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ABSTRACT. We used Random Amplified Polymorphic DNA (RAPD) markers to investigate the genetic structure of two popula-
tions of see-see partridge (Ammoperdix griseogularis, Galliformes) from the Suleiman range, in the Pakistani Himalayan region.
The see-see partridge is a vulnerable species with a distribution in the Middle East and central Asia. The percentage of polymorphic
bands (94.05%), Shannon Index (H=0.455) and Nei’s average gene diversity (I

N
=0.298) of A. griseogularis at species level were

rather high when compared with other avian species. 17% of polymorphic loci showed statistically significant differences in their
allelic frequencies. The G

ST
 (Nei’s coefficient of genetic variation) values indicated low levels of differentiation (G

ST
=0.08). A

genetic distance D of 0.05 indicated that both populations were to some degree in isolation but their differentiation was not signifi-
cant. Overall, our genetic data can support action plans aiming to locally preserve differentiated genetic resources that, in the
future, could potentially result in ecologically and behaviourally differentiated populations. In view of the rapid environmental
changes that the Himalayan region has been experiencing in the last decade, this study could help in conservation plans.
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INTRODUCTION

The see-see partridge (Ammoperdix griseogularis, Pha-
sianidae, Galliformes) is a bird species of dry and stony
terrain listed as ”vulnerable” (BIRDLIFE, 2004) This spe-
cies has a huge distribution range, from southeast Turkey
through Syria and Iraq to Iran and Pakistan (BAKER,
1924; ROBERTS, 1992; GRIMMETT et al., 1998). European
populations suffer from demographic decline (BIRDLIFE,
2004). In Pakistan, see-see partridges are also present in
Sindh Kohistan, the Punjab Salt Range and the North-
Western Frontier Province (NWFP). However, in this lat-
ter region, the species is largely declining due to strong
human persecution for hunting purposes (GRIMMETT et
al., 2009). See-see partridge populations further colonize
suitable terrains of the Balochistan, e.g. open, dry and
hilly areas with limited agriculture. Birds are usually seen
in pairs or, at the most, in flocks of two to four specimens.
Yet, over fifty birds in a single flock have been counted in
the Salt and Suleiman Ranges (KHALIQ, pers. obs., 2008),
which are considered the strong hold of the species (ROB-
ERTS, 1992) and present a well protected area due to tribal
customs preventing easy access of outsiders.

The wide distribution range of the see-see partridge
notwithstanding, no genetic data is available from the lit-
erature. To our knowledge, no work has been carried out
to investigate the genetic structure of this species using
DNA markers. Moreover, precise identification of the
population genetic structure and possible natural popula-
tion subdivisions is necessary to understand demographic
and evolutionary patterns within/among populations, thus
providing crucial information for future conservation
plans (SCHAAL et al., 1991; WEBSTER et al., 2002; ZINK,

2004; HAIG et al., 2006; ALLENDORF & LUIKART, 2007).
Hence, we employed Randomly Amplified Polymorphic
DNA markers (RAPDs: WELSH & MCCLELLAND, 1990;
WILLIAMS et al., 1990), a fingerprinting technique that has
proved to be particularly valuable when DNA sequencing
information is lacking.

MATERIALS AND METHODS

Sampling and DNA extraction

We collected 23 samples from two geographic popula-
tions of Ammoperdix griseogularis from the Suleiman
range (Fig. 1) where their habitat is still intact and natu-
rally protected due to the tribal restrictions mentioned
above. Sampling was conducted between October 2006
and January 2008 (12 samples from the eastern popula-
tion in October and November 2006, and 11 from the
western population in November 2007 and January 2008).
Each bird was captured at least four km away from other
sampled birds to reduce the chance of sampling birds
from the same covey. Only tail feathers were plucked, and
plunged in 95% ethanol before they were stored at -50°C.
Total genomic DNA from individual feathers was
extracted following BELLO et al. (2001) from a fragment
(0.5-1cm long) derived from the base of the quill. 500mL
of lysis buffer (50mM Tris-HCl at pH 8, 20mM EDTA at
pH 8, 2% SDS) was added, followed by 10mL proteinase
K (final concentration, 175mg/mL). Each sample was
incubated at 55ºC overnight. Then, a common phe-
nol:chloroform protocol for DNA extraction was
employed (SAMBROOK et al., 1989) and DNA concentra-
tion and purity were determined spectrophotometrically.
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RAPD amplification

The RAPD technique can be quickly and easily
applied, requires only small amounts of DNA and allows
detection of DNA polymorphisms reliably and inexpen-
sively (FRITSCH & RIESEBERG, 1996; HARRIS, 1999). It has
been successfully used in many genetic studies of avian
population (e.g., BALL & AVISE, 1992; ZINK et al., 2000;
HAIG et al., 2004; ZINK, 2004; CHAN et al., 2008; FUNK

et al., 2008). For the Galliformes, RAPD markers have
for example been successfully applied to detect hybridi-
zation among Mediterranean populations of different
Alectoris partridges (NEGRO et al., 2001; BARBANERA et
al., 2005; 2009).

In order to select primers producing only clearly and
reliably identifiable polymorphic bands, we applied 25
decanucleotide primers (kits A, B, H, from Genelink,
USA; Table 3) to four individuals each from both popula-
tions. Each primer was applied thrice to check for repro-
ducibility. Fifteen primers yielded trustworthy band pat-
terns and were subsequently used to screen all samples.
PCR reactions (15μL) were prepared as follows: 2.5mM
MgCl2, 10xPCR buffer 2.5mM of each dNTP 50ng/μL of
each primer, 1.25 unit of TaqDNA Polymerase (Fermen-
tas, USA), and 50ng of template DNA. Amplifications
were carried out in a thermal cycler GeneAmp® 9700
(Applied Biosystems, USA) with the following thermal
profile: 4min at 94ºC, 45 cycles of 45s at 94ºC, 45s at
36ºC and 1min at 72ºC; then, a final extension of 10min
at 72ºC. Bands were separated by electrophoresis on 8%
denaturing polyacrylamide gel and stained with AgNO3
(HEUKESHOVEN & DERNICK, 1985; BUDOWLE, 1991).

Data analysis

The presence or absence of each band was scored by
analyzing the electrophoretic profiles obtained for all
individuals using the 15 selected primers. The resulting
matrix was imported into different programs for data
elaboration. Each locus was treated as a two-allele sys-
tem, with only one allele per locus being amplifiable by
the PCR under the Hardy-Weinberg equilibrium (LYNCH

& MILLIGAN, 1994). A G-test was applied to allele fre-
quencies to check for homogeneity of allelic frequency
distributions. In order to get a clearer inference from the
G-test results, the statistically significant proportion of
homogeneous alleles was estimated by dividing the
number of total RAPD loci with statistically significant
differences in allele frequencies (at least, 5%) by the total
number of polymorphic loci. NEI’s (1973) average gene
diversity (I

N
), Shannon Index (H) (LEWONTIN, 1972: H=-

∑Pilog2Pi, where Pi is the frequency of a given RAPD
band) and Nei’s coefficient of gene differentiation (GST)
between populations were calculated using POPGENE v.
1.31 (YEH et al., 1999). To compare the level of genetic
diversity between populations, an analysis of variance for
both the Shannon Index and the average gene diversity
was carried out (randomized block design, two fixed fac-
tors: primer and I

N /H). Using the TFPGA software v. 1.3
(MILLER, 1997) with LYNCH & MILLIGAN’s (1994) correc-
tion, genetic variability and NEI’s (1978) unbiased genetic
distance (D) were estimated. The effective number of
migrants per generation (Nem) was obtained from the for-
mula Nem=0.25(1-G

ST
)/G

ST (SLATKIN & BARTON, 1989).
Principal Coordinate Analysis (PCoA:) with Euclidean
distance matrix was performed with the MVSP software

Fig. 1. – Map showing the geographical distribution of the western (Mawand, Berg and Musakhel) and eastern (Khalchas, Hinglon
and Zinda Pir) populations of Ammoperdix griseogularis in the Himalayan mountains, Suleiman ranges, Pakistan.
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v.3.1 5 (KOVACH, 2001). Genetic similarity dendrograms
were constructed with the Jaccard (J) coefficient and the
UPGMA cluster analysis algorithm in the NTSYS-PC
computer program (ROHLF, 1992).

RESULTS

The selected 15 primers (Table 1) produced a total of
282 clearly identifiable bands with a size range of 125-
1800bp in the two investigated populations. All primers
produced polymorphic banding patterns varying from 13
to 27 bands (average 18.9 Table 1). The RAPD primers
were found to be statistically significantly different in
their ability to detect genetic diversity within populations
(P<0.001, Table 2), thus providing sufficient reliability
and effectiveness. The percentage of polymorphic bands
(P) was 94.05% at species level (Table 1).The G-test
showed that 17% of all polymorphic loci were statisti-
cally significantly different in their allelic frequencies
between the two studied populations (Table 3). The intra-
population variation was high in these two populations. In
the eastern population, Nei’s genetic diversity (I

N
) was

0.276 and Shannon Index (H) was 0.420, whereas Nei’s
average genetic diversity (I

N
) equalled 0.270 and the

Shannon Index (H) was 0.404 in the western population
(Table 3). Also the analyses of variance (ANOVA) for I

N

and H showed a high genetic diversity in the studied pop-
ulations (P<0.001, Table 2). The overall genetic diversity
(I

N
) at species level was also high; Nei’s average genetic

diversity reached 0.298 and Shannon Index (H) 0.455,
respectively (Table 3). The number of migrants per gener-
ation was estimated as Nem=2.74 (Table 3). All parame-
ters of genetic differentiation between the two popula-
tions showed low levels of differentiation, such as the
coefficient of differentiation (GST) equalling 0.083 (Table
3) and the genetic distance (D) between these populations
being D=0.05 (Table 3). In the Principal Coordinate Anal-
ysis, 25.26% of variation was represented by the two
PCoA (Axis 1 and Axis 2) (Fig. 3).

DISCUSSION

This is the first study ever attempting to analyze the
genetic structure of Ammoperdix griseogularis (see-see
partridge) populations. Genetic data on this widely dis-
tributed species is very inadequate and only patchy infor-
mation about the ecology of this species is available from
the literature (BAKER, 1924; ROBERTS, 1992; GRIMMETT et
al., 1998). Our analysis showed a high degree of genetic
diversity in the species and at the population level. The
intraspecific level of genetic polymorphism was around
94.05% (Table 1). This observed high level of genetic
polymorphism was also supported by Nei’s average
genetic diversity (I

N
=0.298, Table 3) and the Shannon

Index (H=0.455, Table 3). Similar high levels of genetic
polymorphism have been reported in other avian species
such as Manchurian pheasant and Shiver ring-necked
pheasant (GIESEL et al., 1997; KULIKOVA et al., 2002).
The selected primers also detected a high degree of
genetic polymorphism at the population level and the G-
test showed that 17% of polymorphic loci differed sig-
nificantly in their allelic frequencies (Table 3) between
the two populations. In addition, the ANOVA for I

N
 and H

supported high genetic diversity in these two populations
(P<0.001, Table 2). This high degree of genetic diversity
might be attributed to the sampling area providing undis-
turbed habitats in the Suleiman Range (due to the Tribal

TABLE 1

Numbers and proportion of polymorphic bands
generated by RAPD primers

Primers
Number of loci

Polymorphism(%)
Total Polymorphic

GLA-01 13 12 92.30

GLA-02 14 13 92.85

GLA-03 15 14 93.33

GLA-04 15 14 93.33

GLA-07 22 21 95.45

GLA-08 17 16 94.11

GLA-09 20 19 95

GLA-11 16 15 93.75

GLA-13 20 18 90

GLA-14 15 13 86.66

GLB-01 25 24 96

GLH-01 27 26 96.29

GLH-02 21 20 95.23

GLH-03 16 15 93.75

GLH-05 27 25 92.05

Total 282 265 94.05

Average 18.8 17.66 -----------

TABLE 2

Analysis of Variance for I
N
/H within populations.

Source Df
Sum

of Squares
Mean
Square

F

Population 1 0.138/0.061 0.028/0.012 3.810*/3.465*

Primer 14 0.203/0.098 0.014/0.007 1.997*/1.976*

Error 14 0.507/0.248 0.007/0.004

Total 29 8.049/3.726

TABLE 3

Genetic variation within population.

Species Population East / West

P 94.05% 85.71/78.57%

I
N

0.298 0.276/0.270

H 0.455 0.420/0.404

G
ST

--------- 0.083

D --------- 0.05

Nem --------- 2.74

G-test --------- 17%

P=Percentage of polymorphic loci;
I

N
=average gene diversity;

H=Shannon Index; 
G

ST
=Nei’s coefficient of gene variation;

Nem=effective number of migrants per generation;

D=Nei’s genetic distance,
G-Test=Homogeneity test
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restrictions, mentioned in the introduction). Morphologi-
cally, no distinct differences were observed in the speci-
mens from the two studied populations. Specimens were
similar in their size and plumage. The only visible differ-
ence between the two populations was the beak colour.
Beaks from the western population had a yellowish tinge
while birds from the eastern population displayed a red
tinge. As far as the possibility of sub-species existence is
concerned, no sub-species of Ammoperdix griseogularis
(see-see partridge) have ever been reported except for a
single study from 1950s by KOLEZ (1950) who suggested
Ammoperdix griseogularis Peraticus as a new sub-spe-

cies. This might just be a geographical morph as no other
taxonomist or ornithologist ever acknowledged it.

In the past, RAPD identified high diversity at the popu-
lation level in the Iberian eagle (Aquilla adalberti) where
average genetic diversity was around 0.267 (PADILLA et
al., 2000), similar to the results at the population level of
our see-see partridge study (I

N
=0.276 and H=0.420 for the

eastern and I
N
=0.270 and H=0.404 for the western popu-

lation, respectively; see Table 3). Thus, the two popula-
tions investigated here showed similar levels of high
genetic diversity.

Fig. 2. – UPGMA dendrogram revealing genetic similarities between 23 Ammoperdix griseogularis genotypes based on RAPD
amplification with 15 selected primers. The scale on bottom is NEI and LI’s (1979) coefficient of genetic similarity.

Fig. 3. – Principal Coordinates analysis of Ammoperdix griseogularis; Axis 1 com-
prised 14.99% and Axis 2 10.27% of the total variance.
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ROBERTS (1992) and GRIMMETT et al. (1998) described
the see-see partridge as a sedentary species that does not
move long distances as this species prefers walking over
flying, but our results do not support their observation.
Despite the relatively large geographical distances of up
to 150km between some sampling locations, genetic
parameters suggested that the two see-see partridge popu-
lations were not significantly genetically differentiated.
With a GST (coefficient of differentiation) of 0.083 (Table
3), results are comparable to the Light-footed clapper Rail
(Rallus longirostris levipes) (NUSSER et al., 1996). Also
the low genetic distance (D=0.05) between the two popu-
lations supported the low genetic differentiation between
the two populations as in other avian species (Grasshop-
per sparrow (Ammodramus savannarum) with D ranging
from 0.018 to 0.134 and an average 0.07; DOLMATOVA et
al., 2000). The population similarity dendrogram revealed
that the similarity coefficient varied from 0.61 to 0.81
(Fig. 2) suggesting that both populations are genetically
similar. In the population dendrogram (Fig. 2) and the
Principal coordinate analysis (Fig. 3), no separate cluster-
ing of the two populations was observed but specimens
were rather scattered among clusters. This observation
was also supported by the total number of migrants
between these two populations that were Nem=2.74. This
suggests that gene flow between these two populations is
high (HEDRICK, 2000). In comparison with the Israeli chu-
kar (Alectoris chukar, Phasianidae) populations, which
showed very high numbers of migrants per generation
Nem=6 and strong population structuring, (RANDI &
ALKON, 1994), the value estimated in our study is low but
high enough to keep the two populations from drifting
apart (HEDRICK, 2000). So, on the basis of our genetic
data, we do not consider this species as sedentary as pre-
viously reported.

CONCLUSIONS

Ammoperdix griseogularis showed a relatively high
level of genetic diversity at the species and population
levels, with substantial gene flow between populations
thus resulting in low levels of genetic differentiation
despite long distances between populations. Our study
also illustrates that naturally preserved habitats in the
Suleiman ranges could be an ideal conservation area
because of their limited access due to tribal restrictions,
thus providing a natural buffer zone for its wildlife,
including A. griseogularis. Such areas are becoming very
rare in the world due to human expansion and exploita-
tion of natural resources. Our study also illustrates the
need for more thorough genetic studies of this bird spe-
cies with additional molecular markers and DNA
sequence analysis to unravel its genetic structure in more
detail.

REFERENCES

ALLENDORF FW & LUIKART G (2007). Conservation and genet-
ics of populations. Blackwell Publishing. Malden, MA.

BAKER ECS (1924). The Fauna of British India, including Cey-
lon and Burma Birds. Taylor and Francis, London, UK.

BALL Jr RM & AVISE JC (1992). Mitochondrial DNA phylogeo-
graphic differentiation among avian populations and the evo-
lutionary significance of subspecies. Auk, 109:626-636.

BARBANERA F, NEGRO JJ, DI-GIUSEPPE G, BERTONCINI F, CAP-
PELLI F & DINI F (2005). Analysis of the genetic structure of
red-legged partridge (Alectoris rufa, Galliformes) popula-
tions by means of mitochondrial DNA and RAPD markers: a
study from central Italy. Journal of Biological Conservation,
122:275-287.

BARBANERA F, GUERRINI M, KHAN AA, PANAYIDES P,
HAJIGEROU P, SOKOS C, GOMBOBAATAR S, SAMADI S, KHAN

BY, TOFANELLI S, PAOLI G & DINI F (2009). Human-medi-
ated introgression of exotic chukar (Alectoris chukar, Galli-
formes) genes from East Asia into native Mediterranean par-
tridge. Biological Invasions, 11:333-348.

BELLO N, FRANCINO O & SANCHEZ A (2001). Isolation of
genomic DNA from feathers. Journal of Veterinary Diagnos-
tic Investigation, 13:162-164.

BIRDLIFE INTERNATIONAL (2004) Birds in the European Union: a
status assessment. Wageningen, The Netherlands: BirdLife
International. (Internet address: http://www.birdlife.org/
index.html).

BUDOWLE B (1991). AMPFLPS-genetic markers for forensic
identification. Criminal Laboratory Digest, 18:134-136.

CHAN K, GLOVER DR, RAMAGE CM & HARRISON DK (2008).
Low genetic diversity in the ground parrot (Pezoporus walli-
cus) revealed by randomly amplified DNA fingerprinting.
Annals of Zoological Fennici, 45:211-216.

DOLMATOVA IYU, SAITBATALOV TF & GAREEV FT (2000).
RAPD Analysis of the Genetic Polymorphism in Duck: Dif-
ferences among Breeds, Genetika, 36:682-687.

FRITSCH P & RIESEBERG LH (1996). The use of random ampli-
fied polymorphic DNA (RAPD) in conservation genetics. In:
SMITH TB & WAYNE RK (eds), Molecular Genetics
Approaches in Conservation Genetics. Oxford University
Press, New York, USA.

FUNK CW, FORSMAN ED, MULLINS TD & HAIG SM (2008).
Introgression and dispersal among spotted owl (Strix occi-
dentalis) subspecies. Journal of Evolutionary Application,
1:161-171.

GIESEL JT, BRAZEA DR & KOPPELMA D (1997). Shiver ring-
necked pheasant population genetic structure. Journal of
Wildlife Management, 61:1332-1338.

GRIMMETT R, INSKIPP C & INSKIPP T (1998). Birds of the Indian
Sub-continent. Helm Publications, London, UK.

GRIMMETT R, INSKIPP C, INSKIPP T, KHAN AA, ISLAM Z & KHA-
LIQ I (2009). Birds of the Pakistan (Urdu edition). Helm Pub-
lications, London, UK.

HAIG SM, MULLINS TD & FORSMAN ED (2004). Subspecific
relationships and genetic structure in the Spotted Owl. Jour-
nal of Conservation Genetics, 5:683-705.

HAIG SM, BEEVER EA, CHAMBERS SM, DRAHEIM HM, DUGGER

BD, DUNHAM S, ELLIOt-SMITH E, FONTAINE JB, KESLER DC,
KNAUS BJ, LOPES IF, LOSCHL P, MULLINS TD & SHEFFIELD

LM (2006). Taxonomic considerations in listing subspecies
under the U.S. Endangered Species Act. Journal of Conser-
vation Biology, 6:1584-1594.

HARRIS SA (1999). RAPDs in systematics- a useful
methodology? In: HOLLINGSWORTH PM, BATEMAN RM &
GORNALL RJ (eds), Molecular Systematics and Plant Evolu-
tion: 211-228.

HEDRICK PW (2000). Genetics of populations. Jones and Bartlett
Publishers, Arizona, USA.

HEUKESHOVEN J & DERNICK R (1985). Simplified method for
silver staining of proteins in polyacrylamide gels and the
mechanism of silver staining. Electrophoresis, 6:103-112.

KOLEZ W (1950). New subspecies of birds from southeastern
Asia. American Museum Novitiates, 1452:1-10.



Imran Khaliq, Muhammad Babar, Maria Riaz & Aleem Ahmed Khan234

KOVACH W (2001). Multi-variate Statistical Package 3.12g.
Kovach Computing Services, Aberystwyth, Wales, UK.

KULIKOVA IV, CHELOMINA GN & ZHURAVLEV IUN (2002).
RAPD-PCR analysis of genetic diversity in the Manchurian
pheasant. Genetika, 38:836-841.

LEWONTIN RC (1972). The apportionment of human diversity.
Evolutionary Biology, 6:381–398.

LYNCH M & MILLIGAN BG (1994). Analysis of population
genetic structure with RAPD markers. Molecular Ecology,
3:91-99.

MILLER MP (1997). Tools for Population Genetic Analysis
(TFPGA), Version 1.3. Department of Biological Sciences,
Northern Arizona University, Arizona, USA.

NEGRO JJ, TORRES MJ & GODOT JA (2001). RAPD analysis for
detection and eradication of hybrid partridges (Alectoris rufa
x A. graeca) in Spain. Biological Conservation, 98:19-24.

NEI M (1973). Analysis of gene diversity in subdivided popula-
tions. Proceeding of the National Academy of Sciences of
the United States of America, 70:3321-3323.

NEI M (1978). Estimation of average heterozygosity and genetic
distance from a small number of individual. Genetics,
89:583-590.

NEI M & LI WH (1979). Mathematical model for studying
genetic variation in terms of restriction endonucleases. Pro-
ceeding of the National Academy of Sciences of the United
States of America, 76:5269-5273.

NUSSER JA, GOTO RM, LEDIG DB, FLEISCHER RC & MILLER

MM (1996). RAPD analysis reveals low genetic variability
in the endangered light-footed clapper rail. Molecular Ecol-
ogy, 5:463-472.

PADILLA JA, MARTINEZ-TRANCON M, RABASCO A, PAREJO JC,
SANSINFORIANO MC & GUIJO MI (2000). Genetic variability
in the Iberian Imperial eagle (Aquila adalberti) demon-
strated by RAPD analysis. Heredity, 91:495-499.

RANDI E & ALKON PU (1994). Genetic structure of chukar
(Alectoris chukar) Populations in Israel. Auk, 111:416-426.

ROBERTS TJ (1992). The birds of Pakistan. Oxford University
Press, Karachi, Pakistan.

ROHLF FJ (1992). NTSYS-pc 2. Numerical Taxonomy and Mul-
tivariate Analysis System. Exeter Soft-ware, New York.

SAMBROOK J, FRITSCH EF & MANIATIS T (1989). Molecular
cloning: a laboratory manual. Cold Spring Harbor Labora-
tory Press, Cold Spring Harbor, NY.

SCHAAL BA, LEVERICH WJ & ROGSTAD SH (1991). Comparison
of methods for assessing genetic variation in plant conserva-
tion biology. In: FALK DA & HOLSINGER KE (eds), Genetics
and Conservation of Rare Plants. Oxford University Press,
New York.

SLATKIN M & BARTON NH (1989). A comparison of three indi-
rect methods for estimating average levels of gene flow.
Evolution, 43:1349-1368.

WEBSTER MS, MARRA PP, HAIG SM, BENSCH S & HOLMES RT
(2002). Links between worlds: unraveling migratory connec-
tivity. Trends in Ecology and Evolution, 17:76-83.

WELSH J & MCCLELLAND M (1990). Fingerprinting genome-
using PCR with arbitrary primers. Nucleic Acid Research,
18:7213-7218.

WILLIAMS JGK, KUBELIK AR, LIVAK KJ, RAFALSKI JA & TINGEY

SV (1990). DNA polymorphisms amplified by the arbitrary
primers are useful as genetic markers. Nucleic Acid
Research, 18:6531-6535.

YEH FC, YANG R & BOYLE T (1999). POPGENE. Microsoft
Windows-based freeware for population genetic analysis.
Release 1.31. University of Alberta, Edmonton.

ZINK RM (2004). The role of subspecies in obscuring avian bio-
logical diversity and misleading conservation policy. Pro-
ceedings of the Royal Society of London, Series B, Biologi-
cal Sciences, 271:561-564.

ZINK RM, BARROWCLOUGH GF, ATWOOD JL & BLACKWELL-
RAGO RC (2000). Genetics, taxonomy, and conservation of
the threatened California gnatcatcher. Conservation Biology,
14:1394-1405.

Received: May 7, 2009
Accepted: April 22, 2010
Branch editor: Schön Isa / Blust Ronny


