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FIG. 2 C. (Avaritia) imicola. Wing, female: indicating important diagnostic characters (p.c.s. = pale costal spot; d.c.s.=dark costal spot)
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FIG. 3 C. (Avaritia) imicola. Eyes, female
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the length of ITII-X also measured as a unit; elsewhere the
antennal segments were individually measured (as in
Lane, 1981; 1984), i.e. omitting the membranous inter-
segmental connectant. The measurement of the entire
palp will also be seen to differ from the totalled mea-
surements of the individual segments. This is because
segments | and II diagonally overlap where they articu-
late (Fig. 7,8). In Tables 1 and 3 the chaetica counted on
the female and male antennae do not include the single
chaetica always found apically on segment XV in all
species of Culicoides; these counts concern themselves

only with those chaetica found at the base of a segment.
In the male the individual segments comprising the
antenna were only measured in 1 specimen of each
species as the segments may on occasion be incomple-
tely fused. Greater emphasis was placed on measuring
the female segments as it is this sex which is primarly
encountered in collections. The wing photographs were
ﬁrepared from slide-mounted specimens by Mr Ian

o;er (22 Langer ave., Dolans Bay, New South Wales
2229, Australia). Fig. 2 is a drawing of the female wing
of C. imicola labelled to clarify the termirelogy used in
the present study. Illustrations of the male genitalia have
the left basimere showing dorsal setation and spicula-
tion, with the right basimere repres‘anting1 the ventral
view. Illustrations of the antennac have those sensilla
occurring ventrally drawn with broken lines. T-tests
(two-tailed) were performed only on the female palpal
and antennal measurements data to establish where the
most significant differences existed between the 2
species.

RESULTS

Culicoides (Avaritia) imicola Kieffer 1913
(Fig. 1-3,5,7,9, 11, 13, 15, 17, 19; Table 1-7)
Culicoides imicola Kieffer 1913: 11. Kenya.

Culicoides pallidipennis Carter, Ingram & Macfie 1920:
265. Ghana.

Culicoides pallidipennis Carter, Ingram & Macfie;
Fiedler, 1951: 30. South Africa.

Culicoides iragensis Khalaf 1957: 343. Iraq.

Culicoides pallidipennis Carter, Ingram & Macfie; Clas-
trier, 1958: 194. Senegal.

Culicoides pallidipennis Carter, Ingram & Macfie;
Nagaty & Morsy, 1959: 71. Egypt.

Culicoides minutus Sen & Das Gupta 1959: 622: Dyce &
Wirth, 1983: 221. India.

Culicoides pallidipennis Carter, Ingram & Macfie;
Caeiro, 1961: 230. Angola.






Culicoides pseudoturgidus Das Gupta 1962: 538; Dyce
& Wirth, 1983: 223. India.

Culicoides pallidipennis Carter, Ingram & Macfie; Kha-
mala & Kettle, 1971: 41. Kenya, Uganda and Tanza-
nia,

Culicoides imicola Kieffer; Krémer, 1972; 648. Redes-
cription.

Culicoides imicola Kieffer; Boorman & Dipeolu, 1979:
31. Nigeria.

Female (Fig. 1-3,5,7, 9, 13; Table 1-7)

Head. Eyes (Fig. 3); bare, contiguous for a distance of
between 1 and 2 facets. Antenna (Fig. S, Table 1, 2, 3,
4, 5 and 7) slender, basal segments IV-X barrel-shaped,
distal segments XI-XIV faintly vasiform narrowing per-
ceptibly subapically, XV nearly parallel-sided only nar-
rowing apically; lengths of antennal segments III-XV:
37,4-24,4-24,2-25,9-27,1-26,9-27,3-29,8-41,3-43,
4-44,1-44,3-70,8 um (n=25); total length of antenna:
435,0-494,5 mean 466,0 um (n=25); widths of anten-
nal segments II-XV: 27,6-21,6-18,0-18,0-16,8-
16,8-15,6-15,6-16,8-16,8-16,8-16,8-18,0 um (n=1);
AR 0,95-1,10, mean 1,01 (n=167); sensilla coeloconica
present on segments III, XII-XV in 92,5 % of antennae
examined (n=172), see Table 2 for deviations from the
norm,; sensilla chaetica distribution on segments INI-XV
was 5-3-2-3-2-3-2-3-0-0-0-0-0 (n=172) in 95 % of
antennae examined, see Table 3 for deviations from the
norm; sensilla trichodea distribution of the LLc type i.e.
each of segments IV-X with 2 long and 1 short blunt-
tipped trichodea, segment IIT with only 2 long blunt-
tipped trichodea (n=172); AR 1,59-2,27, mean 1,86
(n=173); segments XI-XV each with 9_23 sharp-tipped
sensilla trichodea of varying lengths and thicknesses as
also 1-9 short blunt-tipped basiconica per segment; each
antennal segment is uniformly clothed throughout with
fine spiculae. The distributions of the sensilla coeloco-
nica, chaetica and trichodea appear in Table 1. Palp (Fig.
7; Table 6): of a moderate length, slender, light brown
throughout, lengths of palpal segments I-V:
18,96-54,24-46,85-30,64-26,97 (n=l6g)t;[le total length
165,6-182,4 um, mean 176,06 wm (n=25); Il moder-
ately long and slender carrying only 3—4 rather short
chaetica, with a small, round and shallow subapical pit
with opening about half the width of segment in dia-
meter, margin of pit smooth; PR 2,40-3,38, mean 2,86
(m=172); PH ratio 1,01-1,22, mean 1,07 (n=20);
mandible with 12-16 fine teeth (n=42). Legs brown
with fore and middle femora narrowly pale basally and
subapically; hind femora brown, only narrowly pale
basally; all tibiae brown with a distinct narrow subbasal
pale band, only hind tarsi also narrowly pale apically;
TR 1,52-1,76, mean 1,64 (n=100); comb on apex of
hind tibia with 5 spines, the 1st being the longest and
only slightly longer than the 2nd. Wing: (Fig. 2,9):
length 0,92-1,17 mm, mean 1,06 (n=150); breadth
0,43-0,61 mm, mean 0,52 mm (n=100); CR 0,54-0,59,
mean 0,56 (n=100); macrotrichia scanty, confined to
distal 3rd of wing in cells Rs, M, and M, only; microtri-
chia dense and coarse. Dark pattern of wing grey, pale
areas white to yellowish well-defined but irregularly
shaped; 2 radial cells, proximal % of 1st and distal
%-2/3 of 2nd cell pale. The more important species-spe-
cific wing pattern characters are: (i) pale costal spots 2
and 3, those that cover the r—m crossvein and distal % of
2nd radial cell respectively, are rather broadly separated
by a dark area below the radial cells, (i) distal or 4th
pale costal spot in cell R; broadly abuts wing margin and
always has its proximal margin moderately to fairly
strongly pointed, and (iii) entire posterior margin of vein
M, dark, anterior margin is dark for proximal 2/3 but
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distal 1/3 is more or less equally divided into a pale
preapical section which touches and occasionally strad-
dles vein M,, followed by an equally broad dark distal
section which always leaves the apex of veing M,
broadly dark. Abdomen (Fig. 13): 2 moderately sclero-
tized slightly unequal spermathecae present, measuring
50 X 39 um and 39 X 34 um; both are round and
entirely devoid of small hyaline punctations, with short
parrow pigmented necks; rather small narrow rudimen-
tary SrJ) spermatheca present measuring 18 X 8 um;
sclerotized ring on common spermathecal duct cylindri-
cal, smooth end parallel-sided, a little longer than broad,
less than half the length of the rudimentary spermatheca;
sclerotization surrounding the oviduct as shown in Fig
13. Thorax light brown in alcohol; scutellum with 1
median bristle and 1 shorter bristle on each corner in
85/87 specimens, remaining 2 specimens differed in hav-
ing 2 median bristles.

Male(Fig. 11,15, 17, 19; Table 1 & 7)

Head. Eyes bare. Antenna (Fig. 15, Table 1): plume
rather sparse, appressed, plume fibrillae light brown,
almost completely encircle medianally each of segments
IV-XII in a regular whorl; these segments with very few
spiculae, distal segments XIII-XV densely and evenly
clothed with spiculae; lengths of segments IM-XV:
62,4-36,0-36,0-38,4-38,4-38,4-38,4-38,4-36,0-33,6
—88,8-67,2-91,2 um (n=1); sensilla coeloconica
distribution: 96 % with 2 on segment I1I, 98 % with 1 on
XII, 98 % with 1 on XIV and 96 % with 2 on XV
(n=50); sensilla chaetica distribution: 5 of varying
lengths and thicknesses on III, 2 (rarely 3) basally (1st
long and robust, 2nd shorter and weaker) and 1 media-
nally (though very slender is 1% X longer than segment)
on XIII, 2 basally (both weak but of different lengths) on
XIV, none basally on XV only 1 apically; sensilla tricho-
dea distribution on segments I-XII: II with 2 long
blunt-tipped trichodea, segments IV-VI with 2 long and
1 short blunt-tipped trichodea; segments VII-IX with 1
long and 1 short blunt-tipped trichodea, segment X with
1 short blunt-tipped trichodea only, segments XI and XII
lacking trichodea (n=25). The distributions of the sen-
silla coeloconica, chaetica and trichodea appear in Table
1. Wing: (Fig. 11). Abdomen. Genitalia (Fig. 17, 19):
tergum 9 (Fig. 17) square, fractionally waisted media-
nally, finely spiculate throughout except for narrow
strips of the anterior and posterior margins being bare,
bearing 11-19 chaetica of different lengths, mean 15
(n=45); apicolateral processes are replaced by thin, hya-
line flanges these lacking spiculae but each carrying a
single fine, rather short chaetica issuing from the inter-
face that comprises the base of the flange and the adjoin-
ing spiculate fringe where the concave body of the ter-
gum commences; the posterior margin of tergum which
separates these flanges i].;glently concave and without
median indentation or infuscation; 2 well-developed
cerci (Fig. 19), each adomed with long spiculae and 2
long and 2 short setac apically, protrude well beyond
posterior margin of tergum (Fig. 15,)1.;0 sternum 9 (Fig. 19)
with moderately deep excavation, membrane within the
excavated area can be sparsely to rather strongly spicu-
late the excavated area bearing from 8-145 spiculae,
mean 47 (n=50); basimere with dorsal and ventral spicu-
lae and chaeticae as illustrated (Fig. 19), basimere 2,4 X
as long as broad with basal infuscate collar and well
developed dorsal and ventral roots of the form typical for
the subgenus Avarifia. Distimere 0,8 X length of
basimere, rather stout, gently curved and broadly blunt-
tipped; basal half spiculate and carrying 6 bristles of
varying lengths and thicknesses, ¢ apex ' '
about 5 very short, fine tactile sensiua. ncueagus (rig.
19) narrow shield-shaped, slender and 0,9 x length of
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TABLE 1 Lengths (12m) of segments and mean distributions of sensillae on the male and female antennae of C. (Avaritia) imicola and C. (A) bolitinos sp. nov.

Antennal segments
_ ol v \% VI viI vl IX X XI XII X1 XIv XV
C. imicola
Female:
Sens. coeloconica 3 0 0 0 0 0 0 0 0 1 1 1 1
Sens. chaetica 5 3 2 3 2 3 2 3 0 0 0 0 0
Sens. trichodea LL Llc LLc LLc LLc LLc Llc LLc — — — — —
Lengths of segments 374 24,4 242 259 27,1 26,9 27,3 29,8 41,3 434 4,1 443 70,8
Male:
Sens. coeloconica 2 0 0 0 0 0 0 0 0 0 1 1 2
Sens. chaetica 5 0 0 0 0 0 0 0 0 0 3 2 0
Sens. trichodea LL LLc LLc LLc Lc Lc Lc c - — — — —
Lengths of segments 62,4 36,0 36,0 384 38,4 384 38,4 384 36,0 33,6 88,8 67,2 91,2
C. bolitinos
Female:
Sens. coeloconica 3 0 0 0 0 0 0 0 0 1 1 1 1
Sens. chaetica 5 3 2 3 2 3 2 3 0 0 0 0 0
Sens. trichodea LL LLc LLc LLc LLc LLc Llc LLc — — — — —
Lengths of segments 354 22,4 22,5 24,0 25,3 25,1 25,8 28,1 39,2 39,7 39,8 39,7 66,8
Male:
Sens. coeloconica 2 0 0 0 0 0 0 0 0 0 1 1 2
Sens. chaetica 5 0 0 0 0 0 0 0 0 0 3 2 0
Sens. trichodea LL Llc LLc Llc Lc Lc Lc c — — —_ — —
Lengths of segments 55,2 31,2 31,2 31,2 31,2 31,2 31,2 28,8 28,8 28,8 72,0 62,4 76,8
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No. of antennae examined 172 172 172 172 172 172 172 172
C. bolitinos
0 — 56 56 55 — — — —
1 — —_ —_ 1 56 56 56 55
2 — — — — 1
3 56 — —- — — — — —
4 _ — - — —_
No. of antennae examined 56 56 56 56 56 56 56 56

TABLE 3 Number and frequency of chaetica present on each of female antennal segments III-XV

nov.

of C. (Avaritia) imicola and C. (A.) bolitinos sp.

No. of chaetjcg per Antennal segments

segment C. imicola m | v | v |[vi|lve [vim| x [ x |x |xo [xm |[xiv | xv

0 — — — —_ — _— — —_ 168 172 171 172 172

1 — — 1 —_ —_ — 1 —_ 1 —_ 1 — —

2 — — 160 —_ 168 -— 167 5 —_ —_ — — —

3 — 152 11 161 4 155 4 157 — — —_— — —_

4 3 17 — 11 —_ 16 — 10 — —_ — - e

5 154 3|~ | = | = 1 |- |- | == 1= |= 1=

6 14 — — — — —_ — — — — — — —

7 1| — | = | = | = = |=|=1]1=1=1]1<=1=/1=

No. of antennae examined 172 172 172 172 172 172 172 172 172 172 172 172 172

C. bolitinos

0 — — — —_ —_ _ —_ — 58 59 59 59 59

1 — | = 1| — | — | = | = | = 1| — | - | = | =

2 — 1 58 | — 59 | — 58 1 |- | - | = | - | =

3 — 56 | — s9 | — 59 s -1 — 1= 1= | =

4 2 1 |- | = 1= |=|=1=|=1-=1-= - | =

5 54 1 | — | - | == 1= |=|=|=|=1=1-=1==

6 3| — | = | = | = | = — |- - | = |- 1=

No. of antennae examined 59 59 59 59 59 59 59 59 59 59 59 59 59

basimere; basal arch convex with only lateral margins
slightly infuscate, distal margin of arch reaching to
nearly 0,25 X length of aedeagus; lateral margins
smooth and convex, darkly but narrowly infuscate and
converging distad to end in a hyaline, round-tipped,
parallel-sided terminal projection the base of which pro-
Jects anteriorly into median area of aedeagus in the form
of a raggedly infuscate ‘‘peg’’. Parameres (Fig. 19)
separate, nearly touching medianally from where they
diverge anteriad and posteriad at 45°, posterior halves are
as 2 convex almost hyaline blades initially stout but
tapering smoothly to sharp, simple, erect tips.

Slide material used in redescription

South Africa: 83 53 J'J, Onderstepoort,
Transvaal. April-May 1986, 1.T.P. Pajor, re from
drainage furrow overgrown with Kikuyu grass using in
situ tent-type emergence trap.

Additional slide material examined

Transvaal: 5 Q9 27 G, Honeydew, northern Johan-
nesburg, M. Wasserthal, black light, dates as follows: 3
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QQ20JJ 8. 1. 1984; 1 ' 14.11. 1984, 2 R 6 T
25. III. 1984.

1 @ 1 J, farm Krugerspan, Sentrum, north-western

Transvaal, Q@ 21. IV. 1987, ' 13. V. 1987, M. Ras,

black light.

1 &, farm Apél, Sekhukhuneland, central Transvaal, 6.

II. 1979, R. Meiswinkel & K. Newberry, white light on

edge of sand river.

2 99 1 &, Makonde, Vendaland, northern Transvaal,

2:13.' . 1980, R. Meiswinkel, black light on edge of

vlei.

1 ', Eiland mineral baths, north-eastern Transvaal, 2.

III. 1984, R. Meiswinkel, black light on edge of vlei.

%_O", Bergpan saltworks, Soutpansberf district, northern
ransvaal, 5. IX. 1984, R. Meiswinkel, black light.

2 J'd, Tshipese mineral baths, northern Transvaal, 4.

III. 1984, R. Meiswinkel & J. E. Randall, black light on

edge of vlei.

1 @, Mooketsi, northern Transvaal, 10. II. 1980, R.

Meiswinkel, black light.
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. 13 C. (Avaritia) imicola. Genitalia, female: spermathecae and sclerotization surrounding gonopore

. 14 C. (Avaritia) bolitinos sp. nov. Genitalia, female: spermathecae and sclerotization surrounding gonopore
. 15 C. (Avaritia) imicola. Antenna, male: segments XI-XV on left, segments [II-X on right

. 16 C. (Avaritia) bolitinos sp. nov. Antenna, male: segments XI-XV on left, segments III-X on right
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FIG. 17 C. (Avaritia) imicola. Genitalia, male: tergum IX
FIG. 18 C. (Avaritia) bolitinos sp. nov. Genitalia, male: tergum IX

1 @ 1 J paratype (slides Timbavati 24 and 15); British
Museum (Natural History).

1 @ 1 J paratype (slides Timbavati 21 and 14); United
States National Museum, Washington.

1 @ 1 J paratype (slides Timbavati 12 and 11); Austra-
lian National Insect Collection, Canberra.

1 @ 1 O paratype (slides Timbavati 19 and 13); Museum
National d’Histoire Naturelle, Paris.

Holotype @ and remaining paratype @ Q and G in the
Onderstepoort collection.

Other slide material examined

Transvaal: 28 Q9 5 OJ (collection No. 73.354),
farm Ludwigs Lust, Hectorspruit, eastern Transvaal, 30.
XI. 1973, i L. Dyce from a series of ‘S5 larvae and
pupae from cow pats floated out in sugar; pats 12-20

33

R. MEISWINKEL

FIG. 19 C. (Avaritia) imicola. Genitalia, male
FIG. 20 C. (Avaritia) bolitinos sp. nov. Genitalia, male

days old on bare ground near edge of gully with water-
hole (obvious camp). Dung beetles had worked and were
still active—those species that mine out underneath the
Fat but leave the outer crust intact; bottom of pat was
irmly in contact with the soil’.

2 Jd', Pafuri, northern K.N.P., 15. IV. 1986, L. E. O.
Braack and R. Meiswinkel, black light 14 m up Acacia
albida in gallery forest lining Pafuri river.

2 9% Skukuza, K.N.P., 11. I1I. 1984, L. E. O. Braack
and R. Meiswinkel, black light on bank of Sabie river.

19 3Jd, Skukuza, K.N.P., 17. 1. 1985, R. Meiswin-
kel, black light along Sabie river.

5 @9, Murangoni location, * 15 km west of Thohoyan-
dou, Vendaland, northern Transvaal, 30. I. 1988, R. &
P. Meiswinkel, truck-trap 18h42-19h01.

1 g 2 dJ, Haenertzburg, northern Transvaal, 21. IV,
1983, R. Meiswinkel, black light at dairy.
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states: ‘M. Cornet (personal communication) has re-
cently shown the species which Nevill obtained from
cow dung was not C. imicola but another member of this
group (C. 1348)’. This communication was noted and
repeated by Howarth (1985). Two further sources which
point to species other than C. imicola, are those of Di-
peolu & Ogunrinade (1977) and Lubega & Khamala
(1976). These have to do with larval habitats and will be
re-¢valuated under the biology of C. bolitinos. In Kha-
mala & Kettle’s review of the East African Culicoides
(1971), C. pallidipennis was treated indifferently and
these authors are in error when they state that the sensilla
coeloconica distribution is 3,11-15 which is really that
of C. pseudo-pallidipennis. C. imicola has a 3,12-15
distribution. In addition their synonymizing of C. glabri-
pennis under C. pallidipennis further indicates that they
misunderstood C. imicola sensu stricto. Finally, the
wing picture given by Kitaoka, Kaneko & Shinonaga
(1984) to be that of C. imicola is clearly that of an unde-
scribed Nigerian species.
Differential diagnosis

Ten character states separate the 2 species C. imicola
and C. bolitinos. These are summarized in Table 7 of
which 5 are discussed in detail below. The 1st 2, when
used in combination, are the most reliable for separating
the females of the 2 species under the dissecting micro-

scope. Of the remaining 8 character states 7 require slide
mounted material.

1. Female. The shape of the proximal margin of the
distal pale spot in cell R In C. imicola it is
distinctly pointed medianally (Fig. 2,9) whereas in
C. bolitinos this margin is usually straight and runs
transversely, anteriad to posteriad, across cell R
(Fig. 10). Furthermore in C. bolitinos this margin is
often ragged, not always smooth. However, it must
be noted that this character shows variation in both

. Female. Palps: A t-test (2 tailed) was

alva Ull WIS aUlCl iV Uidldl J1U UL YOLI 1VEp 1S UIC smglc
most diagnostic character when the identification of
C. imicola is based on wing pattern alone. This
feature was named by Howarth (1985) as a ‘pale
preapical excision’ and is adopted here. Importantly
1t appears in both Carter, Ingram & Macfie’s origi-
nal wing illustration of C. pallidipennis and in
Krémer’s redescription of the holotype of C.
imicola. In C. bolitinos, however, the median 3rd of
both the posterior and anterior margins of vein M,
are broarﬁ? and entirely dark but taper and fade
simultaneously leaving the apex of vein M, pale.
Only in specimens showing a darkened wing pat-
tern, which can be quite common, will the apex of
vein M, be narrowli;]to farily broadly darkened on 1
or both margins. In either pale or dark variants,
however, C. bolitinos will never possess the pale
preapical excission so diagnostic for C. imicola.

rformed on
the palpal measurements data to establish if there
were any significant differences in segmental
lengths between C. imicola and C. bolitinos. It was
found that segments [I-V in C. imicola were signifi-
cantly longer than those of C. bolitinos (Table 6).
The result is that C. imicola has a longer palp than
C. bolitinos. In consequence the shorter palp and
proboscis of C. bolitinos means that this species has
a lower proboscis/head ratio (P/H) than C. imicola
(Table 7).

. Female. Antennae; Two t-tests were performed: (1)

comparison of the lengths of female antennal seg-
ments III-XV between C. imicola and C. bolitinos,
and (2) a comparison between the 2 species of the
ratios of these segments where the length of each
segment is divided by the width. In the Ist test each
antennal segment of C. imicola was found to be
significantly longer than its counterpart in C. boliti-

TABLE 4 Comparison of lengths (m) of female antennal segments INI-XV in C. imicola (n=25) and C. bolitinos sp. nov. (n=25), and calculated

t-values of significance.

C. imicola C. bolitinos
Antennal segment t-value
Range Mean Range Mean
m 36,0-40,2 37.4 32,4-38,4 35,4 4,6888
v 24,0-26,4 24,4 20,4-24,6 22,4 6,2352
\' 21,6-25,8 24,2 20,4-26,4 22,5 4,7140
VI 24,0-27,6 25,9 21,0-27,0 24,0 4,3643
v 24,0-28,8 271 21,6-27,6 253 4,0819
vin 24,0-28,8 26,9 21,6-25,8 25,1 3,9692
IX 24,0-28,8 21,3 24,0-28,8 25,8 3,4904
X 26,4-33,6 29,8 25,2-30,0 28,1 3,864
XI 36,0-45,6 41,3 36,0-45,6 39,2 3,1263
X1 39,6-48,0 43,4 36,0444 39,7 5,4674
X1 39,6-49,2 4,1 36,0444 39,8 5,9936
XIv 39,6-49,2 4.3 34,8444 39,7 6,0013
Xv 63,6-78,0 70,8 57,6-81,6 66,8 7.6010
Total length 435,0-494,4 466,0 391,8-480,0 433,8 5,2481
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TABLE 5 Comparison of ratios of female antennal segments II-XV in C. imicola (n=25) and C. bolitinos sp. nov. (n=25), and calculated t-values

of significance (n.s. = not significant)

C. imicola C. bolitinos
Antennal segment - t-value
Range Mean Range Mean
m 1,20-1,51 1,37 1,25-1,50 1,36 0,4954 (n.s.)
v 1,00-1,29 1,18 1,03-1,25 1,12 3,3549
v 1,24-1,45 1,34 1,17-1,48 1,28 2,9962
VI 1,33-1,61 1,50 1,29-1,56 1,43 2,8473
VI 1,46-1,85 1,66 1,38-1,77 1,60 2,2460
vin 1,46-1,85 1,64 1,33-1,70 1,52 3,6955
IX 1,43-1,92 1,72 1,48-1,83 1,67 3,0541
X 1,63-2,16 1,88 1,62-1,92 1,81 1,9752 (n.s.)
X1 2,31-3,08 2,71 2,31-2,92 2,63 1,6532 (n.s.)
X 2,44-3,08 2,78 2,44-2,79 2,60 4,4999
X1 2,54-3,15 2,82 2,22-2,85 2,54 4,2294
Xv 2,36-3,08 2,76 2,07-2,88 2,50 4,4039
XV 3,53-4,69 4,11 3,694,62 4,04 0,8226 (n.s.)

TABLE 6 Comparison of lengths (x#m) of female palpal segments -V

t-values of significance (n.s. = not significant)

in C. imicola (n=25) and C. bolitinos sp. nov. (n=25), and calculated

C. imicola C. bolitinos
Palpal segment t-value
Range Mean Range Mean
I 15,6-24,0 19,0 13,2-21,6 18,3 1,0961 (n.s.)
i 50,4-57,6 54,2 39,6-49,2 44,5 14,0000
m 40,8-51,6 46,8 33,6-43,2 38,7 10,2607
v 25,2-32,4 30,6 20,4-24,0 234 10,4543
v 24,0-30,0 27,0 18,0-28,8 24,5 3,4126
Total length 165,6-182,4 176,1 132,0-165,6 148,5 14,0530

nos (Table 4). However, most showed a moderate
discriminatory ability with the highest t-values seen
only from segments IV, XII-XIV (Table 4). The
2nd test showed the ratios to be even less discrimi-
natory with 4 segments showing no significance but
as in the 1st test segments IV, XII-XIV were again
the most discriminatory (Table 5). These antennal
ratio findings are of interest as they give a result that
highlights 1 of the key characters used by Howarth
(1985) to separate the 2 species C. imicola and C.
brevitarsis collected in Laos. He stated that the ratio
for antennal segments VI-IX in C. brevitarsis was
1,4 as opposed to 1,7 seen in C. imicola. The ratios
found on segments VI-IX in South African material
of C. imicola (n=25) agreed quite well with those of
Howarth but were of no real value in separating this
species from C. bolitinos (n=25) whose ratios over-
. imicola (Table
7y value is to be
(Table 5) and
overlap between
in the ratios of
cal C. bolitinos
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n, eastern Pal-
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brane has 0-18 spiculae, mean 2,56 (n=50). More
subtle differences involve the shape of the acdeagus
and the precise shape of the parameres and the hya-
line, apicolateral ﬂantﬁes of tergum 9 (Fig. 17, 18).
The appreciation of these differences requires near
perfectly mounted series and even so remain diffi-
cult to quantify.

Larval habitat of C. bolitinos

Extensive rearing from a variety of substrates over the
past 4 years in South Africa has shown that C. bolitinos
has the dung of the African buffalo and that of various
races of domesticated Bos as its primary larval habitat.
C. bolitinos, on a few occasions, has also been reared in
low numbers from the dung of the blue wildebeest.
During the wetter, rainy season the dung pats of this
animal resemble small cow or buffalo pats and will then

ield low numbers of C. bolitinos. In the dry season,
owever, wildebeest dung is more pellet-like and thus
lacks the necessary moisture to sustain Culicoides imma-
tures (personal observations; G. J. Venter, Veterinary
Research Institute, Onderstepoort, unpublished data). At
best the C. bolitinos-wildebeest association is a short one
;&)rlhlfmed to the rainy season and will be considered no
er.

As described by Nevill (1968) the larval habitat of C.
bolitinos (= C. pallidipennis in that study) is ‘dry pats
with a very hard crust, a dry sponge-like centre, and a
moist lower layer about an inch thick in direct contact
with damp soil underneath’. In South Africa C. bolitinos
has never been reared from dung dropped in streams or
waterlogged areas where it disintegrates to enrich the
surrounding medium of mud and water organically.
This, in part, satisfies the requirements of C. imicola
though this species occurs in highest numbers where
there is also a grass cover, preferably short (Mellor &
Pitzolis, 1979; Pajor, unpublished data, 1987).

Fresh cattle and buffalo dung will produce its 1st adult
C. bolitinos after 8-10 days and can continue to yield for
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TABLE 7 Ten characters used to separate C. imicola from C. bolitinos sp. nov.

C. imicola

C. bolitinos

Taxonomic

Q— proximal margin of distal pale spot in cell RS pointed
— apex of vein M, broadly dark this preceded by a broad, pale
preapical excision
— palp longer: 165,6-182,4 um mean 176,1 gm (n=25)
— 2nd palpal segment longer, 50,4-57,6 um, mean 54,2 (n=25)
— 3rd palpal segment longer, 40,8-51,6 pum, mean 46,8 pm
(n=25)
— PR 2,40-3,38 mean 2,86 (n=172)
— P/H ratio >1: 1,01-1,22 mean 1,07 (n=20)
— antennal segments [V, XII-XIV longer (see Table 4)
J'— membrane of sternum 9 with 8-145 spiculae, mean 47 (n=50)

Biological

Larval habitat is the permanently moist grassed margins of streams,
furrows and vleis especially where grass is kept short by grazing
animals

— this margin almost straight, transverse and ragged

— apex of vein M, pale or occasionally darkened on upper and lower
margin; no pale preapical excision

— palp shorter: 132,0-165,6 pm mean 148,5 um (n=25)

— 2nd palpal segment shorter, 39,6-49,2 pum, mean 44,5 pm (n=25)

— 3rd palpal segment shorter, 33,6-43,2 um, mean 38,7 um (n=25)

— PR 1,86-2,72 mean 2,33 (n=52)

— P/H ratio <1: 0,71-0,94 mean 0,81 (n=20)

— antennal segments IV, XII-XIV shorter (see Table 4)

— membrane with 0-18 spiculae, mean 2,56 (n=50), 40 % have the
membrane bare

Larval habitat exclusively the dung of large herbivores such as the
African buffalo, blue wildebeest and cattle

a further 20 days (personal observations; G. J. Venter,
unpublished data). This is, however, strongly dependent
on the drying out of the dung which hastens or triggers
Bupatlon. Larval life is prolonged in dung which is

rought in from the field and stored in containers in the
laboratory, these pats bein%l protected from such impor-
tant extrinsic factors as the heating and drying rays OF:)he
sun and the working of dung beetles. An important in-
trinsic factor that almost totally inhibits either oviposi-
tion by adults or larval development is the souring and
subsequent fermentation of dung from high-energy
supplement-fed cattle that are rarely or never put out to
pasture (personal observations; A. L. Dyce, 48 Queens
rd, Asquith, N.S.W. 2077, Australia, personal commu-
nication, 1987). The factors that govern oviposition as
well as increased or depressed emergence merit further
Investigation.

On irrigated rye-grass pastures an average of 200 adult
C. bolitinos will emerge from a single cow pat (J. E.
Randall, E. M. Nevill, unpublished data). In the wild or
natural state the highest number of C. bolitinos yet
reared was 512 adults from % of a very large Syncerus
caffer pat collected on short, dry grass in the dry bed of
the Timbavati river, Kruger National Park.

In light of the above, 4 studies on the larval habitats of
Afrotropical Culicoides merit reappraisal. These are the
papers on Kenyan Culicoides by Lubega & Khamala
(1976) and Walker (1977), that on Nigerian Culicoides
by Dipeolu & Ogunrinade (1977) and finally, the study
on various Zimbabwean species (Braverman, 1978).
Lube%a & Khamala (1976) found the immatures of C.
imicola ‘in mud from edges of puddles, pools, lakes,
rivers and streams, exposed or covered by growing vege-
tation, usually frequented by livestock for drinking
water’. They also reared it from ‘drying cowdung pats in
open grassland’. Similarly, Walker (1977), in his study
on the seasonal fluctuations of Kenyan Culicoides,
reared 3 specimens of C. pallidipennis from 61 cow pats
collected from 4 sampling sites. In Nigeria, Dipeolu &
Ogunrinade (1977), conducting their studies at the
research farm of the University of Ibadan, said that C.
imicola, comprising 95,4 % of the total Culicoides
reared, was dominant ‘in an open dairy paddock con-
taining mostly white Fulani cattle. The paddock was
littered with cattle dun§ pats over which emergenc traps
were placed’. In these 3 studies the rearing of Culicoides
imicola from cow pats matches the larval habitat of C.
bolitinos in South Africa. Though this niche may in
those countries be filled by a species other than C. boliti-
nos it will quite likely not be C. imicola. In this regard it
is relevant to note that the wing photograph published by
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Kitaoka, Kaneko & Shinonaga (1983) of a Nigerian
specimen of C. imicola is in fact that of an undescribed
species which has 2 prominent yellow, admedian vittae
on the scutum (personal observations; S. Kitaoka,
Mitaka, Tokyo 181, Japan, personal communication,
1986) these being absent in both C. imicola and C. boli-
tinos. Such taxonomic uncertainty renders the results
from the above larval habitat studies imprecise.

The 4th study, that by Braverman on the larval habi-
tats of Zimbabwean Culicoides has produced results only
in partial agreement with South African studies. From
*221 cow pats incubated in the laboratory which yielded
698 Culicoides, only 44 C. imicola were reared and they
were confirmed by Dr M. Cornet to be true C. imicola’.
Furthermore ‘C. zuluensis, C. schultzei grp and C.
onderstepoortensis were present together with C. gul-
benkiani’ which ‘was abundant (comprising 92 % of
those reared) mainly in cow dung situated over damp
soil’ (Braverman, 1978). In South Africa the only
species to be reared along with C. bolitinos from cow
dung pats is C. gulbenkiani. However, C. gulbenkiani is
often the only species reared from cow pats as it has
larval habitat requirements subtlely different from that of
C. bolitinos (Nevill et al., 1988). C. zuluensis, C.
schultzei grp. C. onderstepoortensis and most impor-
tantly, C. imicola, have never in South Africa been
reared from dung pats as was reportedly found in Zim-
babwe by Braverman (1978). He did, however, qualify
these findings by adding that this was ‘most probably
because in several instances the cow dung was collected
with the soil underneath which contained odd individuals
of these species’. In larval habitat studies it is essential to
record in detail whether the dung was collected from a
stream margin alonf with mud and vegetation or whether
it was taken in well irrigated, long-grassed pasture with
some of the soil underneath. These 2 situations will, in
the main, produce Culicoides species different to those
found in discrete pats dropped on hard, bare or shortly
grassed ground. A combination of these sites would
explain the heterogenicity of the species reared by Bra-
verman (1978).

CONCLUSION

The present study has shown that C. bolitinos, like C.
imicola, is widespread in the Afrotropical region, and
that it occurs throughout the Republic of South Africa.
However, the larval habitat preference of C. bolitinos
can lead to it being either rare or common but localized
in its distribution. Of importance is that C. bolitinos is
now recognized as a species being clearly separate from
C. imicola with which it has been confused in the past.
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