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Abstract.-Ili iiiaiiy hird species, sesiiig individuals accui-ately is iiiipossihle if 110 sexual diiii«i-phisin occurs. This 
is ofteii particulai-l\ ti-iie for cliicks. Ho\vever, geiiomic diffei-eiices be~\veeri sexes exist, aiitl iiiolecular tecliiiiq~ies 
niake it possible to detei-niiiie tlie ses at aiiy stage, pro~idecl tliat a specifcally-desi~iird pi-otocol esists. Sucli a pro- 
local for tlie Gi-eater Flaiiiiiigo (Piinc~~~ico~lo-11s lïrbrv wsrccs Pallas) is pi-eserited Iiere, togetliei-witli resiilts fi-om Great- 
ei- Flaiiiiiigos il1 tlie  ilcl. cl. KPCP~TIPII 3 lbI(ln)~Ii 1999, or<-rliterl 37 'Mn~rh  1999. 
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For the majority of bird species, detel-- 
iniiiiiig the sex of iiestliiigs has iiot beeii pos- 
sible \\iitl-iout dissectioii, until the adveiit of 
inolecular tecliiiiques. As the accuracy of 
sexiiig techniques iiicreased, deterininatioii 
lias become easiei-, aiid bii-ds can iiow be 
readily sexed, regai-clless of age 01- size, and 
witli little distui-bailce. 

A l  DNA-basecl sex discrimiiiating tecli- 
niques rely 011 the geiiomic diffei-ence be- 
n\ieeii inale ancl feinale cells: iii birds, 
females are lieterogatnetic with botli 147 and 
Z clil-oinosornes, whereas males have oiily 
two Z chi-oinosornes. Apart fi-oin use of flow 
cytoinetry to cletect differeiices in the 
amount of DNA in the cells (provided that 
there are significailt size differeiices between 
tlie W and Z cl~romosomes), al1 metliods are 
PCR-lmsed: any sequeilce that is only preseiit 
011 tlie MT chromosome can theoretically be 
iisecl as a marker of the female sex. However, 
inost of tliat chromosome is made of highly- 
variable eleinents, iisually preventing use of 
a method oii more tliaii one species (Grif- 
f i t h~  et al. 1992; Oga\va et al. 1997; Lessells 
and Mateinan 1998). The sequelice of the 
chi-omo-helicase-DNA (CHD) gelle, in coii- 
trast, is highly coiiserved amoilg al1 non-i-a- 
tite birds (Griffiths ancl Tiwari 1995; 
Ellegren 1996). Since there are two inclepe~i- 
dent copies of the gelle, one on each of the 
sex chroinosoines, any differeilce betweeii 

tlie nvo copies caii be exploited to ideiitify 
an iiidividual's sex. 

Sex lias thus become easy to sort out, by 
nvo main ineans: fi-agineiit-specific PCR 
(Ellegren 1996) or PCR-RFLP (Griffitlis and 
Tiwa1-i 1995; Griffiths et al. 1996; Lessells et al. 
1996). More 1-eceiitly, Gi-iffitlis et cd. (1998) 
found tliat in most species a single pair of 
priiners could be used to determine tlie sex 
of an inclividual bircl thi-ougli the amplifica- 
tion of an iiiti-on, the size of wl~ich cliffei-s be- 
tweeii the MT- aiid Z- liiiked copies. 

This last method proved inapplicable for 
sex determination in the Greater Flainiiigo, 
the profile of fernales clic1 not clearly differ 
fi-om that of males on a three percent agai-- 
ose gel. Thus, a PCR-RFLP-type protocol was 
developed instead. 

Mie samplecl the blood of nvei~ty-five cap- 
tive adults (sexecl both accorcliilg to a cleai- 
size dirnoi-phistn and to behavioi-) to develop 
the protocol (see Studer-Thierscli 1986 and 
Richter aiid Bourne 1990 for a clescriptioil of 
the moi-phological metliod of sex determi- 
nation in adult flamiiigos). This protocol 
was s~ibsequeiitly used to deterinine the sex 
of 133 cl~icks sampled duriiig bandiiig at the 
Camargue colony (France) iii 1996. About 
30 1-11 of blood were sampled with capillaries 
and directly transferred iiito one ml of 
Queen's buffei: Blood was stored at 4OC and 
DNA was ex~i-acted by precipitation with 5/2 



V/V isopropanol and 1/10 v/v sodium ace- 
tate (3M, pH 8) after 15 minutes of incuba- 
tion at 55°C with 400 pg of Proteinase K 
(Sigma). Following the protocol of Griffiths 
et al. (1996), the 11 1 bp regioil of interest 
was amplified using teil pmol of each of the 
P2 and P3 primers, as defined by Griffiths 
and Tiwari (1995), 100 pM of eacli dNTP, 1 
unit of Taq polymerase (Eurogentec) in a l x  
reaction buffer (75 mhl Ti-is-HC1, pH 9.0, 20 
mM (NH,),SO,, 0.01% (w/v) Tween 20), 20 
iig of genomic DNA, 2 mM MgCl,, in a total 
reaction volume of 20 pl. The PCR \vas ruil 
oii a PTClOO thermocycler (MJ Research) 
with a dei~atui-ing step at 95°C for five inin- 

utes, followed by 35 cycles of 95°C foi- 35 s, 
49°C for 35 s, and 40 s at 72"C, and a final 
step of ten minutes at 72°C. 

Fragments from ail adult individual of 
each sex were amplified, purified (DNA Puri- 
fication System, Promega) and sequenced 
with a Thermosequenase Cycle Sequencing 
kit (h le rsham) .  The sequences revealed two 
ambiguous nucleotidic sites, wllich proved to 
be due to differences between the autosomal 
and W-linked copies of the gene. One of 
these differences was fouild to cori-espond to 
an MDo II restrictioii site oilly present in the 
autosomal sequeilce (see Fig. l a ) .  

Figure 1. (a) The arrow indicates the Mbo II restriction site and the fragments are named as follows. a: total ampli- 
fied fragment (1 11 bp), b and c: digestion products (70 and 41 bp, respectively). Only the Z-linked copy presents 
the restriction site, leading to fragments b and c, whereas the W-linked copy remains uncut, leading to fragment a; 
(b) results for 16 individuais run on a three percent agarose gel: femaies (lanes 3,5,6,9,  10,15 and 17) display both 
the complete band and bands corresponding to the restncted fragments (b and c), and males (lanes 1 ,2 ,4 ,7 ,8 ,11 
to 14 and 16) show only the bands of digested fragments. The first lane is a molecular weight marker. 



For the sexiiig protocol, tlie 111 bp fi-ag- 
ment was amplified as desci-ibed above, and 
teil pl of the PCR product were then digest- 
ed by five iinits of tlie Mbo II enzyme (Euro- 
geiitec) in its oiie x reaction buffer (3.3 mM 
Ti-is-acetate, pH 7.9, 1.0 mM Mg-acetate, 6.6 
mM K-acetate; 0.01 mg/inl BSA) at 37'C for 
one hour. The digestion pi-oducts were sepa- 
rated on a three-percent agarose gel stained 
witlz ethidium bromide aiicl viewed under 
U.V. liglit (see Fig. 1b foi- an example). Test- 
ed oii the 25 moi-phologically-sexed adults, 
the method gave a 100% coiicordaiice (8 
inales and 17 females). 

Amoiig the 133 cliicks sexed, this simple 
protocol yielded 65 males and 68 females, 
correspoiidiiig to a ratio of males of 0.489, 
iiot significantly differeiit fi-om the value of 
0.50 expected uiidei- the nul1 liypotliesis of a 
balaiiced sex ratio (biiioinial exact test, P > 
0.8, see Siegel and Castellaii 1988). 

Tliis teclinique was also tested oii the 
Clzilean Flainiiigo (P/zoenicof)tel-zts chilensis) , 
and coi-rectly sexed four adults (thi-ee inales 
and a female, sexed the sanie way as the 
Greatei- Flainiiigo adults). Its applicability to 
the otlier foui- flamingo species or sub-spe- 
cies reinaiils to be tested. 
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