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Genetic diversity, phylogenetic relationships
and conservation of Edwards's Pheasant
Lophura edwardsi
ALAIN HENNACHE, ETTORE RANDI and VITTORIO LUCCHINI

Summary

An historical study shows that the present day ex situ population of Edwards's
Pheasant Lophura edwardsi, now numbering over 1,000 living specimens, origin-
ated in the 1920s from at least six different sources and c. 30 potential founders,
including more males than females. Partial sequences, 820 nucleotides long, of
the mitochondrial DNA (mtDNA) control-region were obtained in representat-
ives of about half of 21 captive-reared bloodlines, identified from data in the
revised International Studbook. All captive-reared birds had identical sequences.
Sequences of mtDNA obtained from museum skins and samples of birds col-
lected in the wild were slightly different from that representing the captive-
reared birds. The lack of mtDNA variability in the captive stock is probably due
to the small number of founding females and genetic drift during c. 30 genera-
tions of captive breeding. Estimation of true extent of mtDNA sequence variabil-
ity in historical and living wild Edwards's Pheasants awaits the procurement
and analysis of more specimens. At least one bloodline of captive Edwards's
Pheasant is polluted with exogenous genes resulting from past hybridization
with Swinhoe's Pheasant L. sivinhoii. Edwards's Pheasant is more closely related
to Vietnamese Pheasant L. hatinhensis and Imperial Pheasant L. imperialis than to
several other taxa regarded as full species in the genus Lophura. However it is
not yet possible to determine the extent of their evolutionary divergence and of
their proper taxonomic rank. The initial results of this genetic research suggest
that there should be efforts to (1) expand field sampling and genetic analyses of
wild populations of Lophura species, (2) purge the captive stock of Edwards'
Pheasant of all hybrids, (3) apply microsatellite analyses to estimate the level of
genetic diversity in nuclear DNA.

Introduction

Edwards's Pheasant Lophura edwardsi is one of only four pheasant taxa currently
classified as critically endangered according to the IUCN (1994) Red List Criteria
(McGowan and Garson 1995, P. Garson, unpubl.). This is mainly a consequence
of extensive habitat loss throughout its former range in the Annamese lowlands
of central Vietnam. Several field surveys in Quang Tri and Thua Thien Provinces
after the War failed to locate the species (Eames et al. 1992), which was consid-
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ered extinct in the wild until its rediscovery in late 1996 (Eve 1997). The conserva-
tion of Edwards's Pheasant, as well as two other critically endangered forms
also endemic to this small area of Vietnam, the Imperial Lophura imperialis and
Vietnamese Lophura hatinhensis Pheasants, is a high priority (McGowan and
Garson 1995). Edwards's and Vietnamese Pheasants are currently breeding both
in Vietnam and elsewhere. However, if these captive stocks are to constitute a
valuable conservation resource for the future, they need extremely careful man-
agement.

Although generally considered to be a valid species (Collar et al. 1994), only
slight plumage differences distinguish the Imperial and Vietnamese from
Edwards's Pheasant. Thus it is important to determine their evolutionary rela-
tionships in order to decide the extent to which they deserve separate conserva-
tion action (McGowan and Garson 1995). The aims of this paper are to report on
the extent of genetic variability in the Edwards's Pheasant captive stock, and to
explore the molecular phylogenetics of these three Lophura taxa, with the object
of contributing vital information to the process of defining a global conservation
programme for them. However, our first task is to review all known historical
information on the captive population of Edwards's Pheasant.

The Edwards's Pheasant European endangered species programme

In 1994, under the aegis of the World Pheasant Association (WPA), Han Assink
and Alain Hennache accepted responsibility for running an International Stud-
book for the Edwards's Pheasant, and initiated a European Endangered Species
Programme (EEP) under the European Association of Zoological Parks and
Aquaria (EAZA). This EEP now has 51 participants (18 different countries) man-
aging about 300 birds.

The declared aim of the Edwards's Pheasant EEP is to establish and maintain
an ex situ population in order to preserve and maintain 90% of its original gen-
etic diversity for a period of at least 100 years. The determination of the size of
population required to achieve this result depends on the available historical
information, including knowledge of the number of original founders, their
breeding history and transfers, as well as information on the current population
size and its growth rate. Moreover, reliable information on historical and current
populations size and structure is critical for estimating the expected amount of
genetic diversity that has been retained so far in the captive stock.

The maintenance of genetic diversity is important for the viability of a captive
population. Loss of genetic diversity, through random drift and the occurrence
of inbreeding depression can threaten the survival of any small population, as a
result of lowered reproductive performance and raised sensitivity to infectious
diseases (Rails and Ballou 1986). It is also likely that some interspecific hybridiza-
tion has polluted the captive stocks (Carpentier et al. 1975), making them unsuit-
able for a conservation breeding programme.

In response to these problems with the ex situ population of Edwards's Pheas-
ant, a research agreement was signed in 1996 between the Museum National
d'Histoire Naturelle (MNHN), Paris, France, and the Istituto Nazionale per la
Fauna Selvatica (INFS), Bologna, Italy, with the aim of obtaining DNA sequence
data on samples from wild and captive-reared Edwards's Pheasant with which
to investigate these problems objectively.
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Origin of the captive stock

The first priority for the Edwards's Pheasant EEP was to review the historical
information in an effort to determine the number of founders and their breeding
and transfer history. The history of Jean Delacour's expeditions to Indochina,
during which the first Edwards's Pheasants were collected, has been researched
in detail by Ciarpaglini and Hennache (1995). Seven expeditions were organized
between 1922 and 1939. At least 58-59 Edwards' Pheasants were collected during
the first five expeditions in Quang Tri and Thua Thien Hue provinces between
1922 and 1929 (Table 1), although only 28-29 °f those, including just 9 females,
were exported with certainty (Ciarpaglini and Hennache 1995). Three countries
benefited from these imports: France (Cleres) in 1924, 1928 and 1930, Japan in
1926 and Great Britain in 1928.

These c. 30 Edwards's Pheasants probably included the founders of the present
captive population. However, since 1995, new information has become available
indicating that Jean Delacour was probably not the only person to import this
species from Vietnam. Three other possible sources are of importance
(Ciarpaglini and Hennache 1997): (1) Walter Goodfellow imported Edwards's
Pheasants and other Indochinese birds to England in 1936 (Anonymous 1936),
but nothing more is known than this; (2) American soldiers, returning after the
war in Vietnam, may have brought living Edwards's Pheasants to the U.S.A. (T.
Lovel in litt., R. Sumner in litt.), but this is not properly documented anywhere
to our knowledge; and (3) in the early 1980s, eggs of Edwards's Pheasants were
received from Vietnam by a well-known private breeder in the former East Ger-
many. From these eggs he reared two females one of which bred later with one
of his captive males. According to Dang Gia Tung (pers. comm. 1996) the export
of anything from central Annam was very difficult in the 1980s because of the
widespread destruction of roads. It is therefore possible that these eggs came
from northern Annam, within what is now known to be the range of the Vietna-
mese Pheasant. Thus these females may have been Vietnamese Pheasants, and
the captive stock of Edwards's Pheasant may therefore contain some hybrid lines.

Some of the Edwards's Pheasants imported by J. Delacour bred soon after their
arrival: in France in 1925, in Japan in 1927, and in England in 1929. In France,
reproduction by captive Edwards's Pheasants was very irregular and Delacour
did not produce as many Edwards's Pheasants at Cleres as he reported in the
literature. Only 18-25 Edwards's Pheasants were certainly reared at Cleres
between 1925 and 1939 (Ciarpaglini and Hennache 1997) and some of these were
transferred to other breeders in France, Belgium, Germany and England
(Ciarpaglini and Hennache 1997). No data are available for Japan. In England,
John Spedan Lewis gave his first Edwards's Pheasant offspring to other English
breeders (Ciarpaglini and Hennache 1997). Unfortunately the origin of the Amer-
ican population is completely unknown.

Documented transfers

While the ornithological literature reveals the names of the breeders who
obtained the first offspring bred from wild Edwards's Pheasants at Cleres, no
records exist that allow us to pinpoint accurately the first transfers between con-
tinents or countries. World War II destroyed most of the pheasant collections in
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continental Europe, but were reconstituted just afterwards, using birds presum-
ably obtained from American and English aviaries. Some Edwards's Pheasants
were transferred from Cleres to John Spedan Lewis in 1937, others were exported
from England to the U.S.A. in 1945 (Powell 1997) or from the U.S.A. to France
just after the War (J. Delacour pers. cotnm.). The International Studbook docu-
ments only the most recent international transfers, from 1950 to 1996, i.e. 130
Edwards's Pheasants exchanged between 19 countries, including Europe (mainly
The Netherlands, France, England, Belgium, Czech Republic, Germany, Estonia,
Latvia and Russia), Canada, U.S.A., Japan, India and Vietnam. Past exchanges
between Japan and The Netherlands suggest that a great part of the Japanese
population probably originated from Europe.

In conclusion, these historical studies suggest that: (1) there were relatively
few founders in the original captive stock and the number of females did not
exceed nine individuals; (2) the ex situ population passed through at least two
bottlenecks. The first occurred at the very start because many of the imported
birds did not reproduce. The second took place during World War II, when
there was widespread destruction of pheasant collections throughout continental
Europe. After 30-35 generations the present captive population has grown to
over 1500 birds (only 300 of which are included in the EEP population), most
probably without any further wild founders being added for a period of at least
the past 60 years. Although the present captive population originated from three
different stocks (France, Japan, England) founded by wild birds captured in dif-
ferent localities and years, the destruction of pheasant collections in continental
Europe during World War II and the international transfers before and after this
period led to some mixing of all the blood lines in Europe and probably in Japan.

Identification of the bloodlines

The reconstruction of the genealogical relationships among all the Edwards's
Pheasants registered in the International Studbook performed using the software
packages ZRBOOK (Princee 1991) and SPARKS (Scobie 1996) suggested the exist-
ence of several different bloodlines. To assist in the following discussion we
define three terms here: (1) a founder is an animal from the wild population that
produced offspring and has had descendants in the captive population; (2) a
pseudofounder is a dead or living captive animal of unknown origin that contrib-
uted descendants to the captive population; and (3) a bloodline is the subpopul-
ation of dead or living individuals derived from a founder or pseudofounder.

We have identified all the putative pseudofounders, of which there are more
than 200 in the studbook, as well as finding all their offspring in the records.
These groups of pseudofounders and all their offspring have been referred to as
bloodlines. Most of the pseudofounders did not have any known offspring, or
very few offspring, or could be linked with a high degree of certainty to other
known pseudofounders and their blood lines. As a result of this analysis we have
identified 14 individuals as potential pseudofounders in the Studbook. Many
Edwards's Pheasants distributed all over Europe originated from these birds and
their offspring are recorded over six generations.

To these 14 we have added another seven bloodlines on the basis of more
anecdotal information. Five of them are linked to small regional populations
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resulting from the efforts of private breeders entirely within one country. One is
connected with putative wild females that a private breeder apparently imported
at the beginning of the 1980s (see above), and the last to one female imported in
1975 by the World Pheasant Association from the U.S.A. to the U.K., although
the fate of her offspring is unknown. Thus we have defined 21 blood lines,
recorded as A to T and X.

Aims of the DNA study

In the rest of this paper we report the first results of nucleotide sequencing of the
mitochondrial DNA (mtDNA) control region in samples from captive Edwards's
Pheasants representative of 10 of the 21 recognized bloodlines. We have also
analysed samples from other captive birds actually not included in the Studbook,
as well as some historical and recent samples of wild birds. Samples from other
Lophura taxa were analysed in order to make a first attempt to resolve the phylo-
geny of the three Vietnamese lowlands forms (L. edwardsi, L. hatinhensis and L.
imperialis). Preliminary molecular analyses suggested that they have only
diverged very slightly so far, and their taxonomic status remains unclear (Scott
1997, Randi et al. 1997).

The mtDNA is a maternally inherited part of the genome about 16,800 nucleot-
ides long in most vertebrates. It includes protein-coding genes, tRNA and rRNA
genes, and the control region, a non-coding region containing the promoters for
mtDNA replication and transcription (Clayton 1992). The mtDNA has two inter-
esting properties: (1) its rate of molecular evolution is about five times faster than
any nuclear gene (Baker and Marshall 1997), and (2) it is a haploid molecule,
which does not recombine. As a result, forms of the mtDNA with different nucle-
otide sequences (haplotypes) can be used as markers for different maternal lin-
eages in captive and wild population (Haig and Avise 1996). On average, control
region is the fastest evolving region of the mtDNA, although it accumulates point
mutations and insertions/deletions at very different rates in its different
domains. The very conservative central domain evolves about 10-20 times more
slowly than hypervariable blocks within the two peripheral domains (Baker and
Marshall 1997, Randi and Lucchini in press.). Nucleotide sequencing of the
mtDNA control region is therefore a powerful tool for estimating genetic divers-
ity within and among closely related populations, as well as for reconstructing
phylogenetic relationships among more divergent taxa like congeneric species
(Randi and Lucchini in press.). A knowledge of mtDNA control region sequences
also allows one to identify the maternal species of any offspring, and therefore
detect any maternal hybridization.

Methods

Sampling

Feather and blood samples were collected from captive Edwards's Pheasants,
representing the main existing bloodlines and reared in the U.S.A., England, The
Netherlands, Belgium, Germany, Japan and France. For this study we have
sequenced 820 nucleotides of the mtDNA control region in 27 captive-reared
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Table 2. Edwards's and Vietnamese Pheasants sampled for the mtDNA gene analysis

4 0 1

Sex

?

M
M
M
F
F
M
F
M
F
M
F
M
F
F

M
F
M
M
M
F
F

F
F
M
F
F
M

F

M

?

?

?

?

Std#

0287
0258
0239
0502
0226
0311
0607
0172
0298
0386
0608
0781
0825
0827

0828
0860
0619
0713
0881
0882
0759

0058
0235
0983
0985
0984
Museum
Paris no 878
Museum
Paris no 922
Museum
Paris no 2882

Source

R. Sumner
Jersey
Jersey
Jersey
Jersey
Jersey
Private
Private
Geres
Cleres
Cleres
Antwerp
Cleres
Cleres
Cleres

Cleres
Paris
Private
Cleres
Private
Private
Cleres

Powell
Powell
Private
Private *
Private
Delacour 1931 (Fi
Cleres ?)
Delacour 1924
(Cam Lo)
Delacour 1927
(Hue)
Hanoi
Hanoi
Hanoi
Hanoi

Blood lines (%)'

Q (Dallas)
A(25) B(25) C(50)
A(25) B(25) C(50)
A(i2,5) B(i2,5) D(25) F(5o)
R
A(25) B(25) C(5o)
J(5o) K(5o)
S
H(ioo)
E(5o) K50)
J(5o) K(5o)
OTR
R
E(25) H(5o) K25)
E(25) H(25) K25) J(i2/5)
K(i2,5)
E(25) H(5o) K25)
E(25) H(5o) K25)
P
P
OT
OT
E(25) H(25) I(25) J(l2,5)
K(l2/5)
QR
R
OT
OT
OT

Vietnam (August 1996)
Vietnam (August 1996)
Lophura hatinhensis
Lophura hatinhensis

Maternal
lineage

Q
C
C
B
R
C
K
S
H
E
K
O
R
E
E

E
E
P
P
O
O
E

Q
R
O
O
O
W?

W

w

w
w

Sample ID

LED10
LED17
LED18
LED22
LED29
LED31
LED32
LED34
LED35
LED36
LED37
LED41
LED44
LED46
LED48

LED49
LED50
LED51
LED52
LED53
LED54
LED61

LED62
LED63
LED64
LED65
LED66
LED55

LED56

LED57

LED58
LED59
LHAi
LHA4

"The bloodlines are referenced as follows : A, Netherlands 1 ; B, USA 1 ; C, USA 2 ; D, England 1 ;
E, Belgium 1 ; F, Belgium 2 ; G, Belgium 3 ; H, Belgium 4 ; I, England 2 ; J, Netherlands 2 ; K,
Netherlands 3 ; L, Netherlands 4 ; M, Netherlands 5 ; N, England 3 ; O, Germany 1 ; P, Japan ; Q,
USA 3 ; R, England 4 ; S, Netherlands 6 ; T, Germany 2 ; W, Wild ; X, USA 4.

individuals representative of the following maternal bloodlines: B (1 pheasant
studied), C (3), E (6), H (1), K (2), O (6), P (2), Q (2), R (3), and S (1) (Table
2). Additionally, we have obtained skin samples from wild Edwards's Pheasant
specimens collected by J. Delacour in 1924 (sample labelled LED56 in this paper),
1927 (LED57) and 1931 (LED55), and preserved at Museum National d'Histoire
Naturelle, Paris, and from two wild Edwards's Pheasants collected in central
Vietnam in August 1996 (LED58 and LED59; Table 2).
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D-LOOP

PH1H521 PH2L818 .PHDH1255

436bp 384 bp

820 bp

Figure 1. Diagram of the mtDNA control region of Edwards's Pheasants. PHDL 16750
and PHDH 1255 are the primers used for DNA amplification and sequencing. PHi H521
and PH2 L818 are the internal sequencing primers (see Methods).

Phylogenetic relationships among Lophura taxa .were reconstructed using nuc-
leotide sequences of the entire (about 1,100 nucleotides) mtDNA control region
from the following samples: two Vietnamese Pheasants reared in captivity at
Hanoi Zoo; two specimens each of Swinhoe's L. swinhoii, Kalij L. leucomelana,
Silver L. nycthemera, and Salvadori's L. inornata Pheasants, and Elliot's Pheasant
Syrmaticus ellioti as the outgroup. All these samples were from captive birds
reared in Zoological Park of Cleres, France, and sequenced in double to check
for the quality of the results.

Laboratory methods

For these genetic analyses we have used methods based on the polymerase chain
reaction (PCR), which permits the copying and amplification of selected genes in
vitro, with a high level of fidelity, from a disparate array of biological samples
(Baker and Palumbi 1994). The PCR makes it possible to use samples containing
a very few molecules of DNA, even if they are partially degraded, from sources
such as feathers, animals found dead in the field, small portions of tissue, skin
and bones, or material from old museum specimens. All these samples can be
preserved safely in ethanol at room temperature without any further degradation
of DNA.

Total DNA was extracted from feather and blood samples using a silica pro-
cedure (Hoss and Paabo 1993), or simply by boiling the sample (E. Valsecchi pers.
comm.). The PCR protocol was optimized to amplify the entire control region of
the mtDNA of Edwards's Pheasants (Figure 1), using primers PHDL16750 and
PHDH1255 (Fumihito et al. 1994), 2 mM MgCl2 with 0.25 |iM primer concentra-
tion in the PCR buffer, and the following thermal cycle: 94 °C x 120 s; 30 cycles
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at 94 °C x 15 s, 50 °C x 15 s, 72 °C x 60 s; 72 °C x 300 s, performed in a Perki-
nElmer 9600 machine. The copied mtDNA control regions have been sequenced
using the PerkinElmer AmpliTaq FS Dye terminator kit in an ABI 373 automatic
sequencer, with the two PCR primers and the following internal sequencing
primers (kindly provided by E. A. Scott, Manchester Metropolitan University,
U.K.):

PH1H521 (5' - TTATGTGCTTGACCGAGG AACCAGA - 3') and PH2L818 (5' -
GGAATG ATCTTGACACTGATGCACT - 3') (Figure 1).

Analysis of the sequences

Nucleotide sequences were aligned using CLUSTAL W (Thompson et al. 1994).
Phylogenetic reconstructions were conducted by the neighbour-joining (NJ)
method (Saitou and Nei 1987) on percentage divergence estimated by Kimura's
(1980) two-parameters formula using the computer program MEGA (Kumar et
al. 1993). We obtained maximum parsimony (MP) trees using PAUP (Swofford
1993). Robustness of the phylogenies was assessed by the bootstrap method
(Felsenstein 1985), with 1,000 resamplings followed by a distance (NJ) or a max-
imum parsimony reconstruction (bootstrap option in PAUP).

Results

We have obtained partial sequences, spanning 436 nucleotides of the peripheral
left and 384 nucleotides of the peripheral right domains (Figure 1) of the mtDNA
control region in 27 captive-reared Edwards's Pheasants representatives of 10
maternal bloodlines (Table 2). All these sequences were identical, with the excep-
tion of the sample labelled LED64 (L. edwardsi 64), which differed by about 1.5%
from all the others. After comparisons with other species of Lophura, sequence
LED64 proved to be identical to the control region sequence of L. swinhoii (Figure
3). Thus LED64 is presumed to be a hybrid that has retained the maternal L.
swinhoii mtDNA.

All the contemporary captive-reared Edwards's Pheasant samples studied (L.
edwardsi 29, Figure 2) had an identical nucleotide sequence, which was slightly
divergent from both the historical and recent samples from wild birds. These
wild samples showed two different mtDNA control region sequences: the histor-
ical L. edwardsi 55 had only one nucleotide difference from the captive-reared
(one G-A transition at position no. 142), whilst the other two (nos. 56 and 57)
and the recent samples (nos. 58 and 59) had five differences (all transitions) and
clustered separately in the phylogeny, at about 0.5% sequence divergence from
the captive reared birds (Figure 2).

Sequences for L. hatinhensis were very similar to those of L. edwardsi: they had
fixed nucleotide substitutions at position nos. 201, 297 (C-T transitions) and 463
(deletion of a C in Edwards's Pheasant). Interestingly, the two L. hatinhensis
samples had two nucleotides shared with the captive Edwards's Pheasant and
the wild LED55 (at position nos. 72 and 150), while three nucleotides were shared
with all the other historical and recent wild Edwards's Pheasants (at position
nos. 142, 205 and 310). Consequently, L. hatinhensis is nested within the two
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-001

52

- L edwardsi 29
L edwardsi 55

.001

001

001

79

65

81

.001

.002

L. edwardsi 56

L edwardsi 5 7

L. edwardsi 58

L edwardsi 59
L hatinhensis 3

L hatinhensis 1
L hatinhensis 4

L. swinhoii

Figure 2. NJ tree showing relationships among the sequenced mtDNA control regions of
in situ and ex situ populations of Edwards's and Vietnamese Pheasant. Above and below
the internal branches are the estimated percentage sequence divergence and bootstrap
support values. L. swinhoii is used as an outgroup to root the tree.

groups of Edwards's Pheasants, at about 0.4% and 0.5% sequence divergence,
respectively (Figure 2). Details of the alignment of 820 mtDNA control region
nucleotides of Lophura pheasants can be obtained from the authors.

Notwithstanding the very low level of divergence amongst all sequences (the
maximum genetic distance was <o.5%), the statistical support for the phylogen-
etic tree showed in Figure 2 was generally high- The bootstrap values, which
measure the percentage of recurrence of sequences joined at each internode after
1,000 random sampling of nucleotides in the alignment, were larger than 87%,
except for the separation between LED29 and LED55, which received a lower
value of 67%. The same topology and very similar bootstrap values were
obtained by maximum parsimony procedures.

A provisional phylogeny for the whole series of Lophura taxa samples was
obtained in the same way, using sequences for the entire control region in L.
swinhoii, L. leucomelana, L. nycthemera, L. inornata, and in the outgroup Syrmaticus
ellioti. The peripheral left domain of the control region of Galliformes contains a
hypervariable region, spanning about 100 nucleotides, which evolves very
quickly and generates phylogenetic noise (Baker and Marshall 1997, Randi and
Lucchini, in press). We have therefore excluded this region from the phylogenetic
analyses.

Salvadori's Pheasant L. inornata has a basal position in the phylogenetic tree
(Figure 3). Then there were two strongly supported branches, one leading to the
sister taxa L. leucomelana and L. nycthemera (bootstrap support value = 95%), and
the other to L. swinhoii, L edwardsi and L. hatinhensis (bootstrap support value =
82%). NJ and MP phylogenetic trees and bootstrap values were concordant.

Discussion

Edwards's Pheasant ex situ

Nucleotide sequencing of the mtDNA control region suggests that the present
day captive-reared Edwards's Pheasant stock has retained a very low level of
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Figure 3. NJ tree showing phylogenetic relationships among the sequenced mtDNA con-
trol regions of several Lophum taxa. Above and below the internal branches are the estim-
ated percentage sequence divergence and bootstrap support values. Syrmaticus ellioti is
used as an outgroup to root the tree.

genetic diversity, probably as a consequence of the low number of founder
females and at least two bottlenecks during more than 30 generations of captive
breeding. There are no apparent mtDNA differences amongst or within the
studied bloodlines, even though our sequences include the hypervariable part of
peripheral left domain of the control region. This is known to be highly poly-
morphic in many birds (Baker and Marshall 1997, Randi and Lucchini in press)
and, especially so in wild populations of Galliformes, including Alpine species
of partridges and tetraonids (E. Randi, V. Lucchini and P. DeMarta unpubl. data).
Although we have studied samples belonging to only 10 of the 21 supposed
Edwards's Pheasant bloodlines, it seems unlikely that an enlarged sample would
reveal additional variability. The number of founding females was low whilst
transfer of pheasants among breeders (i.e. gene flow) was high until very recently
(Ciarpaglini and Hennache 1997).

Population genetics theory predicts that small isolated populations will lose
genetic diversity at a rate which is inversely proportional to their size (Lande
and Barrowclough 1987). The founder effect and random genetic drift are seen
as powerful forces that can quickly reduce the genetic variability held in small
and isolated populations. Computer simulations based on this body of theory
(Crow and Kimura 1970) predict that: (1) populations with an effective popula-
tion size (Ne) of less than 10-20 have high probability of losing all their genetic
diversity at nuclear diploid loci within 10-20 generations; (2) as the effective size
of mtDNA (as a maternally inherited haploid molecule) is 1/4 Ne of nuclear
genes (Wilson et al. 1985), it is expected that mtDNA will become monomorphic
within 4Nef (effective population size of females) generations. This means that
populations with Nef < 5-10 have a high probability of losing all their mtDNA
genetic variability within 20-40 generations. Thus, it is entirely expected that the
captive Edwards's Pheasant population will have retained very low or no genetic
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Table 3. Morphological characters of the Vietnamese Pheasant Lophura

Features

General aspect

Tarsus length

General colour of females

Crest
Chick

General colour

Crown
Line on the eye
Line on the head
Throats, cheeks and sides
Legs
Base of the bill

Vietnamese
pheasant

87 mm

Chestnut reddish

White

Chestnut brown

Blackish
Black
Black
Fulvous
Reddish
Blackish

Edwards's
pheasant

75 mm

Chestnut brown

White

Chestnut brown to
yellowish
Brownish
Blackish
Blackish
Yellowish
Pinkish
Yellowish

hatinhensis

Remarks

Like Edwards's (except
white tails feathers)
Like Imperial Pheasant
(87 mm)
More like Imperial
Pheasant
Like Edwards's Pheasant
More like Imperial
Pheasant
Darker than Edwards's
Pheasant

Larger than Edwards's
Larger than Edwards's

diversity within bloodlines, in both the nuclear and mitochondrial genomes
(respectively), although the process of independent founding of the first stocks
in France, England and Japan and the later independent management of popula-
tions in America, could have resulted in random fixation of different alleles in
these different bloodlines.

In contrast, comparisons between historical and recent wild Edwards's Pheas-
ant mitDNA sequences suggest that genetic variability is present in the wild
population. However the low number of samples from the wild currently makes
it impossible to estimate the extent of genetic diversity in this species. Fieldwork
aimed at collecting moulted feather and blood or tissue samples from trapped
birds would be useful in allowing further work to be done.

Relationships amongst Edwards's, Vietnamese and Imperial Pheasants

Vietnamese and Imperial Pheasants have been found in the same area at Cat Bin
in 1990 (Robson et al. 1993) whilst Edwards's Pheasant has been rediscovered
further south, although still within its historical range in central Annam. If this
represents the ancestral distribution pattern, one may expect Imperial and Viet-
namese Pheasants to be more similar to each other than either is to Edwards's
Pheasant.

Observations made in Cleres using living chicks of both Vietnamese and
Edwards's Pheasants, and museum skins of Imperial, Vietnamese and Edwards's
Pheasants (Table 3) support previous findings (Scott 1997 and pers. comm.) in
suggesting that the Imperial Pheasant could be closely related to the other two
species of lowland Vietnamese pheasants. The very low degree of genetic diver-
gence shown by the fast-evolving mtDNA control region, makes it difficult to
reconstruct a reliable phylogeny for the three lowland Vietnamese Lophura taxa
and their rearest relatives. The nucleotide sequences presented in this study do
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not separate L. edwardsi and L. hatinhensis into two distinct clades. Instead, L.
hatinhensis is nested within L. edwardsi in paraphyletic position. It is possible that
a very recent evolutionary separation by these two taxa has so far resulted only
in incomplete segregation of mitochondrial DNA haplotypes, so that the two
populations still retain shared polymorphisms.

The information available to date does not allow any conclusive statement to
be made about evolutionary relationships between the lowland Vietnamese
Lophura taxa. However it seems safe to suggest that Edwards's, Vietnamese and
Imperial Pheasants diverged very recently (Scott 1997).

More samples are required in order to evaluate if morphological and DNA
diagnostic traits are concordant amongst different populations, or if they repres-
ent polymorphisms shared across populations. Particularly in birds, genetic
divergence alone cannot be used as a yardstick to assign taxonomic rank, because
reproductive isolation can be achieved through the evolution of a novel few
plumage traits that act as courtships signals in a species recognition system (Zink
1996).

Relationships within the genus Lophura

Sequencing the control region of mtDNA has allowed us to discriminate between
several other different Lophura taxa that are already accepted as species on mor-
phological biogeographical grounds (Delacour 1977, Johnsgard 1986). The
molecular phylogenetic trees we show in this paper are preliminary, however,
and need to be integrated with data from more species and longer DNA
sequences. Nevertheless our trees suggest that: (1) L. inornata is the most primit-
ive amongst Lophura species sequenced so far, as suggested also by its morpho-
logy; (2) L. leucomelana and nyethemera may be sister species, as is consistent with
parapatric distributions; and (3) L. swinhoii and the three lowland Vietnamese
Lophura forms appear to be closely related, as has been suggested already on
morphological grounds. A detailed discussion of these conclusions is premature
at this time. A larger-scale and wider analysis of DNA sequences is required
before a definitive phylogeny can be derived.

Conservation implications

The data available so far suggest that the captive stock of the Edwards's Pheasant
has the very low genetic variablity to be expected of a population bred for many
generations from few founders. Our results also suggest that there has also been
some genetic pollution of the captive gene pool due to hybridization with Swin-
hoe's Pheasant. Thus all the Edwards's Pheasants currently registered in the
International Studbook should now be sampled so that any hybrid can be
removed from the population. This goal can be achieved rapidly and at reason-
able cost if all breeders of registered birds agree to collaborate.

Our analysis also suggests that the wild Edwards's Pheasant populations has
some genetic variability and the particular mtDNA control region sequence,
which has become fixed in the captive stock has not been found in a wild speci-
men. A careful estimate of the extent of genetic diversity in the rediscovered
surviving wild Edwards's Pheasant population is critical to an assessment of the
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value of the captive stock (when purged of hybrids) as a genuine insurance
against species extinction, and as a source of birds for any introduction or
restocking programmes in future.

An improved phylogenetic framework for the genus Lophura, the largest
among Pheasants, is needed to evaluate the pattern and extent of divergence
between the populations representing established species and accepted sub-
species. Only this kind of analysis, for the genus as a whole, will allow an object-
ive assessment of the status of problematical taxa such as the three Annamese
lowland pheasants. For the moment we hesitate to draw definite conclusions
regarding the relative taxonomic status of these three pheasants, pending the
results of further molecular, morphological and field research. Thus the provi-
sional position on their conservation management must be that individuals
belonging to the three forms should not be cross-bred in captivity, and their wild
populations should be managed independently, as if they belong to three differ-
ent species. Speciation is not (excepting polyploidy) an all-or-nothing process,
and many species originate from the accumulation of slight morphological and
molecular changes. The careful conservation of the existing pheasant taxa in cent-
ral Vietnam therefore calls for preserving and not merging L. edzvardsi, hatinhensis
and imperialis either ex situ or in situ.

Conclusion

The collaboration between INFS and MNHN is set to continue for several more
years, and aims to (1) identify and sequence nuclear genes in order to complete
the genetic analyses of the captive stocks of Lophura; (2) suggest a protocol for
molecular identification of hybrids and enforce its application in order to purge
all captive stocks; (3) suggest a captive breeding plan aimed to maximize the
retention of genetic diversity and minimize inbreeding in all the separate captive
stocks; (4) obtain a complete phylogenetic tree of Lophura sequence by using
data from mitochondrial and nuclear genes. This phylogenetic tree should ideally
include taxa now regarded as full species and as subspecies.
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