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Abstract:    Maintaining genetic diversity is a major issue in conservation biology. In this study, we demonstrate the differences of 
genetic diversity levels between wild and captive individuals of Elliot’s Pheasant Syrmaticus ellioti. Wild individuals showed a 
higher genetic diversity level than that of the captive individuals. Nucleotide diversity and haplotype diversity of wild individuals 
were 0.00628 and 0.993, while those of captive individuals were 0.00150 and 0.584 respectively. Only 3 haplotypes of mtDNA 
control region sequence were identified among 36 captive individuals, while 16 unique haplotypes were identified among the 17 
wild individuals in this study. One captive haplotype was shared by a wild individual from Anhui Province. It is concluded that a 
low number of founders was the likely reason for the lower level genetic diversity of the captive group. Careful genetic man-
agement is suggested for captive populations, particularly of such an endangered species, to maintain genetic variability levels. 
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INTRODUCTION 
 

Genetic diversity is a major issue of conserva-
tion biology recognized by the IUCN (Frankham et 
al., 2002). Within a population it reflects the evolu-
tionary potential to adapt to novel environmental 
changes. Therefore, during the past few years, the 
genetic diversity of many threatened mammals, birds, 
fish, insects and plants have been investigated 
(Frankham et al., 2002). As a direct and indirect 
consequence of human actions, more and more spe-
cies or populations are facing changing environments 
and are thus experiencing a corresponding reduction 
in population sizes. Therefore the loss of genetic 

diversity is becoming an increasingly central topic in 
conservation genetics (Avise, 1994), as effective 
population sizes are continuing to diminish, inbreed-
ing continues to increase, populations continue to 
fragment and other detrimental factors persist. On the 
other hand, in order to enhance the population size 
and save the threatened or endangered species from 
extinction, many captive breeding projects have been 
carried out. Since most of the captive populations are 
small, it is not surprising the evidence suggests that 
captive populations generally have a lower genetic 
variability than that of wild populations.  

Elliot’s Pheasant (Syrmaticus ellioti), regarded 
as “Vulnerable” in the 2003 IUCN Red List of 
Threatened Species (http://www.redlist.org), is en-
demic to China. Its population size is thought to be 
rapidly declining because of ongoing habitat loss and 
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hunting (Ding and Jiang, 2000). The captive history 
of this species can be traced back to as early as 1873 
when Père David obtained individual specimens from 
Fujian Province and initiated captive breeding of the 
species in Paris (Knoder, 1983). In the later part of the 
20th century, the species was captive bred in several 
zoos in China, such as Shanghai Zoo and Ningbo Zoo 
(Zheng and Wang, 1998). Currently, the captive 
population abroad is estimated to be 500−600 indi-
viduals as noted by the American Zoo and Aquarium 
Association (AZA) Regional Studbook (Fuller and 
Garson, 2000). Although a wide range of projects 
concerning ecological adaptation and conservation 
strategy has been instigated, very little information 
regarding the genetic diversity of wild or captive 
populations of the species has been presented.  

Recently, genetic diversity has been measured 
using many different types of data, including quanti-
tative characters, chromosomes, proteins, nuclear 
DNA loci, chloroplast DNA, and mtDNA. Thus an 
increasing body of data is being generated for study at 
the DNA level. Sequencing of mtDNA provides a 
marker of maternal inheritance with high mutation 
rates and high variation observed in vertebrates. In 
addition, mtDNA can be sequenced using 
non-invasive sampling, thus is becoming more suit-
able for threatened and endangered species.   

In the present study, we investigated whether the 
captive individuals of Elliot’s Pheasants display low 
genetic diversity, as is the case in observations of 
many other small captive populations of threatened 
species. In this paper, we assessed the genetic diver-
sity among wild and captive individuals of Elliot’s 
Pheasant, based on haplotypic variation of mtDNA 
control region sequences. The reasons for the sig-
nificant loss of genetic diversity of captive individu-
als, especially in Ningbo Zoo, are discussed. We then 
make some recommendations for genetic manage-
ment of captive populations of Elliot’s Pheasant. 
 
 
MATERIALS AND METHODS 
 
Sample collection 

The blood samples were obtained from 36 cap-
tive Elliot’s Pheasants in Ningbo Zoo, Zhejiang 
Province. All captive individuals originated from five 
ancestors (2 males and 3 females) introduced in 1988. 

A total of 17 individuals of wild Elliot’s Pheasants 
were obtained from Zhejiang Province and two other 
adjoining provinces, Anhui Province and Fujian 
Province, from which the pad and blood samples were 
collected for the examination (Table 1). 
 
 
 
 
 
 
 
 
 
 
 
PCR amplification, cloning and sequencing 

Genomic DNA was extracted using standard 
proteinase K digestion and phenol/chloroform pro-
cedures (Sambrook et al., 1989). A DNA fragment of 
approximately 1153 bp was amplified from all the 
specimens. PCR amplification was carried out on a 
PTC-200 Peltier Thermal Cycler in 50 µl reaction 
(DNA primers: Randi and Lucchini, 1998). The 
thermal cycling profile was as follows: an initial 
hot-start at 95 °C for 4 min; 30 amplification cycles of 
denaturizing at 94 °C for 1 min, annealing at 59.5 °C 
for 1 min and extension at 72 °C for 1 min; and a final 
incubation at 72 °C for 10 min. The PCR amplifica-
tion products were separated and eluted by agarose 
gel electrophoresis and UNIQ-5 Column DNA Gel 
extraction kit (Sangon, China), and then were ligated 
into pMD 18-T vector (TaKaRa, China). The prod-
ucts were sequenced in both directions following the 
extension-dideoxy-chain termination method with 
universal primers (M13+/M13−) and the BigDye ter-
minator cycle sequencing kit (Perkin Elmer) accord-
ing to the manufacturer’s instructions.  
 
Statistical analysis 

Multiple sequence alignments were obtained 
using the CLUSTAL X (Thompson et al., 1997). 
Initial sequence comparisons and identification of 
haplotypes were performed using MEGA version 2.1 
(Kumar et al., 2001). The values of sequence distance, 
haplotype diversity (h), nucleotide diversity (π) and 
Tajima’s D test of selective neutrality were carried 
out by DnaSP version 3.51 (Rozas and Rozas, 1999).  

Table 1  Summary information of samples in this study

Groups Site N Resource Collected 
year Code

Wild Anhui 6 Pad 2000 A1−6
 Zhejiang 2 Pad 1985 Z1−5
 Zhejiang 3 Blood 2002 Z1−5
 Fujian 6 Pad 1985 F1−6
Captive Ningbo zoo 36 Blood 2002 C1−36
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RESULTS 
 
Approximately 1153 bp of sequence was ob-

tained. The base composition included 13.9% G, 
26.6% A, 32.7% T and 26.8% C, in agreement with 
the characteristics of other avian control region se-
quences (Baker and Marshall, 1997). This confirmed 
that the sequence data was originally from mtDNA 
control region. 

For all the individuals examined, 53 nucleotide 
positions were variable among the sequences which 
defined 18 haplotypes of CR sequences over 53 in-
dividuals. A summary of the haplotypes is provided in 
Table 2. The mean haplotype diversity (h) was esti-
mated to be 0.795, though differences in genetic di-
versity between wild and captive individuals were 
apparent (h=0.993, 0.584 respectively). The differ-
ences in genetic diversity were also reflected in the 
estimation of nucleotide diversity (π) (Table 3). Ta-
jima’s D test detected that the wild group departed 
from the standard neutral model (Ρ<0.01). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

The distribution and relative frequency of all 
eighteen unique haplotypes is illustrated in Fig.1. 
Sixteen haplotypes were identified in seventeen wild 
individuals, while only three haplotypes were identi-
fied in thirty-six captive individuals. Wild individuals, 
A3 and A5, shared the same haplotype. Furthermore, 
there was a haplotype shared by a wild and a captive 
individual. However in the captive population, three 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1  The distribution and relative frequency histograms
of mtDNA haplotypes of wild and captive individuals 
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Table 2  Polymorphic nucleotide sites defining the 18 mitochondrial haplotypes resolved among the wild and the 
captive individuals of Elliot’s Pheasants examined 

Haplotypes Nucleotide position 
   1 1 1
 1 1 1 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 4 4 4 4 4 5 5 5 5 5 5 6 6 6 6 7 7 8 8 8 8 8 8 8 9 9 9  0 0 0
 3 5 5 7 8 3 7 9 1 2  2 2 3 3 4 4 6 9 9 1 3 7 7 0 2 6 6 8 0 1 3 4 5 7 1 4 6 9 7 9  2 4 5 6 6 6 9 2 3 6  0 6 6
 2 0 4 3 7 2 2 8 2 2 4 8 1 4 4 9 2 7 8 1 9 2 5 6 4 4 6 4 6 8 2 9 2 3 2 8 5 4 9 3 2 6 2 5 6 7 1 1 8 1  4 2 7

A1 ACCCTACTCC  TATCACTCTT AAACTCCGAT TTCCCAGCCC  AGTTTTCTTC TTT
A2 G . . . . . . . . . . . . . C . T . . . . . . . . . T A . . . . . . . . . . T . . . . . . . . . . .  . . .
A3∗ . . . . C . T . T . . . . . . . . . . . . . . . . . T A . . . . . . . . . . T . . . . . . . . . . .  . . .
A4 . . . . . . T . T . . . . . . . . . C . . . . . . . T A . . . . . . T . . . T . . . . . . . . . . .  . . .
Z1 . . . T . . T . . . . . . . . . . . . . . . . . . . T A . . . . . . . . . . T . . . . . . . . . . .  . . .
Z2 . . . . . . T . . . . . . . . . . . . . G G . . . . T A G . . . T . . . . . T . . . . . . . T C . .  . . .
Z3 . . . . . . T . . . . . . . G . . . . . . . . . . . T A . . . . . . . . A . T . . . . . . . . . .  . . .
Z4 C . C  . . T . T . C G . . . . . T C T T . . . . . . T A . . . . . . . . . . T . G . . . . . . . . .  . . .
Z5 . . . . . . T . T . . . . . . . . . . . . . . A C . T A . . . . . . . . . . T . . . . . . . . . . .  . C .
F1 . . . . . . T . T . . . . . . . . . . . . . . . . . T A . . . . . . . . . . T . . . . . . . . . C T  . . .
F2 . . . . . G T . T . . . . . . T . . . . . . . . . . T A . . . . . . . . . T T . . A . . . . . . . .  . . .
F3 . T . . . . T . . . . . . . . . . . . . . . G . . . T A . . . A . . . . . . T . . . C . . . . . .  . . .
F4 . . . . C . T . T . . . . . . . . . . . . . . . . T T A . . . . . T . . . . T . . . . . . . . . . .  . . .
F5 . . . . . . T . T . . . . . . . . . . . . . . . . . T A . C . . . . . T . . T . . . . . C C . . . .  C . .
F6 C . C . . T . T . C . . . . . . T . T T . . . . . . T A . . C . . . . . . . T . . . . . . . . . . .  . . C
C1# . . . . . . T . T . . . . T . . . . . . . . . . . . T A . . . . . . . . . . T . . . . . . . . . . .  . . .
C2 . . . . . . T . T . . . . . . . C . . . . . . . . . T A . . . . . . . . . . T . . . . . . . . . . .  . . .
C3 . . T . . . T . T . . . C T . . . . . . . . G . . . T A . . . . . . . . . . T . . . C . . . . . . .  . . .

∗: Haplotype A3 shared by the individuals A5; #: Haplotype C1 shared by wild individuals A4 
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haplotypes (C1, C2 and C3) were shared widely 
among individuals. Haplotype C1, with the highest 
relative frequency (55.56%), was shared by twenty 
individuals, twelve individuals shared haplotype C2 
(33.33%) and four individuals shared haplotype C3 
(11.11%). 
 
 
DISCUSSION 
 
Differences of genetic diversity in wild and captive 
individuals  

From the analysis conducted in this study, it is 
clear that the wild individuals have higher genetic 
diversity than the captive individuals. The distribu-
tion of haplotypes was significantly different between 
the two groups. Only three haplotypes were widely 
distributed among captive individuals. As the mtDNA 
is a maternally inherited marker in vertebrates, theo-
retically, three mtDNA haplotypes may be contrib-
uted by captive offspring since only three female 
founders are recorded in Ningbo Zoo. In the present 
study three haplotypes were identified among captive 
individuals accorded with the three female founders. 
It is certain that the low number of female founders is 
the overwhelming factor resulting in less number of 
haplotypes leading to lower level of haplotypic di-
versity in the captive population. Moreover the cap-
tive population was biased towards captive haplotype I. 
The disproportionate haplotypic distribution in the 
captive population is presumably linked to human 
interference in captive breeding such as ignoring 
genetic data and focusing attention on few individuals 
possessing good reproductive ability.  

  Captive haplotype I was also shared by one indi-
vidual from Anhui Province. It is therefore likely that 
the three female founders might have been collected 
from Anhui Province, and not Zhejiang Province, as 
originally mentioned or have closer relationship to the  

 
 
 
 
 
 
 
 
 

lineage of individuals from Anhui Province. 
As Tajima’s test revealed that the wild group 

departed from the standard neutral model (Ρ<0.01), a 
possible causative factor is that there were too few 
wild individuals in this study in contrast to the large 
number of wild Elliot’s Pheasant’s individuals in 
existence.  
 

Implications for conservation  
As assessed above, the captive population of 

Elliot’s Pheasant has lower genetic diversity than that 
of the wild population. There is no doubt that the 
reduction of genetic diversity has the tendency to 
compromise the ability of the populations to evolve to 
cope with novel environmental changes and reduces 
their chances of long-term existence. Since the dis-
tribution of haplotypes in the captive group was bi-
ased towards the haplotypes C1 and C2, special at-
tention should be paid to individuals with the C3 
haplotype when considering captive breeding man-
agement. This is required to enhance the reproduction 
of the individuals with the C3 haplotype in order to 
avoid the loss of the valuable genes of the individuals 
with the C3 haplotype. It is supposed that pedigree 
information regarding the genetic background of each 
ancestor could be usefully applied in the practical 
management. With the help of it, it may be possible to 
minimize genetic loss by choosing individuals with 
the lowest relationship in the population, to be parents 
of the subsequent generation. This would result in the 
highest degree of retention of genetic variation.   
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Table 3  Measures of mtDNA diversity observed in wild and captive individuals 
Groups N Nhap D (%) h π* (%) Tajima’s D 
Captive 36 3 0.20 0.584±0.054 0.150±0.028 −2.13598# 
Wild 17 16 0.60 0.993±0.023 0.628±0.085 0.52891 
Total 53 18 0.30 0.795±0.045 0.330±0.049  

N: Number of individuals; Nhap: Number of haplotype; D: Distance of sequence (overall mean); h: Haplotype diversity; π: Nucleotide di-
versity; *: Estimated using Kimura 2-parameter distance (Kimura, 1980); #: Significant departure from neutrality (Ρ<0.01) 
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