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Asian elephants with longer tusks
have lower parasite loads
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The Hamilton and Zuk hypothesis' that the intensity
of male omamentation allows females to assess a
male's ability to resist parasites has been much
debated recently”'?. Much of the empirical work to
test this hypothesis has been with insect®, fish®®,
reptilian® or avian™ hosts. In a southern Indian
population, we show that the length of tusks of male
Asian elephants (Elephas maximus), corrected for
differences due to age, is significantly negatively cor-
related with intestinal parasite loads. The less aggre-
gated distribution of parasites in this elephant
population, as compared to other mammalian species,
indicates that ivery poaching may have already
selectively removed a significant proportion of para-
site-resistant individuals. Ivory poaching which targets
larger-tusked elephants may thus affect the health
status of the population.

FreeLanp' suggested that mate choice by females may
be related to parasites and pathogens carried by males,
Hamilton and Zuk' further developed the hypothesis that
host-parasite coevolutionary cycles might drive the evo-
lution of female preferences for extreme male displays.
Males carrying genes for resistance to parasites will be
healthier and in a better condition to develop expensive
secondary sexual characters. By preferring such males,
a female ensures 'good genes' for her offspring. Unlike
other ‘good gene’ hypotheses, however, the resistance
genes will be constantly changing since the parasites
are also evolving, and thus the system remains dynamic
maintaining the importance of female choice,

Negative correlations between parasite loads and
secondary sexual characters have been shown in inver-
tebrate; fish, reptilian and avian systems™”. In a mam-
malian system, Folstad er al.'! found that experimental
removal of parasites, through antihelminthic treatment,
in female reindeer (Rangifer tarandus) did not increase
antler length but increased antler symmetry. We have
examined the length of tusks in male Asian elephants
in relation to their intestinal parasite loads,

We have been studying the ecology of elephants in
southern India since 1980, Our study on mammalian
parasites'™'" was carried out in the Mudumalai Wildlife
Sanctuary, a 321 km® reserve which is part of a much
larger elephant range in southern India. The vegetation
in Mudumalai changes from tropical moist deciduous
forest in the west through dry deciduous forest to dry
thoen forest in the east, corresponding to a gradient in
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rainfall from 1800 mm to about 700 mm per annum.
The density of elephants in the reserve is abour 3
individuals/km® (ref. 18). As with most other reserves
in southern India, the elephants of Mudumalai have also
suffered from poaching of males for ivory'®. Consequently
the ratic of adult (>15 years) male to female has
changed from about 1:5 in 1981 to about 1:15 in
1996 (unpublished data).

Wild elephants at Mudumalai were sampled by col-
lecting fresh defecations during 1990-92 and 199495,
Elephants were identified, whenever possible, based on
the characteristics of their tusks, ears, tails and other
prominent marks, and photographs of side profiles were
taken for measuring (usk length. These elephants were
followed until fresh dung could be collected. The
approximate age of the animal was determined by its
estimated height, ear foldings, and thickness of the tusk
at its base'. The photographs were enlarged for better
resolulion, and the actual tusk length along the curves
determined by comparison to the height of the animals.

Densities of helminth propagules in the faecal samples
were determined by a quantitative modification of the
sedimentation flotation method, Parasite ova from
weighed quantities of dung samples were concentrated
by zine sulphate density gradient centrifugation and all
the ova floating to the top counted™ ', Elephants in the
study area showed a high prevalence of parasites as
compared to other herbivorous mammals of the study
area, although the species richness was low'”. The parasite
fauna was dominated by nematodes of the genera Quilo-
riia, Murshidia and Decrusia. The estimated faecal outpmt
of nematode eggs per day varied from zero to twenty
million. There was a significant difference in parasite
loads in the elephant population between seasons, with
the dry season loads being significantly higher than the
wet season loads (median loads of 25 and 9 respectively;
nl =39, n2=60, T=1547, p<001). Since the faecal
samples from bull elephants were also collected in
different seasons, the seasonal differences were controlled
by subtracting the seasonal and overall population median
difference from each of the samples.

Tusks grow throughout the life of a male Asian
elephant, although the rate of growth slows down after
30 years". We constructed a standard growth curve of
tusks (Figure 1} by the following procedure. For a given
population, the girth of tusks of an individual is known
0 be a reliable indicator of age'™™. The tusk length,
on the other hand, is much more variable. The relationship
between circumference of tusks at the lip line (TC) and
age (1 in years) is given by: TC =434 {[1-exp
[- 0.064t] } cm for Asian elephants in southern India'®,
We took measurements of tusk length (TL) and tusk
circumierence (TC) of 158 pairs of wsks from museum
specirnens and post mortem examinations of wild ele-
phants, After determining age from circumference, we
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plotted tusk length versus its estimated age (Figure 1).
The following equation offered the best fit to the data,
TL (cm)=-57 + 130 log ()

The deviation in tusk length of individual wild bulls
from the standard curve was plotted against the parasite
propagule densities (Figure 2). Faecal samples from 38
tuskers (> 10 years of age) representing at least 26
distinctly identified bulls were analysed. Two of these
identified bulls were sampled more than once. Some of
the unidentified bulls may have been different individuals,
while others may have been sampled repeatedly. A
significant negative correlation berween tusk length
deviation and parasite density was obtained using Ken-
dall's Tau (Tau=-0255, p<0.01). Statistical signifi-
cance is not lost by omirting data from repeated sampling
of identified bulls. Our analysis did not include mskless
bulls.

The correlation is compatible with, although not
necessarily a substantial proof of, the Hamilton and Zuk
hypothesis', Tusk growth may be affected by pgenctlic
as well as environmental variables and our data suggesi
that parasite loads may be one of the important factors.
One of the limitations of our data is that they represent
a one time sampling for parasite loads, which may not
reflect the real parasite burden experienced by the bull
during the entire period of twsk growth. It is also likely
that parasite loads during a certain age is more important
for tusk growth, We observed, however, that two of
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Figure 1. Tusk length in male Asian elephants a5 4 function of age.
An cquotion for the bess fit line wos obfained by fining 4 lincar
regression of tusk length on o log transform of ape (r=0.78) The
cquation gives a ¢urve on a lincar axis, This curve was used as the
expected tusk length for o given age class. The modal wsk length for
each age class is above this curve. A number of individuals hoving
substantially smaller tosks tend to pull down the best 0 line.
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the identified animals that were sampled repeatedly over
a period of five years showed much lower variation
(SD=11.0) in parasite propagule densities than the
population variation (SD=33.3). One time sampling of
other animals therefore can be considered fairly repre-
sentative.

Earlier works on parasite loads in relation to sexual
selection, have considered different types of parasites
including blood parasites'”, coccidians™, ciliates® and
gregarines’. These parasites multiply for several genera-
tions within the host body. Only certain types of parasites
can be involved in coevolutionary cycles, leading to
sexual showiness, Parasites ideally suited are of the
medium virulence. chronic type which are likely to
produce coevolutionary cycles long enough to create
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Figure 2. Correlation between tusk length deviaion (from the expected)
and parasite loads fn male elephants. a, Deviation from the best fit
line, &, Deviation from the modal sk length.

The extremes outlier on the right was o bull in meseh condition for
al least three wecks before sampling. The food intoke reduces con-
siderably during musth resulting in an apparent increase in density of
parasite ova. The negative correlation is significant including this
individial, A possible correction for susth condition will shift the
point to the left, strengthening the correlation further,
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average positive parent—offspring fitness correlations'.
Too short a cycle may produce negative corrclations,
while parasites that can multiply within a host individual
will probably evolve too fast and may not be suitable
for this model. The external life-cycle parasites such as
the visceral helminths, on the other hand, must have
life cycle stages outside the host that would invade any
host individual again. For such parasites, seleclive pres-
sures will operate to overcome not the genotype of an
individual host but the most prevalent genotype in the
host population. These are the parasites expected (o lead
to coevolutionary cycles of appropriate duration and
therefore should be the parasite group of choice.

Thomas ef al™ point to the possibility of a negative
correlation berween parasite loads and male showiness
being a fallacy. Parasitism can be negatively correlated
with host age while male showiness and female choice
covary positively with age. This bias is unlikely in our
data because we considered the deviation from expected
tusk length for a given age, and also because elephants
parasite loads in the study area did not vary significantly
with age. For a sample of 184 elephants of all ages
and both sexes tested during 1990-92 in the study area,
no relationship was observed between dung bolus dia-
meter (@ simple measure of age class) and parasite
loads'®.

The ecological and evolutionary role of tusks in ele-
phants is debatable. Tusks may play a role in obtaining
nutrition (debarking of trees, for instance), in defense
against predators, in male-male competition, and may
also act as a secondary sexual character influencing
female choice of mates. Even when both the sexes
possess tusks, as in the African elephant (Loxodonia
africara) or the extinct mastodon (Mammut americanum),
there is sexual dimorphism for sk size with the males
having larger tusks than do females of corresponding
age™. Beyond a certain size, the tusks may also become
a handicap (heavy, long tusks may slow the mobility
of the individual, while tusks which cross at their tips
may actoally hamper the use of the trunk in feeding).
The tusks can thus be potential candidates for Zahavi's
‘handicap principle’®, according to which females may
actually prefer males exhibiting a ‘handicap’, because
an exaggerated secondary sexual character which reduces
a male’s chances of survival also acts as a signal of
genetic quality. In elephants the question as to whether
females choose males with longer tusks still remains
unanswered. Female African elephants are known to
choose larger and older bulls™"" and older bulls generally
have longer tusks™® A similar choice may exist for
longer tusked bulls in a given age class. Our data show
that, while short-tusked males may have either low or
high parasite loads, the long-tusked males almost invariably
have low parasite loads. Females choosing long-tusked
males would thus ensure a parasite resistant mate,
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A negative correlation between tusk length and parasite
loads also has implications for conservation. The high
incidence of poaching of African elephants™*" and Asian
elephants'® in recent decades may thus have made impacts
more serious than just lowering total population sizes™
ar genetically effective population sizes"', causing
demographic changes, or randomly eroding the genetic
variation in a population. Ivory poachers tend to pre-
ferentially target elephants with longer tusks and in the
process may be selectively eliminating genes for resis-
tance to parasites or diseases from the population. Such
a process can be expected to affect the distribution of
parasite abundance among the host population.

Parasite distributions in a population are known to
be highly skewed with a large number of individuals
carrying few or no parasites and a few individuals
carrying large loads* ™. In the study area, other herbi-
vorous mammals such as chital (Axis axis) and sambar
(Cervus unicolor) showed typically skewed distribu-
tions'®. Parasite-free individuals constituted the modal
class in these species. There were very few elephants
in the parasite-free class (Figure 3). Elephant droppings
had a mean parasite propagule density of 19 as compared
to 7 of chital and 2.8 of sambar. The shift in the modal
class for elephants may not be just an effect of the
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Figure 3. Frequency distribution of faccal parasite propagule densities
in the elephant population, The line represents the fitted negative
hinomial distribution. Parnsite distribations are known 10 be generally
positively skewed, with porasite-free individuals forming the modal
class. In the case of our study population there is a distinet depression
in the parasite-free class, Selective removal of parasite-resistant genes
from the population, for several generations may result in such a
distribation.
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higher mean value. Two other mammalian hosts in our
study area, the omnivorous sloth bear (Melursus ursinis)
and the carnivorous dhole (Cuen alpinus), had
parasite-free individuals in spite of having much higher
mean parasite densities (130 and 45 respectively).

The positive shift in the modal class of parasite
frequency distribution in the elephant population may
well be the consequence of selective poaching of tusked
males (presumably larger tusked) in this class {parasite
resistant). When a negative binomial is fitted to the
parasite frequency distributions, the parameter k is rela-
tively low for chital (0.3-0.9 annual range), sambar
(0.4), sloth bear (0.4) and dhole (0.28). For elephants
the parameter k ranged from 0.5 to 183 in different
seasons. Higher values of k indicate less aggregated
distribution of parasites. Selective poaching for several
generations may be one of the reasons for the peculiar
distribution of parasites in elephants. A high degree of
aggregation is known to stabilize the host—parasite
dynamics™*, Populations with less aggregated distribu-
tions may become more wvulnerable to population
depressions from parasitic diseases. Moreover, with the
lpss of resistance genes from the population, species of
parasites which have existed in an endemic state of low
virulence for several generations may become a serious
health problem. The spate of ivory poaching that swept
through Africa and Asia in recent years has to be viewed
in this light,
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