIS IENER - R B AE ]
RESZEIE%E -

HH] SDM HE RS Rt H 2 B A Bz
SHDI » ATHHEAE > M2 ARV EL R EE o md
T~ FR R T L LIRS B R B ([
3a ~ c) » BLAHBARIIFZEAHTT (Ko et al. 2014) »
Lt » REAR T 25 v B PR S 3 2 SRR S
G BfEFTRIT 2 i (Cheng and Lai 2002; Ko
et al. 2010) > LA} SELEEIEER TH KRR
Mgt » K2 thid kAl #iny B A Mt »
Z NBSENG AR D » B A B2t
RIFHIEEE SR © SR80 > B PCA FTHEER) HR
I PR S B E A R A B R
7> AFE R IR ) > I ERDE R A EE
FERBURIRIR K F P2 > IR ISR R mE R
T 0 D 10 SEAN A 2 E G B R Y
1288 > SRR ~ LA s E AR - AR
5t 2SR B AR (2 R fa] 2013 5 &
2015 ; ¥ 2015) » HEMHRRAE S & T » 3
Vg SN BEEY) M E
(Matsui et al. 2006; Lee et al. 2008) -

FEHH SHDI B HR A HE(H 65 S T RORE
B R 2R A BB R E
BBhE R > HEER R 2 BIEBE A E TR
TECRAEIR A > JCHAZE ~ PR KBRS 8
HERRIRESE 3 R T RER
BER 2000 4 o KE T IIRER B RRIE
RUSPATHEEY - HRUR R THEfihL R itk
ERSEAY DRI ER 1 > 505 A 2R V)Rl A AN
I PERE > LEBIAREAS SR - DL 3 (IR

W2 BRI ENE Z HERG

356 KRR EMEEL R (& 4) > T
A SRR T HHE R R PRFE R o

AN FEHE — 28 5 A RS R A ZARE 58 B o
F% 5 BRI > Forbh > R DAL RR e R 2
W S B ORGE 5 FE3E - M S (EABAE R » D
e P T SO e TR IEE 1B P /N
=] b T B T L) 128 5% 2 ] 1 T ) 58 3t A (e
4) o SRR B AR RIS R I 2 AR
[ 1) 52 (Mondal and Southworth 2010; Sieber
et al. 2013) » (KLt o (IR PRAE S S kT AR -
AT Y PR (558 S 1 1 3% AN (] B 1 AR 1
> Sl 222 BB ot I E OR B RIS 1 8 S I
Fe > 5 @ s L ) 2B - SR AT RER AR B
BE M BBIREE OB T ¢ SRR
OEAEEHI O] B JE @ L I A1 > T AIRE ZE
B IR E EE)

2 %

Kifgez HAE R LY 55 A & B &
[ > #5& SDM ~ PCA BRLISTRIEIE 5 /775 > 2
SLHEAL BN B2 A2 R M B
2 o HFERCR S LU R - — ~ Pt
SLHY SDM > LURfREESH B S Y B A e
ARSI 0 s R ERA B
LR - AR EEI H A E S Z
fEEh > (H BRI R R IR K I 2 S
=~ HE YA R BB LR K9 70%0%
TEEEWIREIR A » 5 BRBRK SR B K NIyl
UL BDBR SRR BRI R 2 EIRE
DRI » AR S s Bt R B 2 S BEIEAT © %7
G LA AR A 22 A R
AR B2 Y2 B, » KA
AT FE A HARERE 2 2B » 1B SR €
IERERI IR B RIS L 8 -



B AP B FE(TW J. of Biodivers.) 18 (3): 231-245, 2016 243

71 SRR

TIIREE ~ MORIS ~ N ~ B E - BEE -
2010 o FEIRENY) 2 Bk PE BB 2 1 —
B B RHE 2 ER - B 4%
BRMERTSE 13: 51-68 o

A ~ TS © 2013 © BAYTHBIEZ RIR K
FHo R 2R EE T - BEEYIZ BT
5% 15: 275- 285 °

EAR ~ BHEER - 2013 - B AR 2 A RE
RSEMa A A o (FY) ~ BRERELA VB
10: 34-43 ©

E AR © 2015 o3& I R R R R a2 AR AR
BRI - B2 RRIESE 17: 1-13

PR ~ BRZIEK - 2003 o 288 & HT7 « P L
IER - Bt « EEEHER -

BERRE ~ MRSCH » 2014 © JE A& IR ATEE S &
LB ZR A 2 AR LSS - Y%
BEMERFSE 16: 379-391 ©

FERE © 2015 o R[N RIS 8E 2 IRF 72
3N o BIEEYIZ BRMERFSE 17: 191-204 ©

B E © 2016 o LB EEEEIRIE.Z
faga e il o B Ay 2 BRI 18:
93-108 °

At EfR ~ BERER ~ S840 ~ RAMERT 0 2010 ©
FH 1 5% 5 GEE 1T B4 v e L i
FIRE o ) SEERTH] 2: 35-42 -

BRI © 1992 o 18 ZHARE « |13t REAFA B3t

BRSR BRI o F R B SR BRI RAE 2 P P 14

39-53

Barbet-Massin, M. and W. Jetz. 2014. A
40-year, continent-wide, multi-species
assessment of relevant climate predictors
for species distribution modeling. Diversity
and Distributions 20: 1285-1295.

Brooks, T. M., R. A. Mittermeier, G. A. B. da
Fonseca et al. 2006. Global biodiversity
conservation priorities. Science 313: 58-60.

Cafiadas, E. M., G. Fenu, J. Pefias, J. Lorite, E.
Mattana and G. Bacchetta. 2014. Hotspots
within hotspots: Endemic plant richness,
environmental drivers, and implications for
conservation. Biological Conservation. 170:
282-291.

Cheng, C. C. and Y. C. Lai. 2002. Biodiversity
in Deciduous Hardwood and Conifer
Plantations of the Upper Liukuei (Shanping)
Area. Taiwan Journal of Forest Science 17:
155-170.

Dunstan, P. K., N. J. Bax, S. D. Foster, A.
Williams and F. Althaus. 2012. Identifying
hotspots for biodiversity management using
rank abundance distributions. Diversity and
Distributions 18: 22-32.

Elith, J.,, C. H. Graham, R. P. Anderson, M.
Dudik, S. Ferrier, A. Guisan, et al. 2006.
Novel methods improve prediction of
species’ distributions from occurrence data.
Ecography 29: 129-151.

Estrada, A., R. Real and J. M. Vargas. 2011.
Assessing coincidence between priority
conservation areas for vertebrate groups
in a Mediterranean hotspot. Biological
Conservation 144: 1120-1129.

Fielding, A. H. and J. F. Bell. 1997. A review of
methods for the assessment of prediction
errors in conservation presence/absence
models. Environmental Conservation 24:
38-49.

Gessler, P. E., I. D. Moore, N. J. McKenzie and



244

P. J. Ryan. 1995. Soil-landscape modeling
and spatial prediction of soil attributes.
International Journal of Geographical
Information Systems 9: 421-432.

Hijmans, R. J. and C. H. Graham. 2006. The
ability of climate envelope models to
predict the effect of climate change on
species distributions. Global Change
Biology: 12: 2272-2281.

Hijmans, R. J., S. E. Cameron, J. L. Parra, P. G.
Jones and A. Jarvis. 2005. Very high
resolution interpolated climate surfaces for
global land areas. International journal of
climatology 25: 1965-1978.

Huang, J., B. Chen, C. Liu, J. Lai, J. Zhang
and K. Ma. 2012. Identifying hotspots of
endemic woody seed plant diversity in
China. Diversity and Distributions 18:
673-688.

Jenks, G. 1967. The data model concept in
statistical mapping. International Yearbook
of Cartography 7: 186-190.

Ko C. Y, R. S. Lin and P. F. Lee. 2010.
Macrohabitat characteristics and distribution
hotspots of endemic bird species in
Taiwan. Taiwania 55: 216-227.

Ko, C. Y., S. C. Murphy, T. L. Root and P. F.
Lee. 2014. An assessment of the efficiency
of protection status through determinations
of biodiversity hotspots based on endemic
bird species, Taiwan. Journal for Nature
Conservation 22: 570-576.

Kraft, N. J. B., B. G. Baldwin and D. D. Ackerly.
2010. Range size, taxon age and hotspots
of neoendemism in the California flora.

W2 BRI ENES 2 HEf

Diversity and Distributions 16: 403-413.

Kumar, S. and T. J. Stohlgren 2009. Maxent
modelling for predicting suitable habitat
for threatened and endangered tree
Canacomyrica monticola in New Caledonia.
Journal of Ecology and Natural Environment
1: 94-98.

Lee, Y. F., Y. M. Kuo, Y. H. Lin, W. C. Chu, S. H.
Wu, H. H. Wang and J. T. Chao. 2008.
Spatiotemporal variation in avian diversity
and the short-term effects of typhoons in
tropical reef-karst forests on Taiwan.
Zoological Science 25: 593-603.

Matsui, S., M. Hisaka and M. Takagi. 2006.
Direct impact of typhoons on the breeding
activity of Bullheaded Shrike Lanius
bucephalus on Minami-Daito Island.
Ornithological Science 5: 227-229.

McCune, B. and D. Keon. 2002. Equations for
potential annual direct incident radiation
and heat load index. Journal of Vegetation
Science 13: 603-606.

Mondal, P. and J. Southworth, 2010. Protection
vs. commercial management: Spatial and
temporal analysis of land cover changes in
the tropical forests of Central India. Forest
Ecology and Management 259: 1009-1017.

Myers, N. 1988. Threatened biotas: “hotspots” in
tropical forests. The Environmentalist 8:
187-208.

Myers, N. 1990. The biodiversity challenge. The
Environmentalist 10: 243-256.

Myers, N., R. A. Mittermeier, C. G. Mittermeier,
G. A. B. da Fonseca and J. Kent. 2000.
Biodiversity hotspots for conservation



B AP B FE(TW J. of Biodivers.) 18 (3): 231-245, 2016

priorities. Nature 403: 853-858.

Pearce, J. and S. Ferrier. 2000. Evaluating the
predictive performance of habitat models
developed using logistic  regression.
Ecological Modelling 133: 225-245.

Phillips, S. J., R. P. Anderson and R. E. Schapire
2006. Maximum entropy modelling of
species geographic distributions. Ecological
Modelling 190: 231-259.

Sanchez-Cuervo, A. M. and T. M. Aide. 2013.
Identifying hotspots of deforestation and
reforestation in Colombia (2001-2010):
implications for protected areas. Ecosphere 4:

Shannon, C. E. and W. Weaver 1948. A
mathematical theory of communication.
The Bell System Technical Journal 27:
379-423.

Shao, H., M. Liu, Q. Shao, X. Sun, J. Wu, Z.
Xiang and W. Yang. 2014. Research on
eco-environmental vulnerability evaluation
of the Anning River Basin in the upper
reaches of the Yangtze River. Environmental
Earth Sciences 72: 1555-1568.

Sieber, A., T. Kuemmerle, A. V. Prishchepov, K.
J. Wendland, M. Baumann, V. C. Radeloff,
L. M. Baskin and P. Hostert. 2013.
Landsat-based mapping of post-Soviet
land-use change to assess the effectiveness
of the Oksky and Mordovsky protected
areas in European Russia. Remote Sensing
of Environment 133: 38-51.

Zadeh, L. 1965. Fuzzy sets. IEEE Information
and Control 8: 338-356.

245






(6BAEMSHMAE) &

% - —HERY

=

>k H

+

= -~

2

(BEEVIZERIENTE) RITBECRER B O BT E o ik 2 ST - )
AR NS EE S RARHED 2 BRI BB R R T Z B3R S (HLUR G H A HIP R 2R
AIRFZERSIR -

~ AT MR - BER Bz ke - WRAEE 1 H -4 A~ 7 Ak 10 AfEFO#EUE

(http://tesri.tesri.gov.tw/ list_protect.php) FIJ & #$17 »

R U] ARILLEEE WORD KA SRR FREEDRE THEAEY S IR

WITIMREEZ B & % 134 (email: tibd @tesri.gov.tw) °

KRR ST 2Rl - e (ERTE S R A I B LI g 32 2 75 5K

PHSERE - MR R AR ~ IREEMF T JIEEATR - BITEERBEZFERK i
FHEATHE N SR -

v FRPHEERRI - (HASHIE 2 SRR U Pf A TEE » AR RIETA -
 RERHATRGE TR & HAGE R ~ Sl R sigd - TESE RS BT

1E - YEF RER MR 2 B SERELE » AHAURS 2 (8 AR AHE IER & a1 » 18RI
Pt o RRPETETAT VR I A g
SEAAVEE T AT H R 3 B SO B RS (R e I T =

MHREMNER

IR LREE - 2/FE S ~ BRISENT ~ Hitk > 3SEAAVEE 2 e-mail » 45 % - 5. B -
6.4 5 » 7HPRIELTTIE - 8 R ELET A (AT 0 1) » 9.4 (AT AN » 10,8136 (RT &) - 105 H
SRR NA PR R 5 Horb 1% 5 BEEE TRl g1 » AU SUEE & IRSEAR SUR TR
R BHEHEEE - AR -

SCEEA B AT (Note) & AT 7 557 o

AR SR (cover page) » 21:HAfRE (short running title) & EE sk iifg A 2k ~ @ik ~ &
B~ 4k~ e-mail fizdk

SCRRE

~ EHDL 30 FEEIR -
~ AEEhRSUE  E A D B R AR BLALEERC - (R E RSO R R St

HITE(ER © IR E - —FRIA<HE s (FEERMA > PERR D and 5852 5 BB =
NELLE o Bt — N BHHT— AR DLand 8855} » Bk ZRILIP IR

v FPRESCRAEE LA 500 £ BR - A E A A HE LR L Bt A5 > H Y BT R T R G ERAAR ©

G GRS L o

v P SCRRSEER DL 5 (EFER



Ef ~

[

> Of

K

NHEREEESEE

~ SCHEZELL Microsoft Word  RIEEHZ kS HREE > DL A4 (30cmx21cm) AR B T ¥ 21T (double

spaces)FIEl » SCHRZ K ~ M~ 72~ HZHBE 340 » IMREHIE FTRECHERS -

v ASCRGE - FE RIS sy - HLRE X

RS —~()~1-1D) @....
BYH: T ~(I)~1~1) ~A~a~(a)...

ST EATEE B2 RE > BIA0 kg > mg > mil s ppm > pH ~ om ZE > SRS LI Bk

FRALZ  FAAHRAEIT -

~ JrEEE AR (SR AT ) DL SR KRS G - 7R TR BRI - MEZH DU BTN SIED 5 Ay

LR AR T AR REI 2 » SOREH IRIRFY 5 AR HEeHsE 2 ATl e B
R 2 -

~ B ZAEREAE T T FASHEREAE BT o BRETE RIS - (BRI RE S SO R S E

T » Aol rERGE S B i - AsScE R IERLAE 10 & 20 3 10 3 2...» Fig. 1, Fig. 2,
Table I, Table 2, .5 2T

~ [BFRABFERIET » RIEIIAERR - & ~ ZILL A4 KNI » ERRIE ~ FEEE RS -
~ G SCRR LARERES | & RRRR » SCHR B2 STRR » G891 G ~ 240
~ SIHSOEEE G - esirp ~ |~ B RIS - HET R ~ F03  EH - 5%

KTwmEEs - AMRRAWR) ~ SR ERIER -

LA~ HSCHIT « 84 ~ TREIL - 1971 - B#MA KA @G 2 BITEYMERE o rhiEtfe s
Fil 4(4): 89-96 °

2.1~ HCEEE © (R - 1980  BIEH kA ZAEY) - GEEEEE -

3.~ HSCEEAmEFE « (RBIL - 1987 - BIERIMAEY)  FE0L ~ WER - B ) -
BEEY GRS 139-157 H o hEERBEHASRRREHE -

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

5. FCHAT ¢ Pimm, S. L. and J. L. Gittleman. 1992. Biodiversity : Where is it ? Science 255: 940.

6. % AT : Baker, C. S., F. Cipriano and S. R. Palumbi. 1996. Molecular genetic identification
for whale and dolphin products from commercial markets in Korea and Japan. Molecular
Ecology 5: 671-685.

7.9 X & %8 @ Soule, M. E. and B. A. Wilco. 1980. Conservation biology: An
evolutionary-ecological, approach. Sinauer Associates, Sunderand, Massachusetts.

8. B Y Hehm 2458 ¢ Jinchu, H. and W. Fuwen. 1990. Development and progress of breeding and
rearing giant pandas in captivity within China. pp. 322-325. In: H. Jinchu (ed.). Research and
progress in biology of the giant panda. Sichuan Publishing House of Science and Technology,

Sichuan, People’s Republic of China.



Notice to Contributors

I. General Guides:

1

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

The journal accepts manuscripts written in either Chinese or English. Submit manuscript by online
in WORD format to the e-mail address: tjbd @tesri.gov.tw.

Manuscript submitted will be sent to at least two referees in the field of its specialty for peer review
and comments. Revised manuscript will be reexamined by the Editorial Board. Author(s) are
responsible for proof correction of the printer’s copy to ensure accuracy.

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

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

I1. Manuscript Preparation:

1.

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

Cover page should contain title of manuscript, author name(s), author’s (s’) affiliation(s),
corresponding author’s name, telephone number, fax number and e-mail address, and a short running
title.

Title should be less than 30 words. Capitalize the first letter of each word except articles,
conjunctions and prepositions.

Author’s name should be first name first followed by surname. For multiple authors, use comma to
separate the names but the last two names by “and”.

Running title should be less than 50 letters including spaces.

Abstract must be a single paragraph not exceeding 500 words.

Key words should be no more than 5 words.

. Manuscript Format:

Manuscript must be typed using standard software (Microsoft Word) with top, bottom, left and right.
Mark page numbers on the bottom.
Manuscript should be typed in a uniform character size. There is no need to differentiate paragraph,

title, subtitle or contents by using large or small characters.



10.

Measurements should use International System of Units (kg, mg, km, m, cm.... etc.). All numerals or
quantities should be expressed in Arabic numbers. Years in the text should use A.D. universally.
Figures and tables in the text should be sequenced by Arabic numbers (e.g. Fig.1 and Table 1). Both
graphs and photos use same “Fig.” designation.

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

When citing a reference in text, use surname and year, e.g. (Clough 1998) for single author, use “and”
to link authors, e.g. (Pimm and Gittleman 1992) for double authors, and use “et al.” e.g. (Baker et al.
1996) for multiple authors. When citing multiple references, separate them with semi-colons in a
chronological order.

Using the following system for arranging references in literature cited.

For journals:

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

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

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

For books and symposiums:

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

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

Table should be typed on a separate sheet and be headed by a title of dual languages (Chinese and
English). It consists of only horizontal lines and typed with English terms (if possible) and Arabic
numerals. I foot notes are required, mark with superscripts *, 2, *, # etc,

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

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

white A4 paper loosely with the figure legend below.



	內頁
	169-172
	173-190
	191-202
	203-216
	217-230
	231-246

	稿約
	內頁
	185-210
	211-224
	225-240
	241-252
	253-262
	263-272
	273-282
	283-290
	291-294稿約-16K





