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IMPORTANCE OF STUDIES ON BREEDING BIOLOGY
IN THE CONSERVATION PROGRAM OF HOUBARA BUSTARD

IN SA UDI ARABIA

M. SAINT JALME*'**, P. PAILLAT *, S. HEMON * & S. OSTROWSKI

SL~I~IAI{Y.. h"flllrIII11Ce 1I!.fIUdie.f III1 breedill.l,' billill.1,'Y ill the Con.fervatioll PrO.1,'ram 11 Houbara Bu.flard ill

;1Idi Ar,,/Jill, The dr:ls[ie decline of local popula[ions of Houbara Bustard (Chlamydoti.f undulata macqueel/ii) in

JuJi ..\rabia led. in 1986. [he National Commission for Wildlife Conserva[ion and Development to implemcnt

;n,cr\'alion mc:1."ures: studies of free r:lnging birds. establishment of protected areas. captive breeding and relca-
, pro!,'ram!i. \\'hen a bird species is captive bred. know ledges of the factors triggering reproduction are of major

:lrol1ance. Houbara brced in arid or semi-arid zones. and their reproductive biology is largely unknown. At the

.Itional Wildlife ({esearch Center. reproductive parameters of captive female housed in outdoor cages were exa-

lincd during seven successive years ( 1989-1995). Despite captive houbara showed a seasonal breeding paltem.

ilcr-annual varia[ions were observed in the onset and termination of laying. percentage of laying birds. age at first

yin!,' :lnd clutch !iize. leading to in[er-annual variations in chicks production. Inter-annual variations in these para-

:ctcr". and of r:linfall and ambienttemper:l[ure were examined wi[h reference to environmental cues synchroni-

n~ brcedin!,' activi[y. Our believe is that the species could h:1.~ developed an endogenous annual rhythm. Ambient

mpcr:lture could be a proximate factor synchronizing sexual maturation. Rainfall could act a.~ a subsidi:lry synch-

mi,cr. \vith abundant rainf:lll modulating the reproductive period. The aim of this presentation is [0 show ho\~

IIp0l1ant ~ood kno\vledges on the reproductive biology arc. when wildlife managers have to decide of an :lrea

hcre 10 implant captive breeding facili[ies'.

}:,'y IItlrt[f: 110ubara. .')audi Arabia. conservation.

I{I;SU~IE~.- !I"IJ(lr'(/"ci(/ lie /(/.f e.r,ul/i,l.f l/e ltl 8i,lltl.1.'ill Repr,J(/uct(lrll en e/ Pr(/,!,'rll/1lll de C(/".ferl.lICi(ilJ de 1(/

Ilu!I(/rlll"' Arllhill SlIUl/i. El (]rastico dcclive de 13s pobl3ciones loc31es de Hub3r3 (Chltu,,)'d(/,i.f U"dUlt"ll "IlIC-

'IUl'l.rii) I:n l\r;lbi3 S3u(]i llcvo. cn 1.986.313 Comision N3cion31 p3r3 13 Conserv3ci6n y Des3rrollo de 13 Vida

Sil\'I:,trc ;Illc\';Ir ;I c3bo mc(]i(]:1.~ de conserv3cion: estudios de 3ves en libert3d. est3blecimiento de :ire3s protegi-

ti:l'. cri;l CI1 C;lUlivi(]3(] y progr3m3s de suclt3s. Cu3ndo se crf3 un 3VC en c3utivi(]3d. el conocimiento de los l"acto-

r~s quc ticsCnl:;1(]cn3n 1;1 rcpro(]uccion son (]c gr3n imponanci3. L3 Hub3r:1 crf3 en zon3s :irid:1.~ o semi:irid3s. y la

oi()I:I~i;l rcpro(]uctiv3 (]c 13S Hub3r3s silvestrcs es bien conoci(]3. En NWRC. los p3r:imetros dc reprocuccion d.:

IICJ110r;lS c;lutiva~ (]c hub;lr:1.~ 1I13ntenid:1.~ I:n j3ul3s 31 aire libre fueron examin3d3s (]urante cinco 311os consecu[i\'os

( I ~~O-I ')9.t ). 1\ pCS3r (]c quc 1:1.~ hubar:ls c3utiv3s mostr:lron un p3tron de Crf3 est3cion31. fueron ObSef\'3d3S gr3n-

tics .;Iri;lCi()I1I:" il1tcranualcs cn cl ~omicnzo y fin31 (]c la puesta. cl porcent3je de 3ves nidific3ntes. 13 ed3d .:nla

prilllcra pucsta y ellam311o (]e 13 misma. quc COnIlev3n v3ri3ciones inter3nu31es en la producei6n de pollos. Se exa-

Jllil1:lr()n .ariaciol1cs intcranuales cn eslos par:imetros y cn cl regimen de precipit3ciones y lempcr:ltur:ls en relacion

;1 scl1;1lcs II1cJi()ambicntalcs quc sincronizal1la 3ctivi(]a(] rcproductor:l. Nuestr:l impresi6n es que la especie ha desa-

rr(JII;III() UI1 rill11o cndogcno anual. El fotopcriodo no parcce ser el factor primor(]ial en la sincronizacion de la acti-

vi(I;ld ~ona(]al. La tcmpcratura 3mbiente parcce :1:;tu3r al menos como informacion suplementaria. pero podria s.:r

UI1 f;lctor sccul1(]ario. con 13 prccipitacion abund3nte lI1o(]ulando el pcriodo rcproductor. El objetivo de esta pre-

,cnt;lci(;n I:S lI1()slrar 10 imponante; que son los buenos conocimientos de la biologf3 reproductora cuando los gcs-

I()rcs ticl1cn qu~ (]cci(]ir d(;I1(]c implantar la infraestructur;l necesaria para el m3ntenimiento de 3.es en cauli.i(]a(].

/'lll,l!lrll.f ll(/I'l': Hubara. Ar3bia Sau(]i. conserv3ci6n.

INTRODUCTION degradation of its habitat led. in 1986. the
National Commission for Wildlife Coriser-
vation and Development (NC\VCD) of Saudi
Arabia to implement conservation measurcs
(Seddon et at.. 1995; Saint Jaime & \'an

The drastic decline of Arabian populations

ol' IIouhJra 13ustard (Chlamydotis ufldulata

lIlacquee//ii ). due to over-hunting Jnd severe

'N(I/i(III(I/II';/J/ije Re,fearcll Cell/el: Na/iIJI/a/ C(JI//IIli,f.~i()11 j()r Wi/J/i[e CoII.fen'a/i(lllaIlJ Del'e/Ol111lell/, P.O. B,

roRIJ, 7i,!t: Killt:JOIIl (if.')aaJi Arabi(l. -

'*/:i"ir(l/e Cell/erf(lr Wi/,//ife Pr(ll>lI,1,'a/ioll, B()i/e po.~/a/e 0/7. Mi,ff()al: R(I)'(I/()lle (II( Mar(lc,
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Mayaud, 1962; Etchecopar & Hue, 1978:
Mendelssohn, 1980; Urban et al., 1986). The
captive breeding program achieved a self-sus-
taining captive population of houbara in 199:!.
permitting release experiments to bcgino
Production increased to almost 300 chicks in
1993, however, in 1994 only 94 chicks \\.crl:
produced. Despite the success of the breeding
programme, the uncxpected low productilln of
chicks observed in 1994 was the result of our
poor knowledge on the breeding biology of
the HolJbara, and. especially on the factor tri~-

gering reproduction.
Following the examplc of Taif, durin~ thc

last few years, captive breeding of Houh.Lr:l
has tlourished allover the Arabian world. Tlic
aim of this paper is to contribute !0 thl.:
understanding of the factors triggering Or/:lllJ
synchronizing reproduction and to show ho\\
important good know ledges on the reproJul:-
tive biology are, when one have to decidc of
an area where to implant captive brecding
facilities.

Survival of a species in a semi-arid cn\.i-
ronment requires individuals to adjust to
changing environmental conditions. and :11,(1
to reproduce at a time of year which \\.ill h.
tavorable for survival of young. Liltl.. i ,

known about which parameters predil:t sllil;,
ble environmental conditions, or contro! ti},
timing of reproduction in arid climatl:s. In ti1!
habitat it is generally accepted that brl:~Ji:1
tends to be dissociated from photopcri('j;
control and is driven by other cnvironml.:,~;
variables (Vleck, 1993). Precipitation. :'
availability and temperature, arc prob;lbi\ ,
importance. For houbara, some authors r.:,
suggested that rainfall is important to tri;:.:
reproduction: breeding does not ol:cur dur.:
dry yea\"S in Africa (Etchecopar & Huc. 1 '!-

and in Israel most houbara do not brccd :0"
winters with little or no rain (Mendcls..
1980). In order to research informati(11:'
these factors controlling breeding acti\"it: ° .

reproductive parameters of I:apti\°l: fcl'
houbara were examined during seven su.: .-
sive years (1989-1995): annual cycl..'
laying; age at first laying; and clutl:h si. -
Inter-annual variations in the reprodu-
parameters were analyzed and assol:i;ltcu
variations in rainfall and ambient tl:mpcr:.'

Heezik, 1996; Saint JaIme et al., 1996). These
measures include habitat protection, ecologi-
cal and ~ lavioral studies of free ranging
populations, foundation of a captive breeding
population with studies on the reproduction
biology of the species, and restocking pro-
grams. The houbara bustard restoration pro-
gramme has the long-term goal of securing
self-sustaining populations of houbara within
a network ui' managed sites in Saudi Arabia.

Chlamydoti.1" II. lnacqlleenii is one of three
sub-species. C:lamydotis II. IIndIllata is
thought to be resident in North Africa,
Chltlmydotis II. jilertaventllrae lives only on
the Canary Islands, and Chlam.\.dotis II. Inac-
qlleenii is probably a partial latitudinal
migrant from the Nile Valley to Mongolia.
(Cramp & Simmons, 1980). The houbara pre-
ferentially breed in undulating, flat arid
plains, steppes and semi-deserts, often with
little cover except tor open or scattered desert
shrubs, and receiving between 50-200 mm
annual rainfall, mainly in the winter
(Mendelssohn et at.. 1979; Haddane, 1985;
Mian & Dasti, 1985). The reproductive cycJe
of wild Houbara is still Ia'rgely unknown.
Timing of nesting appears to be quite variable
across the species' breeding range, but is con-
centrated in the spring months. Generally
eggs are tound between March and May, with
laying occurring earlier in more southern and
western localities (Heim de Balzac &
Mayaud, 1962, Dementiev & Gladkov, 1968;
Cramp & Simmons, 1980; Mendelssohn,

1980; Lavee, 1988; Gaucher, 1995).
Occasionally, eggs have been found in
Algeria as early as November, or as late as
June (Cramp & Simmons, 1980). Age at first
breeding is not known (Cramp & Simmons,
1980), although sexual maturity is thought to
be reached after two years (Mendelssohn,

1983).
Captive breeding of houbara was initiated

by the National Wildlife Research Center
(NWRC) of Taif, in 1986. First breeding suc-
cess was achieved in 1989 with the production
of 17 chicks. This success was obtained
mainly as a result of artificial insemination
(Saint Jaime et al., 1994) together with egg-
pulling, which meant up to 30 eggs could be
laid in a species known to lay only one clutch
a year one to four eggs (Heim de Balzac &
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TABLE I

Pl:rcl:ntagl: of laying fl:mall:s pcr agc cl:1.~ses comparison between 1989-1995

Cla.~ses of age)'.:ars

>6Y2 ye:lrs 3 ye:lrs 4 ye:1r~ 5 years 6 years1 yc:lr

23
10
43

10

S

So

14

0

O

II =

laying

0/0

19S9

50

3
0
0

22
15
68

9
7

78

14

4

29

II
laying
'7D

1990
50

2

2

100

6
0
O

3 14
II
79

20
17
85

7
4

57

II
laying
%

1991

33

7
6

86

"
I

5{)

3
2

67

II
9

82

17

12

71

10

0

0

6

I

17

II

laying
%

1992

9
s

89

2

2

100

II
9

82

14

10

71

28
3

II

9

4

44

6
3

50

II
laying
%

1993

9
6

67

21)

6

30

2
0

'0

37

0

O

26

4

15

9

I

II

II

laying

'10

1994
50

2

2

100

27
18
67

30
6

20

24

8

33

9
4

44

2
O
O

6
2

33

II

I;lying

'7f)

1991

houbara captive brcd at Taif (birds agro one
year in 1990, one and two years in 1991, trom
one to three years in 1992. from one 1!11 four
years in 1993, and from one to live "~.lrs in
1994, and from one to six years in 1995!~

Birds were houscd in individual oJJJtdoor
cages (6 m x 4 m x 2.3 m) during ~inter.
spring. and part of summer. For sanitary rea-
sons (disinfcction of the breedin!! unjI. and
annual prophylaxis). birds were -transferred
into hetcrosexual groups of about 10 males
and 10 females in outdoor aviaries (30 nu ,'( 10
m) for the remaindcr of the year. D.jiles of
transter of birds to individual cages w~ the
third week of January in 1989 and in !'990.
December 20 in 1991. and arroundi the
November 15, in thc following years. Dite of

MATERIAL AND METHODS

The study was conducted between 1989
and 1995 at t!lc National Wildlil'c Research
Center. Taif, Saudi Arabia (Lat.: 21.15°N;
Long.: 40.41 °E: Alt.: 1450 m). The difference
hetween shortest and longest day lengths at
Tail' is 2 hr antI 40 niin.

The l:aplive stock originated from eggs
l:ollcl:lCd in l3alul:histan (around 28°N), (43
femalcs aged one to three years in 1989), birds
obtaincd from private l:ollections in Jordan
(around 32°N),(two females aged seven years
in 1989), and birds collected as chicks in the
northern part of Saudi Arahia (around 30°N)
(lour females agcd thrce years in 1989).
,\dded to thcse founders are lirst generation
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TABLE 2

Mc:ln week of on~et of I:lying :lnd m:l.ximum clutch ~ize tor fem:lle~ which l:lid in at Ic:lst onc sl:.lson prl

iou~ly. mc:ln week of termin:ltion of I:lying for :Ill fem:llc~.

Ye:lrs N Me:ln week

on~et of I:lying

:!:SO

Me:ln m:lxi

clutch sizc

:tSD

Mc:Jn \\,cck

tcrll1in:Jtioll (

layillg :!: SI)

1990

1991

1992

1993

1994

1995

12 (26)

22 (35)

27 (30)

29 (38)

16(18)
26 (40)

12.5:t 2.2
12.9:t 1.5
12.4:t 3.0
10.5:t 2.8
14.8:t 5.0
13.4 :t 3.1

2.7:!: 0.5

2.5:!: 0.7

2.6:!: 0.7

2.9:!: 0.7

1.9:t 0.7

2.1:!: 0.7

20.:!: 4:1

IR4:!: 3.5

IR.2:!: 2.3

19.4:!: 3.~

21.2:!: 2.1\

19.8:!: :!.I\

p < 0.001 p < 0.001 P=O.O:l1

transfer to the wintering pens was in the
beginning of August. each year.

Food and water were provided ad-Iibitum
throughout the year. From 1989 to August
1992. birds were fed with a high protein food
(22-30% of protein). From August 1992
onward. in the wintering pen birds were fed
with poultry pellets (14% protein). and fresh
alfalfa provided every morning. In the bree-
ding unit. birds were fed with poultry pellets
containing 22-28% protein; fresh alfalfa gro-
wing in each cage was freely available. A
polyvitaminie complement was provided with
water twice a week. Females were checked
every day in the morning and in the evening to
collect the eggs, and so encouragc the laying
of replaccment clutches. A meteorological
station was installed at the NWRC towards
the end of 1989. Air temperature and rainfall
were recorded systematically from 1990
onwards.

Age at first breeding and percentage (1'/{/:

females

We recorded the age of sexual maturily ill
females (first egg laid) between 1 <JX<J :In(1
1995, for both founders and birds halchcd ill
captivity at Taif. No founders laid at thc a~c 1';
1 year. Thirty two percent of them hc~all t< ,
lay at two years of age. By three year~ of a;:~
72% had reached sexual maturity, and x~ ',; ;.
the age of four. At six years old. only ahl)l
10% of females had not begun to lay. Sc\"\.':
percent (n = 72) of the females hatcllcd in caj
tivity laid at one year old. 75 % (n = 16} lI:l
reached sexual maturity at four. Tllc diffcrcl'
ee with the founders was not significanl. i .

each class of age, the percentage of layi;,
females did not differ significantly hcl\\"I:I..
1989, 1990, 1991, 1992, 1993 and 1~~5. J
1994, in each classe of age, tIle perccnta~.: ,
laying females was much lo\\,er tllall in !:
previous year (Table 1 ). Diffcrcncc~ hl:t\\"l:c
1993 and 1994 was signilicant I()r III\: hir,
aged less than tour years ( X2 tc~l. r < ().(i.:
and birds aged more than Ihrcc year, ( I'

0.001).

RESULTS

Ltl.ling cycle

Houbara showed a seasonal breeding pat-
tern (Fig. I ). Laying began in January each
year, with the maximum number of eggs laid
in March-April. Females generally stopped
laying in May, except in 1990 and 1993 when
clutches were laid in July by one and two
females respectively. The post-breeding
moult, which is complete, started as soon as
the females stopped laying.

Start of la-\'ing

Independent of age-class. females \\'1

laid for the first time. tended to lay latcr ill

season than females which had laid prcvj<'

(Saint JaIme et al.. in press). In hirJ" \v:

had laid at least one year prcvi<m,I~.

observed inter-annual \'ariation in tl1c p:ltt
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--
and timing of the onset of laying. When taking
into aCCount only those females which had
laid in previous years. There was a significant
difference in the timing of the start of laying
between years (Table 2; F = 4.72 df = 5, p <

0.001). On average, females began to lay at
the same time between 1990, 1991, 1992
(mean = last week of February), earlier in
1993 (mean = second week of February) and
later in 1994 (mean = second week of March).

Differences were significant between 1992
-nd 1993 (Mann-Whitney test: p = 0.012);
and between 1992 and 1994 (P = 0.05). For

this parameter, 1995 was situated between
1990-1992 and 1994. Despite this inter-
annual variability, the order followed by indi-
vidual females in the start of laying was rela-
ti\'ely similar between years (Spearman rank
correlation test: 1991-1992, n = 17, Rs = 0.71 ,
p = 0.0044; 1992-1993, n = 23, Rs = 0.65, p =

0.0023).

parameler. The mean week when fem:lle~
slopped laying, i.e. when Ihey laid their 1asl
egg, varied significanlly belween years (F=
2.45, df = 5, p = 0.036). As for Ihe onsel 01
laying, Ihe order followcd by individual,
when they slopped laying was similar cad
year (Spearman rank correl:llion Icsl: 19lJ2
1993; n = 26, Rs = 0.647, p < 0.01).

Femalcs which did no1 lay in 1994 \\'cr\
Ihc birds which sloppcd laying Ihc cilrlicsl ir
1993. The dift"erence bclwecl1 Ihc limil1!,' ()
temlinalion of laying in 1993 bclwccl1 I!:,
birds which did l1ot lay il1 1994 (11 = 18. ;\1\.,.::

= 17.0, SD = 3.8) and Ihe femalcs which lai(
during Ihe Iwo seasons (n = 21, M.:al1 = :!~'j
SD = 4.9) is signit-lcanl (Mann al1d Whilll..::
test: p < 0.001). Thc birds which SIOPP~(
laying earlicr in the seasol1 showcd a Icl1d~li,:
to lay smaller clutchcs. In 1992. a ycar \\Ili
almosl no rainfall in March and April. clul;.:1
sizes of thc birds which sloppcd layil1~ ii
March (Mean = 1.9, SD = 0.7) werc si!,'l1i:l

cantly smallcr Ihan thc clutch sizc or Ihc bir,~
lerminaled laying later (Mcan = 2.7. SO = O.~
Mann- Whitney test: p = 0.01).

Clutch size. inter-clutch interval and la.\'ing

capaci1)'

Large inter-individual variability was
observed in clutch size. Within a clutch, eggs
(1-4) were laid on alternate days, in 80% of
the cases. With egg-pulling and replacement
clutches, the mean interval between clutches
was 9.3 days (range 5-30). The laying capa-
city, i.e. the total number of eggs laid by a
female within one year ranged between one
and 30. The mean maximum clutch size of the
females which laid at least during one season
previously (Table 2) differed significantly bet-
ween 1990 and 1995 (F = 5.1, df= 5, p <
0.001 ). Maximum clutch size was similar bet-
ween 1990 and 1992; higher in 1993 (t = 2.25,
df = 49, p = 0.029), and lower in 1994 (t =

3.37, df = 21, p = 0.0029). As for the onset of
laying, for the size of the clutch, 1995 was
situated between 1994 and 1990-1992.

Weather para1/leter.\"

Terminarion of laying

As for the onset of laying, there was a

large inter-individual variation in the termina-

tion of laying. The first females stopped
laying in the first week of March; the last

t"emales in the second week of July. Inter-

annual variation was also observed for this

Tcmpcraturc and rainfall data arc prc~
tcd in Figurc 1, as thc annual ,'ariatioll
maximum ambicnt tcmpcraturc (I11Call 111;
mum per wcck), and prccipitation ill IlUIl
of millimctcrs pcr wcck, Each ycar. l1IillilJ
tcmpcraturcs occurrcd in January. allll 111
ma wcrc rcachcd in Junc. Thc al11hi~11l t~1l
rature startcd to dccrcasc at lhc hc~illllill~
Octohcr. Rain falls cach ycar bct".~cn ~1.
and May, but during thc rcmaindcr of th~ :
rainfall was unpredictablc. Il1lcr-allllu;11 v;'
lion was obscrved in thc distributi(JI1 or ;
fall and in tcmperaturc. Thc wil1lcrs prc'l:~ .
1992 and 1995 laying scasons wcrc p:lr'
larlywet(Tablc3), 1990,1991 anlll!)!).1\
precedcd by small rain and 1994 ,vas
Springs 1993 and 1995 rcccivcd h~a'.y r.
and 1992 was dry. Wil1lcrs prcl:cdillg I
and 1993 wcre particularly cold (Tah!.'
1990 was intcrl11cdiary. 19!) 1 alld 19!)5 .

warmcr, and ill 1994 thc wil1lcr was p:\:"
larly warm. Each ycar. tcl11pcratur~ s!:\r'
increase slowly from thc bcginning of :\;
and the mcan maximum ambicl1l !~l11p.:r:
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TABLE 3

.\I.::m m;lxilllUm tcmpcrature during the coldcst \veek, number of days with maximum ambienl te~~turc

than 20°C.. I.:mpcralurc variation between December 15 and March 15. winter rainfall (December I-Malch 15)

InIfsl(l11. and spring rnint"all (March 16- June 15).

Mcan max

tcmp. cold.

wcck (OC)

Number of

days with

t. < 20°C

Winter

rainfalls

inmm

Spri~

rain~s

in lID

temperature
valiation~
Dec.-Mar.

,)0 18.1
20.5
17.6
17.4
23.5
20.1

12

6

38

36

I

5

6.6
3.8
8.9
9.3
2.4
7.1

20
34.6
73
23.8

3.4
41.1

56.1

55..!

18

100..!

47.9

196

'14

95

;lchctl 30°C. in thc middlc of April around 30% of the temales stopped la.tiing in
March when maxima ambient temperJtures
were between 23 and 28°C. except in L994.
The birds which stopped laying early i'n the
season the previous years, did not lay in 1994
when the maximum ambient temper:uure did
not go below 23°C. When rainfall occurred at
the beginning of April (1991, 1993, 1995) the
laying activity seemed to be extented for seve-
ral weeks. Each year. in the last week of April
laying activity was almost nil. When Dinfall
occur at the end of April. as in 1990. 1993,
1994 and 1995. the laying activity rest3rted in
a certain proportion of females. In 1990, rain-
fall was tol1owed by a decrease in temperatu-
re from 34 oC (mean weekly maximum lempe-
rature third week of April) to 25°C in Ihc tirst
week of May. Quantity of rainfall in AJWi1 was
less important in 1990 than in 1993 atxl 1'995.
the difference in the proportion of females
restarting laying activity could be explained
by this decrease in temperature. We did not
tind any relationship between the tennination
of laying and the annual variation in spring
temperature. Nevertheless in 1992. :a year
with no rainfall in April, all the birds stoppcd
laying before the maximum ambient lempcra-
tures reached 30°C.

~elatiOll.fhip betll'een 11'eather and the laying
'arOlneters

Th~ 1994 reproductivc scason diffcrcd
.ih'llilicalltly rrom all thc othcr ycars on rccord
Jy ha\'illh' thc smallcst perccntagc of laying
r~malcs (Tahfc I ), thc smallcst clutch sizcs,
lhe latcst layillg scason (Fig. 1, Tablc 2), but
~llso thc warmcst wintcr (Table 3). In contrast,
11)1)3 was thc coldcst year (Tablc 3) and also
the scasoll wcrc birds started laying earlier
than ill any othcr ycar. Clutch size, was also
'iigllilicalltly thc largcst during 1993 laying
scasoll. 1992 was similar to 1993 for the
layinh' paramcters as wcll as for the winter
temperaturcs. 1990, 1991 and 1995 were
illtcrmcdiary tor tempcrature as well as for

layillh' paramctcrs. Significant corrclations
wcre round hctwccn OIlSCt of laying (weck
whcn t!Jl: first cgg was laid, Tablc 2) and the
mcall maximum tcmperaturc during the col-
dcst wcck (Table 3: R = 0.81, p < 0.01 ); onset
or layillg alld tempcraturc variatioll hctween
D~cemhrc and Marc~ (R = -0.91, p < 0.01),
alld mcall maximum clutch size and mcan
maximum temperaturc during thc coldcst
wcck (1{ = -0.89, p< 0.01 ). We did not filld

ally rclationship between onsct of laying and
occurrence of rainfall during the same period.

III spring, the percentagc of laying fcma-
le~ started to decrcasc significantly by the end
or March and thc bcginlling of April when the
ma."(imum ambient temperaturc reachcd or
increased up to 28°C (Fig. I ). Each ycar,

DISCUSSION

Any environmental factor functiollally
connected with the oncoming improvclmnt of
environmcntal conditions could act as a
synchronizer of reproduction. If the optimum
season is annually periodic. fixed annual phe-
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regions (Serventy, J 971 ). In our captive hirds

we did not oh serve any relationship hetweelJ

the onset of laying and rainfall ;11 winter.

Prolongation or recommencement ollaying irl

April-May followed significant rainfall. witil

maximum laying activity recorded around 15

days after rains. In houbara. rainfall could hl:

considered as a subsidiary factor modulatin,.;

laying activity. Rainfall could also hc a limi-
tin" factor affectin" "onadal 'de\clo

p ml:nt
~ ~ ~

when related to food availahility. In captivity.

as houbara are fed ad-Iibitum. the impol :ant:l:

of the rainfall could be hidden.

Ambient temperature Ilas heen alway~

presented more as supplement"l inf()rmatiOlI

or as an ultimate factor affecting reproduclion

(Immelmann, 1971; Wingfield. 19XO;
Wingfield et al.. 1993) than as a proximat\..

factor. Low temperature may act indirectly hy

reducing the abundance of food for produt:-

tion of eggs, or more directly hy divcrtin,.;

energy that would otherwise be uscd in l:~'.;

formation (Wingfield, 1980). Rainfall ;lnd

temperature could be related becausc tolerall-

ce to dehydratation in birds is relalcd lo lcm-

perature (Serventy, 1971). In our t:aptivl:

Houbara, laying generally hegan aftcr ma,\i-
mum amhient temperatures decrcascd t(1

below 20°C. In contrast with north Icmpcr:ll.:

birds, houbara bred earliest in cold ;lnd carl:

winters. Moreover. after a warm winl~r,

around 60% of the females did not lay, 111 til,-'

Canary Islands, von Thanner (1910. in Colfar

& Goriup, 1983) observed that in ycars \Vil-

hout autumn and winter rainfall. houhara hrct!

more than one month early. with thc rcsulllll:li

offsprings could find a rich supply or ins~(:

food before the onset of the heat. Data fr()111

two expeditions in Baluchistan durin~ spri!\,;

1987 and 1988 (P. Pailllat pers. comm,) indi-

cated, that after a winter: with almost no raill-

fall ( 1988) houbara laying started 15 d;lys t:ar.

lier (first week of March) and finislIcd 011.'

month earlier (first week of April). t!l:ln aft.';

a wet winter ( 1987). In the Japancsc quai i .

Wada et al. ( 1990), and Tsuyoshi & \Vat!;.

(1992) showed that ambieht temperalurc i,

involved in the termination of reprOducli v,-'

activity. The results indicated that in ;lddilil'i

to a change from long to short uays, 10\\' lCII~

peralures act as supplementary rc,.;ulalor ii

causing regression of the gonads. In !louh;lr;i~

nomena could be used. whereas in those areas
in which breeding occurs at irregular intervals
the synchronizer must be related to the irregu-
lar improvement of living conditions and con-
sequently must be independent of the cycle of
the sun (Immelmann. 1971 ). There has been a
tendency to claim that birds in arid areas have
broken tree of the rigidity of regular breeding
seasons and that rainfall and its effects are
substituted for day length as the supreme
synchronizer in arid lands. It appears howe-
\'er. that this may be generally truc only in the
arid areas of Australia (Serventy, 1971 ). In
contrast. in South West Africa. the reproducti-
ve season is more regular. indicating a more
obvious internal rhythm of reproduction and
less dependence on a single external stimulus
such as rain (Immelmann & Immelmann,

1968).
The breeding range of Houbara is charac-

terized by semi-desert habitat in which the
occurrence of rain is relatively predictable,
with a high probability of rainfall between
November and April each year. In the winte-

ring range, temperatures reach a minimum in
January and begin to increase in February

(Serventy. 1971; Grenot. 1974; Mendelssohn
et al., 1979; Haddane, 1985; Mian & Dasti,
1985; Yom- Tov & Tchernov, 1988). Eggs laid
in winter and spring will hatch when rainfall
and the subsequent increase in tood availabi-
lity are most likely to occur.

In captivity, houbara showed a seasonal
breeding pattern. theretore an endogenous
rhythm could have evolved to regulate the
annual reproductive cycle, comparable to that
of species occurring in highly predictable
environments. If an endogenous rhythm exists
in the houbara bustard, which are the factors
synchronizing the reproductive season? Our
evidence for the possible action of photope-
riod as a proximate factor synchronizing hou-
bara reproductive activity is limited. The lati-
tude of the breeding range (25-400N) is not
incompatible with a photo-induction of gona-
dal development (Gwinner & Dittami. 1985;
Tewary & Dixit, 1986). Nethertheless. photo-
period does not explain inter-annual varia-
tions.

Obtaining adequate water is the most vital
factor behind physiological and ecological
adaptations for animals in semiarid and desert



en these two parameters reinforces the tempe-
rature intluence hypothesis.

The complexity of environmental infor-
mation makes it difticult to separale the
effects of one environmental cue from anot-

her. While we have developed hypotheses
concerning the environmental factors that
may synchronize gonadal development in
houbara, experiments in controlled conditions
are necessary to test these hypotheses. First
results of experiment started in 1995 in the
National Avian Research Cenlre of Abu
Dhabi (1. lacquet, pers. comm.) seems to con-
fortate the importance of ambient temperature
in the reproductive cycle of the houbaro.

In conclusion, the Taif captive breeding
Center was built at the south~rn limit of the
breeding range of the houbara. with the result
that in some year~ en\ironmental conditions
tor reproduction may be far trom optimal.
This could explain the inter-annual variation
in eggs production. Subsequently it is difiicult

.to build estimations, management plan arid
prospective based on the number of chicks
available for release each year. This illustrate
the importance of understanding the proxima-
te factors synchronizing gonadal develop-
ment, in order to correctly siting a captive-
breeding facility and to avoid the large expen-
sesin,!olved in creating artificial climatic con-
ditions. In the last fe\v years, captive breeding
of Houbara has tlourished allover the Arabian
world: Saudi Arabia, Unitcd Arab Emirates.
Morocco. As at Taif. the dcci~ion as to where
these facilitie~ were built scem~ not to havc
always taken into account the environmel11al
factors required for optimal production of

eggs.

i tcmpcraturc could act in the same way,

coulJ h~ thc major l"actor terminating

;1h' acti\'ity. Dctrimental effects of high

!)craturc on gonadal activity have been

';lonstrated in bird1\ in which activity signi-

\lltly declines when temperatures rise

I\'C 32°C (For review: Ricklefts &

~ !IC1\\\'orlh. 1968; Winglield. 1980; Simmons

\Iartil!. 1990). Currently, we believe that

"1pcraturc ha1\an impact on the onset of the

'roJucti\'e 1\ea1\On, and that relatively high

:lpcraturc1\ during winter have a detrimental

ract on laying activity.

II! Jc1\crt1\. where rich resources are short-

cJ al!u cpi1\odic, one should predict bree-

Ih' adaptation1\ lor a rapid activation of

rroJucti\'c behaviour and a high reproducti-
: ratc. \Vherc f(JOd and water resources are

.:Jrcc hut rclatively predictable, efficient use

; thcsc rc1\ources should be mediated by

i.:cllal!ism1\ that activate reproduction seaso-

ally. hut with low reproductive output, cou-

JcJ with adaptations to increase longe\'ity of

ilJi\,iduals (Vlcck, 1993). This is the case in

J()ubara, in which seasonnal reproduction,

,J.:laycd maturity and small clutch-size are

(haracteristic. Clutch size results from a com-

rlcx imeraction of environmental and ontoge-

Ilctic factors. and models of clutch size e\'olu-

tion a1\1\umc heritable variation (C:1de,1984).

;\Ithough we did not calculate repeatability in

this parameter. it :1ppear1\ that rel:1tive clutch

sizc is an individual characteristic in houbara.

1:II\,ironmemal factors :1ffecting clutch-size

Ilavc bccn cxtensively studied. These factors

I.:oulu he availability of food and subsequent

fcmalc body I.:ondition, or predictability of

(lutl.:h predation (Hussell &Quinney, 1987:

\1artin el {".. 1989; Winglield, 1980; Erikstad

,1 (//.. 19t)3 ). Inter-;lnnual variations of clutch-

,izc 11lat wc ob3erved in captive houbara

sccm1\ l1()t bcing rclated to food availability as

our hird1\ wcre fed e:1ch year ad-Iibitum.

Ilay\vood ( 1 t)t)3 ) 1\howed that clutch-size in

tllc hluc tit (p(/rtlS (..(/ertlleus) is rcl:1ted to

amhicm tempcrature. In houb:1r:1. we found

thc large1\t maximum clutches in 1993 and the

smallest clutche1\ in 1 t)94; two ye:1rs char:1cte-

rizcu by havil!g the coldest :1nd the warmest

wimer1\ re1\pcctively. As females stopped

laying c:1rly il! the sea1\On. and l:1id on :1\'era-

!:!~. 1\m:1ller clutch-1\izes, :1 rel:1tion1\hip betwe-~
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