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Abstract

Bees are the most important pollinators of flowering plants and essential ecological keystone species
contributing to the integrity of most terrestrial ecosystems. However, drastic declines in bee populations
have become an ecological issue which has recently garnered much attention. Here, we assessed the
potential effect of climate change on the geographic range of Apis cerana in Taiwan. The spatiotemporal
dynamics for this species were examined with representative concentration pathways 2.6 (warming
mitigation) and 8.5 (warming intensifies) climate scenarios, using the MaxEnt program for species
distribution modelling. Results showed that the climate factor provided a great contribution for our model.
Since A. cerana prefers warmer habitats, the range of suitable habitat may expand because of a warming
climate. Furthermore, both for the current as well as for the two future climate scenarios of the 2070s, the
suitable habitats were concentrated in regions where the human footprint was scarce. In order to manage
this species’ response to climate change, we suggest that these regions should design appropriate
strategies for this species’ conservation.

Key words: bees, pollinators, climate scenarios, species distribution modelling, species conservation
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Fig. 1. (a) Location of the study area; (b) human footprint map (darker colors indicatestronger intensity).
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Table 1. Predictor variables used to model species distributions

Category Variable Code
Climate Annual mean temperature BIOI
Mean diurnal range (Mean of monthly (max temp - min temp)) BIO2
Isothermality (BIO2/BIO7) (X 100) BIO3
Temperature seasonality (Standard deviation X 100) BIO4
Maximum temperature of warmest month BIOS
Minimum temperature of coldest month BIO6
Temperature annual range (BIOS5-BI106) BIO7
Mean temperature of wettest quarter BIOS
Mean temperature of driest quarter BIO9
Mean temperature of warmest quarter BIO10
Mean temperature of coldest quarter BIO11
Annual precipitation BIO12
Precipitation of wettest month BIOI13
Precipitation of driest month BIO14
Precipitation seasonality (Coefficient of variation) BIO15
Precipitation of wettest quarter BIO16
Precipitation of driest quarter BIO17
Precipitation of warmest quarter BIO18
Precipitation of coldest quarter BIO19
Topography Altitude Altit
Slope Slope
Compound topographic index CTI
Heat load index HLI
Land cover NDVI average value Vlave
NDVI maximum value VImax
NDVI minimum value VImin
NDVI median value VImed
NDVI range value Vlran
NDVI standard deviation value Vistd

NDVI= normalized difference vegetation index
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Fig. 2. Contribution to the final species distribution model made by each environmental predictor,
illustrated by the permutation importance.
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Fig. 3. Predicted suitable habitats for Apis cerana. (a) Current prediction; (b) future prediction using the
RCP 2.6 scenario for 2070s; (c) future prediction using the RCP 8.5 scenario for 2070s.
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Table 2. Annual mean temperature (BIO1) of suitable habitats for Apis cerana under different climate

scenarios

Period Scenario ‘ Maximum ‘ Minimum Mean Standard deviation
Current 25.0 9.2 20.4 2.5
2070s RCP 2.6 26.1 9.4 21.8 2.8
2070s RCP 8.5 27.5 10.3 22.8 3.2
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Fig. 4. Area of suitable habitats for Apis cerana using different human footprint levels.
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Abstract

Most animal-survey projects use a fixed-effort sampling regime for every site during the entire
survey period. However, the community structure and/or the individual's detectability might be different

for various habitats and seasons. Therefore, fixed-effort surveys could yield samples with unequal
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completeness and cause misinterpretations of true natural state. To understand the influence of community
structure and individual detectability on the required effort for animal surveys, I constructed artificial
communities with six species-abundance models and randomly sampled from these using seven different
individual detectabilities (i.e., sampling probabilities). I calculated the rarefaction curves and Chao2
estimated species richness for these simulated survey datasets. I also used two empirical datasets, one
sampled from a woodland and one from coastal avifauna in order to determine their optimal sampling
effort. Results suggest that both community structure and individual detectability, which might vary
between habitats and/or seasons, significantly affect the required effort. Therefore, researchers should
avoid to sample with fixed-effort when conducting biodiversity surveys. Species richness estimators (e.g.,

Chao?2) and rarefaction curves can be used to assess the completeness of samples and therefore serve as a

stopping rule for such surveys.

Keywords: stopping rule, surveying effort, wildlife survey
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Fig. 1. The artificial communities with six different species-abundance models. See the text for details.
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a: sample-based rarefaction curves
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Fig. 2. The (a) rarefaction curve, (b) Chao?2 estimated species richness, and (c) percent of undetected

species (S,,) for the simulated datasets sampled from six artificial communities (as Fig. 1). The individual

detectability was set at 0.5%.
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a: sample-based rarefaction curves
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Fig. 3. The (a) rarefaction curve, (b) Chao?2 estimated species richness, and (c) percent of undetected

species (S,y) for the simulated datasets sampled from the PD9 artificial community. The individual

detectabilities were set at 0.5, 1, 2, 5, 10, 15, and 20%,respectively.
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Fig. 4. Chao?2 species richness curves (light lines) and rarefaction curves (black lines) for five simulated

datasets sampled from the artificial broken-stick communities with 40, 60, 80, 100, and 500 species,

respectively. The individual detectability was set as 1%. Note that the curves of the five simulated

communities almost completely overlap.
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Fig. 5. Chao2 estimated species richness curve (bold black line), rarefaction (black line) and extrapolation
curves (dashed line), and percent of undetected species (light line) for the bird species recorded during (a)

the breeding and (b) the non-breeding seasons in Dadongshan broadleaved forest, Tainan.
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Fig. 6. Chao2 estimated species richness (bold black line), rarefaction (black line) and extrapolation

curves (dashed line), and percent of undetected species (light line) for the bird species recorded in (a) the

whole study region, (b) deep water fishponds, and (c) salt fields in Qigu wetland, Tainan.
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Abstract

Pinaceae plants often form symbiotic relationship with ectomycorrhizal fungi (EMF), but more and
more studies have found arbuscular mycorrhizal fungi (AMF) in the roots of Pinaceae plants. In this study,
we investigated the effects of ectomycorrhizal fungi and arbuscular mycorrhizal fungi on the growth of
Pinus taiwanensis, an endemic species in Taiwan, by inoculation experiment, and explored the fungi’ s
ecological significance. The results showed that both ectomycorrhizal fungi and arbuscular mycorrhizal
fungi could form mycorrhiza with Pinus taiwanensis, and the growth-promoting ability of ectomycorrhizal

fungi was significantly better than that of arbuscular mycorrhizal fungi to Pinus taiwanensis.

Keywords: Pinus taiwanensis, ectomycorrhizal fungi, arbuscular mycorrhizal fungi
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Fig. 1. Difference in appearance of Pinus taiwanensis inoculated with mycorrhizal fungi after eight

months. From left to right, the control group, inoculated with A. morrowiae and P. tinctorius, respectively.
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Fig. 2. Difference in seedling height of Pinus taiwanensis inoculated with mycorrhizal fungi after eight

months. Bars and lowercase letters at the column head indicate that means differ significantly (LSD, P<
0.01).

il 3. 58 TN P. tinctorius BRI 2 YME SRR (LR 2 73 SOHRETE R ©

Fig. 3. Pinus taiwanensis forms dichotomous mycorrhiza coated in yellow brown mycelium after
inoculating with P. tinctorius.
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4. B8 NSRRI E A morrowiae BN AL MR YR FHEL FE

Fig. 4. Pinus taiwanensis forms Intraradical hyphae and vesicles after inoculating with A. morrowiae.

5.0 MR E IR E 3 FERIVEBIER (ARG 2B 5B P. dnctorius ~ 1T A
morrowiae ~ HEFH )

Fig. 5. Difference in appearance of Pinus taiwanensis inoculated with mycorrhizal fungi after three years.
From left to right, inoculated with P. tinctorius, inoculated with A. morrowiae and the control group,

respectively.



64 18 SRR AR e R B

80

70
60
50
40
30
20
10

P. tinctorius A. morrowiae CK*

Seedling height (cm)

WG 6. 51 — EM BRI RS 3 SRR AR (¢ R E AR 2 SRkt T - (I
HEIR IR ) ©

Fig. 6. Difference in seedling height of Pinus taiwanensis inoculated with mycorrhizal fungi after three
years. Bars and lowercase letters at the column head indicate that means differ significantly (LSD, P< 0.01).
(*Seedlings in the control group died after two years, so the data were unavailable.)

Gl 7. G —TEMBERREIRE 2 FRIVEUER -

Fig. 7. Difference in appearance of Pinus taiwanensis inoculated with mycorrhizal fungi after two years.

The left side is the control group and right side is inoculated with P. tinctorius.
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Fig. 8. Difference in seedling height of Pinus taiwanensis inoculated with mycorrhizal fungi after eight
months. Bars and lowercase letters at the column head indicate that means differ significantly (LSD, P<

0.01).
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Fig. 9. Difference in appearance of Pinus taiwanensis inoculated with mycorrhizal fungi after three years.

90
80
70
60
50
40
30
20
10

Seedling height (cm)

S. placidus+A. morrowiae A. morrowiae A kentinensis

10. 5 BB AFEFIRE 3 Fmees -

Fig. 10. Difference in seedling height of Pinus taiwanensis inoculated with mycorrhizal fungi after three
years. Bars and lowercase letters at the column head indicate that means differ significantly (LSD, P< 0.01).
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Abstract

We used infrared camera traps to investigate mammalian activity patterns and community in the
Hehuan Mountain area from November 2015 to August 2017. During the study period, we recorded five
orders, nine families, and 15 species of mammals. Six species had a relatively high detection rate: Taiwan
vole (Microtus kikuchir)(O1=1.729), Formosan field mouse (Apodemus semotus)(O1=0.910), Formosan
Reeve's muntjac (Muntiacus reevesi micrurus)(OI=0.713), long-nosed squirrel (Dremomys pernyi)
(OI=0.508), Formosan white-bellied rat (Niviventer culturatus)(O1=0.276), and Formosan weasel (Mustela
sibirica)(0O1=0.210). The results of our analyses of habitat type and seasonal and daily activity patterns
showed that Formosan Reeve's muntjac and long-nosed squirrel mainly appeared in coniferous forest.
There were differences in the seasonal activity patterns of long-nosed squirrel, Formosan field mouse, and
Formosan Reeve's muntjac. Long-nosed squirrel and Formosan Reeve's muntjac were more active during
the day, while Taiwan vole and Formosan field mouse were more active at night, and Formosan white-
bellied rat was completely nocturnal. The detecting rate of some species (e.g., Formosan Reeve's muntjac)
was increasing in recent years in the Hehuan mountain area. Our survey of the region up to 3,000 m in
the Hehuan Mountain area had recorded five orders, nine families, and 18 species of mammals, except for

Chiroptera species which are not detected by infrared camera trap.

Key words: occurrence index, habitat type, seasonal, daily, activity pattern, mammal fauna
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Figure 1. The locations of infrared camera traps of this study
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=== Muntiacus reevesi micrurus
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=== Mustela sibirica taivana

&l 3~ 2015 4 11 HZE 2017 & 8 AREEUL 2 1L5E 8 # FUR H EEE S 28 LE -

Figure 3. Activity percentage of Formosan Reeve's muntjac (Muntiacus reevesi micrurus) and Formosan

weasel (Mustela sibirica taivana) over a 24-hour period in the Hehuan Mountain area from November

2015 to August 2017.
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