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Abstract: Recent phylogeographical studies indicated that glacial oscillations played a key 

role on the phylogeographic pattern of extant species. As most studies have previously 

been carried out on heavily ice-covered regions, such as in European and North American 

regions, potential effects of climatic oscillations on species that are distributed on ice-free 

regions are less known. To address this, we investigated the phylogeographic pattern of an 

avian species endemic to South China, which was not glaciated during the Pleistocene 

glaciations. By using 2142 bp mitochondrial DNA, we identified 89 haplotypes defined by 

39 polymorphic sites. A combination of high haplotype diversity (0.786–1.00) and low 

nucleotide diversity (0.00132–0.00252) was detected among geographic populations. 

Explicit genetic divergence was observed between S. s. semitorques and S. s. cinereicapillus 
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but not detected among geographic populations of S. s. semitorques. Divergence time of the 

two subspecies was dated back to 87 Kyr which is congruent with the interglacial MIS 5. A 

weak phylogeographic structure due to strong gene flow among geographic populations 

was identified in this species, suggesting complex topography of South China has not 

formed barriers for this species. 

Keywords: Collared Finchbill; East Asia; unglaciated region; phylogeography 

 

1. Introduction 

It is widely accepted that glacial oscillations during Pleistocene shaped the geographic distribution 

and genetic pattern of many plant and animal species on previously glaciated regions [1–3]. For species 

distributed in Europe and North America, their phylogeographic studies have shown congruent patterns. 

During glacial advance, these species receded to southern refugia. As ice sheets retracted, they 

experienced rapid expansions and recolonized northern latitudes after the Last Glacial Maximum 

(LGM) [3–5]. The repeated range expansions and retractions have considerably influenced their 

genetic diversity and population differentiations.  

In contrast, the influence of recent climatic oscillations due to glacial cycles on the phylogeographic 

patterns of species in unglaciated regions, especially in East Asia, remain poorly understood [3,6,7]. 

Recently, comparative phylogeographic research in an unglaciated North American region has shown 

congruent isolated and differentiation patterns with those of species distributed on previously glaciated 

areas, despite the fact that in some cases they may be older (Pliocene) [8].  

East Asia harbors one of the most diverse temperate fauna as it was never heavily covered by 

ice-sheets [9,10]. During Pleistocene, East Asia was a mosaic of mountains lower than 2000 m and 

characterized by a relatively mild Pleistocene climate [11–14]. The climatic stability and 

heterogeneous topology of this region potentially hosted microclimatic zones capable of supporting a 

variety of habitats over time [15]. Three previous avian studies of this region showed different 

evolutionary history compared with Europe and North America [14,16,17]. Thus, glacial refugia may 

have been available for East Asian species throughout their entire ranges, instead of being limited to 

several regions of Europe and North America [14]. Accordingly, we assume that the milder 

Pleistocene climate may have evoked less stress for East Asian species than European and North 

American species, and possibly these species have similar patterns.  

To address this, we used two fragments of mitochondrial DNA to study the phylogeographical 

structure of a passerine species, the Collared Finchbill (Spizixos semitorques). The Collared Finchbill is 

endemic to south China, with two described subspecies: S. s. semitorques and S. s. cinereicapillus. 

S. s. semitorques cover a large area of South Mainland China, while S. s. cinereicapillus is only found 

in Taiwan. The Collared Finchbill distributes mainly in shrubbery, bamboo forests, and grassy areas on 

hilly and flat terrain below 1000 m, and its distribution is roughly between 20° N and 30° N in latitude, 

and 105° E and 120° E in longitude [18]. Understanding the genetic variation among populations and 

the past demographic processes sculpting the current population structure of S. semitorques might enrich  
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our understandings about the role of climatic changes during the Pleistocene glaciations on the 

phylogeographical formation of birds endemic to South China. 

2. Results and Discussion  

2.1. Results 

A combined length of 2142 bp mitochondrial genome, including Cytb (977 bp) and partial control 

region and tRNA-Glu (1165 bp) was obtained. Sequences aligned unambiguously have no gaps and 

there were no nonsense codons in protein-coding regions. Sixty-nine variable sites define 89 haplotypes. 

Most haplotypes are singletons, while there are only a few common haplotypes (10 see Attachment 1) 

shared by several geographical populations (Figure 1). The haplotype network depicts a compact 

topology and indicates no phylogeographic structure. 

Figure 1. Haplotypes median-joining network for Collared Finchbill generated by 

NETWORK 4.6. 

 

 

Neutrality test was conducted on geographic populations which contained at least five individuals. 

Tajima’s D values detected negative values for all populations, but none are significant (Table 1). Fu’s 

Fs statistics revealed significant negative values for SXFP (0.00) and GSWX (<0.01) populations. Fu 

and Li’s D tests showed negative values for SXFP (<0.05), HNYJ (<0.01) and GZGD (<0.01) 

populations. No population showed significant negative value in all three neutrality tests. 
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Table 1. Neutrality test for geographic populations. 

 S. s. semitorques S. s. cinereicapillus 

Statistics GSWX SXFP SCGY SCYA SNJ JXJGS HNYJ GZGD AHJX FJ TAIPEI 

Tajima’s D −0.933 −1.633 −0.109 −0.7064 −0.996 −0.694 −0.591 −0.691 −0.986 −1.199 −0.894 

P NS NS NS NS NS NS NS NS NS NS NS 

Fu’s Fs −4.843 −12.75 −1.283 −3.336 −2.752 −1.908 −5.719 −6.401 −2.764 −1.554 −1.633 

P <0.01 0.00 NS NS NS NS NS NS NS NS NS 

Fu and Li’s D −1.313 −2.803 −0.109 −0.640 −1.270 −0.798 −0.765 −1.360 −1.370 −1.199 −0.894 

P NS < 0.05 NS NS NS NS < 0.01 < 0.01 NS NS NS 

Note: Three neutrality test parameters and statistical p values were calculated by DnaSP 5.0. 

 

AMOVA analysis show explicit divergence between two subspecies of Collared Finchbill (Table 2). 

We attempted to identify possible intraspecific genetic structure by defining several different ways of 

groupings in S. s. semitorques. However, AMOVA could not find a pattern with significant variation 

within any grouping. This indicates that there is no substantial genetic subdivision across subspecies on 

the mainland of China. Most of the variation is accounted for within-population variation, as could be 

expected given the large number of singletons. There is no correlation between Fst genetic distance and 

geographic distance (Mantel test, Z = 118.0163, r = −0.1863, p = 0.9475) in S. s. semitorques (Figure 2). 

Table 2. AMOVA analyses of Collared Finchbill. 

Group 

Among 

groups 

(AG) 

Among 

populations 

within 

groups(AP) 

Within 

populations

(WP) 
Percentage of variation 

FCT FSC FST 

2 Groups S. s. semitorques (mainland 

sites): S. s. cinereicapillus 

(TAIPEI) 

0.5043 0.0098 0.5092 

Among groups:50.44 

Among populations within  

group: 0.49 

Within populations: 49.08 

6 Groups East(AHJX, JSNJ): 

West(SCYA, SCGY): Southeast(FJ): 

Southwest(GZGD, GXJZS): Central 

(JXJGS, HNYJ, HNWG, SNJ): 

Northwest(GSWX, SXFP) 

0.0029 0.0067 0.0096 

Among groups: 0.29 

Among populations within  

group: 0.67  

Within populations: 99.04 

Note: For two groups, S. s. semitorques includes populations on mainland and S. s. cinereicapillus 

includes the population in Taiwan. 
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Figure 2. Data plot of the genetic distance (Fst) vs. geographical distance (Log geographical 

distance in km) of the Mainland Spizixos semitorques populations, showing the RMA 

regression line (R
2
 = 0.0167). 

 

 

MDIV gave an average of 0.44, 0.311 and 20.39 for TMRCA, tpop and θ value respectively. 

Divergence time between two subspecies of Collared Finchbills was estimated to be about 87 Kyr. 

Meanwhile LAMARC estimated θ value for eight populations of S. s. semitorques. HNYJ population 

has a θ value of 0.00806 which was larger than any population around it. ANJX population got 

relatively lower θ value of 0.00249 and the remaining populations’ results range from 0.00333 to 

0.00524. LAMARC also detected extensive gene flows among geographic populations of 

S. s. semitorques (Figure 3). 

Figure 3. Effective population size and gene flow among populations estimated  

by LAMARC. 
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2.2. Discussion 

Both local populations and the whole species of Collared Finchbill are characterized by high 

haplotype diversity and low nucleotide diversity. MtDNA markers detect an indistinctive genetic 

structure. These findings imply that the present populations of the S. semitorques seemed not to be 

affected by LGM and not segregated by topological complexity of South China. The results provide 

evidence of undiversified population structure. 

Genetic variation is likely homogeneously distributed among populations on mainland China. The 

result suggested an undistinguished genetic structure of S. s. semitorques haplotypes bear strong signals 

of: an irregular haplotypes network, high haplotype diversity and low nucleotide diversity, and no 

significant negative value of Tajima’ D detected for all geographic populations. 

Results of AMOVA also show that there is no population subdivision on a regional scale, and only a 

small amount of variation could be attributed to groups (~1.5%). The majority of the variations (99% 

variation is found within populations, Table 2) were found within S. s. semitorques populations, 

possibly as a result of strong gene flows among geographic populations. Mantel Test analyses do not 

indicate the pattern of isolation by distance among all sampling sites of S. s. semitorques in South China. 

This indicates there is no geographic barrier to segregate S. s. semitorques. 

A pattern of high haplotype diversity and low nucleotide diversity is noted, which could be attributed 

to population expansion [19]. Given the harsh conditions during the Quaternary, there might have been 

numerous bottleneck events decreasing population size and genetic variability until such time as 

conditions became more favorable. 

Demographic History 

Although European and Asian continents cover similar latitude of Northern Hemisphere, they 

experienced different glacial histories [2,3,20]. Some compared phylogeographical researches 

indicated that Asian and European populations of the same species have obviously different genetic 

differentiation pattern [21–23]. This could reflect a different mechanism of species-specific responses 

to the glaciations. For example, many European species experienced post-glacial expansion due to the 

glaciations in the Quaternary, and expansion time roughly dated back to the retreat of the Last 

Maximum Glaciation (LGM) [2,3,20]. However, for many species distributes in Asia, their 

phylogeographic structures seemed not to be substantially affected by the LGM. Some extant species 

kept a stable population size during that time, but did not obviously expand with ice retreat after the 

LGM [14]. Three previous studies revealed intraspecific divergence and demographic history of some 

avian species in south China as a result of the Pleistocene climate change [14,16,17]. Mitochondrial 

data of Leucodioptron canorum canorum indicated the populations kept growing since penultimate ice 

age. This means complex topology of South China provided suitable habitats for L. c. canorum. 

Another example is Alcippe morrisonia, which widely distributes in South China and its ancestor dated 

back to 8 Myr. Geographical populations of A. morrisonia also kept stable or grew slightly during the 

LGM. Bambusicola thoracica thoracica showed a geographical structure among populations with little 

gene flow. 
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Unlike Alcippe morrisonia (Aves: Timaliidae), which is widespread in southern China and often 

flocks in the medium and understory of tropical rain forests and subtropical broadleaf evergreen  

forests [24,25], S. semitorques usually inhabits the canopy and edge of shrub land and has a larger body 

size [24] which might enable S. semitorques to have vagility and adaptability superior to A. morrisonia. 

The phylogeographical structure of A. morrisonia showed a deep lineage divergence while 

S. semitorques only have a shallow differentiation among geographical populations. Palynological and 

palaeoclimatic data suggest that the vegetation in East Asia in 35 Kyr ago similar to observed today 

might be ascribed to high precipitation, especially at middle or low latitudes [26–28]. The present results 

imply that during the cyclical oscillations of ice age, S. semitorques might stay relatively stable in 

certain areas of southern China.  

East Asia has experienced several cyclical changes due to the sea level rising and falling. These sea 

level fluctuations started in the Early Miocene (24 Myr BP), and became more frequent after 10 Myr, 

and particularly during the Quaternary. Such changes of sea level led to occasional 

connection/disconnection between mainland and Taiwan. Divergence time of the two subspecies dated 

back to 87 Kyr BP while the TMRCA was estimated to 0.44 Myr BP. This result implied that the rising 

sea level did not effectively block the two subspecies for a long time until one of the warmest interglacial 

marine isotope stage 5 (MIS 5:130–74 Kyr) [29]. The sea level was even higher at that time than it 

presently is [30]; so it is probably that the Taiwan Strait virtually blocked gene flow between two 

subspecies of S. semitorques from then on. 

3. Materials and Methods 

3.1. Sample Collection, DNA Extraction, Amplification and Sequencing 

A total of 120 samples of Collared Finchbill were collected from 14 localities from 2003 to 2009, 

covering most of its distribution range in southern China (Table 3 and Figure 4). Liver/muscle samples 

were stored in 100% ethanol immediately after removal. Total genomic DNA was extracted from tissue 

samples using the DNeasy Blood and Tissue Kit (QIAGEN) following the manufacturer's instructions. 

A partial cytochrome b (Cytb) gene of 977 (base pairs, bp) was amplified with the primer pair OSCL1 

and OSCH2 [31]. The thermocycling program consisted of an initial denaturation at 94 °C for 5 min, 

followed by 40 cycles of 94 °C for 40 s, 53 °C for 40 s and 72 °C for 40 s, plus a final extension at 72 °C 

for 5 min. We used the primers L437 and H1248 [32] to amplify a fragment of 1165 bp from the central 

D-loop region to the end of the tRNA-Glu gene, including tRNA-Pro and ND6. The PCR thermal profile 

started with 94 °C for 3min followed by 30 cycles of: 94 °C for 30 s, 55 °C for 30 s, and 72 °C for 30 s. 

Sequencing using the H1248 primer was problematic, so a full sequence was obtained using two forward 

primers (16042: 5’-GTCACCAACTCCCAAAGC-3’ and 16520: 5’-ACCCAAAGCAAAACATAAACC-3’) 

under designed using Primer Premier 5.0 (Premier Biosoft International, Palo Alto, CA, USA). All 

individuals were sequenced in both directions (ABI377). The sequences were deposited to GenBank 

(cytb: JF509464-509583 and D-loop to tRNA-Glu: JF509584-509703). 
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Table 3. Sampling information for Collared Finchbill. 

Subspecies Localities Latitude Longitude Sample 

size 

Haplotype numbers Nucleotide 

diversity (π) 

Haplotype 

diversity (Hd) 

S. s. 

semitorques 

GSWX 32°56'37.74" 104°41'0.16" 9 1/13/14/15/16/17/18/19/21 0.00236 1.000 

SXFP 33°11'24.0" 108°12'0.0" 25 
1/11/14/20/24/26/27/28/29/30/31/32/ 

33/34/35/36/38/49/50/51 
0.00231 0.980 

SCGY 32°25'44.51" 105°54'4.61" 5 7/8/9/10/12 0.00243 1.000 

SCYA 29°35'24.0" 102°35'24.0" 10 14/35/52/56/57/58/59/60/62 0.00252 0.978 

SNJ 31°24'35.6" 110°33'18.5" 11 2/3/4/5/6/37/45/55/61 0.00236 0.964 

HNYJ 28°55'53.0" 112°17'39.7" 10 22/24/25/42/43/44/46/47/48 0.00240 0.978 

HNWG 26°25'48.0" 110°22'12.0" 3 15/23/24 0.00187 1.000 

GZGD 26°35'4.96" 107°14'3.46" 10 1/15/49/68/69/70/71/72/73/74 0.00245 1.000 

GXJZS 24°39'59.36" 104°52'17.8" 2 37/67 0.00187 1.000 

JXJGS 26°32'38.44" 114°8'50.45" 12 24/75/76/77/78/79/80/81/82/83/84 0.00195 0.985 

JSNJ 32°1'48.00" 118°27'36.0" 4 53/54/56/57 0.00210 1.000 

AHJX 30°4'15.12" 118°35'44.45" 9 15/63/64/65/66 0.00132 0.786 

FJ 27°19'54.86" 118°7'13.85" 5 15/39/40/41/70 0.00205 1.000 

S. s. 

cinereicapillus 
TAIPEI 24°54'56.56" 121°40'26.17" 5 85/86/87/88/89 0.00196 1.000 

Note: Haplotype numbers are also used in network analysis and underlines denote shared haplotype. 

Figure 4. Sampling sites of S. s. semitorques: GSWX SXNS SCGY SCYA SNJ GZGD 

HNYJ JSNJ AHJX GXJZS JXJGS HNWG FJ; S. s. cinereicapillus: TAIPEI. Circles’ size is 

proportional to amount of each sampling site. 
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3.2. Sequence Analysis 

Fourteen sampling sites were identified for S. s. semitorques and one location for 

S. s. cinereicapillus (showed in Table 1). Sequences were aligned and edited using BioEdit 7.0 [33] and 

refined manually. DnaSP 5.0 [34] was used to calculate the number of segregating sites, haplotypes, 

haplotype diversity (h) [35], nucleotide diversity [36]. Genetic distance was computed using  

Arlequin 3.11 [37]. Tajima’s D [38] was used to examine the selective neutrality of mitochondrial 

fragments. Two additional neutrality tests, Fu and Li’s D [39] and Fu’s FS [40] were used to detect 

departures from the mutation-drift equilibrium. FS value tends to be negative if there is a significant 

excess of rare haplotypes, thus is often taken as evidence of recent demographic expansions or 

population bottlenecks [40]. All three tests were implemented in DnaSP 5.0 [34]. 

We used the combined sequences to reconstruct median-joining (MJ) network by program 

Network4.6 [41]. Mantel tests for isolation by distance (IBD) were performed using IBDWS [42]  

MDIV [43] was employed to estimate divergence time and migration rate between two subspecies. 

Aligned sequence data from sample sites were used to estimate the parameters H (=2Nel),  

M (=Nem = number of migrants between populations per generation), and T (the divergence time 

between populations, where 1 time unit = Ne generations). Each analysis used an infinite-site model 

and 3000,000 generations of Markov chain Monte Carlo run and the first 500,000 generations was 

discarded as burn-in. Priors of maximum of M and T were set to 5 and 10 respectively. The divergence 

time between subspecies was estimated using the Formula tdivergence time = Tpop × (Theta/2 μk). 

Molecular clock is widely used for the liable of sequence information. But the constancy of clocks 

have been controversial, particularly if they clash with estimates taken from more traditional sources 

such as the fossil record. Songbirds (Passeriformes) have a very limited fossil record in spite of 

making up more than one-half of the world’s 10,000 living species of birds. There has been no fossil 

reported for Pycnonotidae birds. Different species have different molecular clock due to life cycles and 

metabolic rates. So for a specific species, a useful clock should be close to calibrated relatives. We 

used conventional 2% [44–46] molecular clock as mutation rate and 1.7 years [47] as generation time 

for Collared Finchbill. 

We estimated effective population size (Θ) and migration rate (M) in the assumption of both 

populations and migration are at equilibrium with the MCMC chain approach implemented in the 

program LAMARC 2.1.3 [48]. All analyses used a GTR model of evolution suggested by Model Test 

3.7 [49]. Two simultaneous searches with heating scheme were run 10,000,000 steps with an initial 

burn-in of 1,000,000 steps. LAMARC assumed that a population has been growing at the same 

exponential rate for a long period of time. Therefore, the ability to detect population growth depends on 

the amount of time a population experienced growth. Positive values of g indicated a growing 

population, and negative values indicated a shrinking population from past to present. The maximum 

probability estimates (MPE) for population under growth is above zero on average. As g value tended to 

be inflated, 95% CI of g including zero suggested undistinguished deviation from constant population 

size. Analyses were repeated three times with different random number seeds to assess consistency. The 

population growth or decline was significant if the 95% confidence interval of g did not include zero. 

The posterior probability densities and ESSs for these estimated population parameters were calculated 

in Tracer 1.5 [50]. 
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4. Conclusions 

Our study showed undistinguished genetic structure among geographical populations of 

S. semitorques. Approximate random gene flow indicated there might be no distinctive geographic 

barriers for this species in south China during late Pleistocene, which differs from the other three species 

of previous studies. Shallow differentiation due to considerable gene flow and lack of barriers might lead 

to high haplotype diversity and relative low nucleotide diversity. The mtDNA data showed a short 

evolutionary history of S. semitorques and undistinguished effects of the LGM on its  

historical demography. 
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