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The electrophoretic polymorphism of blood proteins, and karyotypes, were studied 
in up to 33 captive-bred Persian goitred gazelles Gazella s. subgutturosa (Güldenstaedt,  
1780). Allozymes, haemoglobins and serum proteins representing 33 putative genetic 
loci displayed four biallelic polymorphisms (carbonic anhydrase, malate dehydrogenase, 
mannose phosphate isomerase, transferrin), resulting in a percentage polymorphism 
of p = 0.121, and an expected heterozygosity of He = 0.047. Six males had 2n = 31,  
and seven females 2n = 30 chromosomes. This sex-specific difference was due to an 
X-autosomal translocation, coupled with a XY1Y2 sex determining system in males. 
Neither karyotypes nor protein polymorphism provided evidence to explain the high 
mortality of newborn goitred gazelles. 
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Introduction 

The gazelles of the subfamily Antilopinae (Bovidae) have received more 
attention from population geneticists than have most other non-domesticated 
bovids (Templeton et al. 1987, Georgiadis et al. 1990, Granjon et al. 1991, Bigalke  
et al. 1993, Vassart 1994, Vassart et al. 1994, 1995a, Schreiber et al. 1997). Two 
reasons may explain this preferential t reatment of antelopines by students of 
biochemical-genetic variability: (1) morphological characters produced conflicting 
taxonomic classifications of Gazella spp., and (2) the breeders of several rare 
gazelle species in zoos or game parks frequently experienced unsatisfactorily low 
breeding performance which could have a genetic cause. 

The traditional characters of gazelle systematics are provided by horn form, 
skull shape and pelage pigmentation. On this basis, different authors grouped the 
approximately 50 described Gazella taxa into 12 to 16 species (Groves 1969, 1983, 
1985, 1988, Lange 1971, Rostron 1972, Heptner et al. 1989, Rebholz et al. 1991, 
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Thouless and Al Basri 1991, Karami and Groves 1992). The delimitation of several 
species remains controversial, and a new species, G. bilkis, has been described as 
recently as 1975 (Groves 1988). The diploid chromosome number in the genus 
Gazella ranges from 2n = 30 to 2n = 58, but the number of chromosomal arms 
varies only from 2n = 56 to 2 n = 58 (Wurster and Benirschke 1968, Wurster 1972,  
Wahrman et al. 1973, Effron et al. 1976, Buckland and Evans 1978, Benirschke 
et al. 1984, Kumamoto and Bogart 1984, Furley et al. 1988, Arroyo Nombela et 
al. 1990, Granjon et al. 1991, Gallagher and Womack 1992, Vassart et al. 1993a, 
1993b, 1995a, 1995b). Accordingly, translocations of the Robertsonian type are the 
prevalent mode of cytogenetic evolution in Gazella spp. These centric fusions can 
also be observed as polymorphism within populations: In 27 captive-bred Soemmerings 
gazelles, Benirschke et al. (1984) found twelve different karyotypes (2n = 34-39),  
caused by three Robertsonian translocations. Each of three investigated males had 
a different karyotype, and twelve of twenty analyzed females differed as well 
(Benirschke et al. 1984). The considerable cytogenetic diversity in some species of 
Gazella spp., as defined by skull morphology, horn shape and pigmentation, could 
indicate that the reproductive communities cannot be recognized from the outward 
apperance alone. However, chromosomal diversity in taxonomic species could also 
represent intra-population polymorphism. In a first step to a better understanding 
of gazelle systematics, the available database must be broadened by karyotyping 
many more population samples. 

Gazelles are bred regularly in many zoological gardens (Bogsch 1983, Benirschke 
1985, Olmedo et al. 1985, Ryder 1987, Alados et al. 1988), and are among those 
zoo-living mammals for which deleterious effects of inbreeding have been best 
documented. Frequently, a low reproductive performance (high perinatal or 
juvenile mortality) correlated positively with the genealogical relatedness of the 
parents (Ralls et al. 1980, Templeton and Read 1984, Templeton et al. 1987, Alados 
and Escos 1991). The existence of phenotypically cryptic chromosomal lineages 
complicates collection planning further, because the controversial taxonomy, and 
the chromosomal polymorphism of gazelles, imply the risk of genetic incom-
patibility when different cytotypes are crossed (Benirschke 1985, Ryder 1987,  
Kingswood and Kumamoto 1988). 

The present study concerns the genetic variability of a zoo-living herd of the 
Persian goitred gazelle, Gazella subgutturosa subgutturosa (Giildenstaedt, 1780).  
The goitred gazelle is a phenotypically distinct member of its genus, and it is 
sometimes separated from other Gazella spp. as the monotypie subgenus Trache-
locele (Rostron 1972, Heptner et al. 1989). Goitred gazelles were formerly very 
abundant throughout their extensive range in south-west and central Asia, and 
are still common in some regions (Zhirnov and Lushchekina 1992). However, 
free-ranging populations of G. s. subgutturosa have disappeared from several 
localities (Brooke 1873, Kumerloeve 1969, 1978, Iśunin 1978, Lobacev et al. 1978,  
Heptner et al. 1989, Ogurlu 1992). The related and even more vulnerable sand 
gazelle, G. s. marica, was subject to a captive-breeding and research programme 
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in Saudi Arabia and in North American zoos, which included cytogenetic and 
allozyme investigations (Kingswood and Kumamoto 1988, Granjon et al. 1991, 
Launay and Launay 1992, Rietkerk et al. 1992, Williamson et al. 1992, Habibi et 
al. 1993, Vassart et al. 1993b, Kingswood et al. 1994). In contrast, the population 
genetic variability of G. s. subgutturosa has not previously been investigated. 

Karlsruhe Zoo (Karlsruhe, Germany) keeps one of the largest and most prolific 
captive breeding groups of G. subgutturosa subgutturosa. However, this herd 
exhibits an extremely high mortality of newborns and juveniles; in certain years, 
up to 50% or more of newborns die during their first days of life (C. Becker, pers. 
comm.). A studbook has never been kept for zoo-living Persian gazelles, and 
inbreeding coefficients could not be calculated from the unknown pedigree. Still, 
it is certain tha t only few specimens have been exchanged between zoos during 
the last decades. In light of the documented inbreeding depression in captive-bred 
gazelles (refs. above), it was considered likely that the poor reproductive per-
formance of the herd at Karlsruhe Zoo was related to the population genetic 
background. We thus initiated a genetic analysis to check if karyotypically diverse 
lineages had been crossed at Karlsruhe Zoo, to recognize the degree of allozyme 
variabili ty remaining in this herd after some generations of uncoordinated 
inbreeding, and to gain allelic markers for pedigree reconstruction. 

Material and methods 

Blood samples were collected from the jugular veins of 33 goitred gazelles. Four of the investigated 
specimens had been bred at Zurich Zoo, the other samples were provided by the breeding group from 
Karlsruhe Zoo. Details on the history of this herd are not available. This ignorance extends to the 
number and the origin of founder animals, and to their relative contribution to the gene pool. Goitred 
gazelles at Karlsruhe Zoo have been bred over a few decades in isolation, and inbreeding is assumed 
to be high. However, the gazelles have been tagged only recently, and the genealogy of the herd is 
entirely unknown. 

The blood cell enzymes were assayed in horizontal agarose gels as described previously (Schreiber 
et al. 1997), and transferrin by PAGE as detailed by Schreiber and Matern (1989). The alleles of 
polymorphic loci are designated according to their relative electrophoretic mobilities, equating the 
most common variant with "100". Chromosomes were prepared from lymphocyte cultures grown for 
72 hours in chromosome medium B (Seromed, Berlin) at 37°C. The metaphases were arrested by 
colchicine t reatment for two to six hours. Subsequently, the preparations were fixed, and washed 
repeatedly, in methanol/acetic acid. The chromosomes were spread by dropping the cell nuclei on glass 
plates, and visualized by Giemsa staining. An average of 15 metaphases, air-dried on glass slides, 
were photographed and analysed per specimen (range: 8-25 metaphases). 

Results 

Allozymes, haemoglobins and plasma proteins representing 33 putative genetic 
loci were assayed in the blood samples from up to 33 zoo-living goitred gazelles. 
The zymograms of the following proteins represented one coding locus each: 
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Carbonic anhydrase (Ca), malate dehydrogenase (Mdh), glyoxalase (Glo), superoxide 
dismutase (Sod), purine nucleoside phosphorylase (Np), isocitrate dehydrogenase 
(led), 6-phosphogluconate dehydrogenase (Pgd), mannose phosphate isomerase 
(Mpi), phosphoglucomutase (Pgm), adenosine deaminase (Ada), and catalase (Cat). 
Adenylate kinase (Ak-1, Ak-2), lactate dehydrogenase (Ldh-1, Ldh-2), glucose-
-phosphate isomerase (Gpi-1, Gpi-2) and acid phosphatase (Acp-1, Acp-2) displayed 
widely spaced activity zones, indicating the products of two coding loci each. Three 
loci with NADH diaphorase activity were expressed in blood cells. However, only 
two proteins (Dia-1, Dia-2) could be reliably scored in each individual. Four 
different loci with esterase activity (Es-1, Es-2, Es-3, Es-4) were visible when 
methyl-umbelliferyl acetate was used as the substrate. The haemoglobin of adult 
gazelles resolved into two clearly spaced bands, reminding of the red cell pigment 
of blackbuck (Antilope cervicapra), where this band duplication is known to reflect 
the duplication of a-globin chains which are present in addition to the single 
P-globin (Shinde and Furtado 1981). We assume the same protein structure for 
the homologue of adult goitred gazelles, which therefore consists of three different 
protein chains. Calves displayed still another haemoglobin, presumably a per-
sisting fetal globin. Thus, three haemoglobin loci were assayed in each adult 
gazelle, and an additional one in calves. Together with the serum proteins 
transferrin and albumin, 32 loci were scored in adult gazelles, and a 33rd locus 
in the calves only. 

Four loci displayed biallelic polymorphism: Carbonic anhydrase (alleles Ca100 

1H4 iqq 92 
and Ca10*), mannose-phosphate isomerase (Mpi and Mpi ), and transferrin 
(Tf100 and Tf85) were monomeric proteins, malate dehydrogenase (Mdh100 and 
Mdh110) a dimeric enzyme. In addition to the 33 scored proteins, malic enzyme 
(Me) displayed variable zymograms. However, this variation could not be resolved 
sufficiently for allelic interpretation, and it is omitted from this survey. Clearly, 
this locus deserves attention in future studies. Neglecting the questionable Me 
variants, four out of 33 loci were polymorphic, ie the polymorphism was P = 0.121. 
The Hardy-Weinberg-expectation of the heterozygosity amounted to He = 0.047. 
Table 1 lists the genotype numbers of the four polymorphic loci, the allele 

Table 1. Number of genotypes (100 - major allele, x - rarer allele), allele frequencies (pioo - main 
allele, px - rarer variant), observed (H0) and expected (He) heterozygosities for four polymorphic 
proteins in captive-bred goitred gazelles, n - sample sizes. 

Alleles n 
Genotypes Allele frequencies Heterozygosity 

Alleles n 
100/100 100/x x/x pioo px Ho/He 

Ca100!Ca184 30 19 11 0 0.817 0.183 0.367/0.299 
Mdh'00/Mdh110 33 14 12 7 0.606 0.394 0.364/0.478 
Mpi100 / Mpi92 33 26 3 4 0.833 0.167 0.091/0.278 rj'j' 100 / tjij?85 16 3 10 3 0.500 0.500 0.625/0.500 
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Fig. 1. Metaphase spreads of the G-stained chromosomes of the Persian gazelle (Gazella subgutturosa 
sugutturosa). A. Male, 2n = 31. B. Female, 2n = 30. X = X-chromome which originated via trans-
location to an autosome. Yi, Y2 = unpaired heterosomes of the male sex. 

frequencies, the observed heterozygosities and their Hardy-Weinberg expectations. 
Four gazelles imported from Zurich Zoo exhibited the same alleles as did the 
animals from Karlsruhe Zoo. However, the imported individuals were fixed for the 

92 
allele Mpi exclusively, although this variant was rare in the other breeding 
group. 

Six male and seven female goitred gazelles were karyotyped. The complement 
of males comprised 31 chromosomes (Fig. 1A), including 14 pairs of meta-or 
submeta-centric, one large metacentric (ie the X-chromosome), and two unpaired 
acrocentric chromosomes (Yi, Y2). Female karyotypes of 30 chromosomes also com-
prised 14 pairs of meta-submetacentrics, and two large metacentric X-chromosomes 
(Fig. IB). Acrocentrics were absent from the karyotypes of female gazelles. The 
numerical difference between the sexes is due an X-autosomal translocation, 
leading to two fairly large X-chromosomes in females (Fig. IB). In the male sex, 
the single X-chromosome was complemented by two acrocentrics, Yi and Y2 (Fig. 
1A). Fur ther numerical polymorphism of the chromosomes was not observed 
between individuals. 

Discussion 

The exact geograhic origins of the founder individuals of the herd at Karlsruhe 
Zoo are unknown (C. Becker, pers. comm.). Goitred gazelles inhabit a very large 
geographic range, from the trans-Caucasian countries to Tibet and the Godi desert 
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(Blanford 1873, Brooke 1873, Heptner et al. 1989). However, there is no doubt 
that the investigated herd belongs to G. subgutturosa subgutturosa, because horns 
are confined to the male sex. In the second generally recognized subspecies, the 
sand gazelle (G. subgutturosa marica) from the Arabian peninsula, horns are found 
in both sexes (Heptner et al. 1989). Despite the extensive geographic range of the 
subspecies, the phenotypic variation among regional stocks of G. subgutturosa 
subgutturosa has been reported as being only subtle and insufficient for the 
recognition of further subspecies (Heptner et al. 1989). Of the eight suggested 
forms which Heptner et al. (1989) lumped in the subspecies G. s. subgutturosa, 
only one population (reginae from Tsaidam) would suggest very weak differences 
of the external phenotype. In addition, Groves (1985) listed another subspecies, 
G. s. yarkandensis, from Xinjiang, and Groves (1988) recognized G. s. hillieriana 
from China and Mongolia. 

Cyto taxonomic h o m o g e n e i t y 

The karyotypes reported by Wurster (1972; three females) and by Effron et al. 
(1976; two males, one female) for an unspecified subspecies of G. subgutturosa 
may or may not refer to G. s. subgutturosa. As in the herd from Karlsruhe Zoo, 
males were found to have 2n = 31 and females 2n = 30 chromosomes (Wurster 
1972, Effron et al. 1976). Granjon et al. (1991) cited a further report on chromosome 
numbers, describing 2n = 30 and 2n = 31 for goitred gazelles from China, where 
only G. s. subgutturosa is expected to occur (but see the classification by Groves 
1988). The sand gazelle (G. subgutturosa marica) displays variable autosome 
numbers. Kingswood and Kumamoto (1988) described karyotypes of 2n = 31 to 2 
n = 33 for male and 2n = 30 to 2n = 32 for female sand gazelles from Jordan. 
They tentatively interpreted this diversity as the result of hybridization between 
G. s. marica and G. s. subgutturosa, because Jordan is located close to the contact 
zone of the distribution ranges of both subspecies. However, the same polymorphism 
was confirmed by Granjon et al. (1991) and Vassart et al. (1993) for many sand 
gazelles collected in Saudi Arabia clearly outside the subspecies contact zone. This 
finding contradicts the hybridization hypothesis and it appears tha t populations 
of the sand gazelle may contain chromosomal polymorphism. Kingswood et al. 
(1994) showed that heterozygotes for this Robertsonian polymorphism did not 
suffer from disturbed spermatocyte maturation. 

The karyotypes of G. s. subgutturosa from Karlsruhe Zoo appeared homogeneous, 
except for the different chromosome numbers between the sexes mentioned. 
Sex-specific chromosome numbers are a widespread characteristic of Gazella spp. 
and of the closely related Antilope cervicapra (Wahrman et al. 1973, Effron et al. 
1976, Vassart et al. 1995b), and therefore do not necessarily indicate the hybrid-
ization of cytotypes. In G. soemmeringi (Benirschke et al. 1984) or G. dama (Arroyo 
Nombela et al. 1990), X-autosome and Y-autosome translocations produce an even 
more complex sex-determining mechanism of X1X2Y1Y2 for males, and X1X1X2X2 
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for females. Tissue samples suitable for karyotyping from freshly deceased 
newborn G. s. subguturosa were not available. Therefore, karyotypic disorders 
could not be excluded directly as the cause of elevated perinatal mortality. 
However, a sizeable portion of the herd has been karyotyped, including several 
important breeders. Therefore, additional karyotypic diversity should probably 
have become obvious from this sample, if present in this breeding group and 
revealed by Giemsa staining. Thus, the herd of G. s. subgutturosa at Karlsruhe 
Zoo displays lower chromosomal variation than at least some populations of G. 
subgutturosa rnarica (refs above). This difference may reflect a genuine cytogenetic 
difference between two subspecies, or indicate the loss of a translocation poly-
morphism during the breeding history of the captive lineage. 

Allozyme var iab i l i ty 

The present data contribute another taxon to the growing database on the 
biochemical-genetic variability of gazelles (Table 2). At the same time, the 
published allozyme investigations of gazelles permit an evaluation of the present 
data (Table 2), although differences in the screening methods, and in the numbers 
and the identities of the investigated proteins complicate comparisons. Despite 
being captive-bred without a studbook, the goitred gazelles from Karlsruhe Zoo 
display allozyme variability which roughly resembles the values reported for other 
Gazella spp., including the conspecific sand gazelles from enclosures in Saudi 
Arabia (Table 2). Their heterozygosity surpasses the level encountered in zoo-living 
blackbuck, Antilope cervicapra, which has been derived by the same electrophoretic 
methods (Schreiber et al. 1997). Three proteins, T f , Gpi and Np, out of 20 
electrophoretic loci analyzed in 30 sand gazelles from King Khaled Wildlife 
Research Center near Riyadh (Saudi Arabia), were polymorphic (Granjon et al. 
1991). Of these, Tf variation was confined to a single heterozygote in the subsample 
of 19 G. s. marica from the Mahazat as Said Reserve (Granjon et al. 1991). The 
Np polymorphism was also restricted to the herd from Mahazat as Said Reserve, 
and the second allele at the Gpi locus also displayed a rather low frequency 
(Granjon et al. 1991). Both electrophoretic studies of G. subgutturosa proteins 
covered captive individuals with unknown pedigrees. Of the polymorphisms 
observed in the herd at Karlsruhe Zoo, Mdh and Mpi were monomorphic in the 
sand gazelle sample (Granjon et al. 1991), while Ca had not been investigated 
previously. 

B r e e d i n g m a n a g e m e n t 

This study was initiated after the observation of a very high juvenile mortality 
in the herd at Karlsruhe Zoo: A high percentage of calves died during their first 
days of life, without obvious signs of disease or malformation. The present data 
provide no evidence that goitred gazelles belonging to phenotypically inconspicuous 
chromosomal races have been crossed. With appropriate management the herd 
still has some potential for developing a studbook population. The allozyme 
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Table 2. Variability of protein electromorphs in gazelle species. P - fraction of polymorphic loci. H -
percentage of heterozygous patterns (for springbok and blackbuck, the expected heterozygosity is 
provided, calculated on the basis of allele frequencies; the other studies indicate values of observed 
heterozygosity), n.s. - not specified. 1 - isozyme loci, 2 - isozymes, haemoglobins and plasma proteins. 

Species Sample 
size Loci P H Authors 

Blackbuck 49 291 0.0341 0.0051 Schreiber et al. (1997) 
Antilope cervicapra 402 0.0752 0.0252 

Thomson's gazelle 
Gazella thomsoni 33 40 0.196 0.055 Georgiadis et al. (1990) 
Gazella thomsoni albonotata 8 16 0.187 0.085 Vassart et al. (1994) 

Dorcas gazelle 
Gazella dorcas 25 16 0.187 0.074 Vassart et al. (1994) 

Springbok 
Antidorcas marsupialis 24 46 0.174 0.060 Bigalke et al. (1993) 

Speke's gazelle 27 191 0.1581 n.s. Templeton et al. (1987) 
Gazella spekei 282 0.1432 

Mountain gazelle 
G. g. gazella 16 16 0.062 0.027 Vassart et al. (1994) 

14 24 0.167 0.050 Vassart et al. (1995a) 
G. g. cora 7 16 0.062 0.008 Vassart et al. (1994) 

2 24 0.208 0.088 Vassart et al. (1995a) 
G. g. farasani 5 16 0.062 0.030 Vassart et al. (1994) 
G. g. erlangeri 15 16 0.000 0.000 Vassart et al. (1994) 

2 24 0.000 0.000 Vassart et al. (1995a) 

Sand gazelle 
G. subgutturosa marica 30 16 0.125 0.021 Vassart et al. (1994) 

30 20 0.150 0.017 Granjon et al. (1991) 

Goitred gazelle 16-33 271 0.1111 0.0321 This study 
G. s. subgutturosa 332 0.1212 0.0472 

polymorphism does not appear conspicuously diminished either, when compared 
with previous studies of gazelle species (Table 2). However, free-ranging popu-
lations of the goitred gazelles could be more polymorphic than other gazelle species 
studied before, and the observed degree of genetic variability could merely reflect 
a remnant of a much higher original variation of the wild stocks. Moreover, lethal 
genes may have reached a high frequency in the captive herd despite the 
preservation of a notable genetic variability. Clearly, electrophoretic surveys alone 
are unable to identify, or to exclude, inbreeding depression as the cause of a poor 
reproductive performance. 
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A marked infant mortality for unspecified reasons has also been reported for 
populations of free-ranging goitred gazelles, eg 40-50% by the first autumn 
(Sludskii, cited in Heptner et al. 1989). In the King Kahled Wildlife Research 
Centre, Saudi Arabia, where several hundred sand gazelles are kept in large 
enclosures, 25.6% of offspring died within one month post partum (177 recorded 
deaths from a total of 691 births), a percentage which varied from 15.3% in 1990 
to 34.1% in 1991 (Rietkerk et al. 1992). Perinatal mortality accounted for 44.5% 
of the total mortality observed in this institution. Predation by foxes or birds was 
responsible for 39.1% of this juvenile mortality, and stillbirths added another 6.2%. 
Habibi et al. (1993) did not metion stillbirths or juvenile mortality in his study of 
90 reproducing female sand gazelles from the King Khaled Wildlife Research 
Centre. Ralls et al. (1980) reported a high perinatal (and juvenile) mortality of 
29% in captive-bred dorcas gazelles (G. doreas), with the statistically significant 
difference of 43% for inbred, but only 18% for non-inbred calves. Reproductive 
performance could not be improved by modifications of the enclosure design, diet, 
or by the provision of selenium or vitamin E. Prematurity, inanition and miscel-
laneous medical problems proved to be the main mortality factors (Ralls et al. 
1980). Templeton and Read (1984) and Templeton et al. (1987) inferred inbreeding 
depression from stillbirths, abortions and juvenile mortality correlating with 
inbreeding coefficients in a herd of Speke's gazelle (G. spekei) from St. Louis Zoo, 
and estimated the number of five lethal equivalents for each of the founder 
specimens. The genetic variability (28 allozyme loci, restriction sites of mtDNA 
and ribosomal nuclear DNA) of these Speke's gazelles was inconspicuous as far 
as the percentage of polymorphic loci was concerned, but their heterozygosity has 
not been specified (Templeton et al. 1987). In a captive herd of Cuvier's gazelle 
(G. cuvieri), the inbreeding coefficients correlated with the survival of juveniles 
too (Alados and Escos 1991). Efforts to reduce inbreeding by increasing the 
exchange of individuals caused social aggression which resulted in mortality too 
(Alados et al. 1988). Social stress has been observed to impair the reproductive 
performance of Cuvier's gazelle mothers (Alados and Escos 1992). 

Obviously, various factors can reduce the fertility of captive gazelles. The 
crucial test for the possible role of inbreeding depression would be provided by 
correlating the perinatal mortality of captive Persian gazelles with the inbreeding 
coefficients of their parents. Since the goitred gazelles at Karlsruhe Zoo were only 
recently tagged, there is no knowledge of the herds genealogy, and we are unable 
to correlate inbreeding coefficients with fitness parameters of the individuals. In 
this situation, the tentative modification of the keeping conditions should be 
considered, because factors other than inbreeding depression (eg social stress) may 
well explain the unsatisfactory breeding record. However, the present study does 
provide a basis for the subsequent monitoring of this herd. Pedigree controls, 
taking advantage of the allelic markers identified by this screening, and the 
continued tagging of all offspring are essential measures to reach this aim. 
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