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marker. 32
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1.2 BT

This project estimated the effectiveness of ecotourism in terms of conservation
management. The results showed as following:

The most important factor for Chi-Gu site to develop ecotourism is ~ “the resource

attraction” . During the planning process, it is important to consider carefully of
“carrying capacity of environmental impact”

The results of the questionnaire survey by  “the conference of 2008 Wetland
Environment and Ecotourism”  pre-excursion in Bai-Mon area, Chi-Gu showed that most
visitors are satisfied with the field trip including the trip arrangement, dining, and
Interpretation.

The study also did a questionnaire survey to the visitors in Si-Chao area. The result
showed if there is any similar activity next time, most visitors (95.3%) would like to pay
the fee to participate, and the average willing payment is NTD$221.

Then, most visitors (89%) also would like to pay extra fee to promote the conservation
works in Si-chao area every year. The average fee is NTD$174. Chiku early as a result of
black-faced spoonbill's visit began to receive the attention of the people. Then in order to
promote the development of local industries to implement the Binnan of development plan,
this plan caused uproar among conservationists oppose. Finally, as a result of the rise of
conservation, the Binnan of development plan has been terminated, but the industrial
development opportunities brought about by the work disappeared, then Chiku must
between the ecological conservation and the industrial development conflict and choice.

Sincerely, the plan 1s mainly towards the "Production”, "Life", "Ecological" in the
principle of Chiku probe into the development of production, living and ecological
environment, and look forward to competition in the industry, tourism and leisure such as a
whole can reach a goal of a balanced plan. At first, the plan through the relevant literature
data collection, and sorted out the plight of the development. Another we adopt expert’ s
opinions for some interview. Finally, we drew some conclusions from the information and
provide relevant proposal for Chiku.
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4.1Introduction

Asian sea bass (Lafes calcarifer) or barramundi, a protandrous hermaphroditic,
centropomid fish, 18 distributed widely in tropical and sub-tropical areas of the Western
Pacific and Indian Ocean, between longitude S50E-160'W latitude 24°N - 25°S
(Kungvankij ef aZ, 1984; Lin, Chang and Lin, 1985; Grey, 1987). It is one of the
economic important mariculture fish species in Asia-Pacific and Australia (Anderson, 1996;
Chou and Lee, 1997). Sea bass is a euryhaline and catadromous species. Under natural
condition, sea bass grows in freshwater and migrates to more saline water for spawning.
Sexually mature fish are found in the river mouths or lagoons where the salinity and depth
ranged between 30 to 32 ppt (Kungvankij ef al., 1984; Grey, 1987). The first mariculture
industry was started in Thailand in the 1970s. Since then considerable research and
development efforts have resulted in reliable and consistent technique for its mariculture
(Rimmer and Russel, 1998). However, little information concerning the genetic diversity
of this species 1s available. Understanding the genetic structure of a stock is essential for
breeding programs that maximize the benefits of selective breeding while avoiding
inbreeding and drift (Yue et al., 2009).

Development DNA-based genetic markers were possible to observe and exploit
genetic variation in the entire genome (Liu and Cordes, 2004). Genetic variations of
cultured populations is useful for understanding population genetic differentiation among
cultured stocks within the species, inferring parentage in mixed-family assemblages,
maintain genetic variability in the population, estimating the genetically effective size of
the population and inferring the effects of selection within culture stocks (Hallerman,
Grobler and Jones, 2007). Several studied reported in Asian sea bass genetic markers
identification and genetic variation by using protein polymorphism (Keenan, 1994),
mitochondria DNA-single nucleotide polymorphism (SNP) (Chenoweth ef a/., 1998; Lin et
al., 2006), microsatellites (Sim and Othman, 2005; Wang ef al, 2007; Yue et al., 2001;
Yue et al, 2002; Yue et al., 2009; Zhu et al., 2006a; Zhu et al., 2006b) and Quantitative
Trait Loci (QTL) (Wang ef al., 2006; Wang et al., 2008).

The AFLP (Amplified Fragment Length Polymorphism) analysis is based on the
detection of genomic restriction fragments by PCR (polymerase chain reaction)
amplification. Fingerprints are produced without prior sequenced knowledge using a
limited set of genetic primers. The number of fragments detected in a single reaction can
be “tuned” trough the selection of specific primer sets (Vos ef al, 1995). The power
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of AFLP analysis is tremendously high for revealing genomic polymorphisms (Liu and
Cordes, 2004). Several works on the application of AFLP markers in aquaculture for
genetic variation and mapping useful genes has been used in scallop (Chlamys farreri)
(Zhao, L1 and Kong, 2008), ayu (Plecoglossus altivelis) (Kakehi et al., 2005), pearl oyster
(Pinctada tucata) (Yu, Jia and Chu, 2006), common carp (Wang et aZ, 2000) and blue
mussel (Mytilus edulis) (Lallias ef al, 2007).

AFLP analysis has not been used for studying genetic variation in Asian sea bass.
The aims of this study are to determine genetic variation and intraspecific population
differentiation of cultured Asian sea bass in Indonesia, Taiwan and Thailand using AFLP
analysis.
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4.2Materials and Methods

Sample Collection and DNA Extraction

A total of 43 fin samples of cultured Asian sea bass (Lates calcarifer) were collected
at three locations from Indonesia and Taiwan, including one (INA) population from
Lampung, Indonesia and two (TGK and THI) populations from Taiwan (Figure 13).
TGK and THI stand for Tungkang Marine Laboratory and Tungkang private hatchery,
respectively. Twenty INA samples, obtained from The Main Center for Mariculture
Development in Indonesia, were the offsprings of Indonesia broodstocks. Ten TGK were
the native Taiwan stock and cultured in Tungkang Marine Laboratory. Thirteen THI
were the fry imported from Thailand and cultured in Tungkang private hatchery, Taiwan.
These populations were all cultured stocks. All samples were preserved in 95% ethanol
before DNA extraction.

Genomic DNA was extracted from fin clipped (15-25 mg) using Proteinase-K
(Amresco,USA) digestion and AxyPrep Multisource Genomic DNA Miniprep Kit (Axygen
Bioscience,USA) followed manufacture methods. DNA concentration was measured
with Nanodrop (Nanodrop, USA). The quality of extracted DNA was assessed by 1.0%
agarose electrophoresis (Agarose I, Amresco,USA) with loading dye mixture with
ethidium bromide (EZ-Vision TM Three, Amresco,USA) and DNA ladder (Bio-100bp,
Protech, Taiwan) in UV light box (A UVB-1, Model UVB-101) and documented using
EZ-Catcher Camera (EZC-2002).

Development of AFLP Markers

Procedures of AFLP analysis were essentially base on Vos ef al (1995) with
modifications. Fingerprinting patterns were visualized on an 8% denaturing
polyacrylamide gel using the silver staining method. Genomic DNA template for AFLP
reactions were generated by double restriction enzyme digest and ligation. Initially,
around 150 ng genomic DNA in TE buffer of each sample was digest with each 12U/ul
Tri®O1 (Promega,USA) for 3 hours at 37°C and £coRI (Promega,USA) for 3 hours at
37°C and 15 minutes at 75 'C. To generate DNA templates for subsequent PCR
amplification, the digested DNA fragments were ligated with SuM EcoRI and 25uM 77191
adapters in a reaction mixture containing 3 U/ul T4 DNA Ligase (Promega,USA) and 10x
Ligase Buffer (Promega,USA) for 3 hours at 37°C and 15 minutes at 75 °C.
Preamplification PCR reaction was conducted using Eppendorf Mastercycle Gradient
(USA) 1n 20 ul reaction containing 4 ul 5x Flexi buffer, 1.6 ul MgCl: (25 mM) and 5U Taq
Polymerase DNA (Promega, USA) and 1 ul dNTPs (2mM) (Protech, Taiwan).
Amplification reaction was performed at 95°C for 2 minutes, denaturation 94°C for 30
seconds, annealing at 53°C for 30 seconds for 30 cycles and extension at 72°C for 1 minute.
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The 20 ul pre amplification product was diluted 5 folds with distilled water and use as
templates for subsequent PCR selective amplification.  Selective amplification was
performed with touchdown PCR begin at 95°C for 2 minutes, 65°C for 30 seconds, 72°C for
1 minute, 10 cycles at 94°C for 2 minutes, 65°C (decreasing 1°C each cycle) for 30 seconds,
72°C for 1 minute. Last reaction was performed at 94°C for 30 seconds, 56°C for 30
seconds; 72°C for 1 minute with 30 cycles and final extension 72°C for 5 minutes. The
selective amplification was performed using eight pairs of primers.
Electrophoresis and Silver Staining

The PCR products were mixed with equal volume of 6X loading buffer (Protech,
Taiwan). The product mixtures were denatured at 95°C for 3 minutes and the immersed
immediately into the ice. Then snap cooled on ice for 10 minutes prior to loading on 8%
denaturing polyacrylamide gel electrophoresis (PAGE) prepared as 50 ml of Acrylamide
19:1/40 % (Amresco, USA), 120 g of Urea (Amresco, USA) and 50 ml 5xXTBE. This
PAGE was mixed with 16 ul TEMED (Amresco, USA) and 320 uL of 10 % Ammonium
Per sulfate (APS) (Amresco, USA). PAGE pre electrophoreses running at 2000 v for 3
hour in a ATTO (Type AE6155) DNA sequencing cell, each well loaded with 1 ul sample
and 0.8 ul 10 bp ladder (Promega,USA). After electrophoresis, the gel was fixed in 1 %
acetic acid solution for 1 hour. The gel was rinsed in distilled water and stained with a
mixture 1 g of silver nitrate, 200 ul Na.S:0s and 1.5 ml formaldehyde solutions in 1 liter
distilled water for 1 hour and 20 minutes. For final gel, it was stained with 5 ¢ NaOH
and 1.5 ml formaldehyde solutions in 1 liter distilled water until bands visualized and reach
desirable intensity (Figure 14). Band size was estimated using a standard ladder and
analyzed using Imaging Analyzing System (HP ScanJet 5370C).
Data Analysis

GenAlEx 6 (Peakall and Smouse, 2006) used for AFLP calculated, a binary matrix
reflecting AFLP band presence (1) or absence (0) was generated for all eight primer
combinations. Estimates of similarity were based on the number shared amplification
products. It was assumed that each band position corresponded to one locus among
samples. Other analyses were percentage of monomorphic and polymorphic band among
stocks, Analysis of Molecular Variance (AMOVA), Principal Component Analysis (PCA),
Nei” s genetic distances, and neighbor-joining phenogram.
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4.3Results

The proportions of polymorphic loci provide good measure of genetic variations
within and among populations of Asian sea bass. A total of 206 putative loci were
detected by using eight primers pair combination, 107 (52%) of which were polymorphic
loci (Table3). The average number of total loci scored per primer pair was 25.75, ranging
from 21 to 33 loci. The average number of polymorphic loci scored per primer was 13.37
loci, ranging from 7 to 18 loci (Table 3). The proportions of polymorphic loci provide
good measure of genetic variations within and among population. A total of 206 putative
loci (DNA fragments or band) were detected by using eight primer pairs combinations, 107
of which were polymorphic (Table 3). The average number of bands (loci) scored per
primer pair was 25.75, ranging from 21 to 33 with 13.37 being polymorphic (Table 3).
The number of polymorphic loci amplified by each primer combination over all
populations range from 7 to 18 (Table 3). The stock with the highest proportion of
polymorphic loci (32.47%) and number of polymorphic loci (62) was THI, whereas that
with the lowest was TGK in which the proportion of polymorphic loci and number of
polymorphic loci was 29.78% and 53, respectively.

As the AMOVA result showed that most variations were contributed by variance
within populations 10.244 (60%) compared with variance among populations 6.856 (40%)
(Table 4), there existed a high genetic variation in each stock. The levels of pairwise Nel
values (genetic distance; gene diversity) among populations were high, ranging from 0.060
to 0.096 (Table 5). The largest (0.096) genetic difference among populations existed in
populations INA (Lampung, Indonesia) and THI (imported Thailand fry cultured in
Tungkang, Taiwan), whereas the genetic difference between TGK (Tungkang, Taiwan) and
THI was the smallest (0.060). Thus, there were distinct variations or genetic
differentiation among the three stocks.

A PCA plot based on AFLP data showed that individuals in the Indonesia, Taiwan
and Thailand were separated distantly (Figure 15). The first and the second components
accounted for 43.38% and 19.14%, respectively. This result was consistent with the
pattern revealed by the following NJ (neighbor-joining) phenogram (tree; Figure 16).
The NJ phenogram generated from the matrix of AFLP also showed two geographic
groups, populations from THI and TGK as one group, while INA as another group (Figure
16). The present study revealed the first AFLP data for the existence of separate Asian
sea bass populations in Indonesia, Taiwan and Thailand. The genetic relationship of
Taiwan populations to Thailand 1s closer than to that of Indonesia.

28
ParE g AR A R OR e A E R B A T MR



TEb R EMBEMEETE - G RERIREAERRET

4 .4Di1scussion

Recent microsatellite analysis of Asian sea bass population structure in Asia-Pacific
region has demonstrated the variations in genetic structure (Yue ef al, 2009). The present
study revealed the first AFLP data for the existence of separate Asian sea bass populations
in Indonesia, Taiwan and Thailand. The AFLP analysis 1s a robust, multilocus
PCR-based DNA fingerprinting technique that allows the examination of hundreds of
polymorphisms distributed across the whole genome. Therefore, AFLP is applied in
many types of genetic analysis such as assessment of genetic diversity, hybrid
identification, analysis of population structure, molecular systematics, and genome
mapping. The power of AFLP analysis 1s exceptionally high for revealing genomic
polymorphisms (Liu and Cordes, 2004). Several works on the application of AFLP
markers in aquaculture for genetic variation and mapping useful genes has been used in
many aquatic species, such as scallop (Chlamys famrers) and ayu (Plecoglossus altivelis)
(Lallias er al, 2007; Zhao, Li and Kong, 2008). AFLP also has been shown to provide
sufficient power for the determination of strains in aquaculture species. The AFLP analysis
has been successfully applied to 1dentify strains of channel catfish and common carp (Liu
and Cordes, 2004; Wang et al., 2000). Chong et al. (2000) used AFLP for the analysis of
five geographic populations of Malaysian river catfish and noted that AFLP was more
powerful for the differentiation of subpopulations than other molecular markers. In the
present study, AFLP markers described by polymorphic and monomorphic loci were high
for revealing genetic variations in cultured Asian sea bass stocks. Furthermore, AFLP
markers supported by PCA and NJ tree were differentiated cultured Asian sea bass from
Indonesia, Taiwan and Thailand was separated stocks.

Asian sea bass 1s an advantageous culture species in that after early larval rearing in
sea water, 1t can be cultured in all levels of salinity, from fresh water to sea water, and in a
variety of culture systems from open ponds and cages to flow-through and closed
recirculating tank systems (Kungvankij et a., 1984; Lin, Chang and Lin, 1985; Grey, 1987;
Yue et al,, 2009). In addition, this species produces large numbers of eggs, can be reared
intensively on fresh and pelleted feeds, and can reach a market size of 350 to 500 g in one
year or less under optimum culture conditions (Grey, 1987; Keenan, 1994; Frost, Evans
and Jerry, 2006). Therefore, Asian sea bass 1s commercially widely cultivated in Thailand,
Malaysia, Singapore, Indonesia, Hong Kong, Australia and Taiwan. Most fish farmers
source their brood stocks from other breeders without knowing the genetic background.
Knowing the genetic resources that are available and their relative levels of genetic
diversity can allow to make informed choices to future breeding practices. For example,
these data can assist scientists to develop valuable synthetic culture lines, obtain hybrid
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vigour in crosses made between genetically discrete stocks or provide a reference point
before inbreeding becomes a big trouble for fish farmers (Frost, Evans and Jerry, 2006).

4.5Conclusions

This study demonstrates the power of the AFLP technique for obtaining molecular
information in Asian sea bass at the species level. This DNA-based method can
discriminate individuals from the others using NJ and PCA. The AFLP fingerprinting
technique was confirmed to be a rapid, simple, reproducible and sensitive tool for the
identification of Asian sea bass from different cultured stocks.
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TAIWAN

Figure 13. Sample Collection Sites of Three Cultured Asian Sea Bass (Lates calcarifer)
Stocks. INA: Lampung, Indonesia; TGK: Tungkang, Taiwan; THI: Imported Thailand fry
cultured in Tungkang
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Figure 14.Representative AFLP using AGT/CCG Primer Pair Showing the Loci Pattern of
Asian Sea Bass (Lates calcarifer) Stocks from Lampung-Indonesia (INA),
Tungkang-Taiwan (TGK) and Tungkang-Thailand (THIL, Imported Thailand fry and
cultured in Tungkang, Taiwan). Arrow (| /1) indicates monomorphic loci. Arrow (<—)

represents polymorphic loci. M: molecular marker.
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Figure 15.Plot of the First and Second Components of AFLP Markers for Three Cultured
Asian Sea Bass (Lates calcarifer) Stocks, Based on a Similarity Matrix using Principal

Componemt Analysis (PCA).

Taiwan, TGK: Tungkang-Taiwan, INA: Lampung-Indonesia.
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THI: Imported Thailand fry and cultured in Tungkang,
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Figure 16. The Relationship among Three Cultured Asian Sea Bass (Lates calcariter)
Stocks Inferred by Using Neighbor Joining (NJ) Method. INA: Lampung, Indonesia; TGK:
Tungkang, Taiwan; THI: Imported Thailand fry and cultured in Tungkang, Taiwan. Each
number indicates the proportion of 1000 bootstrap samples in which a particular clade was

found.
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Table 3. Number and Proportion of Loci (Bands) Generated by 8 Primers Pair in Three
Cultured Asian Sea Bass (Lates calcarifer) Stocks

Primer pair Total ~ Monomorphic Loci Polymorphic Loci
Loci Number  Proportion (%) Number Proportion (%)

E-ACG/M-CTC 21 7 33.33 14 66.67
E-ACT/M-CGG 27 13 48.14 14 51.86
E-AGC/M-CAA 21 7 33.33 14 66.67
E-AGT/M-CCG 26 19 73.07 7 26.93
E-ATA/M-CTC 28 10 35.72 18 64.28
E-ATG/M-CTA 22 11 50.00 11 50.00
E-ATC/M-CGT 28 11 39.29 17 60.71
E-ATA/M-CGC 33 21 63.63 12 36.37
Total (8 primers pair) 206 99 48.05 107 51.95

Table 4. Partitioning of Genetic Variation Among and Within Three Cultured Asian Sea
Bass ( Lates calcarifer) Stocks

Source of variations dr Estimate of Percentage of
Variations variations
Among Populations 2 6.856 40
Within Populations 40 10.244 60
Total 42 17.099 100

Table 5. Nei' s Genetic Distance between Cultured Asian Sea Bass (Lates calcarifer)
Stocks

Stock THI TGK INA
THI - 0.060 0.096
TGK - 0.075
INA

INA: Lampung, Indonesia; TGK: Tungkang, Taiwan; THI: Imported Thailand fry and cultured in Tungkang,
Taiwan.
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(F1) ~ YRIBEHVAREN R B

[ WD

5.1 71

il

b I L R A E M A s A i 2 (BRI ( Hutson et al., 20015 #R5E 2004
BRAOGRAT - 2004 5 EPMISERS > 2008) - WmiEEAAH E EEIY 4 RETAE (ecological
services) » & 25 F RV B &L 2RV T EE YR RIRETEAYEL 7/ (Hutson er al,
2001 ; AR - 2004 5 BEAIGRRG - 2004 5 BEAIGRRE - 2008) - #RIEREAVEIE » IR
T Y BB EA TS A BEE BE(Brunet-Rossinni and Austad, 2004) » UREE(FERE L HZ
12hy ~ IBREESAAE (PR > 2004 ; Hutson ef al, 2001; Kunz, 1982; Kunz and
Lumsden, 2003 ; B AI5RRS » 2004  EIFI5ERE > 2008 ) - J&F>/ N F-51 H ( Microchiroptera )
HEEPE RN ( Tadarida brasiliensis) T R EEMIMRIEHEEET 741,000 E7T

(Cleveland et al., 2006; Ducummon, 2000) ° E2 P8 EEE Mg —% =122 5 C A& E Y
27 ZHIEEESE (Cleveland eral, 2006) ° 40 » KEFaiH (Megachiroptera )
YRR EAT S A T RO RO REAE - (340« AR EHE R sl TR
(Ducummon, 2000)  SEPEEFHIIEA 60 fEEE & EFHEYI IR GEH R o HifM
—He g2 A S0 km » FEFRATHVSAE S - [EIF AT ERBTE TAVIIRE - WhBhEV
M & BAAEYHERL ( Ducummon, 2000)

RIRZS 7% B 2R R R R 1T B RITRE I A ZiEEL - S59MR#E T
EARMEST F M 2 PR » ARSI R T E RS - 40 7549
(mistnet) ~ BZE4¥ (harp trap) ~ BEEMEHIZEE - GBI SIRIE A TN A
I RREE S REME (255 5 2006 5 FKZE - 2007 5 FKZ » 2008) -

RIS AR BRIV EIREE - RS A BUSEIIEZE > WERMOERIIR 2 - R
VIR AI L EREE|(E S (Kunz and Lumsden, 2003; Neuweiler, 2000; Schober and
Grimmberger, 1993; Stebbings, 1988 ; £ » 2005 ) ° MEVUEENK » £EE/DELK
A 11 FEiRIERAE (TUCN, 1996) 2B B HIIREE - A1 242 & » L1E1R
mEPIRERY 25% (Mickleburgh ef al, 2002)bESHH( 1196 ) & = (Collar er al., 1994; TUCN,
1996; Racey and Entwistle, 2003) - EREEHY B VIREE 18 S YIRS - {LE2EERIHY
EFHREY BREAE - IRIERE AN RRE R EN LR N2 EE (Gerhard,
2000) -

BEH =T ERE » MG BRI AL S =0y 2 — DL B (PR 2004 5
520065 MREE > 2007 3 MREE > 2008 ) © ZE I REEAE 2/ EYE ( Preropus dasymallus
formosus) FIIEEEEEELE ( Coelops frithi formosanus) (FRFEE > 2009) » EHERAY
30 EREIRIE( I AR Z FIRE -
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IRIEOREAE 1950 K EEEIFHA - BONELEMPEESE BT TIRIERY PR & (Racey
and Entwistle, 2003 ) - &EURIEE ST 2004 I - EI TR MRS -
EEKAERE E 20060 FRIIE =B HIE (Myotis flavus) & By LM TIRIEA S
S - BRIEHIOR S 75 e IR H IR R BN - S R IR I R R B R 2y KRR
B MENVFRR > RER RIS EETFENRE - T e ARt E TR 518

(Racey and Entwistle, 2003) -

RO AR e AR BRI B EE AL E ( Kunz, 1982; Kunz and Lumsden, 2003 ;
5 0 2005 5 7R 0 2008a 0 2008b) - EFTEALIRIERE ~ ATHC ~ AR - B4
IEAYEE RN RIERIREYEZ ( Boonman, 2000; Kerth, 2008; Kunz and Lumsden,
2003 5 5REE > 2005 5 5REE > 2008a > 2008b) © R T — L Fl AR EE SR LY MY IR
05 H A REEAE S fTEREAYEE T (Kerth, 2008; Kunz, 1982; Kunz and Lumsden, 2003;
sRE > 2005) > RBLETA IR IR EAR A BT > B4 < JE] -~ B - BPE -
EEY)%E (Kunz, 1982; Schober and Grimmberger, 1993 ) - ' HEFrAVEE AR »
iR tE 2 (RN A TRAVEERT » VEFEIE—# (Kerth, 2008)  © BEER AR IS G
Re BB A es B T2 R M EEEE SRV EE (Kunz, 1982; Lewis, 1995;
Neuweiler, 2000)

IRIREEN A THEAE Y —  RMHRIEIE RHEIE - CECSREETEAT > DR
o2 GENIRIEEE: - BEARENVEME (Altringham, 2003; Baranauskas, 2007,
Flaquer ef al,, 2006; Smith and Agnew, 2002 5 5EZ% » 2008a » 2008b) - WREEAYEEFT -
RSN RS (A5 A AR P2/ (Flaquer ef al., 2006; Schober and
Grimmberger, 1993) -~ URiE R AT HAE SO » AT A iRSE = B A =2 R
1A% e (Flaquer et al., 2006 5 5E5F » 2008a » 2008b)  ZE RIS RS E KL
RN ~ R A HRRE IR W ERE Ry B B BR TS fr & T.F ( Bartonicka and Rehak,
2007; Flaquer et al., 2006; Korsten, 2006; Lourenco and Palmeirim, 2004; Mayle, 1990;
Tuttle et al., 2004; White, 2004 ; 582 » 2008a > 2008b) © FEAh - [F RIS E(E ki
B RESE 5 4R AR S fEE A B 2% ( Bartonicka and Rehak, 2007; Flaquer et .,
2006 : 52 > 2008a > 2008b) > IR Z A MG HYIRES (Butchkowski and Hassinger,
2002; Ritzi et al, 2005; Tuttle ef al, 2004 )

iR EAE S - 0] TR RIRIE = E P R AH R AVIRIEE  (Mitchell-Jones,
1999; Tuttle et al,, 2004 ; 5EZ% » 2008a » 2008b) ° AMEERERIXAVIEIRE - H&
bR N H R B A SR IR B 7 75242 Bartonicka and Rehak, 2007; Flaquer et al., 2006 )
SR = T A A/ NGV SRR - T A [E A/ INEY AL 548 (Rhodes, 2001
Bende and Irvine, 2001 )  SSAEREEIRES - 225 A EIHEBEIVERERR » AR
IR EERENE (R - 1993) o

iEEE A (TIRIEEA TN ZE (Mitchell-Jones, 1999) - il © WriEfEE - iR1E
ARG RAMEINZ  BOM 30 failREE = 0 - Friff S48 (Rhinolophidae ) 4 > 48
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KBRS PN RIEE P28 (Stebbing, 1988) ° 163 40 ZfElRIET - BtA

16 EE I HIREE (Tuttle et al., 2004; 5R3F > 2008a 5 2008b) ° 5/ 30 ZiH iR
B 288 B8 ( Murina puta) 15E S8 ( Murina gracilis) ~ Ruo 22 1&g ( Pipistrellus
abramus) ~ =8ENE (Scotophilus kublii) FIkEME ( Eptesicus serotinus horikawai) &

(EFHIRIEE (PR > 2008 5 5R%E - 2008a > 2008b) -

iR i R ARSI R R iRiE E A S SR NE - AR KEREEER (B
1993 ; Tuttle ef al, 2004 ) ~ NEZ%FEM ( Brittingham and Williams, 2000; Flaquer ef al,
2006; Lyman, 1970 ; 585 » 20082 > 2008b) ~ 2 (%%) & (Lourenco and Palmeirim,
2004 5 5EZE > 2008a > 2008b) ~ KK (Korsten, 2006) ~ FLE 2 A7 P (Rhodes,
2001 5 Bende and Irvine, 2001 ) HVIRIEE @ f2F G E/AIRIEE PIVIEEEE -

REREAY YN N 2R R iRl E 2R IR - SR s iy A SRR E A Al
TR (Tuttle eral, 2004) ~ B0 N B+HE (Tuttle eral, 2004) ~ HHERE
RBERFTHT (Tuttle et al., 2004 » 582 » 2008a > 2008b) ~ [H[AIH HELEG /5 (Flaquer ef
al., 2006; Mitchell-Jones, 1999; Tuttle ef a/, 2004 ; 5EZE » 20082 » 2008b) ~ HIFE &
TEEEERY) (Flaquer ef al., 2006; Tuttle et al, 2004 3 585 > 2008a » 2008b) ~ &
BEEEM 4 AR (Mitchell-Tones, 1999)  ~ firfATEEE H &= BHEATA

( Ciechanowski, 2005 ) PARALFAFE M ERE (Smith and Agnew, 2002) 5 ©

CRGEMAIA Y SCR IR HANBEEE REEY A B RE R
CEEEE > 2007) - HEEFRS [ KEESKILEA (450 2006) - BitZEEA
£ops ~ b~ BRI RIFRENEEEE > EEABaNEES] - BHIEMEYIER
BEEH > BRI BB RedE B o A B Bt & 1d
SV EE - HPATFS R HRIEE B EYE (Flaquer et al., 2006; Russo
and Jones, 2003; Wickramasinghe et af,, 2003 ) ° [El0% » SR o] HEFE B 400 /KJE - I8
UEAE FEAE PRI /K Y/Z % (Russo and Jones, 2003 5 5855 » 2005) - JEHMAEHUS 2
SN EYIEEUK  FRIRIE T I s AR NERF BN RE - (R E = B4y H s E 1Y
HEATHHRIERE R - T Re PRSI E TR AV EEEE (Flaquer et al., 2006) ©

AT FEAE TS AE TR IS E FH DG - AR A I EY) » AR B
FIA [R5 A SRR » DL AT 2 e e AR B A - O =~ H IR
BT EEMERT ~ Bk /KR ~ SRIBE A VRS R AFYESE) - R EETHR
Jerg it s 2 S SR R S AVEREEIA T fe S iRE A (EIRIEEAIRER - autt - AEH]
PAURIRARERT » INVE BRI BRI Y A S R R & - [F0S > ] T g
iRiE AT RNV E > AR DRI r RIS B HUHERS - DU ERREEHY
PR AR SRR -
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5.2 PRIk

B IS A IRYE - B ATECERA R 12 1 - SRS & (B & RstE)
H=F} 6 fEIRIE - 735 i S0 (Rhinolophidae ) HY & /E/INER & ( Rhinolophus
monoceros) ~ WRIEF} (Vespertilionidae ) #RAYER G5 UE ( Pipistrellus abramus) ~ ¥
WINE ( Miniopterus schreibersii) ~ K248 ( Eptesicus serotinus horikawar) ~ 1= BENE

( Scotophilus kuhlii) FFEEEIERF (Molossidae ) HYEREYSE ( Zadarida teniotis
insignis) (FREF > 2006) ° &/ N SAEAITE IS K2 2830 E b AN
S 208 N SR = TR S BN IS e A (175 > 2006) - fREBS
EIRIESEEHIRE  JER Y BR[OS BAREE - R AR e S B
EARE (RE > 2000) -« EAEHY 6 fllRE - fEREAVEAS I 2= AU 2 cny > H
H AR e SR B A B B A AR FHRVIR IR A1 4.0x2.5 cm (7R 2008a
2008b) -
AR CHRANRE N B E S 17 SR EARR Ei > FE g B P S Al
TR R E oy ArE e ~ L&A (GEOE 17) - FEE A E T EE
PELATE 2R ~ LR RN 2 g SR ML - L& R EROZ UL RS
PELIRE BB & 17 SR DA & Ry TR DA ~ B SORLIAE BB & 17 4R DATE -
= AR EAEEAH R DL IR AR A T PG R DB 4R T T REs B R &
VR INE S SR ~ PRIE AR R o SR SRR AR S AT = (ER R E AT RE 5%
I o

waiR I

!

bk .

u » “‘_B“'
I L T OBas g0 ety
0 7

¢ ,

17 ~ TR RIE A A e R 2REt Ry (BB E google earth)
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RIEAE ARG T A - B (harp trap) ~ EE RS (Avisoft) PAK
HEEEAE G (FF > 2000) @ KiSACRtERETH (RS EHYaREsE
KSR » FEEHFEE DL T AR E R B DBl I, - [FR A TiRIEE AV - K
bgEhc eiRiE LB R TIRIEHFE S (RF > 3~5 A - gighiArT B3 6~8
A ghigEt AR - BEEDTL KR 9~10 H ¢ iREHE AR EIECAIRZERI) (b
%0 2004 0 2 2009) o EHE A BIICGETTIREEAE KRR E A o BEEERE
R=K > #HENE R E = NRIGETHE BRI S E RN A RFEEREE
UNES =72

R R AR RN E AT T T B B - DL TR E AR S H R e E A R R - RS
[RIRE TR LA 2m DLE - DA T SIRARIE E FY RSN I NS SR - S EAE
AR RIS R AR SR IR S T[] E - MR = Al ~ g FERY & TE
BIs bR (Flaquer et al, 2006) - :BRiSE & 2m NEEERD) - RN
iR 22 25 I PR AR B R SR AT (7] 5] 5 L - FEME R AR L SRS E RS By
JFAR ERIER (B 17 [ T R [RIAY DT - T 5 i R VU5 i

URIBEARER - SLHR AR IRIEIN T - B ~ LR AERV AR - 2R
RN TT > AR A DUE E R BEPR S WE 2/ ViR E—K - DUEAEL
R T EREAREBEE BRSO ARIERESR - 5AHE P
s ~ R N ETHELE o EEDUREERT - RIFTBRIREEE - 105 30 P Z N 5Ek
W > DI E TR s HA A ERIENY) (5R5F > 2008a > 2008b) -

AW EAE =(ER A& > VU E R B iRR TS R
PREEE TS0 ~ SLEEDN ~ BIIE NI =R (GRAE 1) - R
trEEE A O R EEE R RN R D AR AT HEEEEA
YA B/ IMILFY TR 12 TSR AT KBRS AL « DB/ MR+ o0 A
B ATl S Ryl N R - =R =Iehs - IS S - SEATBR -
AT FEHY SR = o 4 2R AR5 s BEAY [FORBLAE (Tuttle eral, 2004) » 4b
ROREGFEAR G BB BELY - iRiEER TR 38.5 cm A1 25.5 cm (541
18 )~FRfEIA 4 (& HIRm (e 5 om 4808 JElm A CI4EPRI R 5 52 4 om
2.5cm o (FEEIREITE R 306 cm” o A 15em ERVMIZEA - FrAiRIEEE A
AR DIFE— B - (2R Z AT ATRER]  FRfE B oL 2x2
cn YA FESRHIAELT 1.5mm AYSERR > DIFISRIEZEME (FRSE > 2008a - 2008b) -
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5.3 5 RELETR

AHFEE 2008 4 10 H 2 2009 = 10 A4 53 I (65% ) iR/ R no 52 e
HIE SRR - RimE AR PR 55 188.5 +93.6 K (Mean + SE)  (FFAIFR
6) o Hrfo oo E —REARR - REfERRERNSVAEEPE - A
iR H > lE - $E - SR E  BREE - EWREE GEORT) - FOBERNN
R = H it i 22 254 0 R i o MRl o (o FH Y SR 2 A BB R 5 (n=13)
AR RIB e RIEE A WA R - (B R R i e HE A
AYRIEE - SRRl - (RN EEMA - [HAh > SR sUigiigre - 25
G = EAE - EREE -

2009 4 10 A 2 2009 1Y 2 H4cis=itEg e ARERE (n=12) - iR
B TE & 4HAC s B R n S AR A S BRIE iR iR = (F A B B 4UHIIEERT(n=16) >
ES M e I P Wi 22 AT T B SR AYR - BURaZ AR IS E RE TR Bt TR & Y
o ENYIOE B BT S T -

7 6.9 lE = 5 RV EE A H Y

— S {EE(n=24)
12,007 — ETHE/](n=20)

— Rz iatfin=186)
—— RFFFR.LIN=22)

10.00

5.00—

Lk

5.00—

4.00-

2.007

0.00=

42

ParE g AR A R OR e A E R B A T MR



TEb R EMBEMEETE - G RERIREAERRET

TR RIS A SRR = 6 A (R ir R B EERY) (18 19) - ZmE
304.0£13.3 cm ([&20) ~ Wmi&E AP RPE 5 (38% ) ~ FJT (269 ) FIFTS
(25%) ([E21) - YmiEfE iR R R R ENRIEER T > g4
AIAITESE B 4h (R T LAY IRIRE A2 /D - n e E R EE= AR - &R
gz YT RS I SRR (E AV B BT - 5 R RSB M KR A i
{58 P e hed 22 17 AR - AR A (RS B R i 5K e > S BN SRR iR R =
AEEIAER « AEE S EAEEMAMES (460.0£28.0 cn) - AFEAL
é@tﬁxig%ﬁﬁ EMAMBERTT (79% ) - FTEIIITRIHR RS >

ARE B AT R B R
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[EEENY) EEA

HEH CRoizddg - SEE) | 65% (n=53)

wIPH b ) 32% (n=26)

HH (lgrE - RERMT) 51% (n=42)

A (FE - 8l H - BdH | 329% (n=26)
S 2SR R ISR )

*® 7~ BVIERREENIFY

H R R E RS MRS R AE R - S B A B N
RORERS - TR B R R AL - EANE B EiRIEVEZN - 2ERViRE -
WETIRIEHIPRE 1L H IR ftiRiE RS Bl A\ L R E - iR A T8
2 — Al fE(hiRE (E R EE - SCACBU B 5P LUOREE 52 (B E A IRIB REE -
BAERERIEE - SRIEHVERT - NSRBI (EE SRV D - SRiER
AR ZBIRBON K - BT IRIEE R B R REFTII & - 2B iR iR ESE
ACE AR ~ SRS BARAVEERT » R R B IRIE RS LI - tEAh > (M
Bmim R 1F K BN BIE B 4 AR RIS AR & % TR Z WA MG B RIS -
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5.4 &ham LR

BRI R odE - = BRI AR O R R = (F B TE B 4hA TR - BUR
2K R R YRR RE P (R e S HA B E R S S P - Rig 2 A R E
EAYEE - TR R IERY R 2R SR A THRE - F3 X3 S iR S HIERT Ry
B BHRIE RS AGRHE ER - AWT7EHy B AVHERR RIS B TP
AAVIRTERE - B SR AVIRIERE S 2 W A R A IRIEEAR A2 -

iR 2 Y B (e B i R A BN R A P B RS 0 - A R R R
AVHERF - PREPITE - DLRSEIIA YIS - b R 2= S BRI e SR Rl ke %
A EPIAR > (B e SRR (RIRIEEE S - S REF S AR ER SRR - REY
IR e YR H I SR - tRisE (RIS E 1% - WRE M — PRI EIREE b
Bl - FEIRFRE(F R A RIRERVE R - =B Mt N IR EAT - SRR
> BRIRIBHIRIT R B R - [N - JRA]BECERA &8 E - AU R T

eI IR AR B R B R R
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ON) ~ REEEERGIER

6.1 W5t A

At FEEE R AR TS - BT R S e VB Ty 2 5P A

B M HRL fi(Zaltman Metaphor Elicitation Technique,ZMET)J&:—FEx A BRI HY
TEPR RS R - DRI Ry i iVEES o NS — Y E AR B2
e a8 M ORI — A U702 - iR e B e i — A IER AR EER S
SR MAT A2 [RFIAYIE DL B B E » ZE T o i Fe e & BRI A BEA (1 T oKL

RrE -

ZMET Fs"& fpraE2pe Jerry Zaltman 5% K HFrE AN i 0 EE=E (Mind
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HHREA = (EAE - 2EE - 2003) © (1) BREE))  BeErtERE (2)
Bottle o AEEHEIE (3) e NFRCK > et -

Kramer (1990) 8 Ry FEUFAHERA FHIRHE (1) 51T RAREHAR (2)
EE - B R AEPCREFEN S EH AR E (3) SR a 88
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7.2 BEEERA

HABBEFAEIER A 1986 FHEAH <BEEa > —FHhied] " HHEE
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RS RIS R B R A 52 K S LAY S8 feg TR m] DA e i 2 SR A 5
A REHRAEAY 7 A A A HFEHL - [ 4CR A s S E B HUA R T B EE
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SRS EEN (NBNNE) ARG - SEEEFE G L EAEE - (REE
28 H R EIR U 2 BN ERA DA > IR AR 2R AL MTHIRE ST - MHEE P
WEREE R 1L > (BRI A B - FFEECR(E - BEAVERESR > 3
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JEEHY AR RESICHE > A EIETAYELE > EERHLIE K EHT BT -

75
ParE g AR A R OR e A E R B A T MR



TEE R Z MBS E - G KSR R T
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GrtEREEEE RN EE NIRRT EERES 2 BB EE
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B dOR R B SR g AT T - BRI HYRE K2 H B > B RAETR
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Bl = FETT R AL R MR A RE ORI ~ TR LB B 05 g - 2R AR R & HhAY R
VS R ARG - W E BRI R B

BEHIE—ZY A THHERIEE) - bR T 7 R THATHI S A SR AL RE 2 B
2 ANRIES > WAL BB IR I B Ty SS eSS W & 5E Y
BUROREERUR - FEh T E S D A SRR [FII - thaes HER IR I — 00T
2 B R el ) S T

79
ParE g AR A R OR e A E R B A T MR



TEb R EMBEMEETE - G RERIREAERRET

8.4 WL 2R1R

FRIS L SCRRFE Y - 2 i T B IR S8 28 FH - AR 22 A B [ A2 i 2 S B
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PN
=

ST

AHFE—SEEL 66 (374 - FREAE A 2 BUEE S BB HY — EHIHERL
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(1) ~ KHsx

INEFE Podiceps ruficollis
BFLFE (Podicipedidae) SRR Phalacrocoracidae
e Phalacrocorax carbo
2 Ardea cinerea
RE Ardea purpurea
HHE Bubulcus 1bis
B (Ardeidac) KEE FEgretta c?]ba |
HEE Egretta intermedia
NEE FEgretta garzetta
B/ NE Ixobrychus cinnamomeus
wE Nycticorax nycticorax
Rl (Ciconiidae) IT 2% Ciconia nigra
KR (Family I HEEE Platalea leucorodia
Threskiornithidae) Platalea minor

Threskiornis aethiopicus
I 20 % Threskiornis melanocephalus
K Plegadis falcinellus
fERERL (Anatidae) RENS Anas acuta
EEES Anas clypeata
/INKHE Anas crecca
TREEHE Anas Penelope
ESGELS Anas platyrhynchos
TEERS Anas poecilorhyncha
HIENS Anas querquedula
TR Anas strepera
EENELIS Aythya fuligula
{5 Tadorna tadorna
#EFRF (Scolopacidae) e Arenaria interpres
B Calidris ferruginea
AN ENT Calidris canutus
BEER Calidris alpine
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REER Calidris acuminate

AN Calidris ruficollis

FEEES Limnodromus semipalmatus

R P B Limnodromus scolopaceus

VRS Limicola falcinnellus

FH &S Gallinago gallinago

—HEEE Crocethia alba

KB Calidris tenuirostris

AR Calidris subminuta

DLFERS Limosa lapponica

HIE Tringa nebularia

WS Tringa hypoleucos

[EPTEE Tringa glareola

= e Tringa brevipes

i ki Philomachus pugnax

HR RS Numenius phacopus

PN Numeniu arquata

B Limosa limosa

El HE R Tringa ochropus

/NE R Tringa stagnatilis

T E e Tringa tetanus

S&- 1 Xenus cinereus

SIS Himantopus himantopus

o . IS4 i Recurvirostra avosetta

FIBT (Recurvirostridac) et Phalaropus lobatus

i e Rk Phalaropodidae
HEARRL (Glareolidae) 1T Hefi Glareola maldivarum

i Erithacus calliope
FEEL (Turdidee) EH’E%% Tt ura’us‘ pallid

=S Phoenicurus auroreus

RO Monticola solitaries

RNEE Acrocephalus orientalis

RIS Prinia subflava
ERI(Sylviidae) 7)?@5%%%% Prinia faviventris |

ix A E Phylloscopus borealis

TR Locustella lanceolata

BEEE Locustella fasciolata

TarE R AR RER S
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BEsndT

HHREE Cisticola exills
PrREE Cisticola juncidis
WBIRFL (Zosteropidae) “HRARIR Zosterops japonica
B R Ploceidae) B&%% Lonchura punctulata
i Passer montanus
J\EFH(Sturnidae) PR Sturnus cineraceus
IIEE Circus aeruginosus
MM Accipitridas) Il f 8 Pandion haliaetus
£} (Falconidae) 1T 4T 4 Falco tinnunculu
HEfFH(Phasianidae) PR Phasianus colchicus
—BEEEFHTurnicidae) FE=HEEE Turnix suscitator
H RE L Amaurornis phoenicurus
H e Fulica atra
FREER}F (Rallidae) &Lt 7K # Gallinula chloropus
S Porzana fusca
PRIOG Rallus striatus
JKHER}(Jacanidae) 1T 7K 54 Hydrophasianus chirurgus
¥R Rostratulidae) 11 ¥ Rostratula benghalensis
BT ERSHATE Charadrius alexandrines
FRETAE Pluvialis squatarol
SHLE Pluvialis fulva
figFH(Charadriidae) gt Charadrius mongolus
/NERSRTG Charadrius dubius
PTG Charadrius leschenaultia
&R Charadrius asiaticus
B Larus argentatus
SRR Sterna caspia
TR S Sterna hybrid
B} (Laridae) ShRkEat Sterna leucoplera
BRI S Sterna nilotica
11 /NS Sterna albifrons
AN AES Larus ridibundu
BERL (Cuculidac) %ﬁ% Centropus bengalensis
= Cuculus saturates
FEZIRL (Alcedinidae) 25 Alecdo atthis
R (Apodidae) ANCEE:C Apus aftinis
HEFR (Alaudidae) INERE Alauda guleula

TarE R AR RER S
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(TR EE

=

M REfBIET S - R ARRIRE A R T

T e Hirundo daurica
#F} (Hirundinidae) ﬁﬁ HJ{UHC/O mS[,]C_a
RS Hirundo tahitica
Tk e Riparia paludicola
IR Anthus cervinus
FESEFH(Motacillidae) IRAGAE Motacilla cinerea
FHARE otacilla flava
g%l (pycnonotidae) HUESS Pycnonotus sinensis
(RN Lanidae) I 4L (A% Lzzm:us cristatus
FRE(A% Lanius schach
LR Dicruridae) KGR Dicrurus macrocercus
1= Pica pica
TeRk(Corvidae) PRSHBTNE Streptopelia chinensis
A= Streptopelia tranquebarica

[ @ FoRHEEGEFHET L 8
I : FREEWATEEY
I : FoREMIE T LIRS 2 B4

TarE R AR RER S
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10.1.2 I LA

TEb R EMBEMEETE - G RERIREAERRET

K Tursiops truncates
SRR (Delphinidac ) Tﬁbf"‘f firy Pseudorca crassidens

BN DL EIK Stenella attenuate

EP K Sousa chinensis
A} GRS Pipistrellus abramus
s SRR} = S Scotophilus temminckii

consobrinus

FE Miniopterus schriebersi

ToEE Eptesicus serotinus horikawai

=8 \I S g Rhinolophus monoceros
pisaiidEtiEy S il Tadarida teniotis insignis
REF 2L Suncus murinus

piAE Rattus norvegicus
e FHRE ER Mus formosanus |

IR R ER Apodemus agrarius

REE R Mus musculus

99
PER R A REOr 5 B TR & 2 o] f T MR R




10.1.3 EkE

TEb R EMBEMEETE - G RERIREAERRET

(=0 EiEN Uca formosensis

R B A% Scopimera longidactyla
AR Scopimera bitympana
JEEDEE Ocypode stimpsoni
SR Ocypode cordimana
IR VR Ocypode ceratophthalmus
H gk RHR AR Macrophthalmus banzai

SR Ocypodidac %gﬁgiﬂgﬁ Uca coarctata
FE AR R Uca dussumieri
VU HE R Uca tetragonon
=R Uca triangularis
THHESRAR T aE Uca crassipes
BT Uca arcuata
JET7 g R R Uca borealis
A&EF O fH & Uca perplexa
B O Uca lactea
EIR T Parasesarma plicatum
b iEEE T2 Parasesarma pictum
Pl R Thalamita crenata
gtk T Portunus pelagicus
Pl Charybdis feriatus
S g Charybdis anisodon
H Az Charybdis japonica
IRgE Charybdis annulata
HE A Charybdis sp.

7% R} Grapsidae el Charybdis lucifera
pallL Charybdis hellerii
FREERL Xanthidae
IR R Leptodius sanguineus
ANLIR G EES Parasesarma erythrodactylum
R AR Perisesarma bidens
SR actice depressus
B Helice formosensis
(ML Helice wuana
P mRe 1R Chasmagnathus convexus

PH R R R AR RE O s B B AR m T TR
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TR Z SN ERBETE « G ANEIRRB BRI T
FRERHE Metaplax elegans
T BUR A Metopograpsus thukuhar
HEUTE Grapsus albolineatus
a7 Grapsus tenuicrustatus
TEZERIGUER Plagusia tuberculata
MR E Helice leachii
R G AR Percnon planissimun
TSR Varuna litterata
ST TR Hemigrapsus penicillatus
HBE R} Gecarcinidae HIR [Eld A Cardisoma carnifex
TR} Pinnotheridae R Pinnotheres boninensis
HEER} Menippidae BT Menippe rumphii
BIEREERE Majidae FRLERE Doclea ovis
ZHEFR] Porcellanidae HAESZAE Petrolitbes japonicus
HI & RE Mictyridae yEER NIy Mictyris brevidactylus
E8UEAEF] Calappidae 4L BAERAA AR Matuta lunaris
M 7-8EF} Portunidae TG Scylla serrata
fEEEEF Hippidae HE EeVEE Hippa adactyla
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