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INTRODUCTION 

Three generalizations relevant to rhinoceros conservation have emerged from studies 
measuring genetic diversity in populations of other taxa. These generalizations are that 1) 
small, abundant organisms typically have more genetic variabilty than large, rare 
organisms (Selander and Kaufnlan, 1973; Powell, 1975; Soule, 1976; Nevo et al., 1984), 2) 
populations which have experienced severe restrictions in population size (bottlenecks) 
have low genetic diversity (Bonnell and Selander, 1974; Pemberton and Smith. 1985; 
O'Brien et aL, 1983, 1987; O'Brien and Evermann, 1989). and 3) populations of large 
mammals tend to have lower variability than smaller mammals (Allendorf et al., 1979; 
Simonsen et al., 1982a,b; Simonsen, 1982: Manlove et al , 1980). The first generalization is 
supported by a large amount of empirical data and has been viewed as  consistent with 
expectations of both neutral (Soule, 1976; Kimura, 1983) and selection models (Selander 
and Kaufman. 1973: Powell, 1975; Nevo et al., 1984). The second generalization also is 
supported by numerous examples (Bonnell and Selander, 1974; O'Brien et al.. 1987: 
Pemberton and Smith, 1985), and follows from the statistical necessity that, in the absence 
of selection, heteroqgosity will decay at a rate of approximately 1/2N, per generation 
(where N, is the genetically effective population size); Allendorf, 1986; Lande and 
Barrowclough, 1987). The third generalization may simply be a correlate of the first 
generalization because large body size in mammals correlates with a variety of 
demographic characteristics (e.g., rarity, low fecundity, long generation time; Eisenberg, 
1981) which are expected to retard the accumulation of genetic diversity. Recent data (e.g., 
Baccus et aL, 1983: McClenaghan and O'Shea, 1988: Winans and Jones, 1988; Dinerstein 
and McCracken, 1990) and reevaluations of data (Baccus et al., 1983; Wooten and Smith, 
19851, have tended to undermine the empirical basis of this third generalization. 

Recently, Dinerstein and McCracken (1990) examined genetic diversity in the population of 
greater one-homed rhinoceros (Rhinoceros unicornis) in Royal Chitwan National Park, 
Nepal. The biology of these large mammals and their recent severe reduction in numbers 
led to the a priori expectation that this population would cany very little genetic diversity. 
However, the estimated levels of heterozygosity (H,, = .099) and polyrnorphism (P = .32) in 
this population were extremely high when compared to values generally observed in other 
mammals (Table 1). Dinerstein and McCracken ( 1990) offered an idiographic explanation 
for the accumulation and retention of high genetic variability in Chitwan R. unicomis. 
They also proposed that the results of their study on R. unicornis are an illustration of a 
current tendency in the conservation literature to overemphasize the importance of 
population bottlenecks. 

In this paper, we review arguments a s  to why we should expect Chitwan R. unicomis to 
cany high levels of genetic variability. We also argue from data on other taxa, and with 
consideration of the generalizations given above. that the situation observed for R. 
unicornis is likely to apply to other species, as well. Finally, we consider available data on 
the levels of genetic variability that are carried in other species of rhinoceros, within the 
context of these arguments. 



GENETIC DIVERSITY IN R. UNICORNIS: THE SPECIES-SPECIFIC SCENARIO 

Heterozygosity (H,) is increased by mutations and by gene flow between local populations. 
Balancing selection will preserve H, at the selected loci and other loci in linkage 
disequilibrium with them (Alledorf, 1986). Genetic drift (sampling error of alleles) and 
directional selection will reduce H,. However, for most loci at most times genetic drift will 
be the major force reducing heterozygosity (Gilpin, 1991). The effects of genetic drift in 
finite populations are major concerns in conservation biology. 

In explaining the existence of high genetic variability in R. unicomis, Dinerstein and 
McCracken (1990) reviewed aspects of their life history and the historical demography of 
the Chitwan population. First, it is argued that R. unicornis can achieve very high 
densities in appropriate habitat, that they have high vagility, and that until ca. 1400 AD. 
they probably maintained Nets of 10's of thousands within their historic range (Fig. 1). The 
persistence of such large populations, could allow for the accumulation of high H, in this 
taxon. Since ca. 1400 AD, the major causes of their decline were land clearing and hunting 
by humans, which fragmented the range of R. unicornis and greatly reduced their numbers. 
By the late 1Sth century, populations persisted in only a few isolated areas. However, 
human encroachment in Chitwan Valley, Nepal was limited until 1950 by a virulent strain 
of malaria, and until 1950 Chitwan Valley maintained a population of > 1000 R. unicon~is. 
Following malaria eradication in 1950 and the movement of humans into the area, land 
clearing and poaching reduced this population to a low of 60 - 80 survivors in 1962. 
Effective protection of Chitwan R. unicornis by His Majesty's Government of Nepal began 
in 1962, and by 1988 the Chitwan population had recovered to approximately 400 
individuals. 

From the results of field studies, Dinerstein and McCracken (1990) estimated that N, for R. 
unicornis is approximately equal to .35xN (where N = total population size) and that 
average generation time is about 12 years. Using these values, they calculated the expected 
decay of H, in the Chitwan Valley from 1400 AD to present. From these calculations. 
Dinerstein and McCracken (1990) estimated that Chitwan R. unicomis should still retain 
approximately 91% of their pre-1400 AD heterozygosity, and high H, in this population is 
not surprising. 

CAN THE R. UNICORNIS SPECIFIC CASE BE GENERALIZED? 

Major erosion of H, within a population will occur when bottlenecks are very small and 
repeated or sustained over many generations (Nei et al., 1975; Chakraborty et al., 1980; 
Lande and Barrowclough, 1987; McCommas and Bryant, 1990). Dinerstein and McCracken 
(1990) argue that high H, persists in Chitwan R. unicomis because their population size 
remained large until recently, the genetic bottleneck was recent and of short duration, and 
their generation time is long. Because many other threatened species, including other 
rhinoceros, also have long generation times and recent demographic histories that are 
similar to R. unicornis, we suspect that many of these species also have not. as  yet, lost 
substantial portions of their heterozygosity as  a result of man's recent impact. It also 
seems apparent from its trajectory in 1962, that without the timely protection of the 
Chitwan population it would have become extinct, while still carrying high heteroqgosity. 
Therefore, we feel that these results can be generalized to many other species for which 
numbers have been rapidly and recently reduced by man's activities, and we concur with 
recent arguments (Lande, 1988; Pirnm et al., 1989) that the importance of bottlenecks to the 
conservation of threatened species often is overemphasized. 

A fourth generalization that emerges horn studies estimating levels of genetic variation is 
that the amount carried in different populations varies enormously. While surveys of 
many manmlal species have converged. on an average H, of about .04 for mammals (Table 
l),  the range of values in populations of different species extends from 0 to almost .20 (Nevo 
el at, 1984). A substantial range in H, also be can observed indifferent populations of the 
same species [Simon and Archie, 1985), as  is illustrated on Table 2 for five local 



populations of white-tailed deer, In these populations, estimated levels of heterozygosity 
range from well above to well below the mammalian average. Although high variation was 
found in the Chitwan population of R. unicomis. this may not be the situation for other 
remaining populations. In an examination of three R. unicomis (2 unrelated individuals) 
from the only other substantial remaining population of this species (Kaziranga National 
Park, Assam, India), Merenlender et al. [ 1989) reported no heterozygosity. Whether this 
result is an  artifact of the very small number of individuals examined can only be assessed 
by examining larger numbers of individuals from this population. The results of a more 
thorough examination of the Kaziranga population may affect generalizations from the 
scenario which Dinerstein and McCracken (1990) propose for the Chitwan population. 

An extensive review of genetic variation in other mammals is beyond the scope of this 
paper; however, a very brief consideration of variability in selected other species seems 
appropriate. Populations of several other species of large mammals also are known to 
carry levels of genetic diversity that are above the average for mammals (Table 3). Among 
these, above average variation has been reported for the Florida Manatee, Dall's porpoise, 
and Minke whale. The high variation in all of these taxa have been attributed to sustained 
large population sizes and/or high vagility. factors that are thought to be important for R. 
unicomis, a s  well. In contrast, there also are a large number of populations of other large 
mammals which carry levels of variation below the mammalian average. Well-known 
examples include northern elephant seals (Bonnell and Selander, 19741, cheetahs (O'Brien 
et al., 1983, 1987), and British fallow deer (Pemberton and Smith, 1985). In each of these 
cases, low H, has been attributed to genetic bottlenecks. However, there also are examples 
of species which apparently have not experienced bottlenecks and which also carry low H, 
(Table 4). Notable in the present context is that low H, was found in eight studies on 
diflerent species of pinnipeds (summarized by Testa, 1986). Excluding northern elephant 
seals, H,'s in these pinniped species ranged from .009 to .033 Inlean = .022). Testa (1986) 
notes that these species are characterized by polygyny and philopatry to specific breeding 
areas; characteristics that should reduce N, and limit gene flow between breeding 
populations. Southern elephant seals have become a well known example of a species 
which experienced a genetic bottleneck. and probably lost genetic variation a s  a 
consequence (Bonnell and Selander, 1974). However, it seems likely that because of these 
aspects of their population structure, their populations may have had very little variation 
even before their numbers were depleted by man's hunting. Testa (1986) emphasizes the 
need to examine H, in other pinnipeds, specifically pack ice breeders which do not have 
polygynous. fragmented breeding populations. 

White-tailed deer were given a s  an example of a taxon showing substantial variation in H, 
among different populations (Table 2). However, most populations of white-tailed deer that 
have been examined do carry high H, [Tables 2 & 3). White-tailed deer populations often 
have small N,'s, and the variability they carry cannot be readily explained by same factors 
implicated for Indian rhinos. manatees, and cetaceans. In the case of white-tailed deer, 
high variabilty has  been attributed to migration between populations, heavy hunting on 
adult males which may reduce inbreeding and promote dispersal, and to balancing 
selection (Smith et al., 1984: Sheffield et al., 1985). High variabilty in other species which 
are heavily hunted such as  red and brockett deer (Smith et al., 1986) may also be at least in 
part a consequence of one or more of these [actors. As reflected in the review papers cited in 
Table 1. there has been substantial discussion and speculation over the years regarding the 
factors which influence the amount of genetic diversity carried in populations. As the 
examples cited here illustrate. different factors may very well be important in different 
species. In our opinion, attempting ideographic explanations for each species or 
population using the most thorough information available on life histoly parameters and 
historical demographies is probably the best way to ultimately arrive at possible 
generalizations. 



GENETIC VARIATION IN OTHER RHINOCEROS 

In addition to R. unicornis, published estimates of genetic variability exist for 2 other of 
the 5 extant species of rhinoceros (Table 5). Using techniques similar to those of Dinerstein 
and McCracken (19901, Merenlender et al. (1989) reported much lower genetic diversity in 
black rhinoceros (Diceros bicornis; H, = .013, P = .065) and in both recognized subspecies of 
white rhinoceros (Ceratotherium simum simum: H, = ,013. P = .097 and C. S. cottonl: H, = 
.019; P = -080). Examination of mtDNA variation in 3 populations of D. bicomis (Ashley et 
al., 1990) also revealed very little genetic variability in that taxa. A more recent 
examination of serum proteins (Strati1 et al.. 1990) suggests the presence of higher 
variability in C. S. coiioni than reported by Merenlender et al. (1989); however. the 
techniques used in the two studies are not directly comparable. In any event. it seems 
evident that the variation carried in the Chitwan population of R. unicomis is much higher 
than that in either white or black rhinoceros. It also is significant that there appears to be 
little genetic differentiation among the different populations sampled for either species of 
African rhinoceros (Merenlender et al., 1989; Ashley et al., 1990). 

The lineages leading to modem Alrican and Asian rhinoceros diverged approximately 26 
million years ago (Merenlender et al.. 1989). Because of their long histories a s  separate 
lineages. we may not obtain a satisfactory answer to the question of why Chitwan R. 
unicornis retain high genetic variability while both C. simum and D. bicomis are 
depauparate in variability. However, there are both similarities and differences among 
these species which may be relevant to this question. Like R. unicornis in southern Asia, 
the two African species were formerly widespread, and probably were abundant, over most 
of central and southern Africa (Western, 1987; Merenlender et al., 1989). The southern 
white rhinoceros, C. S. simum, reached its nadir of less than 100 individuals in the 19201s, 
but by 1987 had recovered to an estimated population size of about 4,600. Several thousand 
northern white rhinoceros. C. S. coltoni persisted until the 1960's. but since then their 
numbers have declined to a precarious low of only 18 individuals (Western, 1987). 
Populations of the black rhinoceros, D. bicornis, numbered in the 100,000's in the 1800's. 
and their total population was estimated to be about 60,000 in 1970. By 1987, only about 
3,800 persisted in numerous isolated populations, the largest of which was estimated at 
about 250 (Western, 1987). The recency of the precipitous declines of both Aiiican species, 
coupled with their long generation times, leads us  to believe that, like R. unicornis, 
sufficient time has not elapsed for major erosion of genetic diversity as a consequence of 
recent bottlenecks. If the observed depauparate variation were due to the effects of recent 
bottlenecks, we also would expect the development of genetic divergence among the isolates 
(McCommas and Bryant, 1990), but interpopulation divergence among rhinoceros 
populations has not been obsewed (Merenlender et al., 1989; Ashley et al., 1990). Therefore, 
we conclude that low genetic diversity in what remains of both African species probably 
reflects the existence of low diversity in both species prior to man's recent impacts. 

There are differences in ecology and behavior among these rhinoceros species which are 
partially consistent with patterns of genetic diversity reported. Summarizing the social 
systems of all 3 species, Laurie (1982) notes that R. unicornis forms groups less frequently 
than white or black rhinoceros. The social system of R. unicomis is based on male 
dominance hierarchies, and indivdiuals often move long distances. R. unicornis also 
occupies a diversity of habitats including swamps, grassland and riverine forest. In 
contrast, C. simum are restricted to s l~or l  grasslands, and males maintain territories of .8 - 
2.8krn2 which contain groups of females. These differences suggest that R. unicomis may 
maintain higher N,'s and have higher rates of gene flow than C. simum. The differences 
between the social systems of R. unicornis and D, bicornis are not as  striking (Laurie. 
1982). D. bicornis also occupies a diversity of habitats ranging from semi-desert to 
montane forest. The social system of D. bicomis is flexible, resembling C. sinzum's in dryer 
habitat, and R. unicornis' in wetter areas (Laurie, 1982). Therefore, while an argument may 
be made that, compared to C. simum, R. unicomis has characteristics which may result in 
populations canying higher genetic variability, a similar argument for R. unicomis versus 
D. bicornis does not appear to hold. 



Recently, Gllpin (1991, also see Pimm et al., 1989) has proposed a model that could account 
for low genetic diversity within populations. and little genetic heterogeneity among 
populations, in organisms that are both abundant and widespread. The model supposes 
that the species population (metapopulation) is fragmented into local populations which 
are connected by limited gene flow. Local populations vary in size and go extinct 
independently of one another and, following extinctions, local populations are 
reestablished by a limited number of migrants from extant populations. Simulations show 
that under these conditions heterozygosity in the metapopulation decays rapidly, and that 
interpopulation heterogeneity also erodes. However, a t  any time, the metapopulation 
remains large. 

Gilpin's (1991) model may account for patterns of genetic diversity observed in a large 
number of taxa. It has been specifically noted that species which inhabit boreal or arctic 
habitats generally show lower levels of variation than related species in temperate or 
tropical areas (Nevo et al., 1984; Sage and Wolfl, (1986). Sage and Wolff, 1986) have found 
that this pattern is robust for mammals, and have hypothesized that repeated range 
fragmentation resulting from glacial advances, followed by recolonizations during 
interglacial periods, may account for reduced genetic variability in arctic and boreal 
mammals. Glaciations may have reduced the size of metapopulations leading to lower N,'s 
and a loss of diversity via classic bottleneck models (Chakroborty et al., 1980; McCommas 
and Bryant, 1990). However, via the Gilpin model, habitat change resulting in 
fragmentation and extinctions of local populations also could result in the loss of diversity 
even if metapopulations remained very large. 

The metapopulation model may also apply to African rhinoceros population structure over 
prehistoric and historic time. Fossils of both C. simurn and D. bicornis are known from 
Africa in early Pleistocene deposits. It also is known that during the late Pliocene and 
early and late Pleistocene, Africa underwent periods of repeated and substantial climatic 
fluctuation (Kingdon, 197 1; Hamilton, 1974; 1976). These climatic changes were largely a 
consequence of tectonic activity and do not correlate with northern glaciations; however, 
they did result in repeated and considerable contraction and expansion of climatically 
controlled vegetation zones. The generally high and complex topography of Africa also 
contributed substantially to the repeated fragmentation and .coalescence of habitats 
(Kingdon, 1971; Hamilton, 1974; 1976). The impact of these events on the evolution and 
distributions of forest-dwelling mammals in Africa has  received substantial attention 
(Kingdon, 1971; Hamilton, 1976; 19811, but effects on animals in more xeric habitats also 
have been documented (Kingdon, 1971). Because C. simum is restricted to short grass 
plains, we entertain the idea that repeated habitat fragmentation has resulted in low 
genetic diversity in this species. However, because of its more catholic choice of habitats, 
this model is, again, less plausible for D. bicornis. If it could be argued that D. bicomis was 
primarily a forest dwelling animal which has only subsequently expanded its range into 
xeric habitats, this model could hold for this species as  well. However, we know of no 
evidence to support this supposition, and, in fact, fossils of D. bicomis are known from 
throughout the- ~leistocene in-sites that experienced substantial climatic cl~ange (Kingdon, 
1971). 

The dichotomy in the amount of genetic diversity carried in R. unicomis versus C. simurn 
and D. bicornis could also be at least partially a result of how populations of these taxa 
have declined. The historic range of R. unicornis was fragmented over a period of several 
centuries by land clearing and agriculture. However, throughout this period, Chitwan 
Valley remained as  a possible refuge of appropriate habitat and may have received 
migrants from areas outside of Chitwan where rhinoceros habitat was destroyed by man's 
activities. A malaria infested riverine system. left intact, might also have provided R. 
unicornis with a persistent travel corridor enhancing the influx of genetic material. If 
there were structuring among R. unicornis populations. migration into the Chitwan 
population would have increased the variation in it. Therefore, it is possible that the 
Chitwan population of R. unicomis currently carries levels of diversity that are larger than 



was typical of populations prior to their decline. This is a possible partial explanation for 
why the Chitwan R. unicornis population has such high variation, but clearly not an  
explanation for why African rhinoceros have low genetic variability. However, a s  Western 
(1987) points out. the recent reductions in African rhinoceros have not been due primarily 
to habitat destruction; abundant acceptable rhinoceros habitat remains in Africa. Rather, 
African rhinoceros largely have been killed in place by intensive hunting. Therefore, 
migration into habitat refuges may have been less of an option for African than Indian 
rhinoceros. Migration into restricted local populations also has  been offered a s  one 
explanation for the very high levels of genetic variation observed in some white-tailed deer 
populations (Table 2: Sheffield et al, , 1985). 
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From: Dinerstein and McCracken 1990 

TABLE 1. SURVEYS OF AVERAGE HEECFtOZYCOSI'IY IN MAMMALS 

Heterozygosity # Species 
(*J Examined Source 

16 Selander & Kaufman 1973 

25 Powell 1975 

30 Selander 1976 

46  Nevo 1978 

53 Baccus et al. 1983 

.M1 1 84 Nwo et al. 1984 

.039 1 38 Wooten & Smith 1985 
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