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capture
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Foraging ecology of sympatric antlion species in a recreation area
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Ecological niche and host plants of Drosophila elegans species
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Molecular and morphological evidence suggest that Hypochrosini
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Population genetic study of invasive Anolis sagrei in Taiwan
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Dietary Adaptation Associated Bacteria in Drosophila sechellia

Discovery of the immature stages of Neopseustidae fills evolutionary
gaps in knowledge of the relationship between Lepidoptera and
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Influence of agonistic interactions with conspecifics on subsequent

contest decisions

Yuying Hsu*, Jing-Huan Kuo, Yu-Ting Chang, Yu-Ju Chen,

Department of Life Science, National Taiwan Normal University

Recent wins and losses can inform individuals about their relative fighting abilities and
modify their subsequent contest decisions. Using a mangrove rivulus, Kryptolebias
marmoratus, we tested the hypothesis that visual or limited physical interactions with
conspecifics can also inform individuals of their fighting abilities. We exposed individuals of
the fish to a stronger or weaker conspecific through a glass or a mesh partition before a
contest with a size-matched naive opponent. Individuals were expected to behave less/more
aggressively after having interacted with a stronger/weaker conspecific and to display
different degrees of behavioural modifications for the two partition treatments
(mesh-partition > glass-partition). Interactions with a stronger/weaker conspecific through a
glass partition did not appear to have a strong effect on the fish’s subsequent contest
behaviour. Restricted physical interaction with a stronger/weaker conspecific through a mesh
partition, however, had an unexpected effect, causing individuals to behave more/less
aggressively (matching the behaviour of the conspecifics) and/or win more/fewer subsequent
contests. Restricted physical interactions with a conspecific through a mesh partition thus
cause an individual to behave similarly to the conspecific, probably by modifying the
individual’s expectation of the dominance ability/aggressiveness of its future competitors or
assessing themselves to have similar fighting ability as the conspecific. Overall, these results
and the results of previous studies on the contest behaviour of the fish indicate that the
establishment of a clear dominant-subordinate relationship in previous fights is important to

the fish exhibiting winner-loser effects in subsequent contests.
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Resolving the paradox of environmental quality and sociality: the

ecological consequences of cooperative breeding in birds

Yu-Heng Lin1*, Shih-Fan Chanl, Dustin R. Rubenstein2,3, Mark Liul, and Sheng-Feng
Shenl1

1 Biodiversity Research Center, Academia Sinica, Taipei, 115, Taiwan

2 Department of Ecology, Evolution and Environmental Biology

3 Center for Integrative Animal Behavior, Columbia University, New York, NY 10027, USA

Cooperatively breeding animals occur in virtually every ecosystem on earth. Comparative
and biogeographic studies suggest that cooperative breeding behavior is favored by both
benign and harsh environments, something that constitutes a paradox of environmental
quality and sociality. To help resolve this paradox, we test predictions of the dual-benefit
framework, which distinguishes between two categories of grouping benefits underlying the
formation of social groups. This framework predicts that the ecological consequences of
sociality (e.g. niche breadth or range size) vary depending upon the benefits that species
receive by forming social groups. To determine the directionality of the relationships among
climate, life history, and range size, we used two groups of social birds that show contrasting
patterns between environmental quality and sociality and that appear to form groups for
different reasons: starlings and hornbills. Consistent with previous work in starlings, we show
that harsh and unpredictable environments promote cooperative breeding behavior, which in
turn leads to larger geographic range sizes. In contrast, cooperatively breeding hornbills occur
in benign and stable environments, and sociality does not influence range size. Our study
provides the first empirical evidence demonstrating that the dissimilar relationships between
sociality and climate in hornbills and starlings may occur because groups form because of
different types of benefits, as supported by the evidence of contrasting effects on species’
range sizes in the two taxa. Ultimately, studying the ecological consequences of sociality will

help us to better understand the rise and falls of social organisms, including our own species.
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Meteorological condition influences the migratory routes of Chinese
Sparrowhawk along the East Asian Oceanic Flyway
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Male mating success in relation to body size, call properties and lek

attendance in a lek-chorus treefrog Rhacophorus prasinatus.

Yuan-Cheng Cheng'?*, Yuying Hsu', Yi-Huey Chen’
1 Department of Life Science, National Taiwan Normal University
2 Biodiversity Program, Taiwan International Graduate Program, Academia Sinica and
National Taiwan Normal University

3 Department of Life Science, Chinese Culture University

In lek-chorus anurans, female choice and male lek attendance are two sexual selection
forces that shape male mating success. The good gene hypothesis proposes that choosy females
prefer males with certain call properties that are reliable indicators of high genetic qualities
because the reliability of the attractive call properties is usually constrained by males’
morphology. Conversely, the endurance rivalry hypothesis predicts that females are likely to
mate with males that spend more days in a lek regardless of the males’ call properties, and lek
attendance could reflect a male’s genetic quality because it is usually constrained by a male’s
physical condition. However, these two selection forces should be considered simultaneously
in the same system because call attractiveness and lek attendance may be constrained by the
same morphological or physical conditions. In this study, we monitored reproductive behaviors
in a wild population of the emerald treefrogs Rhacophorus prasinatus. Males’ mating successes
were significantly correlated with their lek attendance (the proportion of nights a male spent
calling in a lek) and the dominant frequency of their advertisement calls. Further, although
males’ body size was not correlated with mating success, we found that males’ body size was
positively associated with their lek attendance and negatively correlated with the dominant
frequency of their advertisement calls. Our preliminary results show a case in which both males’
call properties and their lek attendance, which are linked to the same morphological trait,

influence males’ mating success.
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Behavior-related DRD4 polymorphisms in invasive African
sacred ibis populations

Yu-Chia Ku!, Chen Siang Ng'=2*
nstitute of Molecular and Cellular Biology, National Tsing Hua University

Department of Life Science, National Tsing Hua University

It has been suggested that individual behavioral traits affect the potential to
successfully encounter novel environments, such as invasion. Identifying the genetic
basis of behavioral variation in invasive species thus serves an important step towards
understanding the evolutionary potential of animal invaders. Using African sacred ibis
Threskiornis aethiopicus sampled from invasive Taiwanese populations, we
investigated sequence data of the dopamine receptor D4 gene (DRD4), a locus
suspected to be under selection for novelty-seeking behavior in a range of taxa
including mammals and birds. We hypothesized that such behavior may be adaptive
during invasion. The sequence data obtained in this study will allow evaluation of the
involvement of the DRD4 in the invasion of African sacred ibis populations in Taiwan
through genetic differentiation and selection signature. In addition to analyses to
detect the presence of selection, we also estimated population differentiation and gene
diversity using a neutral marker data in the same individuals. The identified genetic
variants also have the potential to understand the evolution of behavior in these

invasive bird populations.
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Finding Dybowskyi: Systematic status reconfirm and phylogeographical
investigation of two controversial stag beetles, Lucanus dybowskii and Lucanu

maculifemoratus (Coleoptera: Lucanidae) throughout East Asia
Pang-Yu Liu! Shu-Ping Wu'-2

1. Master’s Program in Environmental Education & Resources, University of Taipei

2. Department of Earth and Life Science, University of Taipei

A controversial species complex of stag beetle, Lucanus maculifemoratus, is
widespread throughout East Asia and its adjacent archipelagos. Most entomologists
consider that the nominate subspecies of L. maculifemoratus is distributed in Japan,
and that other subspecies are distributed in eastern Asia, such as Primorsky Krai area
of Russia, Korea, mainland China and Taiwan.

Based on anatomical characteristics, a 2010 study claimed that L. maculifemoratus
was an endemic species of Japan. Other subspecies of L. maculifemoratus sensu lato,
including L. d. lhasaensis from southwest China and L. d. taiwanus from Taiwan were
re-classified as subspecies of L. dybowskii. However, such re-classification remains
under debate.

In this study, we used molecular evidence to investigate the phylogeny of L.
maculifemoratus samples from Japan, and L. dybowskii samples from eastern Russia,
Korea, mainland China and Taiwan. Our results showed that L. maculifemoratus from
Japan and L. dybowskii were two different species with more than 10% genetically
distinct mtDNA sequence. We also present the phylogeographical relationships of
three subspecies of L. dybowskii. We used 12 populations of L. d. taiwanus from

Taiwan and demonstrated that L. d. faiwanus is a subspecies of L. dybowskii.

Key Words: stag beetles, Lucanus dybowskii, Lucanu maculifemoratus
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Eat microplastics, die early?

Do microplastics lead to higher mortality of barnacle larvae?

Sing-Pei Yu*, Benny K. K. Chan
Institute of Ecology and Evolutionary Biology, National Taiwan University

Biodiversity Research Center, Academia Sinica

Plastic litter negatively impact the marine life. Plastic debris smaller than 5 mm in diameter
are classified as microplastics. Microplastics can be generated during plastic manufacturing
or came from degradation of larger plastic fragments in the nature environment. Compared to
macroplastics, the influence of microplastics on marine life are still largely unknown.
Although some studies have evaluated the effect of microplastics on responses of adults but
relatively less studies focus on larvae. Another constrain is the short experiment time. In the
present study, we used barnacle naupliar larvae (Amphibalanus amphitrite), as a model
organism for crustacean larvae, to investigate the ingestion of four sizes of polystyrene
microbeads (diameter 1.0, 6.8, 10, 20 um respectively) at four concentrations (1000, 100, 10,
1, 0 beads ml™"). After exposed to microplastics from nauplii to cyprids, nauplii mortality,
development time, growth and metamorphosis rate were not significantly different from
control which didn’t receive any microplastics. Moreover, feeding ability of nauplii were
barely affected at the highest concentration (1000 beads ml™!). After ingestion, microplastics
were egested together with digested algal materials within several hours. Fecal pellets
contained microplastics with digested algal materials would sink to the bottom eventually. As
a result, ingestion of microplastics by zooplanktons can transfer microplastics to the benthic

environment.

Keywords : microplastics, barnacle larvae, ingestion, mortality
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The risk of infectious diseases from wildlife trade: case study of

Taipei Zoo

Wen-Ta, Li'" ~ Li-Shin, Wu? ~ Ting-Yu, Chen® + An-Hsing, Lee? + Jun-Cheng, Guo? ~ Hui-
Wen, Chang' ~ Victor Fei, Pang! ~ Fun-In, Wang' ~ Chen-Hsuan, Liu! ~ Chian-Ren, Jeng!
1 Graduate Institute of Molecular and Comparative Pathobiology, National Taiwan
University

2 Taipei Zoo

More than 100 million wild animals are captured from their natural habitat or artifically raised
under captive environment, and they are sold and transportated transnationally as food, pets,
leather, tourist curios, and medicine. However, ilegal wildlife trade is not only harming the
populations of endangered species but also a source of introducing novel and exotic infectious
diseases that may compromise the health of edemic animal species. Taipei Zoo, one of the first
line institution dealing with confiscated wildlife, has collaborated with Graduate Institute of
Molecular and Comparative Pathobiology (GIMCP), National Taiwan University (NTU) to
investigate the diseases in wild animals for many years. In this case study, two emerging
infectious diseases, including 1) reptile dermatophilosis in confiscated diamondback terrapins
(Malaclemys terrapin), confiscated four-eyed turtles (Sacalia quadriocellata), and edemic
speices- Taiwan japalure (Japalura swinhonis), and 2) mycolactone-producing Mycobacterium
marinum, in Hong Kong warty newts (Paramesotriton hongkongensis) and other
amphibian/reptile species, are presented. Reptile dermatophilosis is a contagious skin disease
caused by Austwickia chelonae and characterized by multiple raised encrusted skin lesions
throughout the body surface. Mycolactone-producing M. marinum, harboring a mycolactone-
producing plasmid, is able to generate an immunosuppressive/cytotoxic toxin (namely
mycolactone) and thereby causes non-granulomatous necrotic lesions of multiple viceral
organs in amphibians and reptiles. Above 2 infectious diseases are first reported in the free-
ranging or captive wild animals in the region of Southeast Asia. Altoguh the ecological impacts
caused by A. Chelonae and Mycolactone-producing M. marinum need further investigation,
our findings hightlight the potential role of Taipei Zoo colaborated with GIMCP, NTU on the
identification, prevention, and control of transboundary infectous dieases in wildlife.
Furthermore, many infectous dieases in wildlife are zoonotic, and thus the disease investigation

in wild animals, especially the confiscated wildlife, is beneficial to the human health as well.
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Does herbivory by Formosan sika deer (Cervus nippon taiouanus) induce cascading
effects on forest biodiversity?

Jun-Wei Lu', Chien-Te Chen?, Li-Wei Songl, Cheng-Tse Lin', Hsin-Ya F angl, Chia-Yu Chen', I-Jou
Hsiao', Chia-Hao Chang-Yang™ Yung-Hao Fu', and Yi-Ching Lin'

1Department of Life Science, Tunghai University, Taichung, 40704, Taiwan
2Department of Agronomy, National Chung Hsing University, Taichung, 40227, Taiwan
3Department of Biological Science, National Sun Yat-Sen University, Kaohsiung, 80424, Taiwan

ABSTRACT: As increasing deer populations reduce plant diversity in many forest
ecosystems worldwide, deer herbivory may lead to homogenization of plant
communities and ecosystem functions. In this study, we evaluate cascading effects of
deer herbivory on species and function diversity. It is hypothesized that deer
herbivory may result in simplification of plant and microorganism diversity. This
study was carried out in the Kenting Karst Forest, Taiwan. Fifteen deer exclosures
were established in December, 2014. Every woody seedling taller than10 cm within
the deer-access and excluded plots (6 m x 6 m) were tagged, mapped and identified to
species at a three-month interval during January, 2015 to October, 2017. Functional
diversity of woody plants were estimated based upon four functional traits, leaf
thickness, specific leaf area (SLA), leaf dry matter content (LDMC), and
photosynthetic capacity. Mean, soil samples were collected during July 2017 - April
2018. Our result indicated that species diversity of woody plots in the exclosure plots
were significantly higher than control plots. Species-specific recruitment and survival
were found. Despite the decrease in species diversity, functional diversity of woody
plants and soil microorganisms did not differ significantly between the exclosure and
control plots. In conclusion, deer herbivory resulted in a decrease in species diversity,
but did not alter functional diversity of plants or soils during the 3 year interval. Long-
term monitoring on ecosystem functions may be important. This study suggested that
appropriate protection of palatable species was necessary for the conservation of

species diversity in the Nature Reserve.

Keywords: Ungulate Exclusion, EcoPlates, Ecosystem function, Reintroduction
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On the Origin of Arboreal Snails: In Response to Terrestrial Predators
An-Ni Yang! Lam-Wei Yeh? Shu-Ping Wul:3

1. Department of Earth and Life Science, University of Taipei
2. Department of Life Science, Thunghai University

3. Master’s Program in Environmental Education & Resources, University of Taipei

There are approximately 60,000 species of land snails in the world. While most are
terrestrial, some have parted ways with their ground-dwelling ancestors and become
arboreal. While hypotheses and ecological models can explain the advantages of these
snails’ added ability to live in trees in contrast to their ground-dwelling kin, debate
remains about just how the initial opportunity and forces arose to impel ground snails
to begin to climb and subsequently live upon trees.

In this study, we examined land snails from three ecological habitats — terrestrial,
semi-arboreal and arboreal, within a monophyletic lineage of the camaenids land
snails of Taiwan. Our objective was to observe whether snails from these different
spatial habitats would survive or not when attacked by a terrestrial predator. We
adapted a strictly terrestrial carnivorous carabid beetle (Carabus nankotaizanus
(Coleoptera: Carabidae)) as the predator, and observed the results when the snails
were preyed upon by the beetles.

In analyzing the escape behavior of the different snails, we summarized the following
points: 1) Land snails may use shell structure, mechanical and/or behavioral strategies
to avoid predators. 2) The snail’s shell is not an impregnable “safety castle”; predators
always succeeded in preying upon the snails regardless of shell size, if the snails
merely retreated into the shell when under attack. 3) The only successful means of
survival for snails attacked by the beetles was “fight and flight”, that is, to use both
antagonism and fleeing strategies together. 4) When encountering a terrestrial
predator, fleeing up a tree proved an excellent choice, as the predator is unable to
follow.

Our results provide important clues in explaining why some snails became arboreal,
namely, that trees provide safe refuge in face of terrestrial predation. Tree-dwelling
enhances survival. This superior survival strategy reliably explains why some land

snails, through evolution, have gained the ability to climb trees.

Key Words: Arboreal Snails, Terrestrial Predators
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Field Application and Evaluation of Multiple Biocontrol Agents (Competing Ant and
Pathogenic Virus) against Red Imported Fire Ants

ARBEE T AR
Wei-En Lin, Chung-Chi Lin
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Department of Biology, National Changhua University of Education
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Topography Determines the Locally-adapted Phenology and
Population Vulnerability to Climate Change in Asian
Burying Beetles

Hsiang-Yu Tsai"*’, Dustin R. Rubenstein®, Yu-Meng Fan'?, Tzu-Neng Yuan',
Bo-Fei Chen', Yuki Haba®, I-Ching Chen®, Yezhong Tang’, Sheng-Feng Shen"”’

! Biodiversity Research Center, Academia Sinica, Taipei, 115, Taiwan
*Institute of Ecology and Evolutionary Biology, College of Life Science, National
Taiwan University, Taipei, 115, Taiwan
*Department of Ecology, Evolution and Environmental Biology and * Center for
Integrative Animal Behavior, Columbia University, New York, NY 10027, USA
*Department of Life Sciences, National Cheng Kung University, Tainan, 70101,
Taiwan
>Chengdu Institute of Biology, Chinese Academy of Sciences, Chengdu, 61004,
People's Republic of China

Keywords: Local Adaptation, Climate change, Niche, Species vulnerability, Thermal
tolerance, Phenology, Photoperiodism

Abstract

The source and pattern of trait variation among different populations of a species
are critical for understanding species distribution and vulnerability to climate change.
This is because a widely distributed species can comprise many locally-adapted
populations or populations with wide niche breadth individuals that can plastically
respond to different environmental conditions. However, little is known about what
key functional traits drive the distribution of populations and the sources—Ilocal
adaptation or phenotypic plasticity—of the variation in these key functional traits.

Here, we investigate the thermal trait variations —namely thermal tolerance and
photoperiodism—in five populations of the Asia burying beetle, Nicrophorus
nepalensis, in different mountain ranges and latitudes. We found that photoperiodism,
but not thermal tolerance, is the key functional trait driving the temporal niche
distribution of N. nepalensis. Importantly, topography and latitude jointly determine
the temporal niche breadth of populations such that mountain populations at low-
latitude are temporal niche generalists that can breed continuously whereas lowland
populations in both lower and higher latitudes and the mountain population at higher
latitudes are niche specialists that can only breed seasonally in winter and summer,
respectively. Through laboratory common garden and field transplant experiments,
we further confirm that the widely distributed N. nepalensis contains many locally
adapted populations with different photoperiodism. Our simulation further shows that
the low-latitude mountain population is most vulnerable to climate warming because
hot summers disrupt their breeding season. Together, our study demonstrates that
identifying niche space and the key functional trait responsible for the niche space
variation among populations are crucial for accessing population vulnerability.
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Interspecific competition determines range limits of burying beetles

(Nicrophorus spp.)

Chung-Fan Chang'?*, Sheng-Feng Shen'*
1. Biodiversity Research Center, Academia Sinica

2. Institute of Ecology and Evolutionary Biology National Taiwan University

Biotic and abiotic factors can influence the distribution and coexistence of species. Examining
species’ range limit allows us to understand how biotic and abiotic factors influence species
distributions. However, the impacts of biotic factors on species’ range limits remain elusive. In
this study, we conducted a series of field experiments to examine the cooperative breeding
behavior and breeding performance of two burying beetle species, Nicrophorus nepalensis and
N. schawalleri along a large elevational gradient in Jiajin mountain, China. We also compare
the results to the Hehuen mountain population of N. nepalensis in Taiwan where when N.
schawalleri is absent. Our results showed that N. nepalensis bred successfully in a narrower
temperature range in Jiajin mountain compare to the Taiwan population. N. nepalensis also
showed higher breeding success rate in large groups than in small groups in both China and
Taiwan populations, suggesting that the benefit of grouping exist in N. nepalensis. We also
showed N. schawalleri may limit N. nepalensis’ upper range limit because the higher elevation
habitats beyond the species’ range limit are still suitable for the N. nepalensis to breed. In
contrast, N. schawalleri shows no significant grouping benefits where large breeding groups
did not have better breeding performance than small breeding groups. Our findings indicate
that the range limits of these two species may be determined by interspecific competition, and
different cooperative strategy can influence the competitive ability of species at different

environmental conditions, which, in turn, affect their range limits.
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Why and How Using -Omics Approaches to Ecology and Evolution

BEA Y
Ben-Yang Liao
[ X T A T T e A B A R RS T F Pir
(Institute of Population Health Sciences, National Health Research Institutes)

High throughput -omics approaches have gradually become indispensable to address key
issues in many fields of biological researches, including those of ecology and evolution. First
of all, I will explain the biological reasons for the advantages of adopting -omics methods to
uncover the molecular basis underlying the morphological, physiological and behavioral trait
of interest. Focusing on vision related traits, I will demonstrate how an integrated analysis
combining different levels of -omics data have assisted the discovery of tens of candidate
genes underlying vertebrate visual capability. Subsequently, I will demonstrate how the
phenotype of degenerated eyes that are buried deeply within adipose tissue that is covered
with skin could have been originated during the evolution of the cave-dwelling teleost species
Sinocyclocheilus anophthalmus. Lastly, I will introduce our recently developed bioinformatic
application named as modPhEA (http://evol.nhri.org.tw/modPhEA/). Omics analyses often

produces gene set as the primary results. modPhEA serves to functionally interpret gene sets
based on phenotypes that were previously found to result from genetic perturbations in
several model organisms. Therefore, it is readily applicable to ecological/behavioral

investigations using different model organism systems or even non-model species.
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Fast identification of CITES-listed shark species by

Loop-mediated isothermal amplification (LAMP)

Tzu-Chun Lin, Jen-Chieh Shiao

Institute of Oceanography, National Taiwan University

Identification of shark species at landing is difficult because most key diagnostic
features have been removed on board. Traditional genetic testing such as DNA
barcoding can identify the species without any morphological characters, but it takes a
long time and requires the precision instruments in a lab. To shorten the process of
species identification and perform it in the field, an alternative technique named
loop-mediated isothermal amplification (LAMP) was applied to identify CITES-listed
shark species. Species specific primers were designed to target the mitochondrial ND2
gene of pelagic thresher shark (4lopias pelagicus) and scalloped hammerhead shark
(Sphyrna lewini) respectively. After the extraction of shark DNA by a homogenizer
(Biomasher), DNA amplicons were reproducibly generated for 30 min in the
incubator at 65°C. If the amplification occurred, there were a change in color of the
reaction from pink to yellow by using colorimetric LAMP Kit. A total of 123 samples
from 15 species were tested. The results are very promising that test outcomes of two
species demonstrated a high degree of sensitivity (100%, 100%), specificity (89.5%,
97.7%), and accuracy (91.1%, 98.4%). The LAMP assay described here can
distinguish the target species from the other non-target species and provided a fast,
reliable method to identify CITES-listed shark species.

Keyword : species identification, CITES-listed shark, loop-mediated isothermal
amplification (LAMP)
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Spatiotemporal patterns of taxonomic diversity of bats driven by

climate change in Vietnam

Tuan Le Quang'?*, Thong Vu Dinh', Tu Vuong Tan"3, Vy Tran Nguyen®,
Joe Chun-Chia Huang?, Mao-Ning Tuanmu?
nstitute of Ecology and Biological Resources,
Vietnam Academy of Science and Technology (VAST)
’Biodiversity Research Center, Academia Sinica
3Graduate University of Science and Technology, VAST
*Institute of Tropical Biology, VAST

Characterizing spatial distributions of species can help understand biogeographical history and

the drivers of diversity, and help guide conservation planning to optimize conservation
strategies and reduce biodiversity loss. Vietnam sustains a diverse and abundance bat fauna.
However, the species richness pattern of bats and their responses to climate change in Vietnam
is still poorly understood, partly because bats are elusive and nocturnal species and thus are
difficult to be detected or identified. In addition, studies on bats are often insufficient in many
areas, especially in tropic forests, which are difficult to approach. The species distribution
modelling (SDM) can be a tool to overcome this shortage because it can predict the potential
distribution of species across wide areas based on the occurrence information and
environmental variables. In this study, we applied SDM to investigate the bat richness pattern
in Vietnam and its responses to climate change. By overlapping individual bats’ distribution
maps from SDM, we found that the northern Vietnam and the western area next to Laos have
the highest bat species richness. We then projected individual bat distributions in 2050 and
assessed the potential changes in species richness across Vietnam. Results showed that many
bat species might lose their habitats by 2050. Moreover, we evaluated how climate change
might affect species richness in current protected areas. The evaluation is helpful for making
conservation planning because it can recommend potential areas for bat conservation in the
future.
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Automatic detection of dolphins from photos
Yi-Cherng Li ', Jian-Jiun Ding !, Wen Hou %', Lien-Siang Chou

! Graduate Institute of Communication Engineering, National Taiwan University
2 Institute of Ecology and Evolutionary Biology, National Taiwan University

Abstract

Photo-identification has been an useful method for study population ecology of wild life
animals. Traditional photo-identification (Photo-ID) method requests tremendous effort on
cropping dolphin images from abundant original photos manually. In this study, we apply the
deep learning Yolov3 network, which is a famous object detection method, to extract dolphin
images from raw photos with background of water stains, light, and other objects. We modify
the darknet architecture of the deep learning Yolov3 network to fit the database which
contains over 20,000 photos of Chinese white dolphins taken from the western coast of
Taiwan during 2012 to 2017 in order to find appropriate boundary boxes from photos. So far,
we have achieved success rate of 87% to detect dolphins from raw photos. This approach
conduct automatically and the efficiency of dolphin detection has been improved dramatically.
It will be a very helpful tool for the study of dolphin identification.
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Remote Sensing Derived Habitat Indices Can Predict Spider

Species Richness in Urbanization Gradient

Kuang-Ping Yu'"; I-Min Tso?; Tzung-Su Ding'; Pao-Shen Huang?

'School of Forestry and Resource Conservation, National Taiwan University, Taipei, Taiwan

’Department of Life Science, Tunghai University, Taichung, Taiwan

Dynamic Habitat Indices (DHIs) have been suggested as good indices of habitat
features but have seldom been used in studies of small arthropods distribution. Hence,
we aimed to test the effectiveness of Normalized Difference Vegetation Index
(NDVI) derived DHIs on explaining both spider assemblage composition and species
richness at different spatial scales. We recorded spider species and abundance by
pitfalls in 1,145 sampling sites along an urbanization gradient in central Taiwan.
NDVI was obtained from Landsat 8 images. The relationship between DHIs and
spider assemblage composition and species richness were examined by generalized
linear mixed models at four spatial scales: 1, 6, 25, and 100 ha grids. Results show
that at spatial scale of 6 ha grids provides DHIs the highest variance in assemblage
composition. We also found positive exponential relationship between DHIs and
species richness at all spatial scales. However, the pseudo R? of the predictive models
increased with grid size but saturated at grid sizes larger than 6 ha (pseudo R? 0.66 at
100 ha scale). Minimum DHI, which represents the annual minimum productivity,
was the most significant factor and its significance level increased with grid size. We
recommend 6 ha grid size is an appropriate spatial scale when using remote sensing
derived indices to explain or predict spider species diversity and assemblage
composition. Our findings also indicate that DHIs, especially minimum DHI, can be
good predictors of spider species richness. Maintaining higher productivity in non-
growing season is an important conservation strategy to ground-dwelling spiders in

urbanized environment.
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Increase public perceived value toward Malayan Night Heron
through environmental education and citizen science
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A check list and population trends of invasive amphibians and

reptiles in Taiwan

Ko-Huan Lee'?", Tien-Hsi Chen?, Gaus Shang*, Simon Clulow?, Yi-Ju Yang®, Si-Min Lin'

1 School of Life Science, National Taiwan Normal University

2 Department of Biological Sciences, Macquarie University

3 Institute of Wildlife Conservation, National Pingtung University of Science and Technology
4 Department of Biotechnology, Ming Chuan University

5 Department of Natural Resources and Environmental Studies, National Dong Hwa

University

Invasive species have impacted biodiversity all around the world. Among various ecosystems,
islands are most vulnerable to these impacts due to their high ratio of endemism, highly
specialized adaptation, and isolated and unique fauna. As with other subtropical islands, Taiwan
faces constant risk of biological invasions and is currently ranked as one of the countries most
affected by invasive amphibians and reptiles. We provide a comprehensive information of all
exotic amphibians and reptiles including their distribution, colonization history, threats to
native animals, and population trends based on literature records, fauna surveys, and data
collected during invasive species eradication and control programs. We document seventeen
species consisted of eleven species which have successfully colonized Taiwan and six species
with a controversial status. We discuss these six species that are considered to be native while
evidences imply that they might be invasive. Research on verifying their introducing patterns
should be conducted so that a proper wildlife management could be adopted on these species.
We also provide a list of species with high-risk to become invasive in Taiwan. This study report,
for the first time, a comprehensive survey of invasive herpetofauna in Taiwan, which we hope
will provide a valuable reference to other regions which might suffer from similar invasion risk.
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The possible invasions of vermicomposting earthworms in the field of

Taiwan

Chia- Jui Chang ' ~ Yung-Song Chen '

"Department of biotechnology and animal science, National Ilan University

The variety dubbed as Tai-Pin #2 using widespread in vermiculture in Taiwan is actually three
common exotic species i.e., Eisenia andrei, Perionyx excavatus and Eudrilus eugeniae. A big
concern raised in vermiculture is whether the worms will be surviving successfully in the
wildlife or farm field in Taiwan provided a widespread vermiculture being promoted and
thereafter may lead to severe environmental impacts. The present study is divided into two
parts to tackle the issue. Trial 1 firstly to investigate the vermiculture species and its proportion
used in Taiwan, and a total of nine vermiculture farms were investigated. The results showed
the main vermicomposting varieties including the above three species, however, only one farm
with all of them. Trial 2 the three vermiculture species were reared in spent mushroom
substrate(control) which usually used in vermiculture and the field soil(treatment) which from
the Eco-farm of Ilan Community College. Maintaining the substrate moisture around 70-80%
and applied rice bran as worm feed in control group during the experimental period of six
weeks by comparison the surviving conditions of three earthworm species in the field soil of
treatment group. The results revealed all the three earthworm species will survive in the field
soil, and particularly except Perionyx excavatus the survival rate of the other two species, i.e.,
Eisenia andrei and Eudrilus eugeniae, are higher in the field soil than those in spent mushroom
substrate. Meanwhile the average earthworm biomass also increase with time series except
Perionyx excavatus in the field soil. In conclusion, the present study confirms that the
composting earthworm species in Taiwan do have the opportunity to survive in the field.
Fortunately, these exotic species have not yet been found in the farm field, hence the further

study is highly recommended.
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Imapcts of neonicotinoid insecticides — a story from honeybee colony
missing

En-Cheng Yang

Department of Entomology, National Taiwan University, Taipei, Taiwan

Multiple factors have been associated with colony losses, including the parasitic mite Varroa
destructor, the fungal parasites Nosema apis and N. ceranae, viruses, and widespread pesticide
application. Although the putative causes of honey bee loss have not yet been determined, the
large-scale use of systemic pesticides, such as clothianidin, imidacloprid, and thiamethoxam,
and other pesticide types has been implicated as a major contributing factor. Accumulating
evidence indicates that at sublethal doses, neonicotinoids cause honey bee brain dysfunction
and reduce immunocompetence, leading to impaired navigation and olfactory learning and
memory, and susceptibility to pathogens. Moreover, such pesticides disturb the reproductive
system of queen bees, i.e., the number of eggs and viability of sperm stored in the spermatheca
of queen bees, thereby reducing the numbers of adult bees and broods. The sublethal effects of
pesticides on honey bees have also been investigated in the larval development stages. Pesticide
exposure during the larval development stages prolongs larval development and shortens adult
longevity. In addition, the density of synaptic units in the calyces of mushroom bodies in the
heads decreases; this effect has been further associated with the abnormal olfactory learning
ability of adult honey bees exposed to sublethal doses of imidacloprid during the larval stage.
Therefore, numerous physiological aspects of honey bees might be altered after exposure to
pesticides at sublethal doses, regardless of the developmental stage. Further investigation on
the global gene expression changes in the heads of newly emerged adults observed that 578
genes showed more than 2-fold changes in gene expression after imidacloprid exposure. This

information might aid in understanding the effects of pesticides on the health of pollinators.
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Predicting the distribution of brown anole (4nolis sagrei) with

MaxEnt model and satellite image in Chiayi, Taiwan

AT FER
An-Chi Yu™ and Jia-En Sheu
IR 9 of L SRl L
Department of Geography, National Taiwan Normal University

The brown anole (Anolis sagrei) has been rapidly expanding in Taiwan in the last two
decades. However, its potential distribution is still not clear. Although the temperature is
often considered in species distribution modeling among lizard species, most of the studies
use interpolated climatic data which present average states in spatial and temporal scale. The
first aim of this study is to determine the potential habitats of the brown anole less than 500
meters above sea level in Chiayi area. Second, we are wondering that whether 30m resolution
satellite image can help us to identify the distribution of the brown anole. We collected 20
occurrences with stratified random sampling based on land cover classification in Santzepu,
Chiayi County in July, 2018. Twenty-nine environmental coverages are assembled from
ASTER GDEM, WorldClim climatic variables, Landsat 8 image and population density.
Predictions are generated in Maxent and tested by 12 occurrences in the 2017 report. The
AUC value is 0.981 which means the predictions is robust. The result shows that the brown
anole is limited less than 100 meters above sea level. The habitats with wetter soil moisture,
locating or near the opening grove represent a high probability of occurrence. The brown
anole performs high temperature tolerance in the thermal band data from Landsat 8 image. In
conclusion, remote sensing data can provide the instant land surface states such as the
temperature and the vegetation cover that can refine the predictions of species distribution

modeling in lizard species.

B 4 F (keywords) © B = F 4= f& 4 # $3% (MaxEnt) ~ % B fj(satellite image) ~ » &

(invasive species) ~ ) =~ % ¢ Wi(4nolis sagrei)
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Parasites of invasive animals and where to find them: the
amphibian cases in Taiwan
(S CIEV LS ED TNEY DU LES $97
Hsuan-Wien Chen
Department of Biological Resources, National Chiayi University, Taiwan
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Alien species invasions pose major threats to biodiversity conservation. Among all the
impacts, negative or positive, direct or indirect, caused by alien species invasions,
parasites are often overlooked. When alien parasite invades along with their host, it
may infect local naive host and result in parasite spill-over, subsequently, threaten the
local biota. On the other hand, alien host may acquire local parasites from invaded
sites. The so-call parasite spill-back may jeopardize the anticipated long-term
relationships between local parasites and their hosts. Herein, we examined two alien
invasive frogs, the banded bullfrogs (Kaloula pulchra) and the spot-legged tree frog
(Polypedates megacephalus) both originated from southeastern Asia and were first
recognized in Taiwan two decades ago, to determine their parasitic infections. We
then compared the parasite communities of these invasive frogs with those from the
most abundant and widespread native amphibian, the Asian toads (Duttaphrynus
melanostictus). Based on these comparisons, we tested the hypothesized emery
released, spill-over, spill-back as well as the dilution effect of parasites resulted from

species invasions.

Keywords: community structure, nestedness pattern, species invasions, spill-over and
spill-back
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Movement pattern variations of Sepioteuthis lessoniana seasonal
groups in northeastern Taiwan inferred by statolith stable isotopes

analyses

Chun-I Chiang" %", Ming-Tsung Chung?, Jen-Chieh Shiao*, Tin-Yam Chan',
Atsuko Yamaguchi?, Chia-Hui Wang®

1. Institute of Marine Biology, National Taiwan Ocean University, Taiwan

2. Graduate School of Fisheries and Environmental Sciences, Nagasaki University, Japan
3. Department of Bioscience, Aarhus University, 8000 Aarhus C, Denmark

4. Institute of Oceanography, National Taiwan University, Taiwan

5. Department of Environmental Biology and Fisheries Science, National Taiwan Ocean
University, Taiwan

Sepioteuthis lessoniana is a widely distributed neritic species in the Indo-Pacific Ocean and
spawns nearly year-round. In this study, we tried to reconstruct movement pattern variations
of S. lessoniana in northeastern Taiwan by reading statolith daily increments to identify
individual’s hatching season and analyzing its stable O and C isotopic ratios by life stages to
predict residence temperature and metabolism.

The §'30 values in the statolith core were between -2.6 to -1.8%o for all seasonal groups,
indicating the optimum hatching temperature ranged between 24-27 °C for the species. For
the summer and autumn groups, §'30 values ontogenetically decreased to the lowest values
then following a rapid increased at statolith edge, suggesting that the juveniles grew in
warmer sea surface layer (0-30 m) and moved to colder waters around 100 m depth at the
adult stage. The spring group displayed a rather lower value and less variation in §'*0 values,
suggesting that they preferred to stay in shallower waters throughout all life. The §'3C values
significantly correlated to body weights and increment widths during later life history stages,
indicating that the metabolic rate directly affected statolith 8'°C values. The generally higher
8'3C value in the autumn group was likely due to the downward movement, which might be
linked to the effect of temperature change.

Our study infers that seasonal groups of S. lessoniana in northeastern Taiwan displayed
different vertical movement strategies. Isotopic compositions provided insight into movement
pattern variations at spatial-temporal scales that will be important for evaluating the habitats
with life stages and fishery management for cephalopods.

Keywords : Sepioteuthis lessoniana, stable isotopes, statolith, vertical movement patterns
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Plant drought stress randomizes arthropod community assembly

Po-An Lin!, Chia-Ming Liu2, Cheng-Han Sun3, Jia-Ang Ou3, Natsuko Kinoshita2, Chuan-Kai
Ho3, Gary W. Felton!

IDepartment of Entomology, Pennsylvania State University, USA
2Department of Agro-bioresources Science and Technology, University of Tsukuba, Japan
3Institute of Ecology and Evolutionary Biology, National Taiwan University, Taiwan

Modern community assembly theory posits that ecological communities are formed through a
combination of stochastic and deterministic processes that are structured hierarchically. At the
top of the hierarchy is dispersal, which has traditionally been viewed as a stochastic process.
Abiotic and biotic conditions then act as filters to ultimately determine which species occur in a
given locality. However, mobile organisms can disperse deterministically in response to biotic
and abiotic conditions. In fact, deterministic dispersal is ubiquitous in plant-arthropod systems.
For example, many herbivorous insects oviposit preferentially in accordance to host plant quality
while plants can omit volatiles to recruit natural enemies in response to herbivory. The presence
of active preferences suggest that dispersal can be a non-stochastic process when mediated by
abiotic or biotic factors. We test this hypothesis experimentally by inducing drought stress to a
crucifer weed, Rorippa indica, placing it in the field for arthropods to freely colonize. Plants
were retrieved after two weeks and all insects present were identified. Additionally, we replicated
this experiment at two different biogeoclimatic regions, Taiwan (subtropical) and Japan
(temperate), to see whether there are biogeographic differences in assembly mechanisms. A total
of 6370 individual arthropods, spanning 43 families, were recorded. Analysis of dissimilarity in
species composition between individual plants (ie. beta-diversity) revealed that arthropod
communities were equally dis/similar between drought-stressed and control plants. However,
using a null model approach, which partitions out the effect of species richness on observed beta-
diversity, we found that arthropod assembly on drought-stressed plants were more stochastic.
Interestingly, differences in assembly mechanisms between drought and control plants were only
observed only in Taiwan and not Japan. Our results indicate that, at least at small spatial scales,
community assembly may not necessarily be a hierarchical process and that dispersal, biotic, and
abiotic factors may interactively dictate the relative roles of stochastic and deterministic
processes in generating patterns of biodiversity.

Keywords: Community assembly, beta-diversity, plant-animal interactions, plant
drought stress
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Currents shaped the lineage distributions of Tridentiger barbatus
along the Chinese coast

Jiehong Wei', Min-Yun Liu%, Jen-Chieh Shiao®, Fan Li', J inquan Yang4, Y oshiyuki lizuka®,
Bin Kang®, Te-Yu Liao'"
1. Department of Oceanography, National Sun Yat-sen University, Kaohsiung, Taiwan
2. Taiwan Ocean Research Institute, National Applied Research Laboratories, Kaohsiung,
Taiwan
3. Institute of Oceanography, National Taiwan University, Taipei, Taiwan
4. Laboratory of Fishes, Shanghai Ocean University, Shanghai
5. [Institute of Earth Sciences, Academia Sinica, Nangang, Taipei, Taiwan

6. Fisheries College, Ocean University of China, Qingdao

Complex coastal current systems and Pleistocene glacial cycles are possible factors in the
divergence of marine organisms. In this study, we explored the genetic structure and life
history of a widely distributed benthic goby Tridentiger barbatus and its interrelationships
with coastal currents. In total, 258 individuals of 7. barbatus were collected from 14 sites
along the coast of China. The otolith growth increments showed that the pelagic larval
duration of 7. barbatus was between 20 and 30 days, and otolith Sr:Ca ratios implied that this
species may occasionally enter freshwaters. Fragments of cyth, Rh, and RAGI1 were obtained
from all individuals, and analysis of Bayesian trees and TCS networks revealed two deeply
divided southern and northern lineages with an overlap from Shanghai to Lianyungang. The
northern boundary of the southern lineage fits approximately with the circulation of the
Yellow Sea Coastal Current and Subei Coastal Current, which probably constrain the
northward dispersion of the southern lineage. The northward Taiwan Warm Current may play
an important role in the restriction of southward dispersal of the northern lineage. The
divergence time of the two lineages was approximately 1.65 mya, and a Bayesian skyline plot
showed that the sudden expansion times of the southern and northern lineages were 0.010
mya and 0.015 mya, respectively, implying a post-glacial recolonization. Despite the shared
common haplotypes and insignificant analysis of molecular variance (AMOVA) among-
groups differentiation in both lineages, numerous intra-group unique haplotypes were found
across Fuding-Raoping, the Changjiang River, and the Bohai Sea. The variation in haplotype
composition was not reflected in AMOVA or genealogy analyses, probably due to the
extremely low genetic divergence, which provided limited phylogenetic information.
However, the constrained distribution of haplotypes reflects the influence of currents along
the Chinese coast on the phylogeographic pattern of 7. barbatus, an inshore species with
relatively short pelagic larval duration.
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Multiple evidences reveal the first case of speciation of

Batesian mimics without phenotypic shift

Chia-Hsuan Wei'?*, Li-Wei Wu?, Yu-Feng Hsu*, Shen-Horn Yen’
'Biodiversity Research Center, Academia Sinica, Taipei, Taiwan
2Department of Life Sciences, National Cheng Kung University, Tainan, Taiwan
3Experimental Forest, National Taiwan University, Nantou, Taiwan
4School of Life Science, National Taiwan Normal University, Taipei, Taiwan

SDepartment of Biological Sciences, National Sun Yat-Sen University, Kaohsiung, Taiwan

Understanding and resolving conflicts between phenotypic and genetic differentiation is
central to evolutionary research. While phenotypically polymorphic species involving
Batesian mimicry may exhibit no genetic divergences, some morphologically indistinct taxa
may show deep genetic differentiation. Here we conduct a morphological and molecular
phylogenetic investigation of Chilasa, a subgenus of Papilio which is well-known for the
dramatic polymorphism in wing pattern that involves Batesian mimicry relationships with
various unpalatable butterflies and moths. This group has 11 described species widely
spreads from the Indian subcontinent, throughout SW China/Indo-China, Taiwan, Sundaland,
Wallacea, the Philippines and some islands near New Guinea. Due to the obvious diversity
and gaps in mimetic wing patterns among the species, debates in most part of previous
studies focused on the relationships between Chilasa and other Papilio subgenera. In the
present study we re-examined the genitalic and wing morphology and reconstructed the
molecular phylogeny of 10 of the 11 species based on three molecular markers (COI, COII,
and EF1-a). We also included as many populations as we could obtain in the analyses in
order to avoid sampling bias of polymorphic species. The results from genitalia, phylogeny
based on 3 markers and the coalescent inference based on the barcoding fragment show
congruence in species delimitation, while the geometric morphometric outcomes are partially
consistent with the results. Cryptic species were detected from 3 of the 4 polymorphic species
from Indochina and Sunda islands, respectively. Surprisingly, we found no phenotypic shift
between sister species that share the same model, and this contradicts the prediction that a
large phenotypic shift should accompany with significant genetic differentiation under
Batesian mimicry scenario. This study also highlights an alternative pathway of phenotypic
evolution other than the classical prediction in Batesian mimicry and render a window for
future study on the intersection between species interactions and emergence of new
phenotype.

Keywords: Batesian mimicry, cryptic species, Papilio (Chilasa), speciation, geometric

morphometrics
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The niches of nuthatches affect their lineage evolution differently across
latitude

Yu-Chi Chen'*, Masoud Nazarizadeh?, Fu-Min Lei®, Xiao-Jun Yang*, Cheng-Te Yao’, Feng
Dong*, Lu Dong®, Fa-Sheng Zou’, Sergei V. Drovetski®, Yang Liu’, Chun-Cheng Huang' and
Chih-Ming Hung!

! Biodiversity Research Center, Academia Sinica, Taipei, Taiwan
2 Department of Environmental Science, University of Tehran, Karaj, Iran
3 Institute of Zoology, Chinese Academy of Sciences, Beijing, China
4 Kunming Institute Zoology, Chinese Academy of Sciences, Kunming, Yunnan, China
> Division of Zoology, Endemic Species Research Institute, Nantou, Taiwan
¢ Department of Life Science, Beijing Normal University, Beijing, China
7 South China Institute of Endangered Animals, Guangzhou, China
8 Laboratories of Analytical Biology, National Museum of Natural History, Smithsonian
Institution, Washington DC, USA
? State Key Laboratory of Biocontrol, Department of Ecology and School of Life Sciences, Sun
Yat-sen University, Guangzhou, China

Ecological niche evolution can promote or hinder the differentiation of taxa and determine their
distribution. The niche-mediated evolution may differ among climatic regimes, and thus species
that occur across a wide latitudinal range offer a chance to test the heterogeneous evolutionary
processes. In this study, we examine (1) how many lineages have evolved across the continent-
wide range of the Eurasian nuthatch (Sitta europaea), (2) whether the lineages’ niches are
significantly divergent or conserved, and (3) how their niche evolution explains their geographic
distribution. Phylogenetic reconstruction and ecological niche models (ENMs) showed that the
Eurasian nuthatch contained six parapatric lineages that diverged within two myr and did not
share identical climatic niche. However, the niche discrepancy between these distinct lineages
was relatively conserved compared with the environmental difference between their ranges and
thus was unlikely to drive lineage divergence. The ENMs of southern lineages tended to cross-
predict with their neighboring lineages whereas those of northern lineages generally matched
with their abutting ranges. The coalescence-based analyses revealed more stable populations for
the southern lineages than the northern ones during the last glaciation cycle. In contrast to the
overlapping ENMs, the smaller parapatric distribution suggests that the southern lineages might
have experienced competitive exclusion to prevent them from becoming sympatric. On the other
hand, the northern lineages have expanded their ranges and their current abutting distribution
may have resulted from lineages adapting to different climatic conditions in allopatry. This study
demonstrates that niche evolution may affect lineage distribution in different ways across
latitude.
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Flower color divergence along elevation in Taiwan

King-Chun Tai', En-Cheng Yang®, Chun-Neng Wang'*"

! Department of Life Science, National Taiwan University,

? Institute of Ecology and Evolutionary Biology, National Taiwan University,

? Department of Entomology, National Taiwan University

Flower color is the most important trait involving plant-pollinator interaction. Taiwan is a
subtropical island with extremely rugged topography over an elevation range from sea level to
3900m high mountains. Floral color assembly is thought to change along altitudes particularly
Hymenoptera pollinators declines in high altitude. To explore the possible influence of bee on
flower color assembly along altitudinal gradient in Taiwan, we measured the floral reflectance
of light across 300 to 700 nm wavelength on petals of 727 species from 11 plant communities.
The flower color diversity of Taiwanese species is comparable to that from Japan main islands
but both are lower than that from continental flora for example the Himalayas and Australia. The
overall fit of each species’ color to bee’s discrimination capacity was calculated by the mean
absolute deviation (MAD) of the inflections (the large changes in reflectance) from 400 or 500
nm (discrimination optima of bee vision). The result indicated that floral reflectance between
communities of all elevations were equally good for bee’s discrimination but the MAD value of
alpine and mid-alt species are statistically smaller thus they are more discriminable by bees
(hymenopteran). Floral color of alpine species in bee color hexagon are unevenly distributed and
the majority of them concentrate into a "white arm" in bee's blue-green photoreceptor region,
equivalent to human white/yellow color vision. When comparing flower color assembly along
elevations, mid-altitude communities exhibit clustering of floral color. This implies low color
divergence of mid-alt communities are perhaps driven by filtering, facilitation or convergence of
pollinator preference. On the other hand, alpine communities exhibit overdispersion of floral
color. In addition, the phylogenetic structure of alpine community reflects non-random assembly
with a trend of clustering. This suggests that the over-dispersed flower color diversity in
phylogeneticlly clustered alpine community may have a selective advantage. In other words, the
overdispersion of flower color is probably driven by competitive exclusion for pollinator
preference. Examples such as co-existing (sympatric) Gentiana and Clematis species displaying
distinct overdispersed color support that pollinators such as bee may have influence on alpine
plant community assembly. Overall, our result demonstrated that floral color assembly in Taiwan

could result from both the pollinator preference and competition for pollinators.
Keywords:

Pollinator preference, Floral color assembly, Bee’s discrimination capacity, phylogenetic

signal, competitive exclusion
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Study on the thermal tolerance of two invasive freshwater crayfish

(Procambarus clarkii  and Cherax quadricarinatus)
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Fish physiological responses to environmental changes revealed by
otolith metabolic proxy

Ming-Tsung Chung', Kris-Emil Mose Jorgensen!, Clive N. Trueman?, Rasmus Hedeholm?,
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1 Department of Bioscience, Aarhus University, Denmark
2 Ocean and Earth Science, University of Southampton, UK
3 Department of Fish and Shellfish, Greenland Institute of Natural Resources, Greenland
4 Institute of Marine Sciences, Italian National Research Council, Italy

Environmental change impacts individual animal largely through changes to metabolic costs
associated with maintenance, resource acquisition and competition. Determining individual-
level field metabolic rates is therefore a major step towards ecologically-based predictions of
population responses to environmental change. We have shown that the isotopic composition
of carbon in otolith aragonite can be used as a proxy field-based for oxygen consumption rates
in Atlantic cod (Gadus morhua). Here we use this proxy to evaluate spatial, temporal and
genetic influences on metabolic performance of Atlantic cod in natural habitats.

We compare field metabolic rates between co-occurring but genetically distinct populations in
West Greenland waters. We draw on historic otolith collections and compare cod sampled from
1952-2012 form the Greenland populations. Atlantic cod populations differed in field
metabolic rates between genetic populations and among years. The complex relationship
between experienced climate and population level metabolic rates may imply metabolic
plasticity and diverse adaptive strategies between cod populations and provides a physiological
perspective to explain population dynamics under changing environment.

Current theory predicting the performance of fish typically does not take into account
individual behavioural and physiological responses and adaptation, or altered metabolic costs
associated with changing foraging and predation dynamics. Otolith-based measurements of
individual-level field metabolic rates in wild fish populations could provide data needed to
enhance ecological models and provide more accurate and precise predictions of fish
population dynamics, behaviour and adaptation under a long-term environmental change.
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When males live longer: Resource-driven territorial behavior drives sex-specific

survival in snakes

Chi-Ying Lee®, David A. Pike®, Hui-Yun Tseng’, Jung-Ya Hsu®, Shiang-Lin Huang®, Pei-Jen

L. Shaner®, Chen-Pan Liao’, Andrea Manica®, and Wen-San Huang®

®Department of Biology, National Changhua Normal University, Taiwan
I"Department of Biology, Rhodes College, Memphis, Tennessee, USA
‘Department of Biology, National Museum of Natural Science, Taiwan

Swire Institute of Marine Science, School of Biological Science, The University of
Hong Kong, Hong Kong
®Department of Life Science, National Taiwan Normal University, Taiwan
f Department of Life Sciences, Tunghai University, Taiwan
éDepartment of Zoology, University of Cambridge, CB2 3EJ, UK

The tendency for females to have higher survival, and thus live longer, than males
has been attributed to the latter’s propensity to engage in aggressive encounters.
This hypothesis has been supported by phylogenetic analysis. Here we provide
further evidence by looking at an egg-eating snake (Oligodon formosanus) with
plastic territoriality. In this species, it is females which become territorial in the
presence of sea turtle eggs, a highly valuable resource. We took advance of a natural
experiment when a storm eroded the beach on which turtles nested at our study site,
thus removing the high value resource and leading to a loss of territoriality. By using
data collected before and after the storm, together with similar data from another
study site where turtle eggs remained available, we were able to show that
territoriality was the driver behind higher rates of injuries in females. Territorial
females also had lower survival and decreased longevity compared to the
non-territorial males, but these differences disappeared when females stopped being
territorial. Our study lends insights into the proximate and ultimate drivers of
territoriality, and how resource availability can influence the evolution of sex-specific
patterns of survival across vertebrates.
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Increase of mimetic fidelity during ontogenetic development of an
ant-mimicking spider Leptochestes berolinensis (Araneae:

Salticidae)
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'Department of Forestry and Resource Conservation, National Taiwan University, Taipei,
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2Department of Forest Ecology, Mendel University, Brno, Czech Republic
3Department of Botany and Zoology, Masaryk University, Brno, Czech Republic

Within Batesian mimicry, a palatable mimic imitates phenotype of an unpalatable model to
avoid predation. Mimetic species with epimeric development can either shift between different
models (i.e. transitional mimicry) or use different defensive strategies during ontogenesis.
Here, we tested whether there is ontogenetic transitional mimicry that would eliminate
predation risk in different developmental stages in the ant-mimicking jumping spider
Leptochestes berolinensis. We collected adult and juvenile spiders of different stages and
syntopiccally occurring ant models. The potential ant model species were: Camponotus vagus,
Lasius fuliginosus, Camponotus truncatus, and Dolichoderus quadripunctatus. To quantify
mimetic fidelity of different ontogenetic stages to potential models, we measured the body
profile, movement pattern, and coloration. Then we tested whether two potential predators,
mantis (Mantis religiosa) and nursery-web spider (Pisaura mirabilis), were deceived by the
mimics (adult, juvenile) after having experience with one of two most potential ant models (C.
vagus, L. fuliginosus). Non-mimic spiders (Pardosa lugubris, Philodromus cespitum) were
used as controls. The results showed that juveniles were most similar to L. fuliginosus, while
adults were most similar to L. fuliginosus and C. truncatus. The mimetic fidelity increased with
ontogeny. The potential predators never captured any ant model or a mimic spider, but always
captured the non-mimic spider. We conclude that there is transitional mimicry in L. berolinesis
and that the mimetic fidelity increased with ontogenesis. The myrmecomorphy indeed helped

to deter attacks from visually-oriented predators belonging to different guilds.
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From mainland to Taiwan: characteristics of fossil Elephantidae

in Taiwan

Chun-Hsiang Chang

Department of Geology, National Museum of Natural Science/ Taiwan

The Penghu Channel, along the western shore of Taiwan, is well known for yielding
numerous Middle to Late Pleistocene mammalian fossils, including an archaic Homo
mandible. These were recovered from the bed of the channel by trawling operations of
commercial fisheries in the Penghu Trench between the Penghu Archipelago and the

main island of Taiwan in the Taiwan Strait.

Earlier studies of Penghu fossil mammals described a modest fauna including archaic
elephant (Palaeoloxodon naumanni), horse (Equus ferus przewaskii), deer (Elaphurus
menziesianus) and buffalo (Bubalus teihardi); and several carnivores [Nyctereutes
procyonoides (Canidae), Ursus arctos (Ursidae), Crocuta crocuta ultima (Hyaenidae),

and Panthera tigris (Felidae)].

Based on the morphological comparison and analysis of elephantid remains from China
and Japan, there is no distinguishable morphological difference between the two groups:
Chinese large Palaeoloxodon, (P. huaihoensis) and the Taiwanese one. The Taiwanese
elephantid remains revealed an unexpectedly large size of robust, apparently primitive

morphology in lamellar frequency and enamel thickness at the eastern periphery of Asia.

Similarly, more archaic morphologies are observed in the hominin, artiodactyl, and
carnivorous taxa in Taiwan than adjacent Japan. Glacial periods, leading to land bridge
formation between Taiwan and mainland Asia, occurred at 0.8~0.7 Ma, 0.28~0.24 Ma,
and 0.18~0.125 Ma; and thus, the date of colonization of Taiwan by the Penghu
mammalian fauna, including Palaeoloxodon, is most likely late Middle Pleistocene.
The taxa preserved archaic features until the late Pleistocene. Therefore, Taiwan offered
a refuge with rich vegetation, preserving various mammalian taxa with archaic

characters.
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From paleontology to conservation paleobiology: using
otoliths to describe changes in reef fish communities in
Caribbean reefs over the last 7000 years

Chien-Hsiang Lin'", Brigida De Gracia®, Aaron O'Dea’
!Center for Tropical Ecology and Biodiversity, Tunghai University, Taiwan

2Smithsonian Tropical Research Institute, Panama

Fish otoliths are aragonite crystals that are taxonomically specific and are widely used
in paleontological studies. We find that contrary to popular belief otoliths are a
significant biogenic carbonate component in marine reef sediments and we therefore
explore their potential use in reconstructing past fish communities. We find high
fidelity between the living community and the otolith assemblages in both functional
and taxonomic measures, with the important differences being explained by
differential rates of turnover. We then compared mid-Holocene reef otoliths (ca. 7000
years old) from Bocas del Toro, Panama to comparable assemblages from modern
reefs in the same region. Rarefaction and extrapolation curves suggest that modern
reefs are more diverse than comparable reefs 7000 years ago. We find that modern
otolith assemblages are significantly different from their mid-Holocene counterparts,
probably reflecting changes in the cryptobenthic fish fauna driven by a decline in
structural complexity of coral reefs due to pervasive historical and contemporary

human disturbances.
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Lethal fight between males of nonpollinating fig wasps

Anthony Bain'?, Da-Mien Wong? and Lien-Siang Chou?

1) Department of Biological Sciences, National Sun Yat-Sen University
2) Institute of Ecology and Evolutionary Biology, National Taiwan University

Abstract:

Similar to many vertebrate and invertebrate species, many fig wasp species are
fighting other members of their species for mates. Fighting between the males of many
nonpollinating fig wasp species involves injuries and fatalities. Studies have shown that
large males fight for mates, whereas conspecific small males tend to adopt nonfighting
behaviors. How body size, male morphs, and injury severities are associated with mating
strategies (fighting and sheltering) and its outcome (mated or unmated) can help theoretical
research on intrasexual selection. Thus, to analyze the possible male morphs of the males
of two newly described nonpollinating fig wasps—Philotrypesis taida and Sycorycteridea
taipeiensis—associated with the fig tree Ficus benguetensis, the head and mandible
allometry and injuries were examined as well as the morphologies of their heads and
mandibles. Male fig wasps of these two nonpollinating species can be divided into two
morphological groups according to their head and mandible shapes. Also the behavior of
these species and morphs was observed and sheltering is described for the first time.
Sheltering is the behavior of a male fig wasp staying in an empty gall and attacking any
passing males. The behaviors of these males and their morphologies are not linked as
predicted and more questions arise from the research on these male fights.

Keywords: Ficus, Fighting behavior, Hymenoptera, intrasexual selection, nonpollinating
fig wasp
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The hump-shaped relationship between aggregation potential and

body size in fish population—implications for fisheries

management

Ruo-Yu Pan!*, Ting-Chun Kuo?, Chih-hao Hsich!
Hnstitute of Oceanography, National Taiwan University

ZInstitute of Marine Affairs and Resources Management, National Taiwan Ocean University

Overfishing is suggested to increase spatial heterogeneity of fish populations, which likely
weakens bet-hedging capacity of fishes and undermines population sustainability. Several
studies have ascribed such aggregated spatial distribution of fish population to fishing-induced
change of size structure (i.e. size truncation); however, how the size structure change influences
the spatial distribution pattern of fish population is still unclear. To solve this issue, we
examined how spatial distribution variability changes among different size classes of the same
population, using Taylor’s power law (V=a*M?"). The exponent () quantifies how the spatial
variance (V) changes with the mean abundance (M) of population; a higher b indicates more
aggregated spatial distribution of a population. We estimated b for different size classes for
each of eight commercial-important fish species in the North Sea, using the ICES survey data
spanning 25 years. We found that the relationship between Taylor’s exponents and body size
1s hump-shaped, with the peak around the mature length. This result indicates that larger adults
in a population generally distribute more evenly, suggesting that larger adults play an important
role in maintaining an even spatial distribution for the population. More importantly, our results
gave a mechanical explanation of how size truncation raises spatial heterogeneity of fish
population, highlighting the importance of maintaining a sound size and spatial structure for

adult fishes in management.
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The impact of artificial light on the nest site choice and breeding

success of the barn swallow (Hirundo rustica)

Jhih-Syuan Wang'~ + Mao-Ning Tuanmu® + Chih-Ming Hung’
1 Department of Forestry and Nature Resources, National Ilan University

2 Biodiversity Research Center, Academia Sinica

How artificial light at light (ALAN) impacts wildlife is an important question in urban
ecology. For diurnal birds, the exposure of ALAN might change the circadian rhythms of
both adults and chicks leading to harmful consequences. In contrast, ALAN has been found
to increase the feeding rates of parental birds in a few species. Therefore, ALAN could
possibly have both positive and negative impacts on the reproductive fitness of wild birds.
In this study, we used the barn swallow (Hirundo rustica) as a study system to examine the
response of urban wildlife to ALAN. Barn swallows often nest on buildings at urban areas
characterized by varying levels of ALAN, and thus provide a good opportunity to test the
effect of ALAN on the breeding behavior and success of birds. We estimated the nest site
choice and the breeding success parameters including hatching rates and fledging rates of
barn swallows in Nankang, Taipei. The results showed that the barn swallows did not select
nest sites with higher or lower levels of ALAN. The fledging rate of the first brood was
higher in nests with higher intensity of ALAN. However, the fledging rate of the second
brood and the hatching rates and breeding success rates of all broods were not significantly
correlated with the levels of ALAN. The results suggest that barn swallow chicks might
benefit from ALAN via increased feeding time; however, the positive effect of ALAN could
be canceled out by its negative effects owing to problems such as sleep deprivation in both
adult birds and chicks at the late stage of breeding seasons. Overall, the breeding success of
barn swallows is not impacted by ALAN that explains the lack of nest site choice of this bird
regarding ALAN in the study area. This study suggests the artificial light may impact

wildlife ecology and evolution in a more complex manner than previously expected.
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Title: Vertical Beta-diversity Depending on Water Mixing in
the Kuroshio Region East of Taiwan
Wan-Hsuan Chengl’z*, Hsiao-Pei Lu’, Chung-Chi Chen®, Sen Jan®, and Chih-hao
Hsieh’

lCollege of Earth Science, National Central University,
*Taiwan International Graduate Program, Academia Sinica

*Institute of Oceanography, National Taiwan University

*Department of Life Science, National Taiwan Normal University

Environmental dissimilarity and geographic distance are recognized as two major
factors influencing beta diversity. However, whether and how beta diversity of marine
bacteria in a vertical dimension would be influenced by water mixing and stratification
remains unclear. Here, we collected 78 samples from surface and chlorophyll maximum
(CM) layers along a transect of Kuroshio region east of Taiwan across seasons. We
applied the variation portioning to disentangle the relative importance of environmental
dissimilarity, vertical distance between sampling depths and the strength of
stratification in determining the vertical beta diversity of the paired surface and CM
bacteria communities in water mixing periods (e.g. spring and fall) versus stratification
periods (e.g. summer). We tested the hypotheses: H1) during stratification periods, the
strength of stratification determines environmental dissimilarity, which in turn drives
vertical beta diversity. H2) During mixing periods, vertical beta diversity is determined
only by vertical distance, assuming that the environment of water column is
homogeneous due to mixing. Our results suggested that during stratification periods,
the vertical beta diversity was significantly explained by environmental dissimilarity,
which was determined by strength of stratification in combination of vertical distance;
this, to some extent, supports HI. Whereas in mixing periods, environmental
dissimilarity alone was the most important factor explaining vertical beta diversity. This
finding is inconsistent with H2, and can be explained by the fact that mixing is not
strong enough to completely homogenize the water column in fall and spring. Vertical
beta diversity in the Kuroshio east of Taiwan was structured by different mechanisms,
depending on the strength of mixing versus stratification of water column. Climate
changes affecting on ocean mixing regime can have profound effects on vertical beta

diversity of microbes, with potential impacts on their ecosystem functioning.
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Trophic dynamics of generalist arthropod predators in organic and

conventional rice paddy farms - A stable isotope approach

Gen-Chang Hsu'™ Jia-Ang Ou” ~ Chuan-Kai Ho'?
1 Department of Life Science, National Taiwan University

2 Institute of Ecology and Evolutionary Biology, National Taiwan University

Organic farming practice has been shown to promote biodiversity and natural enemies compared
to conventional one. However, whether the changes in species composition translate into a
difference in trophic niches and ecosystem service (biocontrol) remains unclear. In this study, we
examined the effects of organic and conventional farming practices on arthropod prey-predator
trophic interactions in rice paddy farms in Miaoli, Taiwan. We sampled the arthropod
communities over the course of crop season and analyzed their stable isotope signatures (C and
>N to determine the isotopic trophic niches of generalist arthropod predators (spiders and
ladybugs). Bayesian stable isotope mixing models were constructed to quantify the dietary
proportions of predators from potential prey sources (rice-associated herbivores, tourist
herbivores, and detritivores). Contrary to previous studies that focused primarily on species
composition, we found no distinct differences in the feeding ecology and trophic niches of
generalist arthropod predators between organic and conventional farms. Specifically, these
predators mainly consumed rice-associated herbivores, highlighting their value in biocontrol in
both organic and conventional farms. In addition, their diet shifted towards a higher proportion
of rice-associated herbivores over crop season in both farms, suggesting an increasing biocontrol
value over time. Taken together, our findings suggest that generalist arthropod predators can
exert top-down effect on herbivorous pests in both organic and conventional rice paddies, and
local- and landscape-scale management to enhance generalist arthropod predators (biocontrol

agents) will likely benefit crop production.

Keywords: generalist arthropod predators, prey-predator interactions, trophic ecology, stable

isotopes, biocontrol, organic farming, rice paddies, agroecology.
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Does parasite mediate the reliability of testosterone and sexual
ornament of their host? An interpopulation study of Anolis sagrei and

malaria in central Florida

Jhan-Wei Lin'?*, Ignacio T. Moore®, Lynn B. Martin*, Yi-Zhang Wang®, Si-Min Lin',
Duncan J. Irschick®
"Department of Life Science, National Taiwan Normal University
2Conservation Division, Forestry Bureau
3Department of Biological Sciences, Virginia Polytechnic Institute and State University
*Department of Integrative Biology, University of South Florida
SInstitute of Ecology and Evolutionary Biology, National Taiwan University

®Biology Department, University of Massachusetts Amherst

The testosterone-controlled ornaments are assumed to be honest in vertebrates with sexual
selection. Theoretically, selection favors exploiting signalers that eventually break the signal
system if there is no costs of the signal. The costs are thus essential and crucial for maintaining
the reliability of sexual ornaments and the underlying hormone. Therefore, the ecological
heterogeneity of the costs could drive concomitant changes in sexual signals and the level of
plasma testosterone. Here we used Anolis sagrei and the malaria parasite in central Florida, a
system that the function of host sexual signal and testosterone, the impairment of parasite, and
the heterogeneity of infection are all well-studied, to test this cost-mediated reliability of
ornament and testosterone at inter-population level. We examined the effect of variation of
malaria on the intensity of dewlap coloration and level of plasma testosterone, the reliability of
these two traits, and the relationships between them among 147 individuals from 7 population.
So far we found that plasma testosterone tended to be higher in infected populations than non-
infected populations (around 24% higher). Furthermore, the positive relationship between body
condition and testosterone level only appeared in infected populations, indicating that
testosterone was more reliable in populations with malaria infection. Our preliminary results
implied that the crucial ecological, parasite, could shape this underlying hormone of sexual
signal. This study is one of the first to show parasite-mediated reliability of sexual ornament

and sex hormone under natural context.

Keywords: costs of reproduction, ecological endocrinology, ecological immunology,

immunocompetence handicap hypothesis, lizard
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A novel agonistic behaviour of two divergent incipient damselflies

Leocris S. Batucan Jr. > | Yu-Hsun Hsu'*, Chung-Ping Lin">"

! Department of Life Science, National Taiwan Normal University, Taipei 11677, Taiwan

2 Biodiversity Program, Taiwan International Graduate Program, Academia Sinica and
National Taiwan Normal University, Taipei 11529, Taiwan

3 Department of Life Science, National Cheng Kung University, Tainan 70101, Taiwan

Abstract

Territoriality, employed for access to resources in short supply, is a common occurrence
in animals. However, maintaining and defending a territory from rivals can be energetically
costly and injury prone. Thus, many strategies have arisen among territorial animals to maintain
dominance, reduce costs, and deescalate fights. In Odonata, a well-known system for mating
and territorial behaviours, most territorial behaviour involve abdomen posturing and display of
wing ornamentation paired with direct chases, short hovering face-offs, and finally, direct
physical contact. Here, we present two territorial subspecies of Psolodesmus mandarinus (P.m.
mandarinus & P.m. dorothea) damselfly differing in their wing ornamentation utilize different
strategies for territorial defence against consubspecific males. Only direct chase was observed
for P.m. dorothea whereas a novel ritualized agonistic behaviour in P.m. mandarinus was
found. The ritualized agonistic behaviour involves four stages of wing threat display
characterized by repeatedly orienting the wing surface towards intruding rivals while perching.
Unlike most threat behaviours, P.m. mandarinus display is almost simultaneously elicited
between fighting pairs. Escalated fights show an increasing trend in wing beat frequency, wing
beat amplitude, and threat intervals with lesser aggression observed in pairs with escaping
individuals. Such divergent strategies illustrate the various behaviours utilized by damselflies
to settle costly territorial disputes and its potential role in the speciation of the taxa.
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Investigation of Chemical Cues Associated with Queen Genotype

Recognition in Invasive Fire Ant (Solenopsis invicta)

Ping Huang*, John Wang

Biodiversity Research Center, Academia Sinica

The invasive fire ant Solenopsis invicta possesses two types of social organization: (1) the
‘monogyne’ colony in which only a single reproductive queen is present and (2) the
‘polygyne’ colony where 2-200 reproductive queens co-exist. This social polymorphism has a
strong genetic basis that marked by the gene Gp-9, which has two major alleles B and b. The
supergene contains the b allele does not undergo recombination with the homologous B
region due to the result of inversions. The queen and workers in a monogyne colony are all
homozygous BB individuals. Polygyne colony, on the other hand, has both BB and Bb
workers, yet all the reproductive queens are Bb individuals. Monogyne workers execute any
other reproductive queens entering the established colony regardless of their genotypes.
Polygyne workers, instead, adopt Bb queens but kill all BB queens still. It has therefore been
suggested that the b allele is a green-beard gene and the cuticular chemicals probably serve as
cues signaling the queen genotype to polygyne workers. However, thus far, due to the many
components involved, we still do not have a clear idea regarding to what chemicals are
associated directly with the recognition system. Here, we utilized the fact that adoption rate
of Bb queens by polygyne workers is around only 17-30% for critical chemical cues
investigation. In theory, not-accepted Bb queens may share some similar characteristics with
BB that leads to the rejection. We performed behavioral assays to Bb queens and then
separated them into not-accepted versus accepted groups. The cuticular chemicals profiled by
gas chromatography-mass spectrometry (GC-MS) were then compared between BB and Bb
queens, as well as between not-accepted and accepted Bb queens. Our results suggested that
unsaturated hydrocarbons, especially x,y-hentriacontadiene, may play critical roles in queen

genotype recognition in invasive fire ant.
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A study of pollination ecology of Torenia concolor Lindl. in

Mt. Dulan in Taitung

Hsin-Pei Hsieh', Chia-Lin Chiang', Yuan-Yuan Chung', Ying-Zhen Su', Han-Sheng
Chiu', Chi-Feng Haung', Yi-shao Liang’, and Pei-Luen Lu'*

1 Department of Life Sciences, National Taitung University

2 Institute of Botany, Chinese Academy of Sciences

Abstract

The plant genus Torenia (Linderniaceae) has deep purple lip-shaped
corolla and the unique stamen structure. Our study species Torenia concolor has the
most distinguish features of this genus - the front of the pair of stamens and clavate
appendages in the labyrinth. Only the first pair of stamens of this genus is considered
to have a leverage mechanism to effectively bind pollen to pollinators such as bees.
No in-depth pollination biology studies have been reported for the genus and this
species. This study investigated the composition of pollinators and examined the
efficiency of the leverage mechanism by exploring its pollination strategy and
reproductive system. Mt. Dulan was selected as a study site, where several large
populations provided stable observation and operational sources throughout the year.
The results of the study showed that 1. the rate of self-pollination and
cross-pollination of the ground hoe was nearly 50%, and the seed setting rate was
more than 79% under natural conditions, but the removal rate of the clavate
appendages would reduce the seed setting rate; 2. the main honey-collecting insects
are composed of blue-spotted bees (Amegilla calceifera), scorpion-free bees
(Amegilla urens). The Ceratina sp. Halictus sp. and Lassioglossum sp. those feeding
on pollen helped for pollination too; 3. The number of flowering in the sample area
was counted every two weeks. The flowering period begins in mid-May to Mid-Sep
and their flowering time is about 7 days. The first pair of stamens will be first cracked,
and after the pistil matures, the pollinated flowers will be faded on the next day. In
combination with the above, our results do not support the pair of stamens has a lever
mechanism, suggest that their reproductive strategies are divided into self-pollination
and cross-pollination. The clavate appendage plays an important role in pollination.

Those help to clarify the pollination ecology of the genus too.

Key words: Torenia concolor -~ clavate appendages ~ Mt. Dulan
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PC1 The role of sea urchins on coral
recruitment in Taiwan

Viet Do Hung Dang'->**, Yoko Nozawa®

1. Department of Life Science, National Taiwan Normal University,
Taipei, 11677, Taiwan. Email: vietbio310@gmail.com

2. Biodiversity Program, Taiwan International Graduate Program,
Academia Sinica and National Taiwan Normal University, Taipeli,
11529, Taiwan.

3. Biodiversity Research Center, Academia Sinica, Taipei, 11529,
Taiwan

4. Institute of Marine Environment and Resources, Vietnam
Academia of Science and Technology, Haiphong, Vietnam

Email: vietbio310@gmail.com

Sea urchins play an important role in coral reef
ecosystems. Via grazing algae, sea urchins create open
space for coral settlement and facilitate coral recovery.
There are many studies documented on the relationship
between sea urchins, algae, and corals in the Caribbean
and Great Barrier Reef. However, few such studies have
been conducted in Southeast Asia. Accordingly, in this
project, we investigated the quantative relationship
between sea urchins, algae, and corals (including both
adult and juvenile stages) at 45 sites in four
representative coral reefs in Taiwan from 2016 to 2017;
10 sites in Green Island, 11 sites in Orchid Island, 9 sites
in Kenting, and 15 sites in southern Penghu Islands.
Structural complexity at three size scales (centimeter,
decimeter, meter) of reef substrata was also measured as
a key abiological factor influencing the relationship.
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Depth and wave exposure also were observed. Results
indicated that large-sized sea urchins, Echinothrix spp.
and Diadema spp. prevailed over herbivorous fishes and
gastropods in many reef sites. We also found that sea
urchin is the strongest predictor of juvenile coral. For
others factor, juvenile coral was positively influenced by
reef complexity on a decimeter scale. Meanwhile, wave
exposure has a strong negative impact on the relationship.
Because juvenile coral is a proximate indicator of coral
resilience, our finding demonstrated that the large-sized
sea urchins facilitate coral resilience in some reefs in
Taiwan. Given widespread overfishing of herbivore
fishes, this may occur not only in Taiwan but also in
neighboring countries of Southeast Asia.

Keywords: Herbivore, Sea urchin, Coral recruitment,
Diadema, Coral juvenile, Taiwan
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Lungworm infestation of cetacean calves stranded in Taiwan

Wen-Ta, Li'?* ~ Chieh, Lo"? -+ Wei-Cheng, Yang?*
1 Graduate Institute of Molecular and Comparative Pathobiology, National Taiwan
University
2 Taiwan Cetacean Society

3 School of Veterinary Medicine, National Taiwan University

Lungworm infestation is a common finding in stranded cetaceans, and it can be a major
mortality factor for cetacean populations or presented as a self-limited lesion. Prenatal infection
via transplacental pathway of lungworm has been demonstrated in bottlenose dolphin (Tursiops
truncatus) and harbour porpoises (Phocoena phocoena). However, the impact of lungworm
infestation on calf survival is still undetermined. In the present study, we describe lungworm
infestation in 2 finless porpoise (Neophocaena phocaenoides) and 2 Fraser's dolphins
(Lagenodelphis hosei). The pulmonary lesions in the finless porpoise were multiple, bulged,
white to grey nodules, and the cut sections showed parasites and caseous material containing
cystic structures. Histologically, there were multifocal areas of pyogranulomatous
inflammations with nematode parasites. The nematodes are morphologically consistent with
Strongylida. In contrast, the lung lobes of Fraser's dolphin calf were relatively normal and only
small to moderate amount of parasite was found in the bronchus and bronchiole. Histologically,
only mild pulmonary edema and alveolitis were noted without the presence of parasites in
pulmonary parenchyma, suggesting the parasite infestation was confined in the airway. It is
speculated the different severity of lungworm infestation between these calves may be
associated with immunosuppressive contaminants/diseases, different disease susceptibility,
different parasite species. Previous study has demonstrated that the finless porpoise had higher
burdens of immunosuppressive contaminants, and it is presumed that the contaminants, such
as polychlorinated biphenyls (PCBs), can be transferred through colostrum. Therefore, finless
porpoise calves may suffer from higher contamination burden that compromises the immune
function and thereby increase susceptibility to parasite infestation. In contrast, the Fraser’s
dolphin inhabits pelagic and oceanic waters, which is extremely different form finless porpoise
(costal habitat), and thus the contamination burden may be relatively low in the Fraser’s
dolphin calves. However, further investigations are still needed to determine the underlying

causes.
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Primary Studies on the Fidler Crabs of Fushan Fishing Harbor in
Taitung

Tzu-Ching Chen'”, Kuan-Hua Chiu?, Wen-Hung Twan'~
1 Department of Life Science, National Taitung University
2 Environmental Education Center, National Taitung University

In Taiwan, the fiddler crab currently finds 5 genera and 15 species of them. In the past,
most of the literature was studied the fiddler crabs in western coast of Taiwan. This
investigation was located at Fushan Fishing Port, Fushan Village, Beinan Township,
Taitung County. The fiddler crab’s habitat is in mudflat between the reefs and compared
relatively fragmented with the flat large mudflats in the west. Here, a total of 8 species
of fiddler crabs were found. The three species of genus Austruca were found, Austruca
lactea, Austruca perplexa, Austruca triangularis. And the two species of genus
Gelasimus were found, Gelasimus jocelynae, Gelasimus tetragonon. Paraleptuca
crassipes of Genus Paraleptuc was found and the two species of genus Tubuca were
found, Tubuca coarctata and the Tubuca dussumieri. However, after the typhoon of
MANGKHUT on September 15, 2018, the habitat of the fiddler crab did not see any
fiddler crab on September 19, and there were only some burrows of fiddler crabs in the
surface of the mudflat. Until the survey was end on November 12, the 7. coarctata was
not found again and the density area of the mudflats returned to 21~17.349/m>.
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Red List assessment of Orthopteran insects reveals an urgent need for
distribution and population data

Po-Wei Chen'", Ming Su Chang?, Jeng-Tze Yang™*, Axel Hochkirch®
!Center for Biotechnology, National Taiwan University, Taipei, 106, Taiwan
*Department of Entomology, National Chung Hsing University, Taichung, 402, Taiwan
*Department of Biogeography, Trier University, Germany
*Department of Entomology, Agriculture and forestry University, Nepal

The insect order Orthoptera consists of insects such as grasshoppers and is an ideal group of
indicators of environmental health in terrestrial ecosystems, but their global distribution and
local occurrence, population ecology and conservation biology have been overlooked even in
the developed parts of the world. The IUCN Species Survival Commission (IUCN/SSC)
assessed the conservation status of 100 randomly selected orthopteran species worldwide,
including Acrida formosana Steinmann and Dianemobius kimurae Shiraki endemic to
Taiwan. 23% of evaluated species are data deficient and 45% were only known from
published articles on type specimens, indicating that the lack of knowledge is hindering us
from proper conservation status assessments. We are planning to assess 10 or more Taiwanese
species, covering all orthopteran families distributed on the island. A standardized assessment
questionnaire is required to facilitate evaluation among intended entomologists following a
standard operation procedure. The data collecting of each specimen from systematic
collections and published articles as well as field guides are significantly useful and
necessary for the data accumulation. Assessment from parataxonomists and civilian scientists
is also necessary in this study as well.
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The retention time of microplastics in barnacle naupliar larvae

Sing-Pei Yu*, Benny K. K. Chan
Institute of Ecology and Evolutionary Biology, National Taiwan University
Biodiversity Research Center, Academia Sinica

Microplastic pollution is a growing global problem. High concentration of microplastic
particles smaller than 50pm has been detected in Arctic sea ice, indicating that very small
microplastics may be a serious problem in future. However, little is known about how long do
these small microbeads will retain in marine larvae. In the present study, we evaluated the
retention time of four sizes polystyrene microbeads (diameter 1.0, 6.8, 10, 20 um
respectively) in four different species of barnacle naupliar larvae (The intertidal barnacles
Amphibalanus amphitrite and Fistulobalanus albicostatus The turtle barnacle Chelonibia
testudinaria, and the coral inhabiting barnacle Darwiniella angularis). Totally, there is a trend
that smaller microplastics(1.0, 6.8 pm) took longer retention time than larger microplastics
(10, 20 um)t. Except for A. Amphitrite larvae which showed similar time to egest four
different sizes microbeads. Despite the same trend, the duration to egest microplastics is quite
different among different species. The retention time of A. amphitrite larvae is shortest, all of
the four sizes microplastics can be egested within 90 minutes. C. testudinaria and F.
albicostatus took a longer, around 2 hours to egest microplastics. However, for coral
inhabited barnacle Darwiniella, it took more than 5 hours to egest all the microplastics. This
indicated that the impact of microplastics may be species dependent and we urgently need

more studies to have a better understanding of the true effect of microplastic pollution.

Keywords : microplastics, barnacle larvae, retention time
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Diet Analysis of Green Sea Turtle in Northern Taiwan
Riah Irawati Sihombing*', Cheng I-Jiunn'

1.National Taiwan Ocean University

Abstract

Green sea turtle is the most common sea turtle found in Taiwan. As an endangered animal,
green sea turtle needs to be conserved. One important work is to study its life history. Diet
is a very important information to understand its growth and physiological status. Little
information is known about diet analysis of green sea turtle in Taiwan. In this study, we
obtained green sea turtles corpus from New Taipei City, Keelung City and Yilan County.
This study found that, the diets is composed mainly of red macroalgae, Gelidium sp,
Carpopeltis mailardii, and Prionitis sp. Debris is also commonly found in stomach green
sea turtle.
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Years of surveys of fishes in Nanzihsian River Wildlife Refuge

Ka-Chun Kan?" Chiao-Chuan Han® Hsin-Ju Wu? Shao-Hung Peng? Chiu-Yu Su?
Yuh-Wen Chiu'*

1. Department of Hydraulic and Ocean Engineering, National Cheng Kung University
2. Center for Research in Water Science and Technology, National Cheng Kung University
3. National Museum of Marine Biology & Aquarium

Morakot typhoon in 1999 causing river water skyrocketing, substrate violent disurbance, river
environment change and aquatic organisms number decease in Nanzihsiian River. For example,
Onychostoma barbatulus population number decreased rapidly after Morakot typhoon. The
aim of this project is to understand fishes population and distribution of Nanzihsiian River.
Survey were 4 time at every season in 2018 by using electroshock fishing. The results show
that we collected 3 family and 11 species of fish. Hemimyzon formosanus and Onychostoma
alticorpus , Acrossocheilus paradoxus and Rhinogobius nantaiensis are dominance in
Nanzihsiian River. Candidia barbata, Opsariichthys kaopingensis and Spinibarbus hollandi
are common species in Nanzihsiian River. In addition, result show that O. barbatulum
population recover in Minzu bridge by recording massive number . The result of historical
fishes survey show that number of fishes continuously rising after damage of Morakot typhoon,
but it still not reach the number before Morakot typhoon. The result of length based data show
that 1~3cm body length of fishes had massive number in autumn and winter. It means
Nanzihsiian River fishes main reproductive season in autumn and winter. Conservation advice
for Nanzihsiian River : 1. increase river habitat diversity such as river bend, shoal, shallow
flow, river pool and different size of substrate. 2. Strengthen the monitoring and protection of
tributaries. 3. Decreasing influence of engineering at autumn and winter, which is reproductive

season of fishes in Nanzihsiian river for increasing survivability of larval fishes.
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A Preliminary Study on the skeletochronology of Sea Turtle along the
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The effect of key environmental factors on coral spawning time
in Lyudao: moonlight, temperature and tidal change

Che-Hung Lin'23*, Yoko Nozawa'~-

'Biodiversity Research Center, Academia Sinica
Biodiversity Program, Taiwan International Graduate Program, Academia Sinica
g g

3Department of Life Science, National Taiwan Normal University School

Synchronous spawning is a common phenomenon in corals and has been described in
many regions of the world over the past 3 decades. However, the actual regulatory
mechanism remains uncertain. In order to examine the mechanism of spawning time
regulation in Acropora and merulinid corals, long-term monitoring data (2015-2018)
on coral spawning timing and key environmental factors (temperature, moonlight) in
Lyudao were analyzed using the generalized linear mixed model (GLMM). Tidal data
were not considered in the analysis due to the similar and constant patterns between
the two sites and among sampling times. Results showed different spawning
mechanisms between Acropora and merulinid corals. In Acropora, the spawning was
regulated by the change of moonlight intensity and temperature. In contrast, the
spawning in merulinid coral was triggered by the periods of darkness in specific time
of night.
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Food delivery behavior research of the invasive yellow crazy ant

Anoplolepis gracilipes (Hymenoptera: Formicidae)

b g
Y i-Tsen Lin", Chung-Chi Lin’
LRz s 2258 g o
AR Y FETE R

£ %r oLk (Anoplolepis gracilipes ) 0 #- % # jiik (Yellow Crazy Ant) » F]& #f
ABFEEANER T E R AP ERE D EREAGLEET Y RA LS
FRRT A PR NG P EPGREF TSR 0 TP F R G s T S5k
TRV F A SERAEREFT Bk AP S £ e oLk i3 B~ 8 545

AEH| QL G AEFH > 0 E B e N RBERE YR LR S ha iR ig o B %

«113? Wik g AR R MRS AR £ BrHE LR - A 1R ¢ R M TR

N8 LAY ARy FPRFRED N FRAGZ AR FHET NS [T E
G- BAIIRK ISR - FHREETEN A ER TR T X G BEH
FRED e BFEAE LR DS {0 0 LE TR Rtk o

i 4237 (Key words) :

£ uri ik (Anoplolepis gracilipes) ~ B 8 i 5 (Foraging behavior) ~
» Zf8458% (Invasive ant )~ 2 73] 1 % (Physogastric worker)~ % v (Trophallaxis)
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7}4%.&?%#;}?5“%?’1%&& TRl Zlindn 8 B4 o AP AW R F LS KIFSE TR R F
TP FAFTELERE D F bt andf R e AP S ARG RBLR Y F Dbt Sl T 5~ 5T
ﬁé‘%lf?%"*iiﬁ?éﬂ*ﬂd”ﬁﬁ%%ﬁﬁ B AR S R R AL RN SE 2 el 2 a- o o S
Mok o] FARhn i 2 It e ded sl s @ A RFRERY AFRF LR o
Adap A FELVALI ISR $ A FI RS FY O S T B %

BT TR - BRI AR BN K S EE PR B e b T RN K aE 4 s

214



BHRET
PB10

& % XU (Takydromus stejnegeri) i8¢ % B 21 fe g 35 3% 18 4

RS S AR
ARAE Bt S LK S A E ok

BpARRP A PFERENE ﬁm‘%ﬁﬁ o F I Ap N B el d A Es feen 51 e iy o
B2 - o PN ip W B eeF v 0 & (mate ch01ce) FHY - BERTERIRS o F
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Effects of embryonic light exposure on the development of visual and

cognitive behaviors in cuttlefish hatchlings

Tzu-Hsin Kuo®, Yung-Chieh Liu, Chuan-Chin Chiao
Institute of Systems Neuroscience, Department of Life Science, National Tsing Hua

University, Hsinchu, Taiwan

Developmental stress may have a profound effect on animal behaviors after hatching. To
investigate the effect of developmental stress (maternal or embryonic) on hatchling’s
behaviors, the eggs of European common cuttlefish Sepia officinalis either from stressed
mothers (white eggs) or normal mothers (black eggs) were subjected to strong light exposure
during late embryonic stages, and the visual behavior and cognition function of hatchlings
were examined at 1-3 weeks of age. Specifically, the cuttlefish eggs were divided into four
groups: the normal-reared (NR) group which was the normal black eggs exposed to the
natural light in the laboratory; the white-egg (WE) group which was the translucent white
eggs spawned from stressed mother cuttlefish and were reared in the same condition as the
NR group; the overexposed-reared (OR) group which was the normal black eggs whose
capsules were carefully ripped off and exposed to unnatural strong light; the dark-reared (DR)
group which was the normal black eggs but reared in a light-sealed box. Two visually guided
behaviors (optokinetic response and prey capturing) and one visual cognitive behavior (prey
size preference) were conducted. In addition, the brains of hatchlings were also collected to
examine the nucleus size in the cortex of the optic lobe. Although different rearing conditions
during late embryonic development of cuttlefish did not alternate the nucleus morphology of
the optic lobe cortex nor the multiple visually guided behaviors, it was found that the
cognition function of the OR group was significantly affected. Since the WE group was not
different from the NR group, it suggests that mechanical disturbance during capsule ripping
may be the main cause of the effect, rather than the over-exposure to light during

development.
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The importance of fighting ability, growth rate and age to the

influence of winning/losing experience on aggressiveness
Chia-Ping Chen*, Yuying Hsu

Department of Life Science-National Taiwan Normal University

Prior winning/losing outcome can provide individual information about their ability to
fight relative to the others in the population. Individuals tend to become more/less aggressive
and have higher/lower chance of winning again after recent wins/losses. The importance of
winning/losing experience to an individuals subsequent contest decisions has been shown to
be dependent on its intrinsic fighting ability and hormonal states relating to fighting ability.
This study explored the possibility that the importance of winning/losing experience to an
individual’s aggressiveness is dependent on its intrinsic condition (such as fighting ability,
growth rate, body size, age and hormone state). We first divided the fish, Kryptolebias
marmoratus, into better and worse fighters by staging size-matched contests. We then
randomly assigned individuals to 3 experience treatments (winning, losing and no recent
contest experience). We measured the body size of the fish and collected hormone samples.
We measured the aggressiveness of the fish, before and after the experience treatments by the
latency to the first mirror attack and mirror attacks per minute.

First, we found winning experience increased fish’s aggressiveness, but losing experience
didn’t decrease fish’s aggressiveness. Second, individuals’ intrinsic condition (fighting
ability, body size and age) affected their aggressiveness. Better fighters attacked faster than
worse fighters. Older and larger individuals attacked at higher rates than smaller/younger

individuals.Third, older individuals showed more winner effect.
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Aggressiveness and related behavioural traits:
the influence of contest experiences, and their relationships with

physiological and life-history traits

Yu-Ju Chen', Yu-Ting Chang?, Yung-Che Tseng®, Yuying Hsu?

1. Biodiversity Program, Taiwan International Graduate Program, Academia Sinica and
National Taiwan Normal University
2. Department of Life Science, National Taiwan Normal University

3. Institute of Cellular and Organismic Biology, Academia Sinica

Animals’ aggressiveness is often positively correlated with boldness and feeding behaviour.
The pace-of-life syndrome hypothesis (POLS), proposing that animals’ behaviour, physiology
and life history traits are correlated, predicts that aggressive animals have higher metabolic
rates, have larger organs and tissues for energy processing and grow faster. Animals’
aggressiveness also has been found to be increased/decreased by winning/losing experiences.
This study examined whether the relationships between aggressiveness and aggression-related
behaviours, the sizes of energy-processing organs and tissue and life-history traits are
consistent with the predictions of POLS. It also investigated whether winning/losing
experiences influence the relationships between aggressiveness and aggression-related
behaviours and physiology as well as affecting aggressiveness itself. Mangrove killifish,
Kryptolebias marmoratus were randomly assigned to three types of contest experiences: (1)
winning, (2) losing and (3) control experiences. The results are: (1) that the relationships
between the fish’s aggressiveness and aggression-related behaviour, physiology, energy-
processing organs and tissue, and life-history traits are partially consistent with the predictions
of POLS; (2) that winning/losing experiences significantly increase/decrease the fish’s
aggressiveness; and (3) that the fish’s aggressiveness has positive relationships with its
boldness, feeding behaviour and O> consumption rate, relationships which are not influenced

by contest experiences.
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Effects of Saponin Complex on

Oviposition Behaviour in Aedes albopictus

LR RENRRLY: & SRR L
Hao-Wen Huang'", Ze-Yi Chen!, Chung-Chi Lin'
'R= 45§ # ~ & National Changhua University of Education

6 M zaix(Aedes albopictus) s £ B ¥ Lpdix > S BREFE A - W pE XL
HpAd o FIHG RS % LA TERRE > GRP MRS ISHLR IR - o SH R
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Damages in the webs of orb-weaving spiders caused by prey capture

Yen-Ting Huang , An-Shih Wong, Sean P. Kelly, I-Min Tso
Department of Life Science, Tunghai University

Orb-weaving spiders in the families Tetragnathidae and Araneidae spin complex web
structures that are essential not only for capturing prey, but also as a means for sensing their
environment. The ability for spiders to sense vibrational cues can be affected by damages in
the web caused by impact s from prey, predators or environmental variables (i.e. rain or
wind). The objective of our study is to determine the percentage of damaged area in webs
caused by prey capture and to determine if there are significant differences between species
of Neoscona and Tetragnatha. These species of nocturnal orb-weavers generally spin new
webs each night and therefore we predict that the percentage of damaged area will increase
significantly throughout the night. During a six-hour period, (1800-2400) webs of the two
species were photographed and images were then analyzed using ImagelJ. Nine variables
were measured for each web including: height, web angle, capture area, radii length, number
of radii, spiral length, number of spiral, mesh size and the percent of damaged area. It was
predicted that there would be a significant increase in the percent of damaged area in the
webs throughout the six-hour period due to an increase in the number of captured prey. In
addition, it was predicted that there would be interspecific differences in the web structures of
the two families. Simple linear regression models were used to test for relationships between
the percent of damaged area and the number of prey captured throughout the six-hour period.
PCA and MANOVA tests were then used to determine interspecific differences in web
variables between the families Araneidae and Tetragnathidae. By calculating exact
percentages of damaged areas in orb webs, we will be able to predict with greater accuracy
the subsequent effects on the spider’s ability to sense vibrational cues from its surrounding
environment.

224



EiET

PB20 A a7 e A2 i 4

W3 AT F IR S R TR AR R WRES TR PRt AR R
WA o HHRAIMUAT A & LHRE R B S § 0 R ALT FIHHR AR, iR R S
A RITR ISR LR A S IR ROTF B R A AR N S g
B ERY AL EBE? AP HRERGEI LA B £ R Y-naze
system(t T/ +)A BRI PERRFRCE BEF A RIBEFAE §F UERE S U
SR BE P OREL S MY RN R IEI 6 P8 o BRI A D § % 3
B e g KRET LR R AL 2 LN EU AL gl Tk B HE
HAF o U P & R F1S L B H G AN HIT R R 2 R 8 6 ST A R L
ThE o RMAFY X By FNEUL RS 2 ARFRIRL UKL Y 2 b
WEL HRFERER -

225



BHRET
PB21

* 5 5 74k (Strumigenys solifontis) ¥ vg 2 ¥ 2 T (532
Thelytokous Parthenogenesis Study of Strumigenys solifontis

(Hymenoptera: Formicidae)

FEER T phFa
Ping-Jui Sung, Chung-Chi Lin
E3 [t #/'LF“;?’ 4558 4
Department of Biology, National Changhua University of Education
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B4t H g3 % si(Haplodiploidy) ~ #3¢¢ 4 7 (Parthenogenesis) ~ #%¢¢ & ¥ ( Thelytoky)
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A preliminary study on the waving behaviors and behavioral ecology
of the fiddler crab, Xeruca formosensis (Crustacea: Decapoda:

Ocypodidae)

5k #' (Kai Chang) ~ * % 4¢ (Hsi-Te Shih)
Mev @ gs byl
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Mats: 44542 (Xeruca formosensis) ~ L4 {7 5 (waving behaviors) ~
7 5 4 & (behavioral ecology)
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The importance of parent’s winning/losing experiences on
offspring‘s behavioural, physiological and life-history traits

Yu-Ting Chang'*, Yu-Ju Chen’, Yung-Che Tseng’, Yuying Hsu'
1 Department of Life Science, National Taiwan Normal University
2 Biodiversity Program, Taiwan International Graduate Program, Academia Sinica and
National Taiwan Normal University
3 Institute of Cellular and Organismic Biology, Academia Sinica

Except the gene inherited, offspring would change their phenotypes through the
environment that their parents suffered or experienced before. Prior winning/losing
experience was known to increase/decrease individuals’ aggressiveness. It’s unknown that
whether parents’ winning/losing experiences influence offspring’s aggressiveness. One of
the purpose in my study is whether the change of parents’ aggressiveness caused by
winning/losing experiences will change offspring’s aggressiveness. On the other hand,
pace of life syndrome hypothesis predicts that individuals with higher aggressiveness
would have a faster growing rate, an earlier sexual maturity time and a higher metabolic
rate. Behavioural syndrome shows that aggressiveness and boldness would be regulated by
the similar physiological pathway. Individual with higher aggressiveness would be bolder.
The second purpose in my study is that whether parents’ winning/losing experiences
influence the relationships between offspring’s behavioural, physiological and life-history
traits. This research use mangrove killifish (Kryptolebias marmoratus) to do the
experiment. Parents are given three times winning/losing/control experiences and then
comparing the behavioural, physiological and life-history traits of their offspring.

Keywords: Maternal effect, winner/ loser effect, pace-of-life syndrome hypothesis,
Kryptolebias marmoratus
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Comparative phylogeography of Microphysogobio (Cyprinidae) in

Taiwan reveals non-neutral evolution in the mitochondrial genome

Ting-Yu, Wu' ~ Shih-Lun, Chen? ~ Hurng-Yi, Wang®
"nstitute of Ecology and Evolutionary Biology, National Taiwan University
*Department of Life Science, National Taiwan Normal University

3Graduate Institute of Clinical Medicine, National Taiwan University

In the studies of the phylogeography of freshwater fishes in Taiwan, the samples collected
from the north and south of Kaoping River usually show the deepest divergence. The reason
behind is still debating. In addition, most of the studies used only mitochondrial marker
which represents simply part of genealogical history. In this study,
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Interspecific mating behavior between introduced Zacco platypus and

native Opsariichthys evolans in Taiwan

Neng-Li Liao'?, Shih-Pin Huang', and Tzi-Yuan Wang'"
! Biodiversity Research Center, Academia Sinica
2 Department of Biomedical Science and Environmental Biology, Kaohsiung Medical

University

Introduced freshwater fishes have significantly influenced ecology and populations of native
species. Previous research has revealed introduced Zacco platypus may hybridize with
sister but distinct genera chubs. However, we have little knowledge on Z. platypus mating
choice and impact on Taiwanese chubs. Therefore, this study intended to identify the
interspecific mating behavior between introduced Z. platypus and native Opsariichthys
evolans and evaluate the former’s invasive impact on cohabitats. Our observations showed
that interspecific mating pairs do occur between Z. platypus male(s) and O. evolans female(s).
53% spawning events were interspecific mating and only 43% spawning events were between
native O. evolans mating pairs. Zacco platypus male satellites might prefer to engage with Z.
platypus while O. evolans might engage by chance. Zacco platypus male hybridization
might significantly reduce the successful mating ratio of O. evolans, leading to a dramatic

reduction in native O. evolans offspring in the future.
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Fisheries biology of the hair-tail fishes, Trichiurus spp. in the

southwestern waters off Taiwan

By s F A6 Lk F29 L8
Chi-Chang Lai’, Hsing-Han Huang , Yi-Shu Wu, Jian-Zhi Huang and Long-Jing Wu
AR ¥ B € RARRKRT-TATREL Y
Coastal and Offshore Resources Research Center, Fisheries Research Institute, Council of

Agriculture

AT AP 2015-2018 *rF A R E KB BT P RE)mMIREOR

B ERATEE 2P A b (Trichiurus japonicus) ~ & % % & (Trichiurus nanhaiensis)% v =+ 4.
(Trichiurus lepturus):g = % Fﬁ_“ﬁi#ﬁ et 2 AL FHeod pAF doph 2 Zﬁ_’glj‘{#% #c(GSI)
%TL'\?"JF% NHAFPHGAFESN2S5 PR 10 s aF AFHOGAE £ 3-8 0
v A ATHAE E 120 o HPppdp A 42 50 % M= Borw £ (L50) 5 248.6
mm ; 3 % F G d 50% S s £ (L50) 2 290.1 mm °

dpPAF A Za2d AR 2B S S HEL SO SR IDE Ty AR2AT
FPEFET AT A AR ARITUI R RBEA g 0 2850 AT A DA
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M 4t F (Keywords): # 7 (reproduction) ~ P &3 & (Trichiurus japonicas) ~ % # F A.

(Trichiurus nanhaiensis) ~ v % 4. (Trichiurus lepturus)
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Why trap-nesting wasps or bees wasting time for seal the entrance
for nest construction?

X NI S R IS L
Sheng-Shan Lu!, I-Hsin Sung? + Yi-Jing Lin' and Wen-Chi Yeh!
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Forestry Research Institute, Council of Agriculture, Executive Yuan, Taipei, Taiwan)
AR ERS %5 % % (Department of Plant Medicine, National Chiayi University,
Chiayi, Taiwan)
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Coral Population Dynamics for a Three-Dimensional World

Aziz ] Mulla"* 3*, Yoko Nozawa"** and Takefumi Nakazawa®

! Biodiversity Research Center, Academia Sinica, Nankang, Taipei 115, Taiwan

2 Biodiversity Program, Taiwan International Graduate Program, Academia Sinica, Nangang, Taipei,
Taiwan

3 Department of Life Science, National Taiwan Normal University School, Taipei, Taiwan

4 Department of Life Sciences, National Cheng Kung University, Tainan City 701, Taiwan

The ability to make predictions concerning environmental change depends on our
understanding of basic ecological patterns and processes. Demographic studies have led to
estimations in population dynamics that have been essential in highlighting both local and
global change. However, many of the traditional studies regarding coral reefs are restricted to
either a one (1D diameter) or two-dimensional (2D projected area) body size. The absence of
a third-dimension (3D) may severely underestimate size-specific functions such as growth,
mortality and fecundity. Here, we aim to conduct one of the first demographic studies to utilize
a 3D approach, able to quantify overall performance (growth, mortality, fecundity) of dominant
species, Pocillopora verrucosa, in Taiwan. To do so, a relationship index was constructed for
54 colonies based on their 2D measurements, using a wax coating method to obtain 3D values.
This index was used to compare changes in populations from permanent photo-quadrat data
over a 6-year period (2012-2017). Both the relationship index and field data were then used to
model any significant differences between 2D and 3D resolutions, whilst developing a separate
model to predict patterns of growth, mortality and fecundity, under various climate and
disturbance scenarios. Compared to previous studies, our analysis provides a more robust and
realistic predictive power that can be used with relation to coral reef management and
conservation.

Key words: Population Dynamics, Coral Reef Resilience, Ecological Modelling

*zeezyuk@gemail.com
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Foraging ecology of sympatric antlion species in a recreation area

Yu-Jen Tsao'", Yu-Hsiu Lin', Tai-En Ou?, Chiun-Cheng Ko', Wen-San Huang® **
'Department of Entomology, National Taiwan University
*Department of Life Sciences, National Chung Hsing University
*Department of Life Science, Tunghai University

*Department of Biology, National Museum of Natural Science

Less than 1% of terrestrial animals build traps to capture prey in nature. Antlions (Neuroptera:
Myrmeleontidae) are one of them. The unique pit-trapping character of antlions has drawn
ecologists’ attention for more than one century. Studies on character displacement usually
focus on functional morphology in plants and vertebrates.Here we address the question by
studying foraging-related behaviors in pit-trapping antlions. In a recreation area situated in
northwest Taiwan, accompanied with declining tourists, there are more and more semi-natural
habitats where wildlife such as antlions is being exploiting. In one semi-natural habitat, three
Myrmeleon species coexist in an area (135m”). M. littoralis contributes the majority of the
antlion community, following by M. punctinervis and M. heppneri. Three antlion species are
morphologically similar except for the spot pattern on ventral head capsule. The pit size (both
diameter and depth) of the sympatric species is the same in certain instar stage during
one-year field investigation. Since pit-trapping antlion usually constructs a conical pit,
sit-and-wait to trap mobile prey in the two-dimensional space, pit in the same size can trap
the same spectrum of prey depending on probability (i.e., the same food niche). We thus
hypothesize that differentiation of foraging-related behavior (i.e., behavioral character
displacement) among sympatric species leads to resource partitioning thus their coexistence.
The foraging-related behaviors include ability to seize and pierce prey, capacity to utilize prey,
tendency to reconstruct a pit after disturbance, and ability to inhabit sandy microhabitat
suitable for constructing a pit. Our preliminary results in the laboratory showed that M.
littoralis individuals preformed similar prey-handling technique with, but higher tendency to
reconstruct a pit and ability to inhabit sandy microhabitat than M. punctinervis. In the field,
we are collecting data from pitfall traps, sticky traps, sweeping net, and video-recording, to
understand if there is any correlation between the distribution of potential prey resource and
the composition of antlion community. Finally, we aim to provide evidence about character
displacement to explain the coexistence of antlion species and further address potential

impacts of intraspecific and interspecific competition on the foraging behaviors adaptations.

Keywords: antlions, Myrmeleon, coexistence, competition, foraging-related behaviors
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The habitat preference of freshwater shrimps in

the tributaries of Yanshui River, Tainan City
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Helminth parasites of gulper shark (Centrophorus granulosus)

from waters off eastern Taiwan

Cheng-Yun Chuang'”, Hsuan-Wien Chen?
"Department of Oceanography, National Sun Yat-sen University

’Department of Biological Resources, National Chiayi University

Gulper Shark (Centrophorus granulosus), a benthic feeding shark, is distributed in the
sea depth from 50 to 1440 meters all over the world. They were commonly captured
by deep-water longline fishing in the waters off northeastern and eastern Taiwan.
While this shark is frequently used as the commercial species and sold in the form of
smoked meat in Taiwanese market, the population status and basic biology,
particularly the parasitic fauna, have not thoroughly studied. The current study is
aimed to examine the parasites in the spiral intestines of gulper sharks that were
caught in the offshore of Hualien. In total, 30 individuals of gulper sharks were
dissected and their spiral intestines were carefully checked for parasites. One was
infected with a single unidentifiable cestode and 6 were infected with Anisakis larvae
in the intensity of 2.8311.64. The morphological characteristics of these Anisakis
larvae were then described and reported herein. The molecular markers will then be

applied in order to identify these helminth parasites.
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Influences of climate variability on the acoustic diversity of bat

communities

Kuan-Yu Chen'*, Chang-Kai Ho', Mao-Ning Tuanmu?®
Institute of Ecology and Evolutionary Biology National Taiwan University'

Biodiversity Research Center, Academia Sinica’

Understanding how biotic and abiotic factors influence species composition and
structure of ecological communities is essential for biodiversity conservation under
the changing environment. Trait diversity is an important community property
determining ecological functions of a community. Previous studies have shown that
climate variability can affect trait diversity of a community through community
assembly. For example, according to the favorability hypothesis, high climate
variability can be a strong environmental filter in the community assembly process,
and only allows the species which have certain traits to filter through. In addition, the
climate variability hypothesis states that the species distributed in the areas with
higher climate variability are adapted to have broader ranges of tolerance and
associated traits than those distributed in less variable environments. Besides the
abiotic factors, the competitive equilibrium hypothesis states that highly variable
environments would lead to an unstable competitive equilibrium and thus reduce
dominance of any particular species or trait. In this study, I propose to use acoustic
diversity of bat communities in Taiwan as a case to test the three hypotheses. As the
characteristics of bats’ echolocation calls reflect their interactions with the
environment, acoustic diversity could be a good indicator of how bat communities
respond to environmental conditions. Based on long-term ultrasonic recordings
collected at 10 sites across Taiwan, we manually labeled bat calls and measured the
call traits by R packages. To test three hypotheses, we calculated three functional
diversity indices from numerous call traits; we will then investigate the relationships
between the and temperature variations. This study will improve our understanding of
what and how mechanisms determine the acoustic diversity, an ecologically important

but understudied property, of bat communities.
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Effects of resource quantity on copepod-induced trophic

cascades in the East China Sea

Tz-Chian, Chen!” ~ Pei-Chi, Ho' ~ Chih-Hao, Hsieh'*?
"nstitute of Oceanography, National Taiwan University

Institute of Ecology and Evolutionary Biology, National Taiwan University

Copepods play an important role in marine food webs. Copepods are mainly
omnivorous and can consume both phytoplankton and protists. Copepods can induce
trophic cascades when they consume protists, so as to reduce grazing pressure of
phytoplankton. Although this phenomenon of copepod-induced trophic cascades is
well-known, how environmental conditions affect the strength of copepod-induced
trophic cascades is rarely investigated through in-sifu experiments. Worthy noting,
resource quantity may influence the strength of trophic cascades. There are two
potential contrast scenarios: 1) high nutrients support higher phytoplankton production
and increase protist abundance. Copepods prefer consuming protists, since protists
contain more nutrients (i.e. nitrogen and phosphorus) and are more stoichiometrically
balanced than phytoplankton. Therefore, higher nutrients supply would enhance trophic
cascades; 2) high nutrients increase the density of large phytoplankton in the
community, so copepods may directly ingest large phytoplankton and weaken the
strength of trophic cascades. To explore this issue, we conducted in-situ shipboard
incubations in the East China Sea. We estimated the difference in phytoplankton
reduction in incubations with and without copepods to quantify the intensity of trophic
cascades. We anticipated that our research could shed light on the mechanism of how

resource quantity affects trophic cascades.
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Dividing the driver of biotic homogenization between communities —
Climate change, urbanization and species invasion
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The study of habitat utilization for granivorous birds and their impacts
on the rice grain damage in a natural farming field at Wufeng District

in Taichung City

Po-An, Chen!”, Shao-Pin, Yo'
1 Department of Life Science, National Chung Hsing University

In order to study the impact of the natural farming practice on the feeding habitats of the
granivorous birds such as tree sparrow (Passer montanus) and scaly-breasted munia (Lonchura
punctulata), we monitored the population size of bird species and percentage of rice spikes
damage at a natural farming rice field at Wufeng District in Taichung City. The results indicated
that the mean number of granivorous birds and percentage of rice spikes damage at the first

rice cropping season are 3.61 + 0.23 and 25.01% + 0.99%, which were significantly higher
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than those of the second season (0.84 = 0.21 and 6.51% =+ 1.02% respectively). The mean
number of granivorous birds at milky stage and yellow-ripe stage were 3.99 + 0.35 and 4.79 +
0.33, which were significantly higher than those of reproductive growth stage (1.47 = 0.31). In
addition, the percentage of rice spikes damage had significantly increased during the yellow-
ripe stage. The granivorous birds preferred the feeding sites close to buildings and trees with a
mean population size of 4.19 £ 0.38, which is significantly higher than those of the sampling
sites from the center of the rice fields (3.70 + 0.25) and the sites close to aqueducts (2.93 +
0.33). The granivorous birds also preferred the habitat sites with cement levee than those with
soil levee and long weeds. We found birds consume more rice grain from the sites close to
buildings, trees and aqueducts than the central area of the rice plantation. The soil levee with
weed control also attracted more birds to consume rice grain than the soil levee without weed
control. This study concludes that it is critical to have a proper landscape management such as
levee weed control and bird prevention practices in the first rice cropping season to lower the

risk of rice grain loss in the natural farming field.

Key word: natural farming, bird damage, rice field management
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Habitat Preference of the Arboreal Snails Satsuma phoenicis

in Taiwan

LE " RNNE S E N
Cheng-Lun Wu'", Shu-Ping Wu?, Pei-Fen Lee'
IR 2854 g 88745277 % (Institute of Ecology and Evolutionary
Biology, National Taiwan University)
244 2 A BERERTL F T ARE & (Department of Earth and Life Science,
University of Taipei)
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Does small-size (50-200um) zooplankton community better explain

larval fish survival in the East China Sea?

Yu-Hsuan Huang1*, Chih-hao Hsiehi

1. Institute of Oceanography, National Taiwan University

Larval survival plays a very important role in recruitment variability of fish. Up to 90% of fish
die during the larval stage. Starvation is widely considered as the main cause for such high
mortality. Indeed, some field observations have shown a positive relationship between
zooplankton and larval fish density, suggesting that prey concentration plays an important role.
However in majority of those studies, zooplankton data were collected using plankton nets of
mesh size > 200 um; those zooplankton are too large to be the potential prey for larval fish.
According to gut content analyses of larval fish, the most abundance prey have size about 50-80
um, which are mainly consisted of nauplii, copepodites, and eggs. Hence, in this study, we aim to
focus on small-size (50-200um) zooplankton community and explore its relationship with larval
survival in the southern East China Sea. We used 50um, 330um, and 1000um mesh size nets to
collect the small-size zooplankton, copepods (adults) and larval fishes respectively. The
zooplankton in the size interval 50-100um are mainly consisted of nauplii and copepodites, which
are consistent with previous gut content studies. However, small-size zooplankton and copepod
density did not show any significant relationship with larval fish survival. Also, the densities of
small-size zooplankton and adult copepods did not show a positive relationship. Thus in the south
East China Sea, small-size (50-200um) zooplankton or mesozooplankton community may not be
a good proxy for larval fish survival. In the future, we will investigate the samples in higher
latitude areas of the East China Sea.
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Morphological variation and evolutionary adaptation of butterfly
eyespots along environmental gradients

A6 2% F R F
Shin-Hung Jiang*, Chia-Hsuan Wei, I-Ching Chen

Wz s+ g4 &gy o0 (Institute of Life Sciences, National Cheng Kung University, Taiwan )
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Rz 4854 8585455575 9 (Institute of Ecology and Evolutionary
Biology, National Taiwan University )

MSHILP TR AT HE AR B Ak g 2 R FlptE At Bl b
BLEFHRETREAL G BFL BT CRBETRE P - B 2 Rk
02011 £ 70 DA T d R ARE A B AR ATR ¢ eS| S
BB~ ERIZ P Tl VRSP A AR 2 B R B TS B
R T R 'Fﬁ—féfﬁi’t‘l#”iﬂfﬂ  NIFT ARBTG Pi{tlbxglbmaz:%

AETEE2ERP ARV SAANATREZ IR AT TRE > LEH P
Y REFORFEREYRIA AT RE R EREF LFERTHEE L2 RR
713

ﬂh—

FORE - $FERe 0 P2 AT KB R DML - AT 2 B hiot 1 (1) 3
FER ﬁ&T’ﬁ%Bmﬁm&#ﬁ@W*H QFFF* BT HRe R T A
PIRGLFIT 2 Q)RS P TE S BT R R P R 4

B 4= F (keywords) © #34 B (Odonata) ~ 3 B 4 # (Spatial distribution) ~ 2 # 45 #%
(Biological indicator)

277



EiET

PP33
2018 S5 HH 2L A S %

s e
Ermt s =4 oeg

AEE A AR LS G

2018 £ 2 HH 23k H F A VI-121 pH B AL P P REFE & E S F
%ﬁ\ﬂ*‘ﬂ@‘é%‘ﬁﬁ~?ﬁ‘ﬁﬁ%i’Q#wmﬁoéﬁﬁﬁﬁﬁ
120-121 p g » 25 & /3 Z R0 6 R 3esky 2195 8 20 HH > 4 2ok
557% R G 2 EBEBORIE o DFT airAdeis cEE - F2EH AR
FHooLoaP ndE kb 0 231265 £(57.6%) 0 H= iR E&FS59 8

(19.72%) ~ & z2% 259 & (11.7%) ~ Z 54 55 £(2.5%) ~ & W5t 25 & (1.1%) % & F* %%
20 %(0.9%) H T dofrst s ~ 3757 % TIEELR p?frﬁ’{g 2018 & 2 E%};Iﬂi
%&ﬁzmwﬁﬁﬁwk’ﬁﬂﬂw~aﬁm&ﬂ4m@mﬁ’r?5ﬁ54%ﬁ

nRTAREAYE E RS 545 8 2 G EH > B U LR QG ] R4 o A E RIKE
B ER T TR ECREHERAC > RE FT T ﬁ %if%ﬁfzzz@ Bl = KOEw

TR b o

278



EiET

PP34
N AU S L U GO SRR AR SF A s e 1A

FEg U RER RS E LR
LA PR EFEHRAL P i)
2R BABERBE L
3R A F PP
A¥F 2 PP ET S

#£ R 2IRE LR Fafefp DR B e 0 o BEN [ RBSD A Bt F A
ﬁ‘} HS e AT P B A eie AR BR 9 BRA(F) 28 (L F) ~ 39 B
()’*Sﬁ EB o T AT B h b SRR o o GRS TR RS

LEE 1,633 ik o HY » B A B LRIOEREHE 1,534 G4 A I B 5B
"J 99 §i% o powr FE A 5 fAd% > o o % ER i (Rhipicephalus sanguineus) ~ #c-| = %
(Boophilus microplus) ~ % ¥ x. ¥&(Haemaphysalis hystricis) - V‘F]’ & TCLE (Amblyomma
geoemdae) v A4 bk (Ixodes ovatus) ° 3 & 8 = £ FAergE R 2 11 2 48 I B (Boophilus
spp.)endicE £ % o 1k 72.2% 5 @ B 4 6 4 Bl 02 AL (Amblyomma spp ) B E B 5 0 i
60.6% ° 24t 2 {oX P A > NG R ER D 2B ol 4 BRI 0
BB D R DL S p R

279



EiET

PP35
SHEREFTREYT RAGELRREELAFT AT

ENE,-K&:‘I*‘HL ‘ngrs%\z‘]zﬁiﬁ'ﬂg3‘f"'"ia-l
LERRE¥ LR € RARKTIFTATREL Y
2R EL R € RARKRTEII T E
3.5 KRR R ¥ e

#&

SHICAABEF RGO PRL G RAEgEL 2 L8 o R EEEL F 2
IAGEBPEASHBE 2P PR EM 2 B HFHAGEL gLy 2 g2
B 1ISem M THIEL L AL T RS LEBRETRET FR P2 AZELRLEEE TR
P PE TR Y LR T T ERRE 0 RS 2015 22018 E N E L Ala iR TR
TRABFYE o AQ018)E BB K 6 B R TR *Lfril 96 SpFAEE > TIHB AR
0.18/ 100 m* » T 324 £ 4 11.4942.69 cm » 2152 T 2 oo 2645 5] 55 3 RAGEL » T30
B 5 030/100m”» T34 E 4 9.3141.89 cm » gt M:.mlﬁ Wl TR AE L kL
AERPRIEGE] S 8 AP APRG T RS G o wAF 2015 3 2018 £ B
$HEPPEEC EERPMAAGELZRRE ST SRR T RER N AR ,}iﬂwﬁr—sz?
LR R ATHEE V> 2P REFRENAERE R LR BETA P ER AR
o AR E N G L RE Ik o

a

§ |l ‘4&

etz @ el ~ % 5 ~ £ AE(Tridacna maxima) ~ 3# I; #-35(Tridacna noae) ~ 7 % %
Ha!

E-mail : chchang@mail.tfrin.gov.tw

280



EHET

PP36
BB A Tk AR BT 5 R R 2 i gE

AR R R e 2R ks
I R EL R ¢ 257 BT 7

2. avﬁ-—mbf’féﬁﬁﬂ-%?ﬁﬁ%

3. ¢ EAREP AHE G

HdEA Fike £ 103 2F > ARG LR F 2004 EF R A E B K s
W(Euploea Sylvester swinhoei) > B 7} 3 2. e £ & M o i7& K > fp RE2 L S
227 HRigUEcE § AR AR > Re L2 AH T2 £ %i/n\‘ﬁ\ﬁi
o FI R/ ESE FIE2ER o p 2017 F 40 A2 > 1T ARS S N TP R 2
AH o HAWIEERY ] AL i ¥4 28 B 10x10 2 ﬁ BRAERD S
BER L A #ﬁﬁ%‘%%iﬂ’+&5fﬁu@mmﬁaoﬁ%1&¢
(Zizeeria maha okinawana)% #7< % sk & ¥ L o AP ATl ey A4 S6
164 » 5 5 B4 LR E(AV): 44045 A (Casuarzna equisetitolia)=%

HEREL 1519 fEtheed % > s A7 REIHBHE T o 203 K ik B oh

9 3% & % (Gymnema alternifolium) 3 42 f= K ML g hREFaff - LR ES
7860 P H B2 I HFEEZ KE AL > A BY L ,%iﬁ?» 7 Fﬁ‘? ’ %é'ﬂﬂ‘%‘frﬁiﬁ"
X 5

FL 2 HUKR o Tt 0 S REWIERIRE S 2 2 A JUNRE R B R

i P%Lm"

281



EiET

PP37

A new case of invariant clutch size in an r-selected grass
swimmer, with a special note on the unequal cost of reproduction

between sexes

Jhan-Wei Lin'*", Ying-Rong Chen!, Tsui-Wen Li !, Pei-Jen L. Shaner!, Si-Min Lin'
"Department of Life Science, National Taiwan Normal University

2Conservation Division, Forestry Bureau

From an 8-yeared capture-mark-recapture (CMR) study, we comprehensively represented the
life history of Takydromus viridipunctatus, a sexually dichromatic lacertid lizard in subtropical
region. Accumulating over 20,000 pieces of data from around 11,000 individuals, we showed
that this species grow fast and die quick, frequently lay few eggs with invariant clutch size
(ICS) during the breeding season. The showing of nuptial coloration in males, the appearance
of the biting scars and pregnancy condition in females, the emergence of juveniles, and the
penetration from juvenile to maturity represented regular annual cycles. An over 98% ratio of
females reproduced less than 2 eggs per clutch, indicating the ICS strategy in this species,
which was less commonly reported in lizards expect anoles and geckos. By using CMR
modeling, we found that annual survival rate was around 0.1, consisting the pattern of CMR
capture intervals which only 11% individuals lived one year later and less than 1% survived
over two years. Furthermore, the survival decline in the breeding season was only significant
in females, leading to the slightly male-bias sex ratio after breeding. This result implied the
unequal cost of reproduction between sexes. Our results clearly suggest that 7. viridipunctatus
occupies the fast end of fast-slow continuum of life history, which might evolve to adapt the
grassland habitat under high predation risks and unexpected disturbance. In the meanwhile, the
“arboreal hypothesis” fits well to explain the formation of ICS for this specialized grass

swimmer.

Keywords: costs of reproduction, population demography, sex-specific mortality, Squamata,

reptile
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Taxonomic and functional insect herbivore diversity across
latitude in rice agro-ecosystems

Jia-Ang Ou
Institute of Ecology and Evolutionary Biology, National Taiwan University, Taiwan

Understanding the mechanisms that generate observed patterns of species diversity and
distribution is a central theme in ecology. The latitudinal diversity gradient (LDG) is arguably the
most well-documented ecological phenomenon. While theories have been proposed to explain
the increase in species diversity towards the tropics, many, if not all, empirical studies have only
examined the latitudinal diversity gradient in natural landscapes. Although agricultural
landscapes are known to be extremely species poor in terms of vegetation, they currently cover
the greatest land surface area and can still foster a diverse assemblage of animals when well
managed. Though studies have indicated that greater farm-scale biodiversity bolsters ecosystem
functions, few studies have considered how differing biogeographical contexts might obscure
these conclusions. To fill these gaps, we propose a trait-based approach to disentangle the
processes (stochastic VS deterministic) that generate the functional (trait diversity) and spatial
(beta-diversity) components of insect herbivores in rice paddies across latitude, in Japan, Taiwan,
and the Philippines. Specifically, we will test three hypotheses: (1) Harsher environmental
conditions at high latitudes imposes a limit on traits more than on species, thus resulting in
higher functional redundancy, (2) Local-scale communities are assembled via species sorting
thus, high regional functional redundancy increases taxonomic beta-diversity due to priority
effects, and (3) Functional trait composition varies with latitude because different environmental
conditions and evolutionary histories across latitude select for different types of traits. The
results of this study should help explain why recent meta-analyses have had mixed results on the
relationship between biodiversity and ecosystem function in agriculture. By applying
biogeography and community assembly theory, this study is expected to provide practical
information that improves our predictability for biodiversity responses to the rapid
socioeconomic and environmental changes experienced worldwide.

Keywords: Insect herbivore diversity, functional traits, agroecology, biogeography,
community assembly

284



EiET

PP40
BHEARER e S EER L E R

EFALT f}ﬁ =

FRRLELZRAEHFAPFFTHFRT P
BFFEE o g R T R0 d A A s B RIELIFE S TR g R kT g Pt
NG EA G e d R LRI R R AT KE 0 - R AR 2 ERR R
i%%ﬁﬁaoipiﬁﬁiﬁimaiz%ﬁav%mn&izms&ﬁuﬁw?J
MEE D FEEF D 2 dER e EEHE AT R VR R R AR R &

z
02017 & £ #p”z £ 13 F 37 48 2895 F48 > 2018 £ = a‘ﬁ% 15 # 33 48 3271 18 > /ME
BN ERT LA BRABDZIFNA P RSB ER S v (R
BB lomre R R > Hieky RV AY 27 R Bk 33 B -

Monitoring of fish assemblages and population dynamics in Fa-Tzu

River in Central Taiwan

Meng-Chi Hung" - Cheng-Hsiung Yang

Endemic Species Research Institute, Council of Agriculture

The Fa-Tzu River locates at west Taichung metropolitan is one of the major tributaries of Ta-
Tu River in Central Taiwan. It drains the hillside in the west part and the recession of the Hu-
Lu-Dun irrigation system in the east part. Most of the watershed is newly developed area that
faces increasing amount impermeable area might affected the flow regimes. A two years
monitoring of fish assemblages and population dynamics in Fa-Tzu Creek was conducted in
2017-2018 employing CPUE in five sites respectively. Catch compositions include 13 families,
37 species, 2895 individuals in 2017 and 15 families, 33 species, 3271 individuals in 2018. It
has a slight difference in between years. Oreochromis mossambicus, Rhinogobius candidianus,
Opsariichthys pachycephalus, Acrosscheilus paradoxus and Rhinogobius rubromaculatus are
dominant species. A total of 33 individuals of endangered species Sinogastromyzon puliensis

was also caught in this study.
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Rensch’s rule in a climate change scenario
Tzu-Hsien Yeh'*, Chuan-Kai Ho'
nstitute of Ecology and Evolutionary Biology, National Taiwan University

Rensch’s rule describes that body size difference between males and females, known as sexual
size dimorphism, is correlated to the average size of the species within a lineage. The rule
observes that sexual size dimorphism across species increases with increasing body size when
the male is the larger sex; on the other hand, sexual size dimorphism decreases with increasing
body size when the female is the larger sex. A difference of average body size among populations
within a species could show a pattern as Rensch’s rule would predict. Thus, we propose that
intraspecific body size shrinkage under climate warming (predicted by temperature — size rule)
may lead to sexual size dimorphism shifts over decadal periods. In accordance with Rensch’s
rule, this warming-induced body size shrinkage may result in a reduced sexual size dimorphism
if males are larger and an increased sexual size dimorphism if females are larger sex. In other
words, the degree of body size change under warming may be higher in males than in females.
To test our prediction, the body size of museum specimens collected decades ago and recent
years will be measured, and then the sex dimorphism change under warming will be analyzed
with species as a random effect. The results of this study will help reveal whether climate
warming may lead to a change (e.g., evolution) in sexual dimorphism, which could critically
influence sexual selection and sexual conflict.
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The application of soundscape for long-term ecological monitoring of a
low visibility reef — Taoyuan algal reef

Colin KC Wen! , Harry Tzo-Hao Lin?> , Wei-Chen Tung**
"Department of Life Science, TungHai University
2Japan Agency for Marine-Earth Science and Technology

3Department of Life Science, TungHai University

Underwater visual census (UVC) is the most common method of monitoring biodiversity in corals
reefs or other bioherms. However, coral reefs and other ecosystems, such as mangroves, estuaries,
wetlands or algal reefs, which are typically vulnerable to land- source sedimentation or human
disturbances, can be difficult to survey quantitatively due to limited visibility. Consequently,
surveys in these habitats typically employ species-dependent sampling methods utilising nets,
traps or anesthesia to sample marine organisms. Soundscape methods are becoming an
increasingly popular, non-destructive alternative, for studying and monitoring aquatic
environments, however, their effectiveness compared with more traditional methods is not yet
fully understood. Here, we compared a soundscape recording method with netting and anesthesia
to quantify fish diversity and abundance in a low visibility, high wave energy, shallow water algal
reef ecosystem. Our preliminary findings indicate differences in the results obtained from the three
different survey methods. Additional long term, cross-seasonal monitoring is required in order to
further explore the differences between data obtained via soundscape and other more traditional
methods.
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New Primers Detect High Diversity and Dynamic Abundance of

Coral Associated Bacteria Endozoicomonas

Jia-Ho, Shiu'?* ~ Jiun-Yan, Ding? ~ Takuma, Mezaki® ~ Chih-Jui, Tan* + Tung-Yung, Fan* ~
Sen-Lin, Tang?
1 Molecular and Biological Agricultural Sciences Program, Taiwan International Graduate
Program, Academia Sinica and National Chung-Hsing University
2 Biodiversity Research Center, Academia Sinica
3 Biological Institute on Kuroshio, Kuroshio Biological Research Foundation, Kochi, Japan

4 National Museum of Marine Biology and Aquarium

Endozoicomonas bacteria are commonly regarded as having a potentially symbiotic
relationship with their coral hosts. However, their diversity and phylogeny in samples collected
from various sources has not been clearly elucidated. Therefore, we designed an
Endozoicomonas-specific primer paired with a bacterial universal primer to detect 16S
ribosomal RNA (rRNA) genes of this taxon. The primers were tested with 30 samples from
various sources (i.e. 9 genera of reef-building corals, 3 locations, and 4 sampling times), and 3
seawater samples from 3 locations by using 16S rRNA amplicons in next-generation
sequencing. The primer showed high specificity (95.6%) in the V3-V4 region of 16S ribosomal
RNA (rRNA) genes and its sensitivity was high, especially when Endozoicomonas was rare in
samples. Interestingly, this study was apparently the first report of higher alpha diversity of
Endozoicomonas in seawater versus coral samples, despite much lower relative abundance of
Endozoicomonas in seawater. In coral samples, predominant V3-V4 ribotypes had greater
divergence than predominant V1-V2 ribotypes, and were grouped into at least 9 novel clades
in a phylogenetic tree, indicating Endozoicomonas had high phylogenetic diversity. Besides,
we also demonstrated the Endozoicomonas specific primer were also successfully used in
gqPCR for quantifying the variation of Endozoicomonas when coral bleaching, because the
similar fluctuation patterns between qPCR result using Endozoicomonas specific primer and
MiSeq sequencing data from bacterial universal primer. In conclusion, the newly designed
primers are useful molecular tools for reliable detection of Endozoicomonas community and

abundance in marine environments.
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A comparison between 200 um and 330 um mesh nets for collecting

fish larvae in the surrounding waters of Taiwan

Yu-Kai Chen'*, Chia-I Pan', I-Chen Wangz, Ming-An Lee?
1 Fisheries Research Institute, Council of Agriculture, Executive Yuan, Keelung, Taiwan 202,
R.O.C
2 Department of Environmental Biology and Fisheries Science, National Taiwan Ocean
University, Keelung, Taiwan 202, R.O.C

Abstract

A sampling cruise was carried out at 10 stations in April 2011 to assess the efficiency of two
mesh sizes for collecting fish larvae in the Taiwan Strait and northern waters of Taiwan. A
bongo net fitted with 200 um and 330 um mesh nets were towed obliquely from 100 m to the
surface at each station. A total of 651 larvae representing 50 families were identified. The
eight dominant families included Clupeidae (29.3%), Myctophidae (13.1%), Engraulidae
(6.5%), Carangidae (6.0%), Scombridae (5.2%), Bregmacerotidae (4.5%), Synodontidae
(3.2%) and Bothidae (2.9%) which occupied 70.7 % of the total larvae were collected.
Plankton samples collected with the two nets did not differ significantly in terms of mean
filtered volume and the amount of organic material. Similarly, the overall larval fish density,
mean length and length distribution of the dominant taxa (except for Engraulidae) also
showed no significant differences between nets. However, a greater number of families and
individuals as well as higher mean larval fish density were obtained in the 200 um mesh net,
while the difference was not significant between nets. The size distribution of the dominant
families showed that 200 um contained more smaller size class specimens, especially for
filiform Engraulidae, Clupeidae, Synodontidae, Bregmacerotidae larvae. On the other hand,
the size distribution was similar between nets for fusiform fish (Scombridae, Carangidae) and
Bothidae larvae. This indicated that the morphology of fish larvae did influence the efficiency
of mesh retention and the extrusion of filiform or smaller fish larvae from 330 pm mesh net
has to be taken into account to obtain more robust estimates when abundances are used in
quantitative population studies. Furthermore, the present study confirmed that icthyoplakton
samples collected with this two mesh sizes were comparable when used in qualitative studies
of community structures in the surrounding waters of Taiwan.

Keywords: ichthyoplankton, plankton net, mesh size
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Exaggerated weapons in stag beetles (Cyclommatus mniszechi):

energetic costs

Hao Chen'", Shu-Ping Huang?, Zhen-Yi Chen', Chung-Ping Lin', Yuying Hsu'
'Department of Life Science, National Taiwan Normal University

*Department of Biological Sciences, National Sun Yat-sen University

Exaggerated traits, such as mandibles of stag beetles, play an important role in resource
competition (e.g., in mating). The size of weapons often relates positively with the ability to
win. However, these structures may impose extra costs on physiology and locomotion. Here,
we examined the costs associated with the enlarged mandibles in male stag beetles
Cyclommatus mniszechi. We measured standard metabolic rates (CO; production rate during
rest), endurance capacity (distance walked before exhaustion) and metabolic rates after
contest interactions. We aimed to answer the following questions: (1) whether individuals
with larger mandibles have higher standard metabolic rates, (2) whether individuals with
larger mandibles have lower endurance and, (3) whether individuals with larger mandibles
pay higher energetic costs in contest interactions and have higher post-contest metabolic

rates.
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Ecological niche and host plants of Drosophila elegans species
subgroup

Anggun Sausan Firdaus'™ and Shu-Dan Yeh'

1 Department of Life Sciences, National Central University, Taiwan

Insect melanism is thought to be an important feature for adaptation towards certain stress,
such as desiccation and UV irradiation. The genetic and molecular mechanisms underlying
the polymorphism of body melanization have been well-documented in several species of
Drosophila. However, the divergence of this trait beyond species level is rarely studied and
compared to intra-species level although this trait has been indicated to associate with the
ecological niche divergence. In the current study, we examine the inter- and intra-specific
variation in D. elegans species subgroup in which one species, D. elegans, exhibits both
ancestral brown morph and derived black morph but its sibling species, D. gunungcola, only
exhibits derived black morph. Extensive survey in Java and Sumatra, Indonesia, was
performed to collect the distribution data of this two species, along with the ecological data.
We discovered new host plants, including Ipomoea carnea, I. batatas, 1. aquatica, and
Brugmansia suaveolens for D. elegans, and I. cairica and B. suaveolens for D. gunungcola.
Both species have been found to share the same host plants. D. elegans tends to live in
warmer habitat, while D. gunungcola tends to live in colder habitat. Difference in heat
tolerance is probably one of the possible reasons to explain the absence of D. gunungcola in
the northern hemisphere. Future study related to its population genomic will be conducted to

reveal the biogeographical history of this two flower breeding species.
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Molecular and morphological evidence suggest that Hypochrosini

(Lepidoptera: Geometridae, Ennominae) is polyphyletic

Shan-Ru Wei*, Shen-Horn Yen

1. Department of Biological Sciences, National Sun Yat-Sen University

The Lepidoptera are estimated to include more than 200000 described species, of

which over 20000 are in the Geometridae — one of the three most species-rich families.
Almost half of the geometrid species belong in the subfamily Ennominae, which has a total of
about 10000 species worldwide, placed in approximately 28 tribes and 1100 genera. Among
them, the tribe Hypochrosini is comparatively a small tribe and accounts about 347 species in
30 genera, widely distributed in Eurasia, SE Asia, Indian subcontinent, Africa and North
America. Although most of the lepidopterists recognize that Holloway’s revision on the
Bornean Hypochroini fauna established the framework of the systematics of the tribe, many
genera, however, are poorly defined and the phylogeny and monophyly of the tribe are still
inadequately resolved. The purpose of the present study is to provide an improved
phylogenetic framework of genera, thereby enabling better assessment and understanding of
the diversity, biogeography and ecology of the tribe. Due to the rarity of many genera in
museum collection, we first investigated the phylogeny using morphological evidence
obtained from the adults of 47 species and 27 genera plus a species from Scardamiini as the
outgroup taxon. We employed Maximum Parsimony to reconstruct the phylogenetic
hypothesis and use the tree to assess the monophyly of the tribe, internal relationships and the
current classification. We then used COI gene to reconstructed the phylogeny of selected
genera. The phylogenetic pattern shows that the monophyly of the tribe is not supported by
both morphological and molecular information and the current composition of the tribe is
possibly due to misinterpretation of the homology of several characters, such as wing pattern,
wing shape, furca in male genitalia and androconial organ. We first discovered that many
genera which were never placed in any tribe can be associated with Hypochrosini, while
many genera that were originally placed in Anagonii and subsequently moved to

Hypochrosini, should be removed from this tribe.
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Evolution of Host Plant Range in Herbivorous Pachyrhynchus

(Insecta, Curculionidae) Weevils

HIEL* S R
Princess Angelie S. Casas and Chung-Ping Lin
R4 FE g~ 52 &9 & (Department of Life Science, National Taiwan Normal

University, Taipei, Taiwan )

Abstract

The interaction of plants and insects are among the most remarkable in the history of
life on earth. Since the early Cretaceous, the extraordinary diversity of insects being
highly attributed with angiosperms suggests a complex history of co-evolution and
co-diversification. It is generally believed to have a correlation between diversity of
insects and diversity of plants as their primary food sources. Periods of host shift and
respecialization are usually followed by lineage diversification among insects (Janz
& Nylin 2008; Wang et. al 2017). This study mainly focuses on the Pachyrhynchus
weevils, along the remote volcanic islands of Taiwan-Luzon Archipelago. Current
data on their host plant records reveal common associations from different families
of plants, but the role and pattern of diversification and coevolution are still unclear.
Thus, this aims to provide a better understanding of the complex processes involved
in their successful colonization and host plant range expansion within and among
oceanic island populations. Here, preliminary results are presented, predicting a
higher degree of speciation, in this case, the net expansion of weevil lineages, with
higher diversity of their host use.

Keywords

angiosperm, coevolution, Curculionidae, phytophagous
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A preliminary study on the taxonomy on Xiphonectes (Decapoda:
Brachyura: Portunidae) from Taiwan

FAEF W YA
Yu-Hsuan Huang and Hsi-Te Shih
Rz #8154 &35 L (Deperment of Life Sciences, National Chung Hsing University )

¥+ {1 (Portunidae) ¥ 7 Xiphonectes i, >+ K £ 3 29 fa, 5 &R 48 4 2,
i CHEPRBATFPER, BATRBRE, VA ARE ALY c B ENYT
(carapace) 1 = ¥ (anterolateral teeth) ¥ , & & R P &g dm ~ & &, {8 Rl
(posterolateral margin) £7 {5 % (posterior margin) 2 % A2 # k R4z o FH f8 3| 4o
R, B RN AR anEd] o AP AR 5B A 0 Xiphoncetes FAEE, &Y
RFHoE 2 e g &, Bg BN FRERC RS b, A S G AR AR A T
COL # 16S = 4= % B, % 7 © Hiehrilich 4 62 ¢, 4 3 5 AT 6 ot
fao ¥V a I MG rir S ST, o8 A Xiphonectes | 22355 - BH &
(monophyly), A k#-F4 P HAF ) E LB, LB FA ML DR

M4t F (Keywords): Xiphoncetes ~ & + 4+ (Portunidae) ~ #& % % (key)
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Morphological comparision of the first zoea stage among the five

species of Taiwanese fiddler crabs
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Convergence in wing patterns within Euploea butterflies (Lepidoptera:
Nymphalidae, Danainae) and its implication of evolution of Miillerian

mimicry and speciation

Hsin Yang*, Shen-Horn Yen

1. Department of Biological Sciences, National Sun Yat-Sen University

The alpha-taxonomy, overwintering ecology and chemical defense of the butterfly genus
Euploea (Nymphalidae, Danainae) have been studied extensively during the last decades. The
wings pattern and unpalatability of them are known to be significant in driving the
convergent evolution of colour-patterns of other butterflies and diurnal moths in Indo-Pacific
region. Up to date about 60 species and numerous subspecies of Euploea are recognized.
Although the genus is very often mentioned in studies on overwintering, migration, mimicry
and chemical defense, but the majority of the studies confines to less a dozen of the species.
The phylogenetic relationships within the genus was only studied once during the 1980s
based on morphological characters and a Hennigian approach. However, the previous study
neither successfully resolve the phylogeny nor re-organize the classification. Meanwhile,
morphological characters are not sufficient to distinguish species with extreme sexual
dimorphism, polymorphism, internal mimicry and high individual variability. In order to
evaluate the correlations between divergence times, clade age, speciation, biogeography and
hostplant associations, we reconstructed the first Bayesian and Maximum likelihood
phylogenetic trees of Euploea butterflies using sequence data of 5 loci (COI, EFla, RPS2,
cytochrome b and wingless) from 34 species, and use this tree to assess the correlation
between the diversity of mimicry ring and the landmass in SE Asian islands. Our
phylogenetic analysis reveals that: (1) Euploea is a monophyletic group comprising at least 9
morphologically distinct and well-supported clades; (2) extreme sexual dimorphism has
evolved only once in E. mulciber + E. configurata clades; (3) convergence in wing pattern
appears in every clades with sympatric distribution; (4) the area of island correlates with
diversity of mimicry rings, while this phenomenon is not detected in continent; and (5)

species diversity of the genus is underestimated.
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PE12  Species delimitation of genus Sphenomorphus in elevated

mountains in Taiwan

Yu-Te WANG'* and Si-Min LIN'

School of Life Science, National Taiwan Normal University

With high level of isolation, species living in elevated mountains often represent restricted
gene flow between populations and form highly differentiated geographic structure. The
effects of genetic drift and adaptation in different mountains further promote speciation. This
concept, known as “sky islands”, has attracted the attention from taxonomists and
evolutionary biologists. Sphenomorphus taiwanensis, a small-sized skink, is widely
distributed in high mountains of Taiwan and shows potential genetic differentiation among
populations. By using SNPs data from ddRADseq, we investigate the phylogeny, genetic
structure, and gene flow among populations which helped to reconstruct the evolutionary
scenario of the lizards on these “mountain islands”. We discovered a unique lineage with
great genetic distance from other lineages, with the morphological differentiation also
matches with the genetic evidence. This finding suggested the under-estimation of species
diversity within this species group. In order to figure out the mechanism of this high genetic
diversity, we will use F.-based method to figure out candidate loci which are correlated to
disruptive selection, and further investigate if the genetic distance between populations is
correlated with environment factors (IBE-isolation by environment) or geographic distance
(IBD-isolation by distance).

Keywords: ddRADseq, isolation by environment, sky island, species delimitation
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Population genetic study of invasive Anolis sagrei in Taiwan

Wen-Yeu Wang! " and Chih-Ren Tung?

"Department of Life Science, National Taiwan University
2Department of Oceanography, National Sun Yet-sen University

Brown anole, Anolis sagrei, is originally found from Cuba, the Bahamas, Cayman Brac and
Little Cayman. They have been known as a notorious invasive species in many parts of the
world including US (Florida), Jamaica, Hawaii and Taiwan. In Taiwan, brown anole was firstly
recorded in Chiayi County in 2002 and subsequently in two more locations, Hualien and
Hsinchu Counties which isolated by Hseuhshan Range. Two phylogenetic distinct mtDNA
haplotypes were formerly reported in Chiayi population. In order to reveal the source and
estimate the genetic variation of the newly invaded populations, in total 48 individuals from
four populations in Taiwan were sequenced for mitochondrial ND2, tRNAT® and tRNAA®R
genes. The result showed that the genetic diversity of all populations are low, overall nucleotide
diversity (r) s 0.017. Same as previous study, two haplotypes, HI and H2 were found in Chiayi.
On the other hand, both Hualien and Hsinchu populations are homogenous with haplotypes H1
only presented in Hualien and haplotypes H2 occurred in Hsinchu. This result may indicate
that no signs of newly multiple invasive events and the populations in Hualien and Hsinchu
counties were probably introduced through human activities from Chiayi. Furthermore,
combined with published non-Taiwanese population data, the phylogenetic analyses supported
the hypothesis that Florida is the most possible source for the brown anole population in Taiwan.
This result can be useful to further management, controlling expanded population of brown

anole.
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PE20 A resurrected soldier beetle of Fissocantharis (Coleoptera,
Cantharidae) in Taiwan revealed by the combined morphological
and molecular data

Yun Hsiao'?, Cheng-Lung Tsai"
! Australian National Insect Collection, CSIRO National Research Collections Australia

Division of Ecology and Evolution, Research School of Biology, The Australian
National University

3Department of Entomology, National Chung Hsing University, Taiwan

Fissocantharis Pic, 1921 is a diverse group of soldier beetles distributed in the Oriental and
Eastern Palaearctic Regions. They are featured by the characteristic modifications on male
antennae, which are traditionally exploited in species identification. However, antennae are
simple and filiform in certain groups, and thus difficult in species recognition. Recently,
two species with filiform antennae, Micropodabrus simplicicornis Wittmer, 1993 and
Fissocantharis formosana (Pic, 1910), were synonymized based on the examination of
holotype. Nevertheless, several characters are still able to recognize these two species.
Therefore, in the present study, we re-examined F. formosana and M. simplicicornis based
on not only the holotype but also multiple specimens, and the DNA barcoding is used to
test the validity of the present taxonomic status as well. The results suggest that M.
simplicicornis should be resurrected from the synonymical relationship with F. formosana.

It highlights that the inappropriate taxonomic act may occur due to insufficient specimens
for comparison. Furthermore, our molecular analyses based on the mitochondrial COI gene
revealed the conflict between known Fissocantharis morphospecies and genetic data. The
comprehensive sampling and rigorous analysis on the basis of multiple molecular markers
are badly needed in future works.
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PE22  Djetary Adaptation Associated Bacteria in Drosophila sechellia
Jia-Syuan, Chen'* ~ Shu, Fang®  Chau-Ti, Ting'

1 Department of Life Science, National Taiwan University
2 Biodiversity Research Center, Academia Sinica

Accumulating evidence indicates that gut microbiomes have strong associations with host
behavior and physiology. Drosophila sechellia is a specialist, utilizing noni fruit (Morinda
citrifolia) as the mainly dietary source in the wild. In contrast to its sibling species, D.
sechellia shows a strong preference to oviposit on noni and also has complete resistance to
the fruit toxin. To understand the roles of gut microbiomes in such special dietary adaptation
of D. sechellia, we performed MiSeq 16S sequencing to compare the difference of gut
bacterial communities between the strains long-term feeding on lab media and that on noni
fruit. In total, we detected 13 significantly associated bacterial OTUs, which belonged to 12
bacterial genera. Although the functions of these bacterial groups in D. sechellia were
unexplored, several bacterial genera, such as Pseudomonas, Escherichia, and Rhodococcus,
commonly existed on overripe fruits and in guts of insects. Pseudomonas and Escherichia
species have been reported with antifungal and insecticidal activities in Drosophila.
Rhodococcus has been known to be involved in the biosynthesis of B-group Vitamins.
Together, it suggests that the change in gut bacterial communities might help the diet
adaption of D. sechellia in multiple ways, including the resistance to noni toxins and
metabolism of fruit.
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Discovery of the immature stages of Neopseustidae fills
evolutionary gaps in knowledge of the relationship between

Lepidoptera and Viridiplantae

Chia-Hsuan Wei'**, David C. Lees?, Shipher Wu?, Shen-Horn Yen*
"Department of Life Sciences, National Cheng Kung University
“Department of Entomology, The Natural History Museum
3Research Center for Biodiversity, Academia Sinica

“Department of Biological Sciences, National Sun Yat-Sen University

The phylogenetic relationships of primitive Lepidoptera are one of the key questions to be
addressed for lepidopterists. Resolution of their relationships do not only provide the
phylogenetic backbone for re-arranging the classification, but also offer the evolutionary
basis for inferring the transition of larval host associations with green plants (Viridiplantae).
In the last few years, the phylogenetic relationships of the basal Lepidoptera are already
resolved. The evolution of larval colonization on green plants, however, remains puzzled due
to the lack of biological information of Neopseustidae, a family belonging to a clade that is
sister to all the Heteroneura. In the present study, we announce that we have discovered the
complete life history of Neopseustidae based on Neopseustis meyricki in Taiwan and the
phylogenetic pattern of host plant association of the major lepidopteran lineages is therefore
completed. The major discoveries include that: (1) to our surprise, the host plant of
Neopseustidae is not any primitive or basal plant family as suggested by previous author, but
Vitaceae, an Eudicot family originated in early Cretaceous, when Neopseustidae was possibly
originated; (2) the phylogenetic pattern of hostplant uses shows that exophagous feeding
behavior had already appeared in Neopseustidae, but not Adelidae as previously thought; and
(3) host plant association with Eudicot does not occur first in Nepticuloidea, but already in
Neopseustidae. Due to the fact that a very large gap in both morphology and ecology occurs
between Neopseustidae and other primitive lineages, we assume that some massive extinction

of unknown higher groups might happen around early Cretaceous.
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Addition of earthworms and vermicompost to soil improves growth of
perilla (Perilla frutescens)

Chi-lIan Lai, Yu-Wen Liao", Yung-Song Chen
Department of Biotechnology and Animal Science, National Ilan University

Vermicompost/vermicast (worm castings or worm feces) is a product of vermicomposting; i.e.
the breakdown of organic matter by various species of earthworms. Vermicompost is also
commonly used as a composting organic fertilizer in organic agriculture applications. The
present study investigated how the addition of different proportions of vermicompost affected
the growth of perilla plants. We also sought to determine the optimal number of earthworms
to add to the soil cultivating perilla plants. We found that soil combinations which included
20% vermicompost or 40% vermicompost generally performed the best, while the soil
combination which included 40% vermicompost performed the worst. These results suggest
that soil with a high proportion of vermicompost was too fertile, which negatively affected
the growth performance of perilla. We also sought to determine which of the following
achieved superior growth results: growing perilla plants (1) in the long-term presence of
earthworms, or (2) with a single treatment of vermicompost. In conclusion, the addition of
the appropriate proportions of vermicompost and earthworms to soil (together or alone) can
positively affect perilla growth.

Keywords: earthworms, vermicompost, perilla (Perilla frutescens)
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PPL1 Preliminary study on the Plio-Pleistocene otoliths of Taiwan
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3 Hsi-Jen Tao 1448 %4 Chih-Wei Chang % 1 &>°

!Center for Tropical Ecology and Biodiversity, Tunghai University, Taiwan
2Tsai-liao Fossil Museum of Tainan City, Taiwan
3Community College of Banciao, Taipei, Taiwan
4Deptar‘[ment of Life Science, National Taiwan University, No.1, Sec. 4, Roosevelt
Road, Taipei, Taiwan 106 17
National Museum of Marine Biology and Aquarium, Checheng, Pingtung, Taiwan
®Institute of Marine Biodiversity and Evolutionary Biology National Dong Hwa

University, Checheng, Pingtung, Taiwan

Fossil otolith assemblages have been reported from many regions of the world to interpret
regional paleoecology and to reconstruct paleobiogeography. The studies, however, are
mainly concentrated in the European localities; those from the western Pacific region
remain scarce, though several reports from Japan exist. Despite a few known Pliocene
localities yielding otoliths, a systematic study of such fossil assemblages has never been
carried out in Taiwan. The otoliths of the early Pliocene Kueichulin Formation in Shulin,
Taipei County (northern Taiwan) and the late Pliocene to early Pleistocene Liuchungchi
Formation in Chiayi County (southern Taiwan) were described for the first time. The
recent otolith collection of Taiwan, deposited at the National Museum of Marine Biology
and Aquarium, allows a well-comparable identification of fossil otoliths with great
confidence. The otoliths of Sciaenidae and Apogonidae were the richest families in both
localities. The sciaenids were, however, more diverse in the northern assemblage, while
Pennahia was a dominant taxon in the southern one. Furthermore, the higher abundance
of Larimichthys polyactis otoliths in the northern assemblage indicates a more pervasive
distribution of the fish than it is today. The composition of the assemblages leads us to a
conclusion that the paleoenvironment of both sites likely belongs to a nearshore marine
setting with sand to sandy mud bottom. Nevertheless, the occurrences of several
myctophid otoliths in the southern assemblage suggest an environment much closer to an

open ocean.
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