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Mitochondrial DNA control region sequence variation was
obtained and the population history of the common hippo-
potamus was inferred from 109 individuals from 13 localities
covering six populations in sub-Saharan Africa. In all, 100
haplotypes were defined, of which 98 were locality specific. A
relatively low overall nucleotide diversity was observed
(p¼ 1.9%), as compared to other large mammals so far
studied from the same region. Within populations, nucleotide
diversity varied from 1.52% in Zambia to 1.92% in Queen
Elizabeth and Masai Mara. Overall, low but significant
genetic differentiation was observed in the total data set (FST¼
0.138; P¼ 0.001), and at the population level, patterns of
differentiation support previously suggested hippopotamus
subspecies designations (FCT¼ 0.103; P¼ 0.015). Evidence
that the common hippopotamus recently expanded were

revealed by: (i) lack of clear geographical structure among
haplotypes, (ii) mismatch distributions of pairwise differences
(r¼ 0.0053; P¼ 0.012) and site-frequency spectra, (iii) Fu’s
neutrality statistics (FS¼�155.409; Po0.00001) and (iv) Fu
and Li’s statistical tests (D *¼�3.191; Po0.01, F *¼�2.668;
P¼ 0.01). Mismatch distributions, site-frequency spectra and
neutrality statistics performed at subspecies level also
supported expansion of Hippopotamus amphibius across
Africa. We interpret observed common hippopotamus popu-
lation history in terms of Pleistocene drainage overflow and
suggest recognising the three subspecies that were sampled
in this study as separate management units in future
conservation planning.
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Introduction

The common hippopotamus (Hippopotamus amphibius),
commonly referred to as the hippo, is a semiaquatic
artiodactyl found in sub-Saharan Africa (Kingdon, 1989;
Eltringham, 1999). Hippos have become much more
restricted in their distribution over recent decades as a
result of rampant hunting by humans for their meat and
ivory and continued harassment by farmers as agricul-
tural pest. Only about 157 000 individuals now occur, in
fragmented populations in rivers and lakes within some
protected areas of eastern, western and southern Africa
(Eltringham, 1993). Five subspecies of hippos have been
proposed (Lydekker, 1915; Grubb, 1993), but this
classification has not been generally accepted (Eltring-
ham, 1999). Above the species level, recent molecular
data have supported a sister-group relationship between
hippopotomids and cetaceans (Ursing and Árnason,
1998; Gatesy et al, 1999; Matthee et al, 2001; Amrine-
Madsen et al, 2003).

The earliest origin of hippopotamuses remains unclear
(Boisserie, 2005), although the first fossil Hippoptamidae

appeared in the East African Lower Miocene (Kingdon,
1989). The genus Hippopotamus itself appeared about
2.5 million years ago (Turner and Wood, 1993) and
was established by the Plio-Pleistocene, evidenced by
their fossil records (Coryndon, 1970, 1973). This was a
period of major climatic changes and regional uplift
that influenced large-mammalian evolution in Africa
(deMenocal, 1995; Patridge et al, 1995).

Despite the hippo’s popularity, little is known about its
general biology, dispersal phase of its life history and its
population genetics (Eltringham, 1999). This has partly
been due to the aquatic and nocturnal habits, and
difficulty in obtaining samples. Hippos are territorial in
water, where males hold a linear territory consisting of a
shoreline and a narrow strip of the bank that is heavily
defended against challenging bulls (Klingel, 1991). The
territorial male has an absolute mating right to the
females attracted to his territory, and this depends on
the male’s quality and the topographical features of his
territory (Eltringham, 1999). The average age at puberty
of the common hippopotamus is 7.5 and 9.5 years for
males and females, respectively (Laws and Clough,
1966). Since there is currently an interconnected network
of water system in Africa and hippos rely heavily on
water in their movement and habitation, a relatively
homogenised genetic pattern among hippopotamus
populations is expected, albeit with quantifiable histo-
rical signatures.

Mitochondrial DNA sequence variation has been
used intensively in phylogeograhic studies, where the
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distribution of its haplotypes across the range of a
species can infer its population history and structure.
Phylogeographical studies on many mammals in Africa
have revealed that their genetic structures were influ-
enced by geological and climatic events of the Pleisto-
cene, which resulted in repeated isolation of populations
into refugia, and subsequent expansion of the surviving
individuals when environmental conditions became
favourable (Arctander et al, 1999; Flagstad et al, 2001;
Nersting and Arctander, 2001; Muwanika et al, 2003a).
These climatic events of the Pleistocene are also expected
to have influenced the genetic history of the common
hippopotamus, in terms of population reductions and
subsequent expansion when climate became favourable.

In this study, we present the first population data on
hippos in Africa based on patterns of mitochondrial
control region sequence variation and infer the popula-
tion processes that have led to the current genetic pattern
in the species. The above information is necessary in
formulating an effective management strategy for this
highly fragmented but intrinsically charismatic species.

Methods

Distribution and sampling
The former range of the hippopotamus is shown in
Figure 1, together with sampling localities. The demarca-
tion of the subspecies is not clear and based on national
boundaries. Hippopotamus amphibius amphibius: the nomi-
nate race is said to occur in southern Sudan, Ethiopia and

northern Democratic Republic of Congo, extending West
to Gambia and further south to Tanzania and Mozambi-
que. Hippopotamus amphibius tschadensis: populations of
this subspecies occur in Chad and Niger. Hippopotamus
amphibius kiboko: occur in Kenya and Somalia. Hippopo-
tamus amphibius capensis: distributed from Zambia south
to South Africa. Hippopotamus amphibius constrictus: occur
in Angola, southern Democratic Republic of Congo and
Namibia.
Skin biopsy samples were collected from hippos using

a modified remote biopsy sampling technique of Karesh
et al (1987). A total of 109 samples were collected from
hippopotamuses in national parks and game reserves in
eastern and southern Africa covering three of the
proposed subspecies above (details in Figure 1). Samples
were preserved in 25% dimethylsulphoxide saturated
with sodium chloride (Amos and Hoelzel, 1991), stored
at ambient temperature in the field and at �801C in the
laboratory.

DNA extraction, mtDNA amplification and sequencing
Total genomic DNA was extracted from samples using
DNeasys Tissue Kit (Qiagen) according to the manufac-
turer’s instructions. Approximately 530 bp of the 50-end
segment of the mitochondrial DNA control region was
PCR amplified using primers Ham-1 (50-CCACCATCAG
CACCCAAA-30) and Ham-2 (50-GAGATGTCTTATT
TAAGGGGAA-30). One primer was 50 biotinylated for
each strand, and both strands were amplified and
sequenced. Amplifications were carried out in 50 ml
reaction volumes containing 2–5 ng of genomic DNA,
50mM dNTPs, 20 pmol of each of the primers, 1U of Taq
DNA polymerase (Boehringer Manheim GmbH) and
50mM MgCl2 (Boehringer Manheim GmbH). The fol-
lowing cycling parameters were used: one cycle of initial
denaturation at 941C for 5min, followed by 32 cycles of
denaturation at 941C for 1min, annealing at 461C for
1min and extension at 721C for 2min. The double-
stranded PCR products were cleaned using QIAquickt
PCR Purification Kit (Qiagen) and separated into single
strands using M-280 streptavidin-coated paramagnetic
beads (Dynalt). The single-stranded DNA template was
directly sequenced by the dideoxy chain-termination
method (Sanger et al, 1977) using Sequenaset 2.0 Kit
(United States Biochemical), a35S-dATP (Amersham) and
primers complimentary to the template. The sequencing
reaction products were electrophoresed in 6% polyacry-
lamide/7M urea gel, fixed, dried and visualised after
autoradiography.

Genetic diversity and structure
Sequences were aligned by eye in the program BIOEDIT
5.0.9 (Hall, 1999). The nucleotide diversity, p (Nei, 1987;
10.5) for the total data, each individual population and
the number of net nucleotide substitutions per site
among populations, Da (Nei, 1987; 10.21), were estimated
using the program DnaSP 4.0 (Rozas et al, 2003).
Population pairwise net genetic distances based on
Slatkin’s linearised FST (Slatkin, 1995), and hierarchical
analysis of molecular variance (AMOVA) (Excoffier et al,
1992) were estimated using the computer program
ARLEQUIN 2.000 (Schneider et al, 2000) and their
significance evaluated based on 1023 random permuta-
tions. A correlation between genetic and interpopulation
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Figure 1 Schematic map showing 13 sampling localities of
hippopotamus in eastern and southern Africa. Sampling sites,
population and subspecies groupings are: 1, Murchison Falls
National Park (n¼ 28) of MFN population; 2, Queen Elizabeth
National Park (n¼ 25) of QEN population; 3, Ugalla (n¼ 8); 4,
Moyowosi (n¼ 1); 5, Luganzo (n¼ 1); 6, Kigosi (n¼ 5); 7, Mlele
(n¼ 1); 8, Niensi (n¼ 1); and 9, Selous (n¼ 1) of Tanzania (TNZ)
population, and above populations constitute H. a. amphibius
subspecies. 10, Masai Mara Game Reserve (n¼ 25) of MAM
population and 11, Naivasha National Park (n¼ 9) of NAV
population, cover H. a. kiboko subspecies. 12, Luangwa National
Park (n¼ 4) and 13, Kafue National Park (n¼ 2) of Zambia (ZAM)
population, represent H. a. capensis subspecies. The current
distribution is not mapped, and the shading depicts the former
range across Africa, according to Kingdon (1997).
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land distances was tested with a Mantel test (Mantel,
1967; Manly, 1985) with significance based on 1000
random permutations. Only distances across land could
be used in this test because of no direct river systems
connecting the hippopotamus populations sampled.

The neighbour-joining relationship among populations
based on net nucleotide substitutions per site, Da, was
estimated using NEIGHBOUR algorithm in PHYLIP 3.5c
(Felsenstein, 1993). Among haplotypes, phylogenetic
relationships were estimated by the neighbour-joining
method using maximum-likelihood settings and 1000
bootstrap replicates, incorporating a gamma-corrected
(GTRþ IþG) model of evolution (Rodriguez et al, 1990),
using PAUP* 4.0b8 (Swofford, 1998). This model corrects
for multiple hits and site rate heterogeneity, and was
chosen by both the hierarchical likelihood ratio tests and
Akaike information criterion implemented in the com-
puter program MRMODELTEST 1.1b (Nylander JAA,
Uppsala University, Sweden), a simplified version of
MODELTEST 3.06 (Posada and Crandall, 1998). Intras-
pecific gene genealogies were inferred using statistical
parsimony method (Templeton et al, 1992) in the software
TCS 1.13 (Clement et al, 2000).

Demographic analysis
Past demographic parameters were assessed using the
distribution of pairwise sequence differences (mismatch
distribution) of Rogers and Harpending (1992) and site-
frequency spectra (distribution of the allelic frequency
at a site) of Tajima (1989) using the program DnaSP 4.0
(Rozas et al, 2003). In both cases, the observed and
expected pattern in an expanding population scenario
was assessed in the total sample and within each of the
three subspecies covered in this study. A recently
expanded population shows a unimodal mismatch
distribution without large differences in the frequency
of the ranked pairwise differences (a low raggedness
statistics). The smoothness of the observed distribution
was quantified by the raggedness statistic, r (Harpend-
ing, 1994), and the confidence intervals were provided by
computer simulations using the coalescent algorithm in
DnaSP. In the case of site-frequency spectra, populations
that have undergone expansion show characteristic
features in the frequency of mutation classes (Donnelly
et al, 2001), where a recently expanded population
displays an excess of singleton mutation classes com-
pared with a stationary population (Ewens, 1972).

It has been argued that methods based on mismatch
distributions use little of the information accumulated in
the data (Felsenstein, 1992), and they have been shown to

be of low statistical power in detecting population
expansion (Ramos-Onsins and Rozas, 2002). We used
Fu’s Fs statistics (Fu, 1997) to substantiate inference of
population growth and range expansion as revealed by
mismatch and site-frequency distributions, and test for
the presence of genetic hitchhiking – which produces a
similar pattern. This powerful population expansion test
takes into account haplotype frequencies under neutral-
ity, stationarity and panmixis, as derived by Ewens
(1972), but is sensitive to background selection. Fu and Li
(1993)’s D* and F* tests were, therefore, used to detect the
presence of background selection in the whole hippopo-
tamus sample analysed. Coalescence simulations based
on a neutral infinite-sites model and assuming a large
constant population size (Hudson, 1990) were applied
to determine the confidence intervals of FS, D* and F*
statistics observed.

Results

Genetic variation
A 400 bp segment of the 50-end control region was
bidirectionally sequenced for 109 individuals. A total of
55 segregating sites were observed, defining 100 haplo-
types and sequences of these haplotpes were submitted
to GenBank (accession numbers DQ103911–DQ104010).
Haplotypes MFN5, MFN14 and MAM16 occurred in
more than one population, while haplotypes MFN8,
QEN2, TNZ1 and TNZ9 occurred more than once but
were locality specific.

Preliminary analyses revealed high levels of homo-
geneity among samples obtained from localities in
Tanzania and Zambia. Consequently, the samples were
pooled in each case and subsequently designated as TNZ
and ZAM populations, respectively (Figure 1). The
highest fraction of segregating sites was found in MAM
population (7.7%), while the least was in ZAM popula-
tion (4.0%). Nucleotide diversity, p, in the total sample
was 1.94%. For each individual population, p varied
from 1.52% in ZAM to 1.92% in QEN andMAM (Table 1).

Population structure
Overall, significant but low population subdivisions
were observed within the total sample (FST¼ 0.138;
P¼ 0.001) and among designated subspecies (FCT¼
0.103; P¼ 0.015). Comparisons of pairs of population
samples based on Slatkin’s linearised FST revealed
significant genetic differentiation in 10 out of 15 pairwise
population comparisons, with values ranging from 2.1%

Table 1 Slatkin’s FST values (Slatkin, 1995) from pairwise population comparisons (above the diagonal) and the number of net nucleotide
substitutions per site among populations, Da (Nei, 1987; 10.21) (below the diagonal)

MFN QEN TNZ MAM NAV ZAM

MFN 1.71 0.064a 0.030 0.120a 0.131a 0.205a

QEN 0.120 1.92 0.025 0.102a 0.064 0.148a

TNZ 0.054 0.047 1.70 0.115a 0.081 0.207a

MAM 0.244 0.216 0.236 1.92 0.021 0.295a

NAV 0.255 0.134 0.148 0.050 1.65 0.309a

ZAM 0.614 0.512 0.626 0.957 0.938 1.52

Percentage nucleotide diversity for each individual population, p (Nei, 1987; 10.5) is shown in bold along the diagonal.
aDenotes significant FST values at 5% significance level.
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between MAM and NAV to 30.9% between NAV and
ZAM (see Table 1). A significant correlation between net
interpopulation genetic distances, Da (Nei, 1987; 10.21),
and distances across land was observed (g¼ 1.61;
P¼ 0.05).

An unrooted neighbour-joining population tree based
on net genetic distances shows relationships among
the six hippopotamus populations sampled (Figure 2).
Populations belonging to H. a. kiboko and H. a. capensis
subspecies are portrayed as distinct groups radiating
from H. a. amphibius, the nominate subspecies. The
neighbour-joining phylogenetic tree (Figure 3), however,
reveals no major geographical partitioning of haplotypes,
except for a few instances where haplotypes from the
same locality clustered together, for example, MFN and
MAM haplotypes. Most of the branches in this tree could
not be statistically resolved with more than 50% boot-
strap support, due to lack of deep structuring of
haplotypes. The statistical parsimony network (Figure 4)
shows no clear geographical structuring, except for small

star-like clusters of haplotypes from MAM, MFN and
NAV. Despite lack of clear distinct lineages, the most
ancestral haplotypes are inferred to be from MFN
population of H. a. amphibius subspecies.

Past population expansion
The distribution of pairwise nucleotide differences for
the total hippopotamus sample, H. a. amphibius and H. a.
kiboko subspecies, revealed generally smooth unimodal
patterns (Figure 5), characteristic of a population that has
undergone a large expansion. The statistical fit of
observed pairwise distributions as quantified by ragged-
ness tests and simulations based on coalescent estimates
was significant in all the cases, except for subspecies H. a.
capensis, which shows a highly ragged mismatch dis-
tribution (Figure 5). With the exception of H. a. capensis,
our data support recent population growth and range
expansion in the hippos. The distributions of mutation
classes revealed by site-frequency spectra of mitochon-
drial DNA control region analysed in this study show an
excess of singleton mutations relative to the frequency
expected under stationarity and neutrality (Figure 6).
The large differences between the observed and expected
frequencies of mutant classes in both total sample and
the individual subspecies are consistent with a recent
population growth.
Fu’s Fs statistic is more powerful for detecting

deviations from neutrality and thereby testing popula-
tion expansion and genetic hitchhiking in the data which
produces a similar pattern like that of recent population
expansion. Genetic hitchhiking was ruled out by Fu’s Fs,
all the values were negative, large and highly significant
except for H. a. capensis (Figure 6). The presence of
background selection in the total DNA sample analysed
was also rejected by Fu and Li’s tests (D*¼�3.191,
Po0.01; F*¼�2.668; P¼ 0.01). In concert, the above
parameters provide support for a recent population
expansion of the common hippopotamus in Africa.

Discussion

Genetic variability and differentiation
The common hippopotamus has a relatively low varia-
tion at the mitochondrial DNA control region, low but
significant differentiation among most populations, and
show evidence of a recent population expansion. Overall
nucleotide diversity of 1.9% observed in this study is
relatively low on comparison with diversity indices of
other large African mammals from the same region
(Table 2). Observed nucleotide diversity in hippos is only
comparable to that in elephants (2.0%), the latter were
drastically reduced in numbers in the last few decades
due to poaching for ivory (Muwanika et al, 2003b).
Although there has been no recorded bottleneck in the
history of the common hippopotamus in Africa, the low
sequence variability and nucleotide diversity observed
in hippopotamus may be due to the relatively short
coalescence time since the population expansion event.
Hippos are heavily dependent on rivers, and since the

river systems in Africa are to a large extent intercon-
nected, one would expect to find little or no genetic
differentiation among these populations. However, this
study shows a low but significant overall genetic
differentiation (P¼ 0.001) among most populations
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Figure 2 Neighbour-joining population relationships based on
Nei’s (1987) net genetic distances among the six hippopotamus
populations.
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compared (Table 1). Even though the pairwise FST values
among populations are somewhat low, the relationships
based on net interpopulation genetic distances (Figure 2)
portray H. a. kiboko and H. a. capensis as distinct
subspecies that radiated from H. a. amphibius, the
nominate subspecies. Observed subspecies differentia-
tion is further supported by results from AMOVA
(FCT¼ 0.103; P¼ 0.015), which show that 10.34% of the

total variation is attributed to differences among sub-
species. This might reflect effects of isolation by distance
(P¼ 0.05) and regional historical divergence that could
have arisen during or after the Pleistocene population
expansion. Evolution of many other large African
mammals was also influenced by these climatic changes
(Arctander et al, 1999; Flagstad et al, 2001; Nersting and
Arctander, 2001; Muwanika et al, 2003a).
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Population expansion
Population size changes leave particular footprints that
may eventually be detected in DNA sequence data
(Tajima, 1989; Slatkin and Hudson, 1991; Rogers and
Harpending, 1992). The haplotypic relationships por-
trayed in both the neighbour-joining tree (Figure 3) and
statistical parsimony network (Figure 4) showed no clear
geographical structuring, except a few star-like clusters.
Lack of geographical structuring among haplotypes in
both the phylogenetic tree and statistical parsimony
network in Figures 3 and 4, despite significant subdivi-
sion among populations, is interpreted as the signature
of a young population. A relatively recent demographic
event, such as a population growth, causes most of the
coalescent events to occur before the expansion and,
consequently, samples of these populations have gene
genealogies stretched near the external nodes and
compressed near the root (star genealogies). This arises
because there is much less stochastic elimination of
lineages in a rapidly growing population (Avise et al,
1984).

Further support for hippopotamus population expan-
sion was provided by the smooth mismatch distributions
of mtDNA haplotypes observed in the whole population
and individual subspecies (Figure 5). Computer simula-
tions based on coalescent process provided statistical
support for the smoothness of the observed distributions
(as quantified by the raggedness indices). Although the
mismatch distributions of H. a. kiboko and H. a. capensis
are not very smooth on initial inspection, simulation of
the raggedness index confirmed that the observed
distribution for H. a. kiboko is essentially unimodal.
For H. a. capensis, the apparent lack of smoothness is
nonsignificant, which might be attributed mainly to the
small sample size as an unknown palaeohydrological
scenario could, quite probably, have shaped the southern
Africa region. The aquatic fossil record from this part of
Africa is still incomplete (Stewart, 2001), which therefore
makes it hard to clearly decipher the hydropalaeobiology
of this region. In general, it is known that a smooth
or bell-shaped frequency distribution of pairwise dif-
ferences between haplotypes is expected in a recently
expanded population because most alleles are descended
from one or a few ancestral types (Rogers and Harpend-
ing, 1992). If the mean and mode of the mismatch
distribution is low, the expansion occurred recently, and
if high, the expansion is more ancient (Rogers, 1995). The
distribution of mutation classes for the total sample and
individual subspecies reveal an excess of singleton
mutations relative to the frequencies expected under
stationarity and neutrality (Figure 6). Given the large
differences between the observed and the expected
frequencies of mutant classes, these observations are
consistent with recent population growth. Rapid popula-
tion growth leaves an excess of recent mutations or rare
alleles (Fu, 1997), and therefore is the most likely
explanation for the observation.
Past population expansion signatures, detected in the

effects on Fu’s Fs statistic, based on gene frequency
distribution of Ewens (1972), confirmed these inferences
about the population dynamics of the common hippo-
potamus. Negative and significant Fs statistical values in
the total sample and individual subspecies (Figure 6)
gave strong evidence of past population expansion
and ruled out genetic hitchhiking and background
selection, an evolutionary force producing patterns
similar to population expansion (Fu and Li’s
D*¼�3.191, Po0.01; and F*¼�2.668; P¼ 0.01). Positive
values of these statistics would have suggested that the
sequences were evolving non-neutrally in a pattern
consistent with background selection (Fu and Li, 1993).

Evolutionary and conservation implications
The first hippopotamus appeared about 2.5 million years
ago (Kingdon, 1989; Turner and Wood, 1993) and became
established by the Pleistocene, where fossil records show
their abundance (Coryndon, 1970, 1973). This period,
characterised by major climatic fluctuations and tectonic
movements, influenced the evolution of many large
mammals in Africa (deMenocal, 1995; Patridge et al,
1995). The common hippopotamus might have been
conscripted into a refugium somewhere in the range of
the current MFN population as indicated by the presence
of the most ancestral haplotypes in the statistical
parsimony network (Figure 4). Although it is difficult
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Figure 4 A statistical parsimony network showing relationships
between hippopotamus mtDNA haplotypes from eastern and
southern Africa. Haplotypes are represented as circles and squares
for ancestral ones. The minimum number of steps connecting
parsimoniously two haplotypes is indicated as a thick-black square,
and a filled-small circle represents an extinct or missing haplotype
that might have not been sampled. The size of the square or circle
and pattern assigned correspond to the haplotype frequency and
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to date accurately the expansion time from mitochon-
drial DNA data, we hypothesise the recent hippopota-
mus population expansion reported here was facilitated
by the Pleistocene overflow that caused an intercon-
nected network of lake and river systems in sub-Saharan
Africa (VanCouvering, 1982).

Geological evidence suggested considerable tectonic
and volcanic activity occurred in middle Pleistocene,
affecting climate and hydrology of this region (Stewart,
2001). Dramatic climatic changes created rain shadows in
most parts of Africa, drying major water bodies such as
Lake Victoria (Johnson et al, 2000; Beuning et al, 2002).
Many aquatic animals that inhabited Africa by then were
decimated, and a few however survived in river refugia,
for example, Cichlids (Seehausen, 2002; Verheyen et al,
2003). Terrestrial mammals such as impala (Aepyceros
melampus), greater kudu (Tragelaphus strepsiceros) and
wildebeest (Connochaetes taurinus) recolonised their cur-
rent range from southern Africa refugia (Arctander et al,
1999; Nersting and Arctander, 2001). The topi (Damaliscus
lunatus), hartebeest (Alcelaphus buselaphus) and common
warthog (Phacochoerus africanus) also had a southern,
eastern and for the two latter, additional western
regional refugia from where they expanded when
environmental conditions improved (Arctander et al,
1999; Flagstad et al, 2001; Muwanika et al, 2003a).

Prior to the existence of modern day Lake Victoria
drainage system and as cooling down from mid-
Pleistocene violent climatic cycles was occurring, rivers

were flowing east to west across Uganda, and possibly
into the Congo basin and the Atlantic Ocean (Cooke,
1958; deHeinzelin, 1964; Pickford et al, 1993). Upwarp
occurred in the Western Rift Valley, reversing the east–
west flowing rivers, flooding and hence creating Lake
Victoria. Overflowing of Lake Victoria occurred into the
Nile River System in the north (Pickford et al, 1993) and
Malagarasi river system in the south (Stager et al, 1986).
As in the case of Western Africa, there are many gaps in
palaeohydrology for the southern part of the continent
(Gasse, 2000; Holmgren et al, 2003) and very few reported
aquatic fossil records (Stewart, 2001). Although no direct
evidence suggests the southern part of Africa was
affected dramatically in the same way during the
Pleistocene as other parts of the continent (Stewart,
2001), the Zambezi, Okavango and Kafue rivers system is
thought to have formed an ancient major southern
drainage that connected the Congo system via Lake
Tanganyika and the east coast rivers (Bell-Cross, 1972;
Banister and Clarke, 1980). Overall, this proposed late-
Pleistocene hydrology network in sub-Saharan Africa
might have facilitated the rapid proliferation and wide
distribution of aquatic faunas like hippopotamuses as
suggested in this study.

When a population grows rapidly, genetic variation
will be accumulated and maintained and in the long
run will be beneficial to the success of the species (Su
et al, 2001). Recent population expansion and consider-
able amount of genetic variation within and among
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Figure 5 Mismatch distributions of mitochondrial DNA sequences of the common hippopotamus based on pairwise nucleotide differences in
the total population and subspecies. Solid lines in the curves indicate the expected distributions under expansion and dotted lines indicate
the observed distributions under population expansion. The raggedness statistics and corresponding P-values are given.
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fragmented hippo populations observed are encouraging
for the general genetic diversity status of this threatened
species. However, the positive effects of the past
population expansion inferred from this study are being
undermined by current demographic trends in hippo-
potamus populations, since their numbers are dramati-
cally declining and populations are becoming more
fragmented (Klingel, 1991; Lamprey and Michelmore,
1996; Eltringham, 1993, 1999). Discrepancy between
genetic and census data is because genetic patterns from
deep past events are robust to recent population changes
(Rogers, 1997). The significant differentiation observed
among most of our study populations indicate low levels
of gene flow among these remnants, which appears to be
a direct consequence of recent human-driven habitat

isolation. More conservation efforts should therefore be
put on these remnant populations to protect them from
further degradation. And since our findings corroborate
morphological subspecific differentiation as in Lydekker
(1915) and Grubb (1993), we support the recognition of
three hippopotamus subspecies analysed here as sepa-
rate management units with fragmented subpopulations.
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