





Elephants are commonly found in this landscape.
Time and date of culling: 16:00; 22.iv.1988. Weath-
er: windless; clear, blue autumn sky; temperature
+ 28 °C. No light-trap collection made.

Culling site 2

Langtoon dam area, northern KNP; landscape 23:
Colophospermum mopane shrubveld; is the largest
and most homogeneous landscape covering 10 % of
the KNP; consists of flat to concave plains with a
number of drainage channels often endinginmarshes;
woody vegetation is dominated by multi-stemmed
mopane shrubs 1-2 m in height; altitude 300-400 m
a.s.l.; summers very hot; rainfall 450-500 mm/annum.
Zebra and buffalo are found in the largest numbers;
elephant bulls are common, while breeding herds
occasionally move throughto otherlandscapes. Time
anddate of culling: 15:15; 24.iv.1990. Weather: wind-
less, clear blue sky; temperature 31 °C. Light-trap
operated from 17:00-22:00.

Culling site 3

Mooigesig dam area, northern KNP; landscape 12:
Colophospermum mopane/Acacia nigrescens sa-
vanna; covers 5,5 % of the KNP, topography rela-
tively flat; four rivers drain this landscape, while three
hot springs and a number of pans occur; vegetation
is an open tree savanna with occasional low shrubs;
grass cover dense; altitude 400-460 m a.s.i.; tem-
peratures a littte milder than in landscape 23, frost
seldom occurs; rainfall 500—-600 mm/annum. This
landscape is a preferred habitat for a variety of game,
with large numbers of zebra, buffalo and elephant
present. Time and date of culling: 14:50; 25.iv.1990.
Weather: windless, blue sky with much scattered
cloud, but sun shone throughout collection period
until 16:45; temperature 28 °C. Light-trap operated
from 17:00-22:00

Culling site 4

Masala koppie, 30 km west of Satara, central KNP;
landscape 5: see under culling site 1. Time and date
of culling: 14:45; 28.iv.1992. Weather: blue sky with
scattered cloud, periodic wisps of breeze; temper-
ature 31 °C. No light-trap collection made as strong
winds from the south began blowing at 17:30.

Culling site 5

Houtboschrand, north-west of Timbavati, central KNP;
landscape 6: Combretum species/Colophosper-
mum mopane woodland of the Timbavati area; covers
2,4 % ofthe KNP; topography undulating, and drained
by a number of tributaries of the Timbavati River;
vegetation on uplands open bush savanna with a
moderate shrub layer and dense grass cover; altitude
300-500 m a.s.l.; hot summer and cool winters with
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FIG. 1 Map of the Kruger National Park detailing elephant culling
sites 1-5, major rivers and camps
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frostan exception; rainfall 450-550 mm/annum. Habi-
tat suitable for sable antelope, elephant, buffalo, kudu
and impala, while zebra occur in small groups of
about six individuals. Time and date of culling: 14:30;
14.iv.1992. Weather: windless; clear blue sky; tem-
perature 32 °C. No light-trap collection made.

Elephant culling

As part of the KNP’s annual culling programme to
restrict the number of elephants to + 7 500 in the
20 000 km? national park, small family groups of
eightto 20 animals are randomly tracked down, round-
ed up by helicopter, and destroyed. This is done each
year during the autumn and winter months. Within
minutes after being drug-darted from the air, the ele-
phants are bled (throats severed) and disembow-
elled. Over the next 1-2 h various data pertaining to
their age, size and sex are collected, and the ele-
phants are thenloaded onto flatbed trucks to be taken
to the abattoirs at Skukuza. During the short period
the elephants lay in the field we examined as much of
the body of 14 elephants as possible for Culicoides
midges.

Collection of Culicoides

Behind elephant ears

Live Culicoides were collected off ears with a suction
pooter comprising a 50 cm rubber tube connected to
a 30 cm glass tube, the joint interrupted by a fine
gauze net preventing Culicoides from being swal-
lowed during collecting. After five to ten midges had
been collected, they were blown into a small bottle of
70 % ethyl alcohol. As elephants usually lie on their
side, only half the anatomy and one ear were exam-
ined; only at Mooigesig could both ears of one ele-
phant be examined as it had died on its haunches.
Owing to a shortage of collecting time, no effort was
made to establish exactly which part ofthe ear carries
the majority of Culicoides.

At intestinal dung

Soonafter culling all elephants are disembowelled. In
sixanimals a slit was made in the large intestine near
the anus to expose the fully jested bronze-col-
oured browse. These ruptures were monitored for
10-25 minand as many as possible of the Culicoides
seen attracted to the dung were collected with a
suction pooter. In two animals a slit was also made
higher up inthe small intestine to reveal a large amor-
phous mass of partly digested pale green browse in
the very early stages of fermentation. On each occa-
sion this “young” dung was monitored for 10 min.

Light-trapping

Immediately after the culling operation had been com-
pleted and all personnel had parted, light-traps
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were operated at the Langtoon and Mooigesig culling
sites. One commercially available New Jersey-type
down-draught trap equipped with an 8-W UV light was
run ateach site between 17:00-22:1 . Asmall genera-
tor was used to provide 220-V electricity.

Age-grading

Each and every Culicoides of a total of 4705 collected
behind ears, at dung and in light-tr s was identified
and sexed. All females were graded as either nulli-
parous, empty parous, gravid or freshly bloodfed, us-
ing the method of Dyce (1969).

Taxonomy

More than 500 males and females of the five Avaritia
species collected were slide-mounted in Canada bal-
sam and provide the data on which the discussion of
their taxonomy is based.

Finally, where we refer to a Culicoides species as hav-
ing been reared from the dung of el hants and other
herbivores, most of the information is drawn from
unpublished data accumulated by us inthe KNP over
the past seven years, and from miscellaneous find-
ings made elsewhere in South Africa.

RESULTS AND DISCUSSION

What is known about the wild-host preferences
of Afrotropical Culicoides?

Very little is known about the preferred wild hosts of
Culicoides in Africa south of the Sahara. It must be
appreciated that the collection of an unbiased sample
of such small, 1-mm-sized, primarily nocturnal midges
off Africa’s wild animals is difficult to achieve.

The host data that do exist reflect a strong veterinary
bias in that they nearly all originate from domesticat-
ed animals (Walker & Davies 1971; Nevill & Anderson
1972; Walker & Boreham 1976; Braverman & Phelps
1981; Nevill, Venter, Edwardes, Pajor, Meiswinkel &
Van Gas 1988). Besides these studies there are,
however, nine reports which in one way or another
deal with Culicoides and Africa’s endemic mammals,
but they either contain limited data resulting from
opportunistic collecting, or the data are slanted as the
host animals were either tamed or ept away from
their natural habitats in man-made environments.

In their introduction to a taxonomic study of 61 East-
African Culicoides species Khamala & Kettle (1971)
referto specimens received from Mr T.N. Kangwagye
that were collected off tame African buffaloes (Syn-
cerus caffer). This note is bestignored as the authors
do not name the Culicoides species involved, make
no further textual reference to these host records
and, furthermore, appear to have misquoted the data
assembled by Kangwagye (1973, 1974). The latter















TABLE 2 Culicoidesfemales attractedtot
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“testinal dung of six elephants disembowelled at three sites in the Kruger National Park, 1990~

1992

Site LangtoonDam | LangtoonDam | LangtoonDam | MooigesigDam | Masala Koppies| TOTAL
Date 24.iv.1990 24.iv.1990 24.iv.1990 25.iv.1990 28.iv.1992
Time 16:10-16:35 16:00-16:25 16:40-16:50 16:15-16:30 15:40-16:00
No. of elephants 2 1 1 1 1 6
Species: C. kanaga/
Nulliparous 0 0 0 1 0 1
Parous 0 1 0 1 0 2
Gravid 1 1 0 0 0 2
Bloodfed 0 0 o] 0 o] 0

1 2 0 2 0 5
TOTAL (3,2 %) (3,7 %) (4,2 %) (2,9 %)

+ 1 male
Species: C. sp. #54 p.f.
Nulliparous 0] 0 2 0 0 2
Parous 2 9 6 5 2 24
Gravid 26 42 5 41 22 136
Bloodfed o] 0 0 0 0 o]
TOTAL 28 51 13 46 24 162
(90,3 %) (94,4 %) (100,0 %) (95,8 %) (100,0 %) (95,3 %)

Species: C. loxodontis
Nulliparous 0 0 0 0 0 0
Parous o] 0 0 0 0 0
Gravid 2 1 0 0 0 3
Bloodfed 0 0 o] 0 0 o]

2 1 0 0 o] 3
oA (6.4 %) (1.9%) (1,8%)

LGRAND TOTAL 31 54 13 48 24 170

almost imperceptible breeze (exact windspeed un-
known but certainly <1 m/s). They would then fly
around actively and soon alight on the neighbouring
whitish intestine or on the dung itself. Most midges
would swiftly enter the crevasses in the dung, pre-
sumably to oviposit. With the use of a suction pooter
about 30 female Culicoides cov  be collected in 20
min. However, they were not easy to harvest, as most
of the females either entered the dung quickly, or
gripped firmly on to the wet areas. Still others had
alighted on blood on the ruptured intestine, where
they struggled to free themselves. A fourth category
consisted of those walking actively on the sun-dried
parts ofthe intestines, butthese were easily disturbed
andtherefore difficult to approach and collect by pooter.
During the 15-25 min of collecting a slight decrease
occurredinthe number of Culicoides visiting the dung,
but there was never a total absence. It appears,
therefore, that dung remains attractive to ovipositing
Culicoides for at least an hour.

At the Mooigesig and Masala sites a slit was also
made higher up in the small intestine of two elephants
to reveal a large amorphous mass of partly digested,
pale green browse in the very early stages of fermen-
tation (Fig. 5). This “young” dung was, on both occa-
sions, monitored for 10 min, but not a single Culicoides
was seen. This dung probably lacks the necessary

attractant volatiles that emanate from the darker and
more mature khaki-coloured dung that is found lower
down the intestine near the anus, where it is already
compressed into boli ready for evacuation.

Elephant dung, after being dropped to the ground, is
invaded within minutes by tens to thousands of ar-
thropods, principally larger Diptera and Coleoptera.
Their presence, especially duringtl  neight of sum-
mer, makes close observation difficult as they getinto
the eyes, nose and throat of the observer. From our
presentobservations, made during the autumn months
when insect activity is on the decline in the KNP, it
now seems evident that Culicoides midges are
amongst the first insects to arrive at dung, and there-
fore may also be amongst the first to leave. Quick
oviposition may be part of an evolutionary adaptation
enabling the now empty parous females to locate an
elephant before it, or the herd, has moved 100 m or
more. In this way the cycle of feeding behind the ear
can beginagain. The quick arrival of gravid Culicoides
at dung also implies that they must all the while have
been in close attendance to the elephants. As our
search has thus far failed to reveal gravid female
midges on any part of the anatomy of elephants, we
suggest that they most probably reside in a suitable
microhabitat in the vegetation, and will be stimulated
into activity only when the elephi pass in close
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TABLE 3 Comparisonof gonotrophi  :atus of Culicoides (all spe-
cies) from behind the ears and attracted to the intestinal
dung of elephants in the *" iger National Park, 1988—

1992

Gonotrophic status Behind ears Aftractedto

of Culicoides elephants intestinaldung
of elephants

Nulliparous 204 (39,9 %) 3 (1.8%)

Parous 293 (57,3 %) 26 (14,6 %)

Gravid 1 (0,2%) 141 (83,0 %)

Bloodfed 13 (25°" 0

Males 0 1 (0,6%)

TOTAL 511 171

proximity, in which case they v
to await the evacuation of dui .

follow the elephants

Table 2 gives the exact num
171 Culicoides of three specie caught live at dung.
Of these, three individuals (1, %) were nulliparous,
25 (14,6 %) were empty paro.., 142 (83,0 %) were
gravid, while one male (0,6 %) was captured. The
results are extremely interesti~7 in that they reveal
the age structure of this par f the population of
Culicoides collected to be dia.. atrically opposed to
the age structure of that part found at the same time
behindthe ears of elephants. These two samples are
compared in Table 3. As the clear majority of females
atdungwere gravid (83,0 %), it seems superfluous to
say that they were there to lay eggs. However, it may
be argued that these midges were visiting dung to
obtain moisture in an environment that is very dry at
this time of the year. But if thic 5 indeed part of the
survival strategy of Culicoides, ..ie would expect nul-
liparous females, and also males, to take part. Per-
haps the most cogent evidence against the argument
that these midge adults are at 3 dung solely to im-
bibe moisture, is that during stt  es done in the KNP
from 1985-1992,one ofus (R. ! iswinkel), rearedall
the presently tabled Avaritia species from elephant
dung, proving beyond doubt that this is the preferred
larval habitat of their immature stages. The 25 empty
parous females (14,6 %) captured at dung are prob-
ably individuals that had just ¢/ ipleted ovipositing.

From the data contained in T aoles 1-3 the adult
ecology of these five Culicoides species can broadly
be sketched as follows:

(i) After feeding behind the e
females

r and age status of

5 of elephants, the

(i) vacate this host to develc~ their ovaries in a
suitable microhabitat in the earby vegetation.

(iii) Oncefully gravid, 2-3 d late they may disperse
insearch of elephants; alter tively, they may be
stimulated into flight and egg-laying activity only
when elephants pass nearby.

Anelephant, or a herd, is then followed and eggs
are laid immediately dung is evacuated.
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(v) Within minutes the task of egg-laying is complete
and the now empty parous female Culicoides
leaves the dung to find an elephant that would
not have progressed more than = 100 m, and

(vi) whenthe midges once againfeedbehindthe ear,
the cycle is repeated.

The question remains as to how nulliparous female
Culicoides, newly mated and freshly emerged from
dung, locate their hosts. Though further research is
needed here, we surmise that host location by nulli-
pars is a fairly random exercise and that dispersion in
search of hosts may take place towards dusk when
local conditions, such as relative humidity, are more
conducive. Alternatively, as suggested above for grav-
id females, they may also rest in vegetation to await
the passing of elephants. Such strategies may be
considered far too disadvantageous for such tiny in-
sects, giving them little chance of success in a conti-
nent as large as Africa. However, elephants are “gre-
garious and live in family groups”, while a number of
groups “may coalesce to form herds” (Smithers 1983).
In the KNP the 7500 elephants comprise at least 22
clans, each clan having a distinct home range or
territory (A. Hall-Martin, unpublished data 1984; Whyte
1993). Depending upon the whereabouts and avail-
ability of watering points, elephants will criss-cross
this clan range in an almost predictable pattern. As
stated by Smithers (1983), elephants create “well
worn paths which are regularly used over many years
and are afeature of elephant country”. Itis certain that
theirdung willbe randomly dropped alongthese routes,
at feeding points and at watering holes. The exist-
ence of clan ranges thus leads to a build-up of co-
prophilic Culicoides species and also meansthatnewly
emerged midges stand a reasonable chance of mak-
ing contact with an elephant.

Similarly, if freshly engorged Culicoides abandon a
host after taking a bloodmeal to develop their ovaries
in the surrounding vegetation, it seems likely that a
good proportion of them, when fully gravid and ready
to lay eggs, will quite easily locate an elephant two or
three days later and follow it until dung is evacuated.
Grown elephants eat, on average, between 170 and
300 kg of green food per day (Moss 1976; Guy 1975,
cited in Smithers 1983), approximately half of which
will be dropped as dung daily. Dougall & Sheldrick
(1964), in Kenya, observed a ten-year-old elephant
male, weighing alittle over 1800 kg, to evacuate 75 kg
of dung in 12 h (diurnal). Coe (1972), also in Kenya,
observed a ten-year-old captive elephant, over four
days and three nights, to evacuate an average of
100,36 kg every 24 h. He found that the time be-
tween each defaecation for four age groups of ele-
phantsvaried from 1,41—1,91 h, and this revealed “no
significant difference between the grouped rates for
day and night, suggesting that digestive activity and
perhaps feeding do not change appreciably”. Such a
consistent rate of defaecation means that within each
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TABLE5 Langtoon Dam elephant culling site, KNP; anaiysis of species and age-grading of Culicoides caughtinlight-trap, 24.iv.1990

Culicoides species Fem s
— Males TOTAL %
Nullipar Parous b/f J Gravid

C. loxodontis* 206 199 1 322 27 755 47,04
C.sp. #54 p.f* 391 63 1 247 40 742 46,23
C. kanagai* 9 4 0 20 2 35 2,18
C. tororoensis* 6 9 0 13 1 29 1,81
C. imicola 1 1 0 13 0 15 0,93
C. bolitinos 0 5 0 7 0 12 0,75
C. sp. #50* 5 6 0 0 0 11 0,68
C. ravus 1 0 0 1 0 2 0,12
C. pycnostictus 1 0 0 1 0 2 0,12
C. kobae 0 0 0 1 0 1 0,06
C. leucostictus 0 0 0 0 1 1 0,06
TOTAL 1605

*Culicoides species caught behind elephant ears and reared from their dung

inabundance between the “dung” and “groundwater”
groups of Culicoides in dry, open bushveld warrants
brief comment:

1. The light-trap catches were dominated by the
same five Avaritia species found live behind the
ears and at the dung of culled elephants, i.e.
89,8 % at Mooigesig and 97,9 % at Langtoon.
Similarly 96 % ofthe 250 males foundinthetraps
also belongedto these species, proving thatinthe
preceding weeks elephants had been residentin
the area and had dropped fair amounts of dung.

2. Oftheremaining 16 species caughtin light-traps,
15 (6,24 %) rely solely on groundwater for their
larval habitat, and include C. imicola (1,96 %).
Their low prevalence is probably the result of
limited breeding sites in predominantly dry bush-
veld, this rarity perhaps exacerbated by a feed-
ing preference for other hosts. Two aspects of
the biology of the “groundwater” species restrict
their ability to disperse widely or rather, once
dispersed, would prevent them from establishing
viable populations in a new locale. The firstis the
utter dependence of the immature stages on
moist habitats such as found on the edges of
rivers, dams and marshes. Secondly, in these
situations, the adults wouidin alllikelihood obtain
their required bloodmeals as there is an assured
and varied biomass of game that visits daily be-
cause of their reliance on water. For this reason
it seems unnecessary for “groundwater” Culi-
coides to disperse widely from their riverine habi-
tats. However, if they should, it is probable that
the mortality rate amongst gravid females would
be high because of the distances involved to
locate suitably moist oviposition sites in large
expanses of dry bushveld. There is no evidence
that “groundwater” Culicoides species will utilize
animal dung as an alternative larval habitat.

It is untrue that the relative scarcity of this “ground-
water” group in the present collections is due solely
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to their populations being low during the autumn
months of the year, or to their not being attracted to
light-traps. Much unpublished light-trap data collected
by us overthe years reveal that most ofthese species
can be abundant at any time of the year, but mostly
along the larger sand rivers such as the Luvuvhu,
Shingwedzi, Letaba, Olifants and Sabie (Fig. 1), and
that their numbers decline as one collects further
away from water into the drier bushveld.

As regards the coprophilic Avaritias found in the light-
trap collections, itis sufficientto note that C. loxodontis
and C. sp. #54 p.f. are amongst the most abundant
species of Culicoides found in the KNP, and that C.
kanagai, C. tororoensis and C. sp. #50 are always
caught in light-traps, or reared from dung, in low
numbers. In fact, the highest numbers of C. kanagai
yet collected in the KNP are the 200 females pres-
ently recorded from behind elephant ears at Mooigesig.

As already indicated elsewhere, explanations for the
differences observed in the prevalence and abun-
dance patterns of these five elephant-dung-inhabit-
ing Avaritia species require further investigations into
their bionomics. Light-traps are too one-sided in the
data they provide and, for obvious reasons, would
help little to establish whether a particular species is
more diurnal than nocturnal in its habits. Further-
more, they cannot clarify why some species persist at
such low population levels. Species may also be rare
because they cannot tolerate the predominantly dry
conditions that persist in the KNP, and if there are
indeed preferences in terms of climate, it needs to be
recognized thatthe KNP may be too small and homo-
geneous a fragment of Africa to enable us to fully
probe suchtrends. In addition, the severe depletionin
numbers of the African elephant and the fragmenta-
tion of its distributional range into ever smaller en-
claves throughout the continent would further com-
plicate such investigations. Taking the argument in
another direction, one may also ask: in the process of



maintaining a constant number 7 500 elephants on
2 000 000 ha, and in preventing them from moving
further afield, is Man not crea g unnaturally high
populations of some elephant-associated Culicoides?
There is much unpublished data indicating that when
Man maintains large numbers of domestic stock in
confined spaces, and irrigates pastures and builds
dams, he works against those natural laws that use
animal migration and drought cyclesto suppress esca-
lating parasite populations.

Taxonomy

All five species of Culicoides found on elephants and
reared fromtheir dung, belongtothe subgenus Avaritia
Fox, 1955. This subgenus comprises some 70 species
worldwide; these fall into ten or more groups, at least
six ofwhich occurinthe Afrotropical Region (Meiswinkel
1991). However, taxonomic understanding of the sub-
genus is far from complete; more  an half the African
species still need to be described, and the six species
groups to be defined. Until this is done we restrict
ourselves to only briefly discussi  each species be-
low.

1. C. kanagaiKhamala & Kettle, 1971, has on afew
occasions been reared from elephant dung. It is
rarely caught in light-traps, and, in fact, the larg-
est numbers taken are those herein reported
from behind elephant ears. C. kanagai was origi-
nally described from two females from Kenya;
later both sexes of C. kanagai were described
and brief notes given onits ¢ ribution and biol-
ogy in the KNP (Meiswinkel 1987). However,
there is still some doubt as to its taxonomic sta-
tus as it is very similar to C.  'syops (Clastrier,
1958), described from a single male from the
Niokolo-Koba National Park, Senegal.

2. C tororoensis Khamala & Kettle, 1971, is another
species rarely caught in light-traps and it has, on
afew occasionsonly, beenrearedin low numbers
from elephant, zebra and wh  rhinoceros dung
(R.Meiswinkel & H. Nevill,unp  isheddata 1985—
1992). Glick (1990) placed C. tororoensis in syn-
onymy with C. gulbenkiani Caeiro, 1959, but our
unpublished data indicate that these are two valid
but closely related species that need to be re-
examined both biologically and taxonomically.
Dyce & Marshall (1989) reared C. gulbenkiani
from elephant dung in the KNP but probably had
C. tororoensis before them.

3. C. loxodontis (Meiswinkel 1992) is a member of
the Imicola group that can be abundant, and also
appears to be exclusively associated with the
African elephant. Certain aspects of its biology
and geographic distribution were touched upon
during its recent description.

Because C. loxodontis is m¢  hologically very
similartoC. imic  t setwo species can easi-
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ly be misidentified. However, while they may
occur sympatrically, major differences in their
larval habitat—and most probably host prefer-
ences—have meantthatthese two species have
never been found to be co-dominant at any site
in South Africa.

C. sp. #54 sensu lato (s.1.) is common and wide-
spread inthe KNP. It consists of two species very
closely related taxonomically. These have been
provisionally dubbed as C. sp. #54 pale form
(p.f.) and C. sp. #54 dark form (d.f.). Morpholo-
gically, they differ in that the latter is generally
smaller and has a darker wing pattern. They also
differ in aspects of their biology (R. Meiswinkel,
unpublished data 1985-1992) and pupal morphol-
ogy (H. Nevill, unpublished data 1991). C. sp.
#54 p.f. appears also to be exclusively associ-
ated with the elephant, and has been reared in
large numbers from its dung. The dark form,
however, has been reared from a variety of dung
types including elephant, zebra, white and black
rhinoceros (R. Meiswinkel, L.E.O. Braack & H.
Nevill, unpublished data 1985-1992). Dyce & Mar-
shall (1989) reared C. sp. #54 (s.1.) from elephant
and zebra dung, and while their series  om ele-
phant dung might have included both forms, that
from zebra would probably have been only the
dark form. Taxonomically C. sp. #54 (s.l.) isclose-
ly related to C. kanagai, the major difference
beingthatthe former has strongly patterned wings
whereas the latter possesses two pale spots
along the costal margin only.

The fifth and last species found behind elephant
ears, C. sp. #50, is a small member of the Graha-
mii group. It is uncommon in light-trap collec-
tions, and has on only a few occasions been
reared from elephant dung in the KNP. Here itis
important to re-examine the note made by de
Meillon & Hardy (1953) that they had seen “sev-
eral females of C. grahamii from under an ele-
phant’s ear” from Entebbe, Uganda. They were
“forwarded ... for identification to Dr O. Fiedler of
Onderstepoort”. This note prompted usto search
through the original manuscript of Fiedler’'s 1951
revision of 22 South African Culicoides species.
In it a page of drawings was found, labelled: “Cu-
licoides species from ear of elephant, Uganda.”
The sketches show two views of the female palp,
one each of spermathecae, apex of hind tibiaand
the lengths and outline of the distal four seg-
ments of the antenna. Although these resemble
C. sp. #50,to be expected asthey are both mem-
bers of the Grahamii group, Fiedler's measure-
ments of the antennal segments do not tally at all
with those of C. sp. #50. One of us (R. Meiswin-
kel) is aware of other undescribed species be-
longingtothe problematical Grahamii group, and
itis possible that one of these may be associated
with elephants further north in equatorial Africa.
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It is p-~Hable that the species recorded by de
Meillo «Hardywas not C. grahamiisensu stricto
(s.s.), as this species is known to be strongly
anthropophilicin Central and West Africa. ltis also
true that females of the Grahamii group are par-
ticularly difficult to identify as, between species,
there are only minute differences in the wing pat-
tern. Ultimately, accurate identification of species
of this group depends strongly on detailed exami-
nation of the various sensillae found on the anten-
nae of both sexes, and the male genitalia.

CONCLUSIONS

Studies in the Kruger National Park, South Africa,
show that five species of Culicoides of the subgenus
Avaritia require the blood and dung of elephants to
complete their life cycles, and that ~ ey will also feed
inbroad daylight. One consequenc  sthatthe midges
will be found wherever elephants  cur, and, in tan-
dem with pachyderms, will penetrate even the driest
tracts of savanna where they can comprise up to
90 % of all Culicoides captured in light-traps.

Itistherfore reasonable to deduce thatthe geographic
distribution of all coprophilic Avaritias inthe Afrotropical
Region will be found to mimic the movement of those
animals that produce copious quantities of dung; the
latter would include elephants, rhinoceroses, buffa-
loes, cattle, zebras, horses and wildebeests. This
union between midge and mammal not only gives the
relevant Culicoides a unique dispersal capability, but
also brings them into play as potential vectors of
disease. As regards the elephant, certain studies
indicate it to be a possible reservoir host for African
horsesickness virus (Mirchamsy & Hazrati 1973;
Davies & Lund 1974; Erasmus et al. 1976; Davies &
Otieno 1977, Binepal et al. 1992).

This host-mediated dispersal of Culicoides invites us
to re-examine the statement by Hess (1988) that “itis
unlikely that the host animals of C. imicola are in-
volved in their dispersal over any more than relatively
short distances”. This may be soin the farming arena
where sedentary domesticates facilitate the build-up
of large foci of C. imicola, but while the need for any
long-distance flights is obviated in such situations,
the converse appears to be true for species like C.
kanagai, C. tororoensis, C. loxodontis, C. sp. #54 p f.
and C. sp. #50 which havetobeint samelocaleas
their roaming hosts. Unfortunately o little is known
about the dynamics of this association to establish
what distances are involved, what the midge mortality
rates are, and what influence seasonal and climatic
fluctuations have on their populations. In addition, the
confinement of herds in national parks will also neu-
tralize the negative impact that animal migrations and
long-term droughts probably have on dung-inhabiting
Culicoides, and may, instead, lead to an increase in
their numbers. Whatever the realities it remains true
that coprophilic midi,  are wides, 1id and can be
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both abundant and dominantin areas where “ground-
water” Culicoides, including C. imicola, are virtually
absent.

This association between a midge and a host also
partly undermines the hypothesis that each season
infective Culicoides need to be transported on the
wind to cause disease outbreaks in distant places as
was suggested for bluetongue in Malawi (Haresnape,
Taylor & Lungu 1988). Hosts with attendant Culicoides
could ensure that a cycle of orbivirus infection is
maintained year-round whatever the movement pat-
terns of the hosts are.

Most of the seven species of the subgenus Avaritia
treated here are poorly understood taxonomically,
and so will be confused with other apparently better
known African species, e.g. C. loxodontis as C. imico-
la, C. tororoensis as C. gulbenkiani,and C. sp. #50 as
C. grahamii. While the taxonomic differences be-
tween each species pair at first glance appear negli-
gible, there are major differences in their bionomics.
This has interesting and important implications as
regards the epidemiology of certain viral and filarial
pathogens.

If elephants do play a role in the epizootiology of
African horsesickness, as has been mooted by sev-
eral studies, it now seems probable that other Avaritia
species besides C. imicola would be involved in the
transmission of this virus.
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