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Title: Phylogeographic Analyses of an Endemic Damselfly, Euphaea formosa 
(Insecta: Odonata) from Taiwan 
 
Investigator: Huang Jen-Pan, Department of Life Science, Tunghai University, 
Taiwan 
 
I. Introduction  

The river and stream system in Taiwan has been shifted many times throughout 
the island’s geographical past (Tzeng 1986; Boggs et al. 1979) (Fig. 1). The historical 
changes in riverine geology are an important factor influencing the current 
biogeographic distribution and genetic structures of the fresh water fauna (Tzeng 
1986). In the past, despite many phylogeographic studies devoted to terrestrial 
vertebrates (Hsu & Lin 2000; Hsu & Lin 2001; Toda et al. 1998; Yang et al. 1994), 
freshwater vertebrates, (Cheng et al. 2005; Wang 2004) and terrestrial invertebrate 
fauna (Lee 2004; Yeh 2004), patterns of population divergence and genetic structures 
of the fresh water invertebrates in Taiwan have been overlooked ever since, especially 
the aquatic insects. The aquatic insects exhibiting a variety of life history 
characteristics provide great opportunities to investigate how past and present 
geographical barriers, along with life history traits affect their genetic structures and 
patterns of lineage divergence. Males of the endemic damselfly species, Euphaea 
formosa (Insecta: Odonata: Euphaeidae), exhibit aggressive behavior and strong 
territoriality toward conspecifics (Wang 2000). These life history characteristics may 
limit themselves in restricted aquatic habitats in the same way as fresh water 
vertebrates (Tzeng 1986). On the other hand, the mobile adult stage may also 
influence their genetic structures more like the other terrestrial fauna did. In addition, 
these damselflies are very abundant and widespread throughout the island (Wang 
2000), providing another advantage for studying population divergence of this species 
across the river systems of Taiwan. Therefore, E. formosa represents an ideal aquatic 
organism to work with.  

 

            
Figure 1. Past and Present River System in Taiwan. The river systems of Taiwan in 
150000 years ago (a) (Tzeng 1986), 15000 years ago (b) (Boggs et al. 1979) and 
present status (c) (Tzeng 1986). 
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II. Study Organism 
E. formosa can be recognized by the characteristic black wing spot on the 

hindwing of males (Fig. 2). The hindwing of the female is completely black. The 
forewing is transparent in both the male and female. The thorax of the teneral male is 
yellow in color whereas the mature male is typically dark red (see Fig. 2). These 
characteristics are useful for distinguishing sexually mature individuals during life 
history and behavioral studies of territoriality and dispersal patterns. Adults can be 
found from April to November, but is most abundant during June to September 
(Wang 2000). They prefer rocky stream habitats with open canopy where adult males 
establish territory during breeding seasons (Huang personal observation; Wang 2000). 

Mature males with established territory exhibit aggressive behavior toward other 
intruding males. Although the dispersal ability of E. formosa has not been estimated, 
the observation of strong territoriality and site attachment suggests the dispersal of 
males is limited that may ultimately lead to a restricted gene flow among populations. 
 
III. Specific Questions 
1. Whether the phylogeographic pattern of E. formosa reflect the geohistorical 

changes of river systems in Taiwan? 
2. Which ecological (e.g., life history characteristics) and evolutionary factors (or 

combined) were responsible for shaping the present population genetic structure 
of E. formosa? 

3. Whether E. formosa and the putative sister species E. yayeyamana (endemic 
species from two Japanese islands, Iriomote and Ishigaki) consist distinct species 
or lineages. 

    
Figure 2. Immature male (a), mature male (b), female (c) of E. formosa and mature 

male of E. yayeyamana (d). 
  

IV. Proposed Project 
1. Population Sampling and Outgroup 

 I will collect E. formosa represent all eighteen major river systems in 
Taiwan with at least 30 individuals in each sampling site. In addition, specimens 
of E. yayeyamana of Ishigaki and Iriomote will be obtained this summer to test the 
relationship between E. yayeyamana and E. formosa. Euphaea species such as 
Euphaea refugens (Philippines) and Euphaea impar (Malaysia) will be used as 
outgroups. 
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Figure 3. Relative position of Taiwan, Iriomote and Ishigaki. 
 
2. Molecular Markers  

1. Ribosomal spacer ITS1: This non-coding nuclear DNA region is useful in 
resolving relationships among populations of the damselfly. In the study of 
the European Calopteryx xanthostoma, there was 0.5-2.0% sequence 
divergence among populations (Weekers et al. 2001). 

2. AFLP (Amplified fragment length polymorphism): This is a powerful 
technique for genome-wide fingerprinting (Vos et al. 1995). It was useful in 
distinguishing among populations of Hawaiian Laupala crickets (Parsons and 
Shaw 2001). However, the major disadvantage of AFLP is that, unlike 
microsatellite DNA, it can only identify dominant loci (Bensch & Åkesson 
2005). 

3. DNA Sequencing and Genotyping 
Collected specimens will be preserved in 95% EtOH. DNA extraction will be 

done by using the thoracic muscle and the standard CTAB protocol. Extracted DNA 
will be stored in -20℃. Polymerase chain reaction (PCR) will be used to obtain the 
amplified DNA fragments of the ribosomal spacer ITS1 gene. The PCR products will 
then be cloned to obtain single ITS1 copy. AFLP technique will be used to develop 
informative polymorphic loci for genotyping E. formosa populations (ABI Microbial 
Fingerprinting Kit). 
4. Data Analyses 
 ITS sequences and AFLP polymorphic loci will be aligned using Clustal V 
method of MegAlign program. Maximum parsimony and Bayesian phylogenetic 
analysis will be done using PAUP* (vers. 4.0b8, Swofford 2001) and MrBayes 
(Huelsenbeck & Ronquist 2001). Statistic Parsimony Network constructed by TCS 
program (Clement et al. 2000) and Nested Clade Analysis (Templeton et al. 1995) 
will be conducted to investigate the significance of the population structure and the 
underlying ecological and historical causes. 
 
VI. Preliminary Results 

In a preliminary test of the ribosomal spacer ITS1 region, I found a microsatellite 
site (GA repeats) and three point substitutions that separate populations from 

Taiwan Iriomote 
Ishigaki 



Shimenken and Nanshi to Touchien and Pinan (Fig. 4, number above branches are 
bootstrap values) suggesting this gene region may contain informative characters for 
differentiating E. formosa populations. 

 

         
Fig. 4 Relationships of northern and southern populations of E. formosa derived from 
ITS1 gene. 
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BUDGET & JUSTIFICATION 
 

 Funds are requested for material and supplies needed to complete the sequencing 
of ribosomal spacer ITS1 data sets for selected populations and to obtain preliminary 
data for AFLP loci as well as collecting additional specimens in Taiwan, Ishigaki and 
Iriomote islands. Jen-Pan Huang will be supported by Department of Life Science at 
Tunghai University in Taiwan as a graduate student during the time of the study. 
 
I. Travel: 

Funds are requested to cover the expense of car rental for traveling in Taiwan to 
collect Euphaea formosa specimens. Funds are also requested for one round trip to 
Ishigaki and Iriomote. A total of $1265 is requested ($100 round trip boat ticket from 
Kilong to Naha, $60 from Naha to Iriomote, and $80 from Ishigaki back to Kilong; 
$100 for transportation between Ishigaki and Iriomote and rooms in Ishigaki; $525 for 
ground travel in Taiwan with 12 days of rental car, $400 for gasoline and rooms). 

 
II. Material and Supplies: 
 Funds are requested to cover the cost of sequencing the ribosomal spacer ITS1 
region. Approximately 45 individuals of Euphaea formosa and 5 individuals of 
Euphaea yayeyamana will be extracted for DNA. Estimated 45 individual E. formosa 
and 5 E. yayeyamana will be sequenced in two directions of ITS1 (400 bps). There are 
approximately 100 DNA extractions, 50 PCR reactions (50 individuals) and 100 
sequencing reactions (50 PCR products x 2 sequencing from both primers = 100). 
(1) DNA extractions: $0.35 per reactions x 50 extractions -------------------------- $17.5 

(including CTAB buffer, Proteinase-K, RNase and chemicals) 
 
(2) Primers: $1 per base x 25 bps = $25 per primer 

$25 per primer x 2 primers (2 primers for 1 fragments in ITS1) --------------- $50 
 

(3) PCR amplification: $3 per reaction x 50 reactions ------------------------------- $150 
(including GenTaq, dNTPs, agarose gels, GenMark columns, tips)  
 

(4) Sequencing: $10 per reaction x 100 reactions ----------------------------------- $1000 
(pricing is based on Mission Biotech MB in Taiwan) 
 

(5) Total  
Total cost for material and supplies = $17.5 DNA extractions + $50 primers + 
$150 PCR amplifications + $1000 Sequencing = $1217.5 
 

Total Budget: $2482.5 


