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the late diagenetic history. Authigenic growth of kaolin-
ites reduces the permeability/porosity ratio. Flaky and  
fibrous illites are found to grow in pore spaces offering 
resistance to fluid flow through the sandstone and thereby 
reduce permeability. Presence of hairy illite in sandstone 
pores increases the micro porosity and pore tortuosity, 
and thereby decreases permeability. 
 The sandstones of the present study are mainly quartz 
arenite to sublitharenite and less commonly study. Petro-
graphic associated with SEM study investigation that cer-
tain diagenetic changes like precipitation of secondary 
minerals, quartz overgrowth and precipitation of various 
cementing materials are some of the important factors re-
sponsible for porosity reduction in certain oil-producing 
horizons of the Upper Palaeocene–Lower Eocene rocks 
of Nahorkatiya oilfield. Moreover, presence of kaolinites 
and fibrous nature of illite in the pore throats also reduces 
porosity and permeability. Conversely, development of 
intra-particle microfractures, dissolution and partial  
replacement of the framework grains by cementing mate-
rials are some of the important diagenetic changes which 
contribute towards development and preservation of sec-
ondary porosity. So, these diagenetic changes may be  
responsible for making certain oil-bearing horizons 
highly productive, whereas others are less productive in 
spite having good reserves. Also, the sandstones of the 
present study are found to be the products of craton inte-
rior, recycled orogen and quartzose recycled sources, and 
are mainly derived from plutonic to middle rank meta-
morphic sources. 
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Phylogenetic relationships within and among three 
genera of the family Acroporidae, namely Acropora, 
Montipora and Astreopora were examined based on 
mitochondrial cytochrome b (690 bp) gene sequences 
with special emphasis on Indian scleractinian corals. 
Analyses using mitochondrial DNA sequences high-
light the usefulness of a molecular approach for exam-
ining the phylogenetics, evolution and diversity of 
corals. The analysis based on various algorithms, in-
cluding neighbour joining and maximum parsimony 
along with network analysis clearly establishes the 
monophyly of Acropora and Montipora. The average 



RESEARCH COMMUNICATIONS 
 

CURRENT SCIENCE, VOL. 101, NO. 5, 10 SEPTEMBER 2011 670 

number of pairwise differences within the three genera 
revealed maximum intragenus variability in Acropora, 
followed by Montipora and Astreopora.  
 
Keywords: Cytochrome b, Indian scleractinian corals, 
mitochondrial DNA, phylogenetic studies. 
 
INDIA is one among the 12 mega-biodiversity countries, 
25 hotspots, and the richest and highly endangered eco-
regions of the world1. India has a long record of coastal 
and marine biodiversity. The Gulf of Mannar (GOM) 
Biosphere Reserve, a chain of 21 coral islands covering an 
area of about 10,500 sq. km, from Tuticorin to Ramesh-
waram, is one of the four major coral-reef areas in India. 
Venkataraman et al.2 have accounted for 82 species of 
hermatypic corals under 27 genera from this reef region. 
The Lakshadweep Islands, another major reef area in  
India, lie scattered in the Arabian Sea at about 225–450 km 
from the Kerala coast. These islands consist of coral for-
mations built up on the Laccadive-Chagos submarine 
ridge rising steeply from a depth of about 1500–4000 m 
off the west coast of India2. A total of 91 species of  
hermatypic corals under 34 genera are reported from 
here2. These two tropical reefs are recognized by the In-
ternational Union for Conservation of Nature’s (IUCN) 
Commission of National Parks and Protected Areas. Cor-
als are also protected under Schedule I of the Indian 
Wildlife Protection Act (1972). Despite this, the coral 
reefs have suffered progressive decline due to climate  
change, coral bleaching, over-fishing, habitat destruction, 
and other anthropogenic factors3–5.  
 Acropora (Scleractinia, Acroporidae) is an extremely 
speciose genus with more than 120 extant species living 
sympatrically, exhibiting diverse morphologies and both 
restricted and nearly pantropic distribution6. The fossil 
record shows that the genus probably originated during 
the Paleocene7 or the Eocene8, and became widely distri-
buted in the early Miocene9. It is considered to be a very 
old genus and thus a promising evolutionary model. The 
diversity and taxonomy of Acropora has been studied ex-
tensively using morphological characters and fossil re-
cords10,11. However, this approach has proved insufficient 
because of several complex ecological and life-history 
traits of the genus.  
 The use of modern genetic markers has made novel in-
sights into the traditional knowledge of ecology, evolution 
and diversity of corals. Although few workers12–14 have 
used nuclear DNA sequences to study relationships 
among the closely related species in the family Acropori-
dae, only few molecular studies have addressed relation-
ships within reef-building corals. The present study was 
an attempt to explore and resolve the phylogenetic rela-
tionships of three genera (Acropora, Montipora and As-
treopora) of the family Acroporidae using mitochondrial 
(mtDNA) cytochrome b (cyt b) sequences, and samples 
from all the species of the three genera found in Indian  

waters and sequences of the species worldwide available 
in the public domain. We think the sampling is adequate 
and exhaustive to explore and add a new dimension  
(molecular) to the already existing phylogeny. Cyt b gene 
is most widely used for resolving the phylogenetic rela-
tionships within and among different species15. 
 A total of 70 coral samples representing 24 species  
belonging to three genera of the family Acroporidae 
(Acropora aspera, A. austera, A. cerealis, A. corymbosa, 
A. cytheria, A. echinata, A. gemmifera, A. humilis, A. 
hyacinthus, A. latistella, A. microphthalma, A. millepora, 
A. muricata, A. nobilis, A. palifera, A. samoensis, A. ten-
ius, A. valida, Montipora aquituberculata, M. digitata, M. 
divaricata, M. foliosa, M. hispida and Astreopora 
myriopthalma) were collected from Rameshwaram, Tuti-
corin group of Islands, Gulf of Mannar, southeast coast of 
India and Lakshadweep Islands (Figure 1 and Table 1). 
Fresh polyps were collected from these sites and sus-
pended in storage buffer containing 4 M guanidine thio-
cyanate, 0.1% sodium N-lauroyl sarcosine and 0.1 M  
2-mercaptoethanol in 10 mM tris-HCl buffer, pH 8.0 (ref. 
11) and transported to the laboratory at room temperature 
for genetic analysis. The collected samples were identi-
fied with the help of identification manuals2,16. 
 Total genomic DNA was isolated from the polyps by 
conventional phenol/chloroform (1 : 1) extraction method 
of Sambrook et al.17 and subsequently precipitated with 
ethanol. The cyt b region of mtDNA was PCR amplified 
using primers designed from the consensus sequences  
of Acropora formosa (AF099651), Acropora tenius 
(AF338425) and Montipora cactus (AY903296), already 
published in the NCBI database. The partial cyt b gene 
(690 bp) was amplified with primers cyt B F-5′-TGA 
CTA TGG CGA CCG CTT TTC TG-3′ and cyt B R-5′-
GCC CAA TTA AAA TAA AGG GCT CTT C-3′. PCR 
was carried out in a 0.2 ml thin-wall PCR tube with 50 ng 
of genomic DNA, 10 pM of each primer, 100 mM of 
dNTPs, 1× PCR buffer, 1.5 mM MgCl2, and 1.0 U Ampli 
Taq Gold (Perkin Elmer, USA). Amplification conditions 
were as follows: initial denaturation at 95°C for 10 min; 
39 cycles at 95°C for 1 min, 55°C for 1 min, 72°C for 
2 min and final extension at 72°C for 10 min. PCR pro-
ducts were electrophoresed in 2% agarose gel and quanti-
fied using NanoDrop spectrophotometer (NanoDrop 
Technologies, USA). All amplicons were directly sequen-
ced using BigDye® Terminator and ABI 3730 (Applied 
Biosystems, USA) DNA analyser. To promote accuracy, 
both strands were sequenced.  
 The sequences were initially edited and aligned using 
Autoassembler 1.4.0 software (Applied Biosystems, 
USA). The edited consensus sequences (615 bp) were 
further aligned using Clustalx18, visually checked and 
submitted in GenBank (FJ391978–FJ392006).  
 Initial sequence comparison, measures of variability 
and phylogenetic relationships among the haplotypes of 
different species were examined using neighbour-joining 
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Figure 1. Map showing the sites of sample collection. 
 

Table 1. Samples of Indian scleractinian corals 

  Number of 
Species    Location samples (N) 
 

Acropora aspera LAK (1) 1 
Acropora austera LAK (1) 1 
Acropora cerealis LAK (1) 1 
Acropora corymbosa GOM (2), LAK (1) 3 
Acropora cytheria GOM (2), LAK (1) 3 
Acropora echinata LAK (2) 2 
Acropora humilis GOM (2), LAK (3) 5 
Acropora hyacinthus LAK (2) 2 
Acropora gemmifera GOM (4), LAK (3) 7 
Acropora latistella GOM (2), LAK (3) 5 
Acropora muricata LAK (2) 2 
Acropora microphthalma LAK (2) 2 
Acropora millepora GOM (2), LAK (1) 3 
Acropora nobilis GOM (1), LAK (2) 3 
Acropora palifera GOM (1), LAK (1) 2 
Acropora samoensis LAK (2) 2 
Acropora tenius GOM (1), LAK (2) 3 
Acropora valida GOM (1), LAK (2) 3 
Montipora aquituberculata GOM (2), LAK (1) 3 
Montipora digitata GOM (3), LAK (3) 6 
Montipora divaricata GOM (2), LAK (1) 3 
Montipora foliosa GOM (2), LAK (1) 3 
Montipora hispida GOM (2), LAK (1) 3 
Astreopora myriopthalma GOM (1), LAK (1) 2 

LAK, Lakshadweep Islands; GOM, Gulf of Mannar. 
 
 
(NJ) method19 based on Kimura two-parameter20 distance 
with gamma correction, as implemented in MEGA 4 (ref. 
21). Estimation of evolutionary distances of the sequen-
ces was computed using Jukes–Cantor method22. To find 
out simplest model of sequence evolution, a maximum par-

simony (MP) tree was also constructed using max-mini 
branch and bound heuristic search in MEGA 4.0. The re-
liability and robustness of the NJ and MP trees were 
tested using Felsenstein’s bootstrap analysis (based on 
500 replicates)23. Bootstrap values greater than 50% only 
were included in the NJ and MP trees. Poritus poritus 
was used as outgroup. 
 For analysis of genetic divergence within and among 
groups (species, genera), pairwise FST, corrected average 
pairwise differences and percentage variation were com-
puted24 using the analysis of molecular variance 
(AMOVA) in Arlequin 3. The transition : transversion 
(Ts/Tv) ratio versus genetic distance (Kimura two-
parameter19) for each pair of haplotype was calculated. 
Information regarding variable sites, parsimony informa-
tive sites, overall Ts/Tv ratio, and nucleotide base compo-
sitions at different codon positions were obtained21 using 
MEGA 4. Nucleotide diversity and its variances were cal-
culated according to Nei25 using DnaSP 3.51 (ref. 26) to 
analyse the diversification and evolution of various haplo-
types in different species of the three genera. A median-
joining network of the various haplotypes obtained in  
the different species of the three genera was drawn using 
the software Network 4.5.0.0 (ref. 27). 
 In the present study, a total of 615 sites from the  
sequence alignment were analysed, after removal of all 
positions with a gap in any of the mtDNA cyt b gene 
fragment for 70 individuals belonging to the three genera 
of the family Acroporidae (Table 1). The pairwise com-
parison of the sequences revealed 21 (N = 50), 7 (N = 18) 
and 1 (N = 2) haplotypes in Acropora, Montipora and  
Astreopora respectively (Table 2). These haplotypes were 
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Table 2. Alignment of cytochrome b (cyt b) sequences of the different haplotypes of the three genera of Indian scleractinian corals of family 
Acroporidae. (Acropora tenuis, accession no. AF338425, from NCBI database was used as the reference sequence in the alignment shown above.  
  ‘L’ denotes haplotypes from the Lakshadweep region. Only variable positions are shown.) 

                                         111111 1111111111 1222222222 2222222333 3333333344 4444444444 4444555555 5555555555 556 
                           112223577 7889112222 3456677889 9011333445 5677889001 1456679900 0122335567 8889002233 4445566778 890 
                          3581479125 8173140369 8432514392 8103147692 8736587035 8240953625 8139586954 0398475817 0365814692 810 
 
Acropora_tenius(AF338425) CCCCATCGCA ACGATATTTT CCTGCTCTAT TGAAACTGGG TCGATTTACA AAATGTATAA ACTTACATCG ATGTTATTCA ACGAGGGATA GTT 
Acropora_tenuis           ....G..... .......... .......... .......... .......... .......... .......... .......... .......... ... 
Acropora_humilis_I        ...T...... .........C .......... .......... .......... G......... .......... .C........ .......... ... 
Acropora_humilis_II       ...T...... .........C .......... .......... .......... G......... .......... .C........ .......C.. ... 
Acropora_gemmifera_I      ...T...... .........C .......... .......... .......... G......... .......... .C........ .......... ... 
Acropora_gemmifera_II     ...T...... .........C .........A .......... .......... G......... .......... .C........ .......... ... 
Acropora_gemmifera_III(L) ...T...... .........C ..A....... .......... .......... G......... .......... .C........ .......... ... 
Acropora_valida           ...T...... .........C .......... .......... .......... G......... .......C.. .C........ .......... ... 
Acropora_millepora        ...T...A.. .........C .......... .......... .......... G......... .......... .C........ .......... ... 
Acropora_echinata (L)     ...T...... ....G..... .......... .......... .......... .......... .......... .C........ .......... ... 
Acropora_microphthalma(L) ...TG..... .........C .......... .......... .......... G......... .......... .C........ .......... ... 
Acropora_aspera (L)       ...TG..... .........C .......... .......... .......... G......... .......... .C........ .......... ... 
Acropora_hyacinthus(L)    ...TG..... .........C .......... .......... .......... G......... .......... .C........ .......... ... 
Acropora_austera (L)      ...TG..... .......... .......... .......... .......... .......... .......... .C.......T .......... ... 
Acropora_cerealis (L)     ...TG..... .........C .......... .......... .......... G......... .......... .C........ .......... ... 
Acropora_muricata (L)     .TT.G..... .........C .......... .......... .......... G......... .......... .C........ ......A... ... 
Acropora_latistella       ...T...... .........C .......... .......... .......... G......... .......... .C........ .......... ... 
Acropora_samoensis (L)    ...T...... .........C .......... .......... .......... G......... .......... .C...T.... .......... ... 
Acropora_cytheria         ...T...... .........C .......... ....G.G... .......... G......... .......... .C........ .......... ... 
Acropora_nobilis          ...T...... .........C .......... .......... .......... G......... .......... .C........ .......... ... 
Acropora_corymbosa        ...T...... .........C .......... .......... .......... G......... .......... .C........ .......... ... 
Acropora_palifera         ...T.C.... .......... ......T... ....GT.... .......... .C........ .......... .C........ T.......C. .C. 
Montipora_aquituberculata ...TGC...T C...CG...C G....CT... C....A...C ...TC..G.. .......C.. .T...TC... .CA..T..T. T...A.C..G .CC 
Montipora_digitata_I      ...TGC...T C...CG...C .....CT... C....A...C ...TC..G.. .......C.. .T.A.TC... .CA..T..T. T...A.C..G .CC 
Montipora_digitata_II     ...TGC...T C...CG...C .....CT... C....A...C ...TC..G.. ...A...C.. .T.A.TC... .CA..T..T. T...A.C..G .CC 
Montipora_digitata_III(L) ...TGC...T C...CG...C .....CT... C....A...C ...TC..G.. .......C.. .TG..TC..C .CA..T..T. T...A.C..G .CC 
Montipora_foliosa         TG.TGC...T C...CG...C .....CT... C....A...C ...TC..G.. .......C.. .T...TC... .CA..T.... T...A.C..G .CC 
Montipora_divaricata      TG.TGC...T CTT.CG.AGC .....CT... C....A...C ...TC..G.. .......C.. .T...TC... .CA..T..T. T...A.C..G .CC 
Monitpora_hispida         TG.TGC...T C...CG...C .....CT... C....A...C ...TC..G.. .......C.. .T...TC... .CA..T..T. T...A.C..G .CC 
Astreopora_myriophthalma  T..T.C...T CT..G..... T....CTC.. C...GA...T C.CT...GTG GT....GC.G GT...T...A GCACCT.CT. T...A..... .CC 

 
 

Table 3. Pairwise comparison of genetic distance (FST) and average pairwise transition–transversion 
(Ts/Tv) ratio among the three genera of Indian scleractinian corals of family Acroporidae. Below the  
diagonal are pairwise genetic distance (FST) and above it are average pairwise Ts/Tv ratio between genera 

 Acropora Montipora Astreopora Porites Intragenus 
 

Acropora – 26.73 : 17 42.61 : 16.28 53.42 : 30.28 11.70 
Montipora  0.071 – 33.57 : 14.71 54.57 : 30.42 10.63 
Astreopora 0.095 0.078 – 56.00 : 24.00 
Porites 0.136 0.138 0.130 – 

 
 
used for further phylogenetic analysis. Of the total 615 
sites, 177 were found to be variable, out of which 71 
(39.8%) were parsimony informative sites. Most of the 
variable sites (92) were in the third position of the codon. 
In addition, substitutions were observed at all 92 sites, 
out of which 56 were synonymous and the remaining 36 
were non-synonymous sites. Transitions (Ts) and trans-
versions (Tv) at all three codon positions contributed to 
amino-acid replacement. Transitions (60.45%) and trans-
versions (39.5%) were observed at 107 and 70 sites res-
pectively. The mean Ts/Tv ratio for overall sequence pair 
was 1.85 substitutions, which includes all three codons 
positions. Analysis of average Ts/Tv ratio in the cyt b 
gene taking pairwise comparison within and among all 
haplotypes of Acropora, Montipora and Astreopora  
revealed maximum values for comparison between 
Porites (out group) and Astreopora, followed by Porites 
and Montipora, and was least between Montipora and 
Acropora. These results of Ts/Tv ratio also indicate that 
Acropora, Montipora and Astreopora are closely related, 
but well separated from Porites (Table 2).  

 For testing the genetic structure of scleractinians by 
AMOVA, the haplotypes of Acropora, Montipora and  
Astreopora were treated as three groups. AMOVA revealed 
that 77.68% (P < 0.01) of the variation was between 
groups and 10.63% (P < 0.01) of the variation occurred 
within groups. Within different species, 11.70% (P < 
0.01) variation was observed. Pairwise comparison of FST 
using AMOVA showed that Acropora, Montipora and 
Astreopora were significantly different (FST = 0.0883, 
P < 0.01). Further, comparisons based on average number 
of pairwise differences within the three genera, Acropora, 
Montipora and Astreopora, revealed that the intragenus 
variability was highest in Acropora followed by Monti-
pora and Astreopora (Table 3). The nucleotide diversity 
was also found to be highest within Acropora, followed 
by Montipora and Astreopora.  
 The pairwise distance in nucleotide transversion substi-
tution among different haplotypes of Indian scleratinian 
corals showed an overall average of 11.47% (Table 3). 
Therefore, the genetic distance based on transversion was 
assumed to be suitable to resolve the genetic relationship 
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Figure 2. The neighbour-joining (a) and maximum parsimony (b) tree based on sequences of different haplotypes of cyt b in the three 
genera of Indian scleractinian corals. Porites porites was used as the outgroup. Bootstrap values (>50% only) based on 500 replicates are 
shown. L denotes haplotypes from the Lakshadweep region. 

 
within the genera of Acroporidae. The NJ and MP phylo-
genetic trees are shown in Figure 2. Both the methods (NJ 
and MP) used for phylogenetic tree construction resulted 
in almost similar topologies. Also, both the trees suggest 
that the family Acroporidae is divided into three major 
clades composed of 21 haplotypes in the genus Acropora, 
seven haplotypes in Montipora and one haplotype in  
genus Astreopora. The species A. palifera formed a dis-
tinct side branch in the Acropora lineage. However, the 
high bootstrap value suggested that A. palifera is phylo-
genetically close to genus Acropora. Similarly, A. echi-
nata also formed a side branch in the Acropora clade 
(Figure 2). Phylogenetic analysis based on median-
joining network of the different haplotypes also high-
lights the genetic distinctiveness of the three genera,  
although there is a sharing of haplotypes within the spe-
cies of the three genera (Figure 3). 
 The mitochondrial genomes of scleractinian coral are 
considered to be uniform in terms of gene content and  
order28. Moreover, the slow rate of evolution of coral  

mtDNA29 was generally thought to preclude its use in 
population genetic studies30. The present study shows that 
the mtDNA cyt b gene sequences of 70 corals collected 
from the Gulf of Mannar and Lakshadweep Islands affili-
ated to the genera Acropora, Montipora and Astreopora 
have high levels of intraspecific variation (0–11.70%) in 
the cyt b regions compared to the Acropora corals from 
Okinawa (0–8.36%)31 and the Caribbean (0–0.6%)32. The 
high intra- and interspecific levels of sequence hetero-
geneity in Acropora have been attributed to introgressive 
hybridization33–35.  
 This phenomenon of introgressive hybridization during 
speciation has been reported by several group of workers 
as a characteristic feature in corals. Vollmer and 
Palumbi36 reported interspecific hybridization between A. 
cervicornis and A. palmata. In the present study also, in-
terspecific hybridization was observed between several 
species, for e.g. A. cerealis and A. aspera, as evident 
from shared haplotypes. Hybridization occurred most 
readily between species that are morphologically similar.
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Figure 3. Median-joining network of Indian scleractinian coral haplotypes constructed using the 
NETWORK programme. The length of the line represents the number of mutational steps; small circles are 
median vectors. AH1, Acropora humilis 1; AH2, A. humilis 2; AG1, A. gemmifera 1; AG2, A. gemmifera 2; 
AG3, A. gemmifera 3; AV, A. valida; AM, A. millepora; AE, A. echinata; AMI, A. microphthalma; AA, A. 
aspera; AHY, A. hyacinthus; AAS, A. austere; AC, A. cerealis; AT, A. tenius; AMU, A. muricata; AL, A. 
latistella; AS, A. samoensis; ACY, A. cytheria; AN, A. nobilis; ACO, A. corymbosa; AP, A. palifera; MQ, 
Montipora aquituberculata; MD1, M. digitata 1; MD2, M. digitata 2; MD3, M. digitata 3; MF, M. foliosa; 
MDI, M. divaricata; MH, M. hispida; AMY, Astreopora myriophthalma and PP, Porites porites (outgroup). 
MV1–MV15 are mutation sites. 

 
 
Coral species generally appear to be reproductively iso-
lated from other species in the Acropora genus through 
differences in spawning times. For example, A. latistella 
typically spawns two weeks out of phase with most Acro-
pora species37,38. Similarly, A. tenius is likely to be effec-
tively isolated genetically by a temporal separation in 
breeding, since it spawns 2–3 h earlier than its conge-
ners38. However, in the absence of reproductive barriers 
and situations like mass spawning, different species of 
the same genus may hybridize resulting in shared DNA 
sequences among species33–35,39–43.  
 Further, phylogenetic analyses clearly separated Acro-
pora, Montipora and Astreopora into three distinct 
groups (Figures 2 and 3). It has been suggested that sym-
patric taxa maintain distinct species boundaries due to ac-
cumulation of some fixed differences through evolu-
tionary time as a result of genetic or geographic repro-
ductive barriers44. The fixed differences between the 
different genera in the present study proves the existence 
of such genetic mechanisms. It has also been suggested 
that disruptive selection could maintain ecologically  
differentiated coral morphotypes45, whereas a certain 
level of assortative mating can maintain these morpho-
types genetically distinct46.  
 The important finding in the present study was the sig-
nificant genetic distance between A. echinata from other 

species of Acropora, which suggests their early evolu-
tion. The fossil record shows that A. echinata has evolved 
in the Pleistocene era, while many other acroporids were 
found as fossils in the Eocene to Miocene47. A. palifera 
has been already reported to be morphologically distin-
guished from other Acropora48. This study provides the 
genetic evidence for the same. 
 In conclusion, some of the species in genus Acropora 
shared haplotypes, suggesting that hybridization occurred 
between these species. However, the three genera were 
found to be genetically distinct. The existence of fixed 
differences between sympatric closely related taxa pro-
vides evidence for certain intrinsic factors, which help in 
maintaining them as discrete species in situ. Certainly, 
there is an urgent need to look into the reproductive bio-
logy of these taxa to have greater insights into their evo-
lution. 
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Identifying the sex of an individual is often a basic  
requirement for many biological studies. This is often 
critically important for threatened or endangered  
species that may require different conservation strate-
gies for the two sexes. In many passerine birds, like  
the threatened, endemic White-bellied Shortwing, 
Brachypteryx albiventris, found only in the Shola for-
ests of the Western Ghats, however, the sexes are  
often monomorphic and indistinguishable in the field. 
There has been some conflicting information in the 
historic incidental records on how the sexes can be 
identified in this species. We conducted molecular sex-
ing to determine the sexual identity of 99 individuals 
captured in the field and examined the possibility of 
using some key morphological and morphometric 
variables to predict the sex of these individuals. Of all 
the variables tested, the sexes could be distinguished 
only by the relatively greater wing and tarsus length 

of the males. We then examined the sexual identity of 
149 individuals that were captured over four years of 
fieldwork during a long-term study of this species. 
This study thus provides important baseline data for 
an ongoing exploration of the ecology and demography 
of the two sexes of this unique threatened bird. 
 
Keywords: Molecular sexing, monomorphic and 
threatened species, morphometric variables, Shola forest. 
 
KNOWING the sexual identity of an individual is often a 
basic requirement for any biological study, whether at the 
level of a population or an individual. This usually becomes 
critically important in ecological and behavioural field 
studies1. In population demography, for example, it is  
essential to know the sex of individuals as there may be 
sex-specific dispersal or mortality2. In some cases, the 
two sexes may have different methods of foraging3 and may 
even experience differential predation pressures4. Identi-
fying the sex of an individual is thus clearly necessary for 
a complete understanding of many natural processes. 
 Many species of birds are, however, monomorphic and 
difficult to sex visually, particularly in the field and some 
even in hand. Some examples are the Hill Mynah, 
Gracula religiosa and the Black-capped Chickadee,  
Parus atricapillus. The White-bellied Shortwing, Brachyp-
teryx albiventris in the Western Ghats is one such species. 
The Shortwing is a small bird (< 25 cm, < 25 g) found 
only in the dense understorey (within 2 m off the forest 
floor) of the Shola forests in the high-elevation sky is-
lands of the Western Ghats5. Being a highly specialized 
species adapted to a unique habitat, its biology is likely to 
have been shaped by various ecological processes, which 
may have also acted differentially on the two sexes. The 
Shortwing is also a threatened, endemic species which 
was thought to be rare, with less than 100 sightings in 
150 years, until recently6. Like most endemic, under-
storey bird species, the Shortwing may also be sensitive 
to habitat disturbance7. Hence understanding the impact 
of various ecological processes, both natural and more  
recently anthropogenic, is likely to be of critical impor-
tance in developing conservation strategies for the species. 
Such strategies may also need to consider individual life-
history traits, which usually differ between the two sexes. 
Establishing the sexual identity of individuals is thus  
essential for any field study of this bird. Previous informa-
tion8 and our own studies5,6,9 have, however, clearly esta-
blished that the sexes of this species cannot be visually 
distinguished during non-invasive observational studies 
in the wild. 
 In some avian species, the sex of captive individuals 
can be determined by examining the cloacal protrusion10,11, 
but this method involves examining the angle of the cloaca. 
The male cloaca is directed upwards, whereas the female 
one points backwards. This method is, however, difficult 
to execute unless adequately trained with sexually dimor-
phic birds10. Cloacal protrusions are also known to enlarge 


