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ABSTRACT

A two-year programme was carried out at Nguruman in the Kajiado
District of the Rift Valley Province of Kenya, to identify the characte-
ristics of larviposition sites, quantify pupal mortality rates, determine

predators and parasitoids of Glossina pallidipes Austen and tc provide

data on mechanisms of population regulation through the actions of preda-
tors and parasitoids.

Pupal sampling was done using hand searching for two man-hour per
site. The efficiency of this technique was measured and found to be 60%.
The larviposition sites were usually found in dense shade under bushes.
This is the first description of G. pallidipes breeding sites in the
Nguruman area. Though puparia were found in a wide range of scil types,
they occurred more frequently in loamy-sand soils and showed a marked
tendency tc be aggregated in shade underneath big horizontal branches.

In general, larvae pupate near the surface of the soil where and when it
is very wet or covered with a thick carpet of leaf debris, but were found
deeper in the soil when it is very dry or has no leaf debris cover.

There was evidence that seasonal variations in relative abundance
and distribution of puparia resulted partly from a seascnal shift in
breeding sites from low-lying sites to sites on hilly slopes during the
rainy season when most riverine habitats were flooded.

Rainfall over 80mm per month increases pupal mortality through
flooding and waterlogging of the larviposition sites. Adverse climatic

factors caused 15.9% mortality through degeneration and/or decomposition
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in different seasons and pregnancy states of the female component of the
populations. Observations on seasonal changes in populations in different
vegetation nanpitats nave peen studied oy different tsetse ecologists in
different areas in Kenya (Jaenson, 1973a, 1981; Lambrecht, 1380; Snow,
1980, 1982; Turner, 19381, 1334). Turner et al., (1931) investigated
mechanisms of population regulation in the Lambwe Valley. The same kind
of investigations nave oeen made in tne Kenyan Coast (Snow, 1982) and at
Aguruman since 1983 (Dransfield, pers. comm.). Mark-release-recapture
experiments have peen carried out poth in Lambwe and iguruman to estimate
the population sizes using various mathematical models (Turner;
Dransfield, pers. comm.).

In an isolated forest at Muhaka, Snow (1982) reported that a
medium density of G. pallidipes is mainly maintained on cattle and pigs,
winile in the Shimba Hills a very large population of the same tsetse
species is supported by apbundant wild nosts including pigs, antelopes,
ouffaloes and elepnhants. Allsopp et al., (1972) observed a strong
positive correlation petween distribution of wild ungulates (especially
dushoucks) and G. pallidipes abundance, but the importance of wartnogs as
a maintenance nost was also striking at all localities althougn their
relative importance varied between habitats. The host range and
preference of G. pallidipes in tne Wguruman area, as obtained from diood
meal analysis, are given in Taole 1 (Tarimo and Golder, 1984; Tarimo et
al., 13385) winich snows tnat suids are the most preferred nosts followed
Dy waterpuck and buffalo in that order. This feeding pattern nas
confirmed that tne species is an opportunist.

In the Lambwe Valley area, G. pallidipes is of both medical and
veterinary importance vecause in addition to animal trypanosomiasis a low

grade transmission of Trypanosoma rhodesiense persists in the human







Table 1 - Host Preference of Glossina pallidipes

Austen at Nguruman, Kenya.

Number of filies

Host Males Females Flies %
Suid 75 29 34.9
Waterouck 21 17 12.8
Buffalo 21 12 11.1
Cow 13 9 7.4
Wildebeest 11 6 5.7
Kongoni 8 7 5.0
Human 5 8 4.4
Goat 5 ) 3.7
dushbuck 4 6 343
airaffe ) 4 3.3
Elephant 5 2 2.7
aazelle 1 3 1.3
Sheep 2 1 1.0
Impala 2 1 1.0
Eland 1 2 1.0
Felidae 2 - 0.7
Rappitidae 1 i 0.7

Total 184 114 100
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tihickets and under carpets of dry leaves and leaning trees. In Zimbabwe,
Pnelps et al. (1966) and Phelps and Vale (1978) demonstrated tnat G.
pallidipes uses sand in river beds in dense thicket in the cool dry season
and animal burrows in the not dry season in the same way as G. morsitans.
Wet season puparia collections nave rarely oeen successful (Parsons, 1930;
Swynnerton, 1936; WNash, 1337, 1942; Vanderplank, 1944).

Several autnors have reported on plant species associated with
breeding sites of different tsetse species (Langridge et al., 1963; Gruvel
1974p; Turner, 1981). G. pallidipes is found in forest fringing permanent
surface water as well as vegetation of banks of seasonal pools, rivers
and streams tnat are dry for most of the year, as the species is not
dependent on the proximity of permanent water (Smith, 1973). It is also
associated witn tnicket patcines, some evergreen trees and secondary
shrubs on banks of seasonally dry streams and rivers. The flies appear to
oe attracted more to woody vegetation tnan to herpaceous plants (Buxton,
1355; Smitn, 1973).

In any nabitat tne choice of specific site in which larvae are
extruded is determined by tne nehaviour of the pregnant females (Nash,
1930). Responses involved in tne selection of larviposition sites have
peen investigated oy many workers (Lamborn, 1915; Swynnerton, 1936; Lewis,
1934; Burtt, 1952 ; Parker, 1356a; Page, 1959; Phelps and Jackson, 1971;
Atkinson, 1371a; Davies, 1977; Rowcliffe and Finlayson, 1931).
Investigations into the responses involved in the selection of breeding
sites by gravid G. palpalis carried out in Nigeria by Parker (1956a, b)
showed that a variety of plack objects were strongly attractive, and
tnere was a strong preference for rougn surfaced soil, wnile soils with
moisture content of 25% or more were avoided in favour of those in

equiliorium witn the atmospnere. In Northern Botswana, G. morsitans
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2.2.1 PATHOGENS OF TSETSE

Many pathogens have been reported in tsetse. These include micro-
organisms namely bacteria, fungi, viruses, protozoa, rickettsiae and
nematodes. Tne infrequent ooservations, detection and isolation of these
organisms are due to individual scientists who recorded their association
Nith tsetse out could not do further investigations because of technical
inadequacy of investigations or practical failure of tne organisms as
effective biotic agents or failure to breed them for further studies.

Bacillus species nave been reported from puparia of G. tachinoides
in Chad (Gruvel, 1370). Another bacteria-like organism is described in
spermathecae of inseminated females of G. pallidipes from field population
in Uganda (Rogers, 1973).

Several species of fungi have peen reported in association with
different tsetse species, out most of tne reports are consistent in not
providing identifications of the fungi or evidence of their pathogenicity.
Tnis is oecause mycoses were tnougnt to oe less important as a population
regulating factor and were considered mere contaminants. Wash (1933p,
1937) recorded a great decline in population of G. morsitans in Tanzania
following spells of very heavy rains and floods. The probable causes of
death were drowning of the puparia, with considerable mortality among the
adult flies attributed to fungus, Phycomycete. After the flood the popu-
lation in the study area recovered rapidly and this was attributed to
repopulation by immigration. Vey (1971) showed that two mycoses affecting

puparia of G. fusca congolensis in the Central African Republic are due

to Absidia repens and Penicillium 1ilacinum. Though botn fungi are

commonly isolated from soils, several infectivity studies confirmed that

the fungi are primarily pathogens and not contaminants.

Unidentified Pnycomycetes nave been reported in adults of G.
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palpalis from Gnana (Macfie, 1916) and from Tanzania (Swynnerton, 1936),
and in G. morsitans in Tanzania (Nash, 1933a). In Nigeria, Lester (1934)
also ooserved mycoses in 10% of field-collected G. tacninoides females.
The mycoses found in abdomen of adult G. brevipalpis captured in Somalia
were found to resemdle tnose found in Tanzania (Moggridge, 1936).

Virus-like particles have been found in salivary glands of G.
pallidipes (Jaenson, 1978p), and these nave been proved to cause sterility
in flies (0Odindo et al., 1981)

Intracellular rickettsiae have pbeen described in midgut epithelial
cells associated witn fat oody, developing oocyte and in association with

muscles in adult G. brevipalpis, G. fuscipes, G. morsitans and G. pallidi

-pes (Reinhardt et al., 1972).

The first nematode ever recorded as parasitising a tsetse fly was
found in tne oody cavity of adult G. palpalis in Uganda and descrioed Dy
Leiper (1910). Since then mermithid nematodes have been found in G.
morsitans in Uganda (Carpenter, 1312; Rogers, 1973); in Zampia (Lloyd,
1912) and in Tanzania (Thomson, 1947). They have also been reported in
G. pallidipes and G. brevipalpis in Uganda (Moloo, 1972). In West Africa,
mermitnids nave been recorded in G. palpalis in Liberia; in G. tachinoides
in Burkina Faso and in G. palpalis, G. m. morsitans and G. longipalpis

collected from four areas in Nigeria (Foster, 1963).

2.2.2 PARASITOIDS OF TSETSE PUPARIA

Twenty-three species of Hymenoptera and over twelve species of
Diptera of family Bomoyliidae are listed by Jenkins (1964) as important
parasites of tsetse puparia, but most rarely parasitised tsetse

exclusively. Ten species of Exhyalanthrax are the only Diptera which are

parasitic on tsetse (Mulligan, 1970). All the ten species are widely
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from Zimpabwe failed to yield any mutillid parasites tnough pupal cases
from Malawi showed 18% mutillid parasitism. He also recorded that the

mutillid, Chrestomutilla ?glossinae develop from Sarcopnaga argyrostoma

and G. morsitans pupae in 45-50 days.
In Uganda, Kangwagye (1971) found puparia of G. pallidipes to be

parasitised oy Trichopria capensis robustior Silv. (Hymenoptera

:Diapriidae). Among the Hymenopterans, Syntomosphyrum (Eulophidae) and

Mutilla (Mutillidae) species are tne most important'(Nash 1947). 1In

Limbabwe, Chorley (1929) observed that Mutilla glossinae Turner were rare

in cold dry seasons, forming only 0.5% of total emergences of tsetse and
parasites. However, in the not dry season the weekly rates were often
over 20%, out dropped to 6-12% at tne start of the rains. Heaversedge
(1969p) confirmed that peak parasitization by M. glossinae is associated
witn not dry weatner. M. glossinae and M. auxilliaris Turner have been
found to pe important parasites of G. morsitans and G. pallidipes
respectively in Zampia, Malawi and Zimoaowe (Heaversedge, 1969a, »; Nash
1970). Rates of parasitization ranged from 0 to 10% (Lamborn, 1925).

Syntomosphyrum albiclavus Waterston and S. glossinae Wtstn were

first reported in puparia of G. fuscipes by Waterston, and their distri-
putions were reported by Saunders (1960, 1961), Potts (19700) and Baldry
(1979). S. glossinae is found in Kenya, Uganda, Tanzania, Malawi,
Senegal, Liperia, WNigeria and Zimpabwe from G. palpalis, G. fuscipes,

G.m. orientalis, G.m. submorsitans and G. pallidipes. Tne natural

incidence in G. morsitans in Malawi is 0.22% to 6.8% (Lamborn, 1925).
Botn species have been found abundant in nature, but S. glossinae has
received consideranle attention since Lamoorn reported favourably on its
snort life cycle, great fecundity, longevity and ease with whicn it could

oe dred in pupae of Glossina, Sarcophaga and Musca species. However,
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attempts to control G. worsitans by releasing this parasite on a peninsula
of Lake Malawi resulted in 6.8% infestation in the first month, but eight
months later the percentage parasitism dropped to an ineffective 0.2%
(Lamporn, 1925). At present no one has related percentage parasitism due

to these parasitoids to pupal densities.

2.2.3 PREDATORS OF TSETSE PUPARIA

Many vertebrate and invertebrate predators have peen reported or
suspected of preying on tsetse pecause tney are observed burrowing,
feeding, scratcning or wandering in tsetse breeding areas (Swynnerton
1936; dash, 1970; Laird, 1977; Challier, 1982). In Uganda, Fiske (1920)
made reference to adult and larvae of Coleopteran families of Carabidae,
Elateridae and Cicindelidae preying upon and destroying greatar numoers

(7% of 9000) of puparia of G. paipalis. Larvae of Merylis palliventris

(Coleoptera: iMerylidae) were also odbserved devouring tsetse puparia (Nash,
13939, 1970). In Tanzania, Ford (1940) observed ants of the genus Pheidole
(Hymenoptera : Formicidae) carrying pupae of G. swynnertoni into their
nests and considered them efficient predators of puparia. Predation
experiments carried out on puparia of G. f. fuscipes Newstead in South
Busoga Forest in Uganda snowed that most puparial mortality was mainly
caused by Pneidole (Rogers, 1974). Larvae of G. palpalis and G. morsitans

are devoured oy the ant species, Euponera senaarensis and Paltothyreus

tarsalis (Carpenter, 1312).

Large crickets found in larviposition sites of G. palpalis gambien-

sis Vanderplank in Burkina Faso by Challier (1982) were considered
occasional predators of puparia.
Guinea fowls (Numida spp.), bush fowls (Francolinus spp.), Dicrunus

and Bradornis species of oirds are often found wandering and scratching
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4.2 MATERIALS AND METHODS

4.2.1 PUPARIA SAMPLING

It is of critical importance to devise methods of estimating the
population of tne insect stage being studied. Since tie principal
objective of tne present study is on the fluctuations in puparia numbers
ratner tnan on development of a trapping technique, the existing metnods
for sampling puparia were considered and one selected for the routine
monitoring of tne pdparia population at Nguruman, Kenya.

The tnree methods which can oe used in sampling Glossina puparia
are flotation (Aoedi and Ailler, 1903), sieving (Phelps et al., 1953) and
nand-searching (Glasgow and Pnelps, 1970). The flotation metnod could not
pe used pecause of the risk of damaging tne puparia. Tne sieving metnod,
on the otner hand, is time-consuming and was found to be ineffective
pecause of tne nature of soil at dguruman. Phelps (1963) has snown thnat
tie sieving method is only effective in areas with very fine soils as in
animal ourrows, a condition not found in 'productive' larviposition sites
in the study area. Moreover, it nas been shown that more puparia can be
found by nand-searcning tnan oy sieving for the same period of time. Thne
montinly puparia sampling was done using nand-searcihing of soils for 2-man
nours per site per montn.

For tne initial selection of larviposition sites, the author, one
tecnnician and two Maasai field assistants went through the different
vegetation haoitats along the tnree transects passing through the study
area, and stopped at regular intervals to examine propbable sites for
puparia by searching tne soil for 20 minutes. All empty and live puparia
found at eacn site were collected and counted. Presence of only empty

puparia was used as indicator of former breeding sites, while 1live puparia
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signified sites being used at the time of the survey. Sites for regular
imonitoring of the population were then randomly selected based on
availaoility of ooth empty and live puparia.

The searching efficiency of pupae collectors ~as evaluated. The
insides of empty puparial cases were carefully marked with oright orange
paint and tne cases were buried at different natural depths (1 to 5cm) in
plots measuring 2 x 1 meters in natural oreeding sites. Tne numbers of
puparia buried were not disclosed to the searchers who searched three
different plots in different sites for 30 minutes per plot, two plots were
searcned on tne same day and tne third plot was searched the following
day. At tne end of tne searcning period, tne numbers of marked cases
recovered by each searcher were scored and the searching efficiency of
eacn searcner, expressed as percent recovery of marked puparia, was

determined.

4.2.2  MEASUREMENT OF CHARACTERISTICS OF LARVIPOSITION SITES OF G.

PALLIDIPES AT NGURUMAN.

Juring the course of the field work on puparia distribution and
aoundance, data was also collected on tne features of the larviposition
sites in an attempt to define specific cnaracteristics which probably
influence tneir site selection. Tne measurements were taken at forty
seven different sites in tnree different vegetations types, namely open
plains, riverine tnicket and valley woodland. Aspects investigated
included location of the sites in relation to water courses and game
patas; topograpny; soil colour; soil types; degree of snading; size of the
sites; leaf litter depth in relation to season and amount of ground herpa-
ceous vegetation cover. Topograpny was oased on the local slope or incli-

nation of the site and tne land around it, and whether or not the rising
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oy 3 , 2
If tne efficiency of a nalf nour searcia over an area of 2 m  was 60%,
2
tnen tne recovery rate from a two nours searcin over an area of 42 m

(mean size of larviposition site at dguruman) will be ca 12%.

4.3.2 CHARACTERISTICS OF LARVIPOSITION SITES OF G. PALLIDIPES AT

NGURUMAN, KENYA.

The larviposition sites of G. pallidipes at Wguruman (Plate 3 A-D).
were found in riverine tnickets and dense patcnes of woodland savannan,
“hicn contained evergreen and deciduous trees with the crowns united by
creepers and lianes to form a dense canopy. Tne edges of the canopy were
sometimes oounded py thorny creepers. The sites in the evergreen thickets
and woodland were used througnout the year, but sites with shade provided
Dy deciduous trees were only used seasonally. Larviposition sites of G.
pallidipes at Wguruman may ve divided into two categories: sites in low
lying areas which are subject to seasonal flooding and sites on hilly
slopes wiicn are never flooded. Tne relative importance of tnese two
Classes of sites varies taroughout tine year. Puparia were found mainly in
the low-lying areas in the riverine tnickets and under rock outcrops on
nilly slopes in the valley woodland. Although most flies larviposited in
tne riverine woodland tnere was some movement away from this area during
the rainy season. Individual flies marked and released by Dransfield and
co-workers in tne riverine thickets were later found in otner areas in the
study location indicating now widely the flies dispersed within the area.
Cnaracteristics of the larviposition sites are summarised in Table 3.

OQut of the 14 sites sampled on transect I, 92% of the sites were
located on flat ground witnin a distance of 30m from banks of Sampu River
or its'trioutaries, tnougn most of them were dry for about nine months of

tne year. Furtner confirmation of sites oeing located close to water-















Tanle 4 - Percent soil particle size oy volume of soil samples, soil pH

and % soil moisture of six larviposition sites of G. pallidipes.

Percent soil particles of different sizes (Mean + $.E.)

2.0ﬁm

Site > 2.0mm 1. Omm 0.5um 0.25um Soil pi % Soil
no, l Moisture
1 31.3+0.6 23.7+1.1  20.4+1.1 ¥3.7+0.5 10.4+0.7 7.5+ 0.1  29.9+3.2 A
3 28,2+0.0 15.0¢0.5 26.0+0.4 15.240.1 15.5+0.8 7.6+ 0.1 25.8+2.5
7 27.5+3.9  30.3+2,0 21.5+2.5 11.6+0.6 3.9+1.0 7.2+ 0.1  33.1+3.8 e
J 47.4+1.6 28.7+4.6 18.8+2.2 10.6+2.1 5.4+1.2 7.0+ 0.2 33.8+2.7 JQ
10 36.4+1.1  27.0+0.9 13.6+0.9 11.8+1.0 0.2+0.2 7.3+ 0.1 20.9+3.0
[ 34,74¢0.4  20.3+0.4 14.7+0.1 9.8+0.1 13.9+0,2 0.9+ 0.1  23.0+2.9

Sites 1, 5, and 7 nad hign puparia densities, while sites 9, 10 and 11 had low

densities.












Table

6a - Distrioution and aoundance of puparia of G. pallidipes

in natural unsheltered (without additional shade) and in sheltered
sites (witn additional sihade provided by thatcned roof).

Wumber of puparia collected

Year Month Natural sites Artificial shelters
£ L £ L

1934 dovemoer 32 3 103 12
Decemoer 1o 1 4 1

19385 January 3 5 15 28
February 10 5 45 15
arch 10 0 40 3
April 14 1 Areas flooded
May 0 0 0 0
June 15 0 1 0
July 4 0 1 0
August 0 0 21 1
Septemoer 0 J 51 5
Octooer 0 J a 1
November 0 1 20 1
December 0 v 10 0

1986 January 1 0 0 0
February J 0 30 0
March 0 0 52 4
April 1 0 3 0
May 0 0 Areas flooded
June Areas waterlogged 0 0
July 1 0 42 1
August 0 J 0 0
Total 112 16

4438 31

E = Empty puparial cases

L = live puparia.
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Taole 7 - Distances in meters between nearest puparia of G. pallidipes
in different larviposition sites at Wguruman, Kenya.

Site area of Number of Distances (m) between nearest puparia.
No. site (mz) pairs Range itlean (+ S.E.)
measured

1 7.1 o 0.12 - 0.90 0.43 + 0.1
2 30.5 10 0.07 - 2.41 0.38 + 0.2
3 02.7 16 0.23 - 1.50 0.78 + 0.1
4 60.5 12 0.22 - 1.34 0.381 + 0.1
3 20 .5 3 0.15 - 2.46 1.68 + 0.8
0 ol.7 o 0.27 - 2.67 1.05 + 0.4
7 123 13 0.10 - 0.65 0.32 + 0.1
3 33.7 1 2.18

9 26.3 3 0.45 - 2.00 1.34 + 0.5
10 60.5 4 0.16 - 1.10 0.57 + 0.2
11 00.5 1 1.00

12 50.2 12 0.10 - 8.20 1.48 + 0.0

Table 3 - Vertical distribution of puparia in the soil.

Deptn intervals No. of puparia found at different depths
at which puparia Field Laboratory
were found (cm) onservation observation

0.0 -1 9 117

1.1 -2 43 116

2.1 -3 54 22

3.1 - 4 21 11

4.1 - 5 3 1

5, 1% 1 0

Totail 131 267
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was significant (F = 9.35, P <0.001). The mean depths in tne different
treatments were tnen compared oy Duncan's Multiple Range Test (Table
10). It is clear tnat lTack of moisture in the soil increases deptn of
burrowing so tne puparia rested near the surface of moist soils. In tne
dry soil the larvae burrowed deeper probably to avoid dessication. Lack
of leaf litter also increases depth of burrowing. Results of the effect
of light were not clear, dbut in dry soil with no debris, mean depth of
puparia was significantly greater in tne dark than in the lignt. In dry
soil witn leaf debris puparia were found nearer tne surface of the soil
in darkness tnan in tne lignt, althougn this difference was not

significant.
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Tavle 3 - Depths occupied oy puparia of G. pallidipes exposed
to different soil conditions in the laboratory.

vepth of SOIL CONDITIONS (Treatments)
pupa et soil Wet soil Dry soil Dry soil Dry soil Dry soil Total
(cm) with no with with no with with no with
leaf leaf leaf leaf leaf Teaf

debris debris debris deobris debris, debris,
in dark in dark
(T 1) (T 2) (T 3) (T 4) (T 5) (T 6)

1 14 14 7 14 1 5 85
2 9 6 17 9 12 12 05
3 3 0 2 2 ) 0 12
4 0 J 0 3 0 4
5 ) 0 0 0 [ 0 1
0 V) J 0 0 0 0
Total 26 20 27 25 22 17 137
Mean 1.93 1.30 1.39 1.52 2,59 1.7]
SUMMARY OF ANOVA TABLE
Source 0.F. SS 1S F ratio
Between groups 5 22.225 4.445 9. 345%**
Witnin groups 131 62.300 J.475
Total 136 34.525

*kx p < (0,001

Table 10 - Mean puparial depth in different soil conditions
compared oy Duncan's suitiple Range Test.

Treatment oisture Litter Light Mean deptn (cm)
T5 - - - 2.59 a
T3 - ~ + 1.89 b
To - # - 1.71 b ¢
T1 + - + 1.58 b ¢
T4 - + + 1.52 b ¢
T 2 G + + 1.30 ¢

(Means followed by same letters are not significantly different).
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the pregnant females ensure that tneir offspring deve]op in the pest
drained soils available.

In 511 tne larviposition sites, the puparia were found mostly in
snade underneatn norizontal brancnes, which probably indicate that tne
pregnant females larviposited from their resting sites underneath such
grancnes, as nas oeen observed in G. morsitans (Simpson, 1313). It is
less likely that they extruded their larvae directly onto the the leaf
litter overlying soil surface as seen in G. fuscipes (Carpenter, 1312;
Symes and Soutnby, 1338). A similar concentration of puparia underneath
norizontal oranches and lianes within larviposition sites nas also been
observed in G. tachinoides (dash, 1935, 1339) and in G. morsitans
(Snircore, 1910). On their work on factors affecting choice of larvi-
position sites in tne laboratory, Rowcliffe and Finlayson (1981) also
opserved that snade provided by norizontal modeis was attractive to a.
morsitans though the flies also larviposit while resting in a vertical
position. l

Puparia were found in soil down to a depth of 5cms but the majority
were found oetween 1 and 3cms. Similar ranges in puparia depths have also
Deen observed under natural conditions for G. tachinoides (Laviessiere,
1978) and @. palpalis (Hoffman, 1954). On the contrary, Carpenter (1920)
opserved puparia of G. palpalis on the shores of Lake Victoria to pe
almost always at tne ground level, wnilst puparia of G. swynnertoni were
found petween 0.6 and 7.6 cm (Burtt, 1952). The depth difference observed
oetween puparia in different seasons was not significant, indfcéting that
the seasons do not have a significant effect on the depth at which puparia
occur in tne soil.

This was surﬁrising given the evidence from the puparia depth

preference studies tnat the amount of leaf debris covering the soil,
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amount of lignt entering'tne site and particularly tne soil moisture
significantly affect the depth to whicn larvae purrow. These observations
agree witn thnose made oy otner-autnors wnicn indicate tnat the depths at
which puparia are found depend on variety of conditions including tempera-
ture (Buxton & Lewis, 1334; Bursell, 13600),.;011 texture (Lewis, 1934,
doffman, 1954) and 5911 moisture (Burtt, 1952). Bursell (1960b) showed
tnat deeper ourrowing was induced sy nign temperatures, so tne higher the
temperature, thé deeper tney burrowed. _Presumably, the female flies
avoid larvipositing in wet soil in the field, or puparia near the surface
are eliminated by predators. In geheral there was no difference between
pupal deptns of live and empty puparia suggesting that the adults emerged
Witnout pulling the cases behind them to the soil surface as tney left
tne-soi1.

From tne sampling point of view, knowing depths at ﬁhiqn puparia
rest in tne field will nelp in future studies on puparia sampling using
fland-searcning. Searchers Wwill know now deep into tne soil they should
searcn for puparia in different seasons so that time is not wasted
searcning to depths where there are no puparia. There nas long been a
need to develop a cneap and effective trap for concentrating pregnant
females, and inducing them to larviposit in defined sites from wnere
puparia could‘oe collected (Carpenter, 1923). In the dry season, wihen
most trees were leafless, tne additional shading provided by the
artificial shelters was effective in providing good shaded conditions for
inducing gravid females to larviposit their larvae resulting in the
concentration of puparia under the shade. These shelters, could possioly

be furtner improved for sampling puparia.
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CHAPTER FIVE

5. SEASONAL FLUCTUATIONS IN DISTRIBUTION AND ABUNDANCE OF PUPARIA OF
GLOSSINA PALLIDIPES AT NGURUMAN, KENYA.

5.1 INTRODUCTION

The overall distrioution and abundance of puparia of tsetse in any
area are directly related to the overall distribution and abundance of the
adult reproductive females. Earlier tsetse workers ooserved that under
adverse weather conditions, suitable sites tend to be localised, but are
more scattered in a stable and favourable environment, and tnat tne hot
season sites differ from tne rainy season sites (iash, 1933b; Moggridge,
1336). This seasonal spread and retraction of breeding ranges in tsetse
were first described in G. morsitans in Malawi by Shircore (1914). Since
tnen sucn a phenomenon has oeen ooserved in G. palpalis in Ghana (Simpson,
1918); in G. tacninoides in Wigeria (Nasn, 1936); and in G morsitans in
Tanzania (Jackson, 13937). WNasn (1936), working on G. tachinoides in
Nigeria, could not identify the breeding sites in the rainy season and
attriouted aosence of puparia in tnat season to cessation in breeding.
Jordan (1974), on the other hand, attriouted it to the difficulty in
recovering puparia from wet soils. The objectives of the present section
on distribution and abundance of puparia of G. pallidipes at Nguruman
were :-
(1)  to study the seasonal changes in puparia densities and distribution

in two vegetational naonitats; and

(2)  to relate changes in puparial density and distrioution to adult

population density and climatic factors.
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5.2 MATERIALS AND METHODS

5.2.1 DETERMINATION OF SEASONAL FLUCTUATIONS IN DISTRIBUTION AND RELATIVE

ABUNDANCE OF PUPARIA AT NGURUMAN, KENYA

Tne principal indices recorded were apparent densities of tne
puparia and reproductive female flies and meteorological conditions during
the sampling periods. Fluctuations in relative abundance and distribution
of puparia in (a) different montihs; (b) in the same seasons in different
years; (c) different sites and (d) in two vegetation types were monitored.

Tne puparia were sampled from fourteen natural sites using tne time-
constant searcn method for 2 man-nours. Twelve of these sites were in
the riverine tnicket and two in the mixed valley woodland on transect |
(Fig. 2). Sampling was done petween 9 a.m. and © p.m. on each sampling
occasion. As much as possinle the same pupal searchers were used to
minimize variation in numoers due to skills of searchers, and all sites
were searcned in tne same order on eacn sampling occasion. Puparia were
also collected from Transect II and III (see Fig. 2) at bimontnly
intervals. Jn Transect II, sites were mainly in the open lowland
woodiand and near seasonal streams, wnhile sites on Transect III were
widely scattered in tne dense more wooded areas.

Tne adult sampling metnod has oeen described elsewnere (Dransfield
et al., 1382, 1935). Tne flies were sampled over five.days at monthly
intervals using 41 piconical traps. Pairs of traps 50m apart were set at
90Uin intervals along Transect I. At ends of the transect six traps were
set at 50m intervals along the Ewaso-Ngiro river and three traps were set
near tne edge of the escarpment. Jver tae first two days, the traps were

emptied at 3n intervals, tnis ~as followed Dy a 24h sample on the third
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Taple 11 - Montnly fluctuations in relative puparial numoers of
alossina pallidipes from natural breeding sites over tinree transects

at Nguruman, Kenya. Numoers of G. longipennis puparia in orackets.

Numper of puparia collected

Year onth Transect I Transect 11 Transect III
E L E L E L
1984  Octoover 201 21 - - - -
November 603 o1 300 1 - -
Decemper 169 3 - - 33 3
1335 January 237 99 133 31 - -
February 206 111 (2) - - 33 3
arcn 247 (1)  3i 39 12 - -
April i51 3 - - 59 2
day 92 (1) 2 51 0 - -
June 145 (2) 10 - - 79 1
July 121 J - = = %
August 157 9 - - - ”
Septemper 200 3 - - - )
Jdctooer 31 (1) 2 - & % %
Jdovemoer 117 (1) 7 - - " =
December 95 (2) 0 - - - -
1930  January 713 (2) 1 - s _
Feoruary 105 (2) 13 - - b -
darcn 79 9 - - .
April 101 (4) 13 - - - -
day 25 2 - = - =
June 23 0 - - & i
July 72 21 - - - -
August 33 50 - - - -
Total 3,443 (19) 450 (2) 134 54 230 9

£ = Empty puparia cases. L = live puparia. Puparial collections
on Transects [I and IIl were discontinued from July 1935 pecause sites
were inaccessiole due to flooding.
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Fig. 6 - Comnparing relative densities of live puparia of G.
pallidipes in the same months of successive years on transect I.
Arrows indicate months with rainfall over 80 mm.
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Taole 12 - Seasonal fluctuations in relative densities of puparia

over transect I in tne two successive years of study.

Season Montns 1384-35 1385-86

E L E L
Short rains Oct.=dec. 973 90 293 3
Aot dry Jan.-dar. 090 197 257 23
Long rains Apr.-June 383 21 154 15
Cold dry Jul.-Sept. 513 24 170% 71*

* - values oased on only July and August data.

dere nigner in the first year tnan tae second year, tnougn tihere was a good
degree of consistency obetween the two years in teras of increases in tne dry
seasons and decreases in tae wet seasons. Tne population decline from darca
-June was more during tne operations of a loag period of rain than from
Jdctooer to Jecemder. Tnere was a rapid recovery in July and January

respectively as tne rain suosided (Fig. 3).

8,32 SEASONAL ABUNDANCE AND DISTRIBUTION OF PUPARIA IN DIFFERENT
SITES WITHIN THE SAME HABITAT

census data in Tavle 13 from the various sites snowed tnat mean
puparial density within sites inay be as low as 0.04 in one site and as nign
as 2.73 in anotner, whicn gives 70-fold difference in average puparia
density. Even in sites only 10 meters apart tnere can pe 2-3 fold
differences in density. Tne montnly mean puparia for petween sites ranged
from O to 7.9. Breeding intensity in sites varied montnly and the favoured

sites were recognised oy tne large numvers of puparia larviposited and
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Tanle 13 - dontnly variations in relative puparia density in different
sites along transect I at u{dguruman, Kenya.

Year ifontn Wumoar of puparia collected at e2ach site
Riverine tiicket Valley Total .ean
1 2 3 4 95 o 7 3 39 10 11 12 1 2

1.3

134 Qct. 8 3 1 1 3 0 1 2 1 0 1 O - - 21
dov. 3 3 W 9 4 1 o6 13 3 4 0 O - - 51 5.1
bdec. 1T ¢ 0 0 9 0 O O 1T O 0 WV 3 3 8 0.6

1365 dJan. 2 1 7 4 O 3 12 2 1 0 0 o 11 o 5% 3.8
Feo, 11 4 4 7 o 11 36 2 13 0 0 12 4 1 11 7.9
Mar. 3 1 3 1 3 1 2 3 3 0 0 O 3 2 31 2.2
Apr. 1 0 O 1 0 3 2 90 0 0 0 O T 1 9 0.0
May 0 ¢ 1 09 0 9 0 0 0 0 0 W (I 2 0.14
June 0 0 9 9 0 O 0 0O 0 0 0 0 2 3 10 0.7
July 9 ¢ 2 9 92 1 ¢ 9 9 0 0 0 4 2 g 0.9
Aug. 0 0 1 0 1 0O 9 90 O 0 90 O 4 0 6 0.4
Sept. 1 9 o5 1 93 1 0 O O 1 0 0 Jg 9 3 0.3
Oct. 0 0 2 9 0 0 0 0 Q0 0 0 0 g 0 2 0.14
dove O 9 2 1 9 + 2 9 1 93 9 0 Q0 VU 7 0.9
dec. 0 0 O O 0O 0 0o 0 0 0 9 0 v 0 0 9.9

1986 Jan., 0 O O 0 0 1 0 0 0 0 O O 0 0 I 0.97
re;. o5 0 1 1 2 0 2 0 0 0 0 1 19 13 0.93
dar. 3 0 1 1 1 90 0 0 2 0 0O 1 0 0 3 Q.o
Apr. 0 1 2 2 4 3 1 0 0 0 o0 0 0 0 13 0.93
May O 0 9 2 9 0O O O 0 0 0 O 0 0 2 0,14
Juna 0 0 0 0 Q0 0 0 90 O 0 0O 0O 0 0 0 0.0
July 2 1 3 7 3 4 0 1 0 0 0 O 0 9 21 1.5
Aug. 7 5 3 3 2 11 90 3 0 1 0 10 0 0 30 3.6

Total 47 24 43 40 23 41 o4 32 25 o 1 30 34 23 45
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(collected) during tne study period (Fig. 7). Two-way analysis of
variance of square-root transformed data snowed significant differences in

puparia numoers oetween different sites (F = 2.2, P <1.03).

5.3.3  SEASONALITY OF DIFFERENT VYEGETATION HABITATS FOR LARVIPOSITION

Jnder tne semi-arid climate prevailing in Wguruman, G. pallidipes
appeared to prefer tne dense riverine thicket with tall trees and an
undergrowth of sardos, nerds and grass. Jut of the 14 selected sites on
Transect 1, 12 were found in the riverine thicket the remaining 2 sites
were found in tne mixed woodland in tne valley of the Sampu River.

Taole 14 gives the montily fluctuations in the relative density of
puparia in toe riverine taicket (12 sites) and valley woodland (2 sites).
Tnere were two major peaks in ooth vegetation types (Fig. 8), but peaks in
tne tnickets coincided with low densities in tne valley woodland and vice
varsa. dumbers of puparia collected from the nilly slopes in the valiey
Noodiand were few during the dry seasons in 1384, but increased greatly
Anen most low-lying sites in tne riverine thnickets got flooded in the
neavy rainy season in 1385. Taus, wnile densities in the tanicket dec]ineq
following neavy rains, tnose in the woodland increased. Taere is there-
fore clear evidence of a shift in oreeding sites within tie locality ia
relation to tae seasons.

dreeding in all sites in thne riverine tnicket fell to low levels
from April 1335 onwards, out at no time was there a complete witndrawal,
suggesting tnat these sites were the primary breeding sites used through-
out tne year except winen tney were adversely affected by tne floods. The
mean puparia density per vegetation naoitat per monta was 17.09 + 5.3 for

tne taicket aad 2.71 + 0.3 for tne valley woodland, a ratio of 0.3 : 1.
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Tanle 14 - Relative puparia aoundance and distribution in relation to
two vegetation types along transect I at Jdguruman, Kenya.

dumoer of puparia categories collacted

Year vontn Riverine Tinicket Valley woodland
Empty cases Live puparia Empty cases live puparia
1334 Octower 201 21 - -
wWovemoer 003 a3l ~ -
Jdecemver 131 2 33 5]
1385 January 134 33 103 17
Feoruary 189 100 17 5
archn 183 23 o4 3
April 124 Vi 27 2
ay 45 1 47 1
June o7 J 13 10
July 30 3 35 3
August 93 2 23 +
Septemoer 147 9 53 0
Jctooer 45 2 36 J
Novemper 82 7 53 J
vecemoer 33 J 20 0
1386 January 50 1 23 0
reoruary 15 12 23 1
dlarcn 30 9 23 0
April 33 13 13 0
ay 17 2 8 0
June 23 J > 0
July 43 21 24 0
August 35 50 13 0

(811
~I

Total 2,572 333 363
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40.6°¢C (January 1385) wnich could pe letnal, but that for the larviposi-
tion site was 36.3°C (February 1336). Thus the mean maximun temperature
in the sites never reacned 40%C waicn is regarded lethal to Glossina
(lasn, 19330). Tne lowest monthly minimum temperature for tne general
area and larviposition site were 15.1°C and 14.2°% respectively (ootn
recorded in July 1386). Tne montnly mean air relative numidity in the
site was always nigner tnan 4% as compared to 25% in the open area
#itnin the vicinity of the sites. Altnougn the soil at most times
appeared complately dry it contained enough moisture to maintain suitadle
soil conditions for successful pupal development. Tne montily mean soil
moisture at dgurwnan was 23.9 + 2.3% (d = 432, see Taole 4). Tne nighest
rainfalls of 132.3 mn and 135.3 mn were recorded in April 1335 and day
1335 respectively, ~ail2 tne nignest soil moisture coatent of oetween 3U%
and 20% were recorded during tne montas of ilay and June raspectively
(oot are montns following moatns of neavy rains). It is evident from
Fig. 11 that climatic conditions witnin the larviposition sites were more
aguavle taan in tone general area.

Regressions of log. puparia against climatic factors were carried
out. Jf all climatic factors in tine sane month investigated, only soil
mdisture was significantly correlatad to puparia aumders (r = 0.59, P <
J.J3, t = 0.94). Tne climatic factors found to be most closely related
Lo seasonal wvariations in overall pupal aumders were tnose recorded for
previous amontn, anicn «#ere tne factors experienced by the parent female
fiies. Tnere were signifiqant positive correlations of puparia numbers
Aitn maximum temperature (r = 0.74, P <0,001, t = 3.76) and mean
temperature (r = 3.60, P <<0.05, t = 2.95) of the previous month, thle
tne negative relationsnip with saturation deficit was statistically

significant (r = - 0.65, P<0.05, t = - 2.09).
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requirements for larviposition.

There is evidence that within any particular vegetation habitat,
sites showed considerable unsynchronised variations in numbers of puparia
found in different seasons, suggesting that some sites were perhaps
anpandoned in favour of more suitanle sites. Site attacnment may involve
the pregnant females concentrating in the same locality month after montn,
or year after year oecause of their common attraction to particular local
environmental micro-conditions. Secondly, pregnant females may be concen-
trated in tne same locality because of tne availability of their preferrad
iosts in sucn areas (Vale, 1971).

Increases ia puparia numbers in dry seasons and decreases in the
rainy seasons suggests tnat puparia population fluctuations are probably
related to rainfall and temperature. However, no strong relationship
could e estaolisned vetween puparia density and most of tne climatic
factors 4ithin tne same montn. Significant correlations were nowever
found wita some climatic factors in the previous month, wnich is to be
expected since distribution of tne puparia is largely determined by
distrioution of adults in previous montn. The positive relationship with
temperature suggest a concentration effect with the nigh temperatures in
tae dry seasons inducing tne adults to concentrate in tihe relatively cool
and dense vegetation. Tnhe negative relationship with rainfall suggests
tnat tine flies pernaps detect tne increase in relative anumidity associated
Wwith tne early snowers and prodbaply avoided larvipositing in sites that

are likely to ve flooded before tne advent of the heavy rains.
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CHAPTER SIX

0. ASSESSMENT OF MORTALITY RATES IN PUPARIA OF G. PALLIDIPES AT
NGURUMAN

INTRODUCTION

(=2}
L]
—

One method of assessing pupal mortality is to keep field-collected
puparia under laooratory conditions to determine percentage emergence.
This also enables a determination of percentage parasitism and identifi-
cation of tae parasites involved. Tne technique cannot nowever provide
data on loss rates of puparia tnrough predation and other causes. One
Way in wnicn tnis can oe done is oy estimating mortality rates froin
relative abundance of different age groups of the population.

Various metnods wnicn nave been suggested for tine determination of
age of insects are reviewed by Soutnwood (1966, 1978). Different ages of
insects may oe determined oy dissections where various categories of
paysiological processes or developmental features can be recognised. Tnis
was done oy dursell (1959, 1960a) who snowed that the age of puparia of &.
tachinoides could be determined oy some developmental cnaracteristics of
tne developing pupa-imago inside tne puparium. An alternative is to keep
the puparia alive until emergence and recofd the time from collection to
emergence., Tne age of tne puparia at time of collection can tnen pe
estimated oy subtracting time to emergence from estimated pupal duration.
Jdnce tne age distrioution is known, the decline in progressively older age
grouns will reflect the mortality rate in a stable population. Althougn
astimates from a single aontn's data couid give misleading results,
pooling over several months data snould give a reasonaole estimate of

average mortality rate (Chailier & Turner, 1383).
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As «ell as estimating the mortality rate from the frequencias of
different age categories of puparia, an index of mortality was also
ootained from tne difference between tie apparent density of puparia and
apparent deasity of teneral adults the following montn. Since different
sampling metnods were used, tnis wetnod cannot Jive an absolute estimate
out can give a useful index.

Anotner approacn was suggested by Rogers (1979) and is adopted nere,
He sdggested using the soran curve for datermining montnly cnanges in
density independent mortality acting on tsetse populations under natural
conditions. Altnougn ne applied it to adult tsetse numbers, tnere is no
Jasic reason «4ny it should not oe usad with puparia as well with the
provisy tnat generation mortalities (i.e. comdined pupal and adult
mortality rates) will bDe estimated,

Tone tast technique utilised was tne experimental approach in which
Known numbers of live puparia were duried, and cnecked two w#eeks later to
determine numoers of puparia missing or killed. Results of tnese experi-
ments are deferred till Cnapter 3, since tney relate most directly to work
on predation. To suwmmarise, taree approacnes are reported in this chapter
for assessing pupal mortality at dguruman.

{a) Puparia were kept in tie laboratory to determine emergence rate.

{(0) Toe ayge distrivution tecanigue was used to estimate a survivorsaip
curve from wnicn the mortality rate was calculatad; similarly tne
difference petween relative numoers of puparia and tenerals eacn

wontin gave an index of mortality,

(c) Seasonal cihanges in generation mortality due to abiotic mortalities

were estimated from Moran curve.
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5.2 MATERIALS AND METHODS

6.2.1 DETERMINATION OF RATE AND PATTERN OF ADULT EMERGENCE

Tne live puparia collectad montnly from tine field were Kept
individually in 6.3 x 2.3 cm ventilated plastic containers which were in
turn placed in a large metal tray of wet sand. Tne tray was kept in the
pupal room at dguruman at average temperature of ca. 25%C until eclosion
(digner temperatures were experienced oy puparia for tne first 2-3 montns
of the broject antil tne arrangement apove could be set up). uJates of
collections and emergences ~ere noted and the frequency of emergences at
different time periods (U0, 09, 12, 15, 13 and 21 nours) witnin each day
was also noted and used to determine tne diurnal rhythm in the emergence
pattern of adult a. pallidipes and parasites or parasitoids wnicn emerged.
The emergence rate in different montns from Octoper 1334 to August 1333
was estimatad using tie following formula :-

-

Emergence rate (E) = do. of puparia wnici emerged (dE)

Total do. of puparia collected (i)
It should pe noted that calculated changes in E may arise tiarough real
cnanges in emergence rates or through sampling biases. Tne percent

emergence was found oy multiplying tinis index oy 100.

0.2.2 DETERMINATION OF PUPARIAL DURATION OF FIELD-COLLECTED PUPARIA
Tne expected pupal period duration (EPD) in eacih montn was estimated
using Jackson's formula (1937) : -

EPD = 1

0.0323 + 0.00238 (t - 24)

. o, . , ;
dnere U is tne mean temperature ( C) experienced by tne puparia. ilean
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puparia density of previous monti.

6.2.5 ESTIMATING LOSS RATES FROM MORAN CURVE

An analytical approacn suggested oy Rogers (1973) is appropriate in
investigating the seasonal levels of apiotic mortalities. Tais metnod,
Witicn estimates tne jeneration mortality rates from cnanges in total
sample sizes, is pased on tne logaritamic version of Ricker's plot and is
called tae doran curve. Ia tais curve, tne density at a point in time i3
plotted against the density of tine same life stage at some previous point
in time. The Joran curve 4nicn represeats maximum population growtn in
tae aosence of density independent mortality is tnen added. Tne maximum
rate of increase of puparia numpers per montn {x 1.9) was ootained from
runs of a G. pallidipes simulation model {(Dransfield, pers. comm.).
Jistances petween tne curve and any poiant pelow the line is a measure of
density independent wmortality acting on tne population during tne

interval from t to t + 1.
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6.3 OBSERVATIONS AND RESULTS

6.3.1  RATE AND PATTERN OF EMERGENCE OF G. PALLIDIPES AT NGURUMAN.

3ased on varianle numoers of fieid-collected puparia, tne percent
emergences in different montns ranged from 21.4 to 100% and averaged 45.90
+ J.01 (Tanie 15 and Fig. 12) witn nigner emergence rates occurring in
Octooer 1984, January-Feoruary, April-day and July 1385; and January and
ilarca 1335, waile fewer adults emerged in dovemoer 1334, darca and
Septemoer 1335 and Feoruary 13936. [hese lower emergences mostly coincided
J4itu seasonal transitions of climatic conditions from aot and dry to cold
and wet. Tnis suggests that conditions in tnese periods are provanly not
favouranle to the tsetse. Thne aignest temperature at 4nich development
and natcning occur in nature at Jdguruman was not precisely known, however,
satisfactory emnergences occurred in January 1335 when maximum snade air
temperature ~as aoove 20°%¢.

Tanla 10 gives the seasonal fluctuations in mean percent amergence
of puparia just over transect I. On tae average, 45.0 + 0.1% (range 10 -
100%) of puparia collacted yielded adult tsetse. Generally, pupal to
adult survival iacreased in tne dry seasons, out was low in tae rainy
season, indicating that conditions in tne seasons affect survival of the
puparia.

Fig. 13 snows tie diurnal raytnm of emergences of 305 flies from
field collected puparia (compined males and females). It snows a oimodal
pattern W#itn the First and minor peak occurring between 0500n and 0900n,
and tae major peak of tne day occurring in tne late afternoon patween 1500

and 1300n. There were no emergences around midday.
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Tanle 17 - Montnly age distrioution of Puparia of G. pallidipes at
Nguruman, Kenya.

Year iMontn Corrected Humber of Puparia in each age group
pupal duration 1 2 3 4 Total
13384  Oct. 24 4 7 7 9 27
Nov. 24 5 8 8 6 27
Dec. 24 3 0 0 1 4
1985  Jan. 28 47 19 1 1 68
Fen. 23 42 16 30 15 103
Mar. 28 o 4 3 0 13
April 32 0 2 + 0 5
May 32 0 0 0 2 2
June 36 4 0 0 0 4
July 36 1 5 1 0 7
Aug. 36 0 1 1 i 3
Sept. 32 0 0 3 0 3
Oct. 32 i 2 3 0 5
Nov, 32 0 0 1 2 3
Dec. 32 0 0 0 0 0
1986  Jan. 28 0 1 0 0 1
Feo. 23 3 0 2 0 5
Mar, 32 5 1 1 2 9
April 28 0 3 3 0 6
ay 32 0 0 0 0 0
June 36 0 0 0 0 0
July 36 ) 4 0 0 10
Total 127 73 68 39 307
Log. Tot. 2.10 1.86 1.83 | 59

Note: - Estimated pupal duration is rounded to the nearest multiple of
four days. Age groups: 1 =0 -7 days old; 2 = 8 - 15 days old;
3 = 1o - 23 days old; 4 = over 24 days old.
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Fig. 15 - Monthly age distribution of puparia of C. pallidipes.
Sampling perioa: October, 1984 - March, 1985.
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Tanle 13 - iontnly fluctuations in index of pupal loss rates estimated
from relative densities of puparia and teneral female flies

Year Montn Puparia collected Mean No. of OA flies Index of
in month n in month n + 1 pupal
P inP 0A 1n OA loss
(a) (p) (a-b)

1984  Oct. 21 3.0 0.5 -0.7 2.3
Nov. ol 4.1 0.4 -0.9 3.2

Dec. 8 2.1 0.6 -0.5 1.6

1385 Jan. 35 4.0 2.8 1.1 2.9
Feb. 111 4.7 1.1 0.1 4.6

dar, 31 3.4 1.5 0.4 3.0

April 9 2.2 1.0 0.0 2.2

ay 2 0.7 0.5 -0.5 0.2

June 10 2.3 0.4 -0.9 1.4

July 9 2.2 0.4 -0.9 1.3

Aug. 6 1.8 0.2 -1.6 0.2

Sept. 9 2.2 0.1 -2.3 -0.1

Oet. 2 0.7 0.1 -2.3 -1.6

Nov. 7 1.9 0.2 -1.0 0.3

Dec. 0 0 1.4 0.3 -0.3

1986  Jan. 1 0 1.7 0.5 -0.5
Feo. 12 2.6 e 1 1.1 1.5

iar. 9 2.2 0.2 -1.6 0.6

April 13 2.6 1.3 0.3 2.3

May 2 9.7 4.1 1.4 -0.7

June 0 0 3.1 1.1 -1.1

July 21 3.0 2.4 0.9 2.1
August 50 3.9 2.1 0.7 3.2
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Fig. 17 - r;iont}lly changes in index of pupal loss rates estimated
from relative densities of puparia and teneral fenale flies (0A) of
the following month.
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Nasn, 1330; Friedler and Kluge, 1354; Hursey, 1970; Gruvel, 1974a). Tais
situation makes the determination of tne age of parasitised puparia more
complex, oecause tne duration of such puparia will vary considerably and
W#ill pe dependent on the age of the parasitoid at time of parasitization
of the nost.

One interesting finding revealed in this study is the age-specific
sdarvivorsnip curve for tne puparia population. Althougn mortality rate
estimates varied slightly, tne linear inverse correlation obtained for the
puparia population agreed with Slovodkin's Type II survivorship curve
(Slopbodkin, 1962), which indicated that mortality was constant in all age
groups. Tais could ve attributed to increasing pupal losses tarougn
predation wnicn is directly related to now long the puparia are exposed
to mortality factors (Wonlscnlag, 1954; Clements and Paterson, 1931). If
all age groups were equally susceptinle to predation tnen the regression
reflected tne rate at wnich puparia succumoed to predation. However, 4.5%
per day seems an exceptionally high mortality rate since it would give an
overall pupal mortality of 77%. Even if it is assumed that the last
developmental category nas lower frequency than it should because of early
emergence, tne overall mortality rate/month still comes out at 70%.
Whetner tnis is a realistic estimate will be reconsidered in Chapter 9,
after examination of the data on tne pupal burying experiments. Tnis
figure is certainly mucn higner than thne 10% pupal/teneral mortality
assumed oy Nasn and Page (1953).

The metnod of analysis oased on tne Moran curve provides direct
estimates of generation mortality. Some of the pointé whicn fell outside
the realistic range of reproductive rates gave rise to negative k-values
and could represent montns of population migration into tne area, or could

result from sampling errors. Since it is an attempt to define tne best
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removed on eacn sampling occasion, predation rates estimated from empty

cases reflect predation rates over the previous two to three months.

71.2.2 AGE GRADING DISSECTIONS FOR DETERMINING AGE AT DEATH OF
FIELD- COLLECTED PUPARIA WHICH FAILED TO EMERGE.

A modified Bursell's metnod for age determination of Glossina
puparia was employed in tne formulation of classification categories used
in ageing field-collected puparia wnicn failed to emerge into adults. Tne
age categories were pbased on certain distinguishing developmental features
suca as tne appearance of different adult pody parts and tne degree of
pigmentation in tne eyes, appendages, wings and the general body surface.
Tne formulation was oased on tne assumption that recognizable cnaracters
on whicn ageing are based are well preserved in the puparial case, and
nence remain relatively unchanged after death.

Prior to dissection of field-collected puparia, 300 laboratory
-reared puparia were kept in the laboratory at temperatures ranging
vetween 25°C and 28°C, 60-70% RH and 12L:12D photoperiod. Ten
puparia were dissected daily until all tne 300 puparia nad been
dissected. Tne front nalf of each puparium was embedded in a block of
plasticine and carefully dissected to expose the content for examination
under a pinocular microscope (Wild M5, 10 x 25 magnification). The
features of tne developing pupa or imago inside the puparium were tnen
noted and assigned to the appropriate age category wnicn was related to
tne duration of the pupa at eacn developmental phase. Table 19 gives the
summary of tne cnaracteristics of tne developing puparia-imago inside the
puparia used in ageing puparia of G. pallidipes. Tnis ageing method can
oe used to determine the age of dead puparia at time of death or age of

live puparia at time of collection from tne field. It is also a useful



Table 19 - Classification categories for determining the age of puparial
stages of G. pallidipes (A = age from day of larviposition in
days, B = duration of developmental phase in days, C =
estimated mean age of puparium in days).

Phase Classification category A c

1 From formation of puparium until the three body

regions corresponding to nead, tnorax and abdomen
could pe distinguisned. The content of puparium
remaining watery and creamy winite in colour.
a. Quiescent stage with watery contents intimately

associated with puparium at all points 2 1
p. Contents still watery and creamy white but

oounded by a fine inemorane 3 3.5
C. Head, tnorax and aodomen distinguishable 4 )

2. No pigmentation out form of imago and appendages

discerniole
a. legs clearly discernible 5 1.5
D. Wwing ouds separating from rest of tne pody 3 8.5



Tanle 19 - (cont'd)
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Pnase Classification category A G
3. From time pigment first appeared as pale yellow
in tne eyes until pody oristles oecome pigmented
thougn onody colour remained creamy-white
a. Only tne eyes pigmented
(i) Yellow tint in eyes 11 10
(ii) eyes ligit yellow in colour 15 14
(i1i) eyes of mustard colour 20 19.5
o.  Pigmentation in oristles on proooscis, legs,
antennae and general bdody surface 22 23
c. Sexes could pbe differentiated 23 24.5
d. Cnaracteristic banding on abdomen discernible 25 26
e. eyes brownish 27 27.5
f. eyes reddish-brown or purplisn-brown 23 29
4, From oody pigmentation to completion of development
of tne imago in the puparial case.
a). oody neavily pigmented and pupal skin still
moist 29 30.5
D). Pupal skin dry and adnering to puparium,
ptilimum protruding and pulsating, pharate
adult moving sligntiy and preparing to emerge 30 31.5
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tecnnique for comparing relative ages of puparia collected at different
times in the same locality or from different localities provided the live
puparia are not needed for other studies. In this present study it was

used in determining the age of puparia at time of death.

F.2.3 DETERMINING NATURAL CAUSES OF MORTALITY OF PUPARIA
COLLECTED FROM THE FIELD

For determining tne type of parasites and parasitoids and their
rates of parasitization, tne live puparia collected montnly from the field
were placed singly in 6.3 x 2.8 cm ventilated plastic containers, and
under conditions descripved in tne previous chapter (see 6.2.1) for
eclosion and supbsequent identification of adult parasites or parasitoids
anicn emerged. Puparia from wnicn neither tsetse nor parasites had
emerged 30 days after the day of collection were dissected and examined
under tne pinocular microscope to determine possible causes of death. The
causes of mortality were classified as follows : -

(a) Dead parasitised puparia - A few puparia were found to contain
dead parasitoids, and were included with the parasites which
emerged for quantification of this mortality factor;

()  Developmental abpnormalities - all instances of developmental
and emergence failures. Tne developmental failures refer to
puparia winich failed to develop beyond the pupal stage. They
included puparia wnich snowed no development and hence were
nollow and puparia containing a shrivelled mass of tissues of
different colours. Emergence failures were characterised by
puparia wnicn had retained mature flies wnicn failed to
emerge, tnus representing successful development but failure

to emerge, or simall adults which could not survive the "spider



stage" of emergence.
(c) Pupal tissue degeneration - dead puparia which had the cases
lined witn rotten tissue representing decomposed puparia.
(d) Diseased puparia or fungal infections - all puparia with
mycelia inside. Tnese included nollow céses, shrivelled
tissue or retained adult flies covered with mycelia.
Total mortality in eacn season was expressed as a percentage of total of

puparia examined.

1.2.4 KEY FACTOR ANALYSIS OF CAUSES OF NON-EMERGENCE MORTALITY OF
PUPARIA COLLECTED FROM THE FIELD.
The levels of all tne suomortalities defined aoove, expressed in

k-values, were estimated by suotracting log W from log Nt’ anere

t+l

N, is the numoer of puparia on which tne factor acted and Nt+1 is the

t
numoer surviving tnat mortality factor. Total puparial loss (K) in each
month was determined by summing k-values of all submortalies , k],

KZ’ k3 etc. or oy supbtracting log. number of adult emerging from log.
number of puparia collected in tnat montn. Varley and Gradwell's method
(1960, 1970) was tnen used in partial generation key factor analysis.
Recognition of key factors was assesssed by visual correlations, in wnicn
total mortality (K) and suo-mortalities (k] to k3) were plotted

against montns.

Quantitative evaluation of the role of each k-value was carrfed out
using Podoler and Rogers' metnod (1975). The relative importance of ea;h
factor was taken to oe proportional to tne regression coefficient of «-
values of eacn suomortality against total mortality (K). Tnese
coefficients also gave the estimates of the role of each mortality in

contributing to cnanges in total mortality (Taylor, 1973).















Table 21 - Ooservational studies on natural predation in empty
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puparia of G. pallidipes collected at Nguruman, Kenya
(Marcn 1985 to August 1985).

(A)  Site variations in artnropod-induced mortality in puparia

Site no. No. of cases No. damaged % damaged
aexamined

1 125 31 24.8
2 53 20 31,7
3 264 59 22.3
4 141 31 22.0
5 60 15 25.0
6 31 21 25.9
7 75 27 36.0
3 59 7 11.9
9 82 31 37.8
10 19 7 36.8
1 4 4 50.0
12 59 19 32.8
Vi 281 64 22.3
V2 327 86 26.3

Vi and V2 are sites found in tne Valley Woodland.

(B) Variations in artnropod-induced mortality in

puparia in relation to vegetation types.

Vegetation No. of cases Numnber % damaged
type examined damaged

Riverine

Tnicket 1,022 272 26.6
Valley

Woodland 608 150 24.7
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most of tne predators attacking puparia were cnewing predators.
Analysis of the locations of attack on damaged puparia of a&.
pallidipes did not reveal any definite pattern other than a preponderance
of damage to the side and the anterior end, away from the polypneustic

lobes, suggesting it is more difficult to damage the lobes.

1432 CAUSES OF MORTALITY IN FIELD-COLLECTED PUPARIA OF G. PALLIDIPES
(i) PUPARIAL PARASITISM DUE TO EXHYALANTHRAX PARASITOIDS.

The puparia parasitoids were of the genus Exhyalantnrax (formerly

named Tnyridanthrax) of tine family Bomoyliidae. The two species found

were E. lugens (Lw.) (78 %) and E. peckerianus Bezzi (22 %) (Plate 5).

Montihly fluctuations in apparent rates of parasitisin along transect
I are shown in Fig. 22 (A). Tne mean level of parasitism was between 10
and 12%. A close look at Taple 11 and Fig. 22 (b) snows tnat montily
parasitism was generally low when nost population was high. Although
tnere were nigner oscillations in nost populations there was some degree
of synchronization between tne host and the fluctuations in percent
parasitism, particularly petween April and November 1985.

Table 23 suggests that parasitism rate was higher in the rainy
seasons tnan in tne dry seasons. It has been demonstrated in séction
5.3.3 tnat tne flies shift their sites from low-lying sites in the
riverine thicket to valley woodland during tne rainy season. There was
consideranle variations in rates of puparial parasitism in different
years. Tne ranges were 0 - 11.5% for 90 puparia in 1984; 0 - 100% in
1985 from 251 puparia, while tnere was no parasite from 109 pupae
collected in 19386. In general parasitismn rate was nigher in 1984-35 tnan
in 1985-86.

There were also site variations in the rate of parasitism [Taole 24
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Tanle 25 - Seasonal fluctuations in causes of non-emergence and mortalities in puparia

of G. pallidipes collected from tne field from Nov. 1984 to Dec. 1985.

Percentages in parenthesis.
Seasons Number Developmental  Emergence Pupal tissue Fungal Dead parasites

dissected failures failures degeneration infections in puparia

Snort rains
(Oct.- Dec.) 9 0 1 (11.1) 0 6 (66.7) 2 (22.2)
Hot dry
(Jan.- Mar.) 107 23 (21.5) 17 (15.9) 12 (11.2) 52 (48.6) 3 ( 2.8)
Long rains
(Apr.- June) 3 2 (66.7) 0 (0) 1 (33.3) 0 (0) 0 (0)
Cold dry
(July - Sept.) 15 3 (20.0) 6 (40.0) 4 (26.7) 2 (13.3) 0 (0)
Total 134 28 (20.9) 24(17.9) 17 (12.7) 60 (44.8) 5(3.7)
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Table 26 - Apparent partial life table data of G. pallidipes at Nguruman.

(N = No. observed, k = k value.

Year Montn Puparia Developmental  Puparia Parasitised Fungal Adults Stage
collected & emergence tissue puparia infections emerging mortality
failures degeneration

1984 Nov. N 33 1 0 8 0 24
K 0.01 0 0.13 0 0.14

Dec. N 3 0 0 0 5 3
K 0 0 0 0.42 0.42

1985 Jan. N 105 17 3 2 18 65
K 0.08 0.01 0.01 0.11 0.21

Feo. N 134 10 5 ) 13 100
K 0.04 0.01 0.03 0.05 0.13

Mar. N 51 13 4 4 21 9
K 0.13 0.05 0.05 0.53 0.76

Apr. N 4 0 0 1 0 3
Kk 0 0 0.12 0 0.12

May N 2 0 0 2 0 0
K 0 0 0.30 0 0.30
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soil; wnile tine puparia «ere vuried in tne soil; or while the teneral
flies were emerging from tne soil?. To answer this question further
investigations are required on tne larviposition pehaviour of adult
females, the burrowing benaviour of the larvae and the emergence
pehaviour of tne teneral flies in tne larviposition sites. Tnis snould
reveal the actual stage in the cycle on which the density dependent
factor operates. What couid oe causing this density dependent mortality
at tne pupal stage?. At tnis stage the agents responsible for this
mortality are unknown, out attempts will oe made in tne next two chapters

to identify predators wnicn attack tsetse in their natural environment.
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rapidly cnanging African environment. Tne suppression of insect vectors
oy chemical and other means inevitably interferes with tne natural
control and regulation processes, and it is only when such processes are
fully understood tnat tiney can be manipulated in vector control
programmes to maximize suppressions while at tne same time minimizing
cost and environmental nazards.

Tne present study was tnerefore carried out to study major predators
influencing tne population of G. pallidipes at Nguruman, South-west Kenya.

The objectives are :-

1. to develop a simple trapping methodology for sampling the natural

enemy complex;

2. to study the prevalence, distribution and abundance of major

potential predators in relation to climatic factors; and

3 to study tne relationsnip petween densities of the various potential

predators in relation to densities of tsetse puparia and adults.
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8.2.3. IDENTIFICATION OF POTENTIAL PREDATORS

Some identification of predators were carried out by the autnor.
Otner predators were stored in 8U% alconol with glycerol or pinned dry
until tney could pe identified by comparison with a reference collection
in the Wational Museum of Kenya in Nairoboi (NMK). Both the identified
and tne unidentified specimens were sent to staff of tne Museum for
identification and/or verification of identification. Thne following
persons provided identification services in NMK and Commonwealtn Institute
of Entomology, Britain (CIE) : Solifugae - Ali iMohammed (NMK) and D.
MacFarlane (CIE); Asiliidae - Ropert Lavigne, Univ. of Wyoming, USA
(temporarily at NMK); Coleoptera - Jonn dNgoroge (NMK); Orthoptera -
Micnael Mungai (Ni¥K); Lepidoptera - M. Clifton (NMK); Araneae - M. Ritchie
and Susan dangari Kimani (NMK); Diptera and Hymenoptera - Josepn Munhagani

(NiK).

8.2.4 DETERMINATION OF THE RELATIONSHIP BETWEEN PREDATOR ABUNDANCE
AND CLIMATIC FACTORS AND TSETSE NUMBERS.

For eacn of tne potential predator groups selected for detailed
study, tne cnanges in their relative densities were related by regression
analysis to climatic indices.

Changes in log transformed data on puparia numpers (N + 1) from
inontinly nand-searcning metnod were related separately to cnanges in
population numoers of ants and crickets, and densities of adult tsetse
flies were related to spiders and asilids. The objectives were first to
demonstrate their effect on tne population, and secondly to identify the

mannar in wnicn tneir influence was exerted.
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Taole 27 - Species composition of potential predators caugnt in

larviposition sites of G. pallidipes at Nguruman.

POTENTIAL PUPARIA PREDATORS

INSECTA
HYMENOPTERA
Formicidae
Polyracnhis spp.
Pneidole spp.
Camponotus spp.

Jdontoimacnys spp.

Paltothyraus ciorinodis

Paltotnyreuds spp.

Acantnolepis spp.

Viticicola spp.

COLEQPTERA
Carabidae

Campalita cnlorostictum dejean

Tefflus jamesoni Bates

Cnlaenius ?paulae Gerst

Cypholopa trilunata Gerst

Elateridae

Tetralobus snuckardi Hope.

ORTHOPTERA
Gryllidae

Gryllus spp.
Gryllulus spp.

Homoeogryllus spp.

Liogryllus oimaculatus

Liogryllus spp.

Pnaeopnillacris spp.

Scapsipedus spp

Gryllotalpidae

Gryllotalpa africana

DICTYOPTERA

Blattaria

Epilampra spp.

?Pseudoderopel tis spp.

HEMIPTERA

Reduviidae

Physornyncnus

erytnroderus Scnaum.







(ii) Comparison of trapping systems

Relative densities of predators caught in unbaited and baited
pitfall traps, water traps and during constant time searcnes are recorded
in Taples 28, 29, 30 and 31 respectively. Unbaited pitfall traps (Table
28) were effective in capturing predators like Gryllidae, Formicidae,
Araneae and Amphipians found walking, crawling or hopping witnin tne
larviposition sites. A few Formicidae and Araneae may alsdo nave fallen
from tne overnead vegetation. The catches from tnese traps were of course
a measure of ooth activity and density. In general, tne pitfall traps
caugnt tne nignest numbers of Formicidae and Gryllidae, and mean catcnes
of tnese two predators differed significantly from tnat of other
predators. Baited pitfall traps (Table 29) which used banana captured
Formicide ants, aryllidae and otner artnropods wnich were naturally
attracted to odour of decaying fruit. Tnough the catcnes were similar to
tnose from unoaited traps in species composition, they contained lower
proportions of all predator groups. Since these traps contained no
Killing agent and thus caugnt live artnropods, the low incidence of
demiptera and larvae/grubs in tnese traps were attributed to predation by
ants, pbeetles and spiders winicn were also found in tne traps. Tne oait
nad no significant effect on tne catcn sizes over that of unoaited traps,
put tney did supply live predators for furtner experimental work.

It was noped tnat water traps (Tanle 30) would pe useful for

sampling Asiliidae, Exhyalantnrax species and other predatory Diptera and

dymenoptera, put very few of tnese insects were caugnt. However, various
species of dipteran insects wnicn visit animals in tne larviposition sites

eitner to feed on their bdlood (Tapanids, Stomoxys, Glossina, Haematobia,

Hippovoscids and mosquitoes of tne Aedes and Anopneles species), or on

tneir secretions (Muscids and scarabid beetles) were caugnt in the
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Table 28 - Relative abundance (total numoers) of poteantial predators of
G. pallidipes caugnt in unbaited pitfall traps.

Year donth Formicidae Gryllidae Araneae Amphibians
1934 Oct. 40 29 11 0
Nov. 12 12 6 0
Dec. 11 16 15 0
1985 Jan. 71 26 16 1
Feb. 0 0 0 0
Mar. 19 40 17 0
Apr. 3 3 7 i
May 1 i 4 4
Jun, ) 11 10 19
Jul 32 21 10 9
Aug. 30 23 7 1
Sep. 32 : 23 b 0
oct. 75 153 13 0
Nov. 2 115 1 2
Dec. 11 23 10 1
1386 Jan. 32 32 21 3
Fep. 39 35 19 0
ar. 263 59 22 1
Apr. 13 79 11 0
ay - - - -
Jun. 36 11 17 2
Jutl. 03 19 20 0
Aug. 61 12 9 0

Total 924 843 261 44
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Taole 29 - Relative apundance (total numoers) of potential predators
caught in banana-oaited pitfall traps.

Year Montn FORMICIDAE GRYLLIDAE ARANEAE AMPHIBIANS
1934 Dec. 10 2 4 )
1985 Jan. 0 0 0 0
Feb. 3 3 2 0
dar. 2 3 1 0
April 5 0 0 0
May J 9 2 0
June 1 3 4 )
July 3 2 5 4
Aug. 7 14 1 1
Sept. 0 5 2 0
Oct. 1 13 1 0
Nov. + 23 0 0
Dec. 5 44 5 0
1930 Jan. 2 156 ) 0
Feb. 8 15 7 0
var. 23 11 4 0
April 18 13 3 0
ay - - - -
June 17 8 4 0
July 2 J 2 J
Aug. 14 0 2 0
Total 145 189 55 11
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Tanle 30 - Relative apundance (total numbers) of potential predators
of G. pallidipes caugnt in water traps.

Year Montn Formicidae Grylliidae Araneae Hymenoptera

1984 Oct. 0 19 8 139
Nov. J 1 2 7
Dec. 0 1 0 19

1985 Jan. 0 3 1 7
Feb. 0 2 0 1
ar. J 20 5 7
April ) 7 3 6
May 0 0 0 1
June 0 2 2 2
July 0 I 0 5
Aug. 0 1 7 15
Sept. 0 3 1 10
Oct. 0 0 2 13
Nov. 0 i 0 6
Dec. 0 0 4 4

1986 Jan. 0 I 1 v
Feo. 1 4 1 10
var. 3 2 2 8
April 1 1 2 2
May - - - -
June 2 1 0 0
July 2 0 2 2
Aug. 0 0 0 2
Total 9 75 43 151




170

Table 31 - Relative apundance (total numoers) of potential predators of
Glossina pallidipes from 2-man hour searcnes in tne larviposition sites at

Nguruman, Kenya.

YEAR #MONTH FORMICIDAE  GRYLLIDAE  ARANEAE LARVAE]CHILOPODA BLATTERIA

1334 Oct. 1 3 0 1 0 0
nov. 3 0 1 21 1 0
Dec. 8 3 3 206 3 1
1985 Jan. 1 & 2 31 4 2
Feo. 2 7 1 13 5 1
Marcn 2 14 3 110 9 3
April 3 11 ) 139 3 6
vay 0 o 3 4 3 4
June 0 I 5 8 10 2
duly 0 1 1 0 3 0
Aug. 0 1 + 8 0 0
Sept. 0 0 3 3 0 V)
oct. 1 2 0 0 0 0
Nov. 0 1 1 0 0 0
Dec. 3 o 9 376 7 3
1936 Jan. 7 20 14 45 12 1
Feo. 7 41 10 68 4 0
arcn 18 28 14 5 0 1
April ) 12 3 10 1 3
May 28 13 7 83 15 5
June 123 20 29 o7 24 2
July 30 12 7 9 3 2
Aug. 31 3 5 0 0 1
Total 315 229 130 1,262 117 37

1 Larvae = Dipterous and Coleopterous larvae.
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traps. Araneae were found in ail traps in nign numbers, wnile toads were
caught only in unbaited and vaited pitfall traps which gave evidence of
traps sampling different levels of the nabitats.

Tne pitfall traps were tne most effective for Gryllidae and
Formicidae, #nile tne constant time searcnes were best for Coleopteran
grubs and larvae. Witn tne exception of Coleopteran grubs and Blatteria,
tne catcnes from constant time searches (Table 31) were comparaple to
catches from tne baited and unoaited pitfall traps. Comparison of mean
catcnes of different predators in various traps oy Duncan's Multiple Range
Test are given in Table 32. The trap type effect was significant (F =

6.01, P« 0.001).

Taole 32 - Comparison of mean catcnes in the larviposition sites.

Trap type Formicidae Gryllidae Araneae
Unoaited pitfall traps 43.3 a 33.5 a _ 11.9 b
Baited pitfall traps 7.3 0 9.5 b 2.3 p
Water traps J.2 b 3.40Db 2.0D
Constant time searcn 13.7 o 9.6 b 5.9 b

Means followed by tne same letter are not significantly different

at P <0.05.

(iii) Spatial and temporal variations in densities of pfedators
caugnt in the larviposition sites.
Fig. 28 snows montnly fluctuations in the relative abundance and
distrioution of Formicidae, Gryllidae and Araneae caugnt in various traps
(combined data of all traps), in tne larviposition sites.

Seasonal fluctuations in tne relative densities of Gryllidae, Formi-
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Tanle 35 - Seasonal fluctuations in nand-nets catches of potential predators
of adult G. pallidipes in the two vegetation types. (Riverine

tnicket and Valley woodiand compined).

Season Montns Asiliidae Anisoptera Zygoptera Sphecidae Vespidae etc.
A B A B A B A B A B
Snort rains Oct-Dec. - 74 - 82 - 45 - 23 - 20
ot dry Jan-iar. 27 173 72 23 20 4 23 22 4 13
Long rains Apr-dun. o4 78 o4 50 84 2 59 3 24 5
Cold dry Jly-Aug. 101 32 144 64 113 8 25 7 1 1

A - 1984-35 B - 1385-36.
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Log (number of predators+1)

Fig. 29 - Monthly fluctuations in population of adult predators
caught in hand-nets in two vegetation types. Solid line - Valley
woodland, Broken line - Riverine thicket,
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peak densities in tne vegetation types varied witn time of year. Asiliids
and Wasps (Vespidae) started declining around July, wnile Odonata remained
nign until end of Octooer pefore the population began to decline again.
Bemdex species were relatively unavailaple throughout the study, except
from July to Septemoer 1935 wnen tney pecame abundant, particularly in
tne riverine tnicket.

Summary of analysis of variances of catches in the two vegetation
types and comparison of the means by Duncan's Mdltip1e Range Test are
given in Table 36. Tne difference between the two vegetation habitats

4,95, P <9.001), put variations petween months were

was significant (F

not significant (F = 0.73, P> 0.05). Catcnes of Asilids in valley
woodland were significantly different from those of wasps, but variations

between dragonflies, damselflies and wasps were not significant.

8.3.3 RELATIONSHIP BETWEEN APPARENT PREDATOR DENSITIES AND CLIMATIC
FACTORS.

Relationships between predator densities in the larviposition sites
and climatic indices were determined oy multiple regressions. A signi-
ficant positive relationship of log. density with any climatic index
suggested tnat density or activity is directly affected by that index.

The abundance of Formicidae was directly related to saturation deficit
(Reg. coeff.= 0.37; t = 2.48, P <0.05), put showed no significant
relationsnip witn any of otner climatic factors investigated. The gryllid
catches were positively related to saturation deficit (Reg. coeff. = 3.35;
t=4.60, P<<0.001) and rainfall, and inversely related to mean tempera-
ture (Reg. coeff.= - 23.20; t = - 3.12, P <0.001). Abundance of
Asiliidae was inversely related to minimum temperature of tne same month

(Reg. coeff.= - 30.37; t = - 4.83, P <0.001), mean temperature of the

previous montn (Reg. coeff.= -14.3; t = - 3.28, P <0.001), and RH of the
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Tanle 36 - Comparison of nand-net catcines of predator in tne

two vegetation types.

Predator type Mean catcnes in different vegetation types

Valley woodland Riverine tnicket
Asilids 19.5a 8.3bp c d
Dragonflies 15.7a b .60 c d
Damselflies 12.2a b ¢ 2.5d
Wasps 3.4bp c d 4.7c d

Suinmary of ANOVA Table.

Source of variation SS df MS F ratio
Baetween montns 1507 3 502.20 0.73
Between naoitat 2740 4 685.09 4, 95%*%
Residuai 207538 159 133.39

Total 25005 157
*kx p <7(,001 Means witn same letters are not significantly

different at P <VU.05. LSD = 7.35, Sx =2.63, n=20.
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Taple 37 - Values of regression coefficient and Student's t in the
regression analysis on 1og. numbers of predators and
potential prey.

Predator type prey type Reg. coeff. t value

PUPAL PREDATURS

Formicidae Puparia - 0.08 -0.37
Formcidae’ " - 7.48 ~0.72
Gryllidae " - 0.56 -1.7%
aryllidae’ z 537.5 0.12
Coleoptera " 0.16 0.60
Co]eoptera] ! 134.79 0.12
Gruos/larvae " - 0.19 -1.08
Grups/larvae’ u 465.60 0.56
ADULT PREDATORS

Asiliidae Adult tsetse - 1.05 -3.56%%%
Asi1iidae) e - 1.01 -1.39
Araneae " - 0.21 -0.35
Araneae] " - 0.72 -0.92
Anisoptera " - 0.28 -0.99
Anisoptera] ! - 0.62 -2.12%
dymenoptera " - 0.03 -0.11
dymenopteral " 0.17 0.01

ek p <0.001, * p<0.05.
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different levels of tne nabitat. For wnile tne water traps sampled flying
insects, tne unbaited and paited traps samp]ed'the ground and the constant
time searcnes concentrated on samples from tne soil and vegetation. With
stationary traps like tne pitfall and water traps, the predators have to
pe sufficiently mooile to go to tne traps and get captured, wnereas tne
searcnes were dependent on searching and catching skills of the predator
collectors. Tne most likely factor attracting dipteran and hymenopteran
insects to the water traps was tne wnite colour whicn contrasted snarply
4itn tne olue sky, tne brown soil and tne green vegetation of tne pack-
ground.

Changes in trap catcnes provanly do indicate actual changes in
predator density rather tnan just availaoility and specific responses to
various trap types pecause trap catches increased with increase in numoers
of tne predators.

As regards tne sampling of predators in the general breeding area,
tne oiconical traps in collapsinle forms are exceedingly easy to transport
and eract, out tne catcnes are few. Concerning the representative catcnes
of many diffarent species, tne hand-netting gave better results. It
appears tnat, if tne intention is simply to catcn Spnecidae and Eumenidae,
tne appropriate trap is tne biconical, out for a wide array of predators
tne pest method is handnetting for a constant time period.

Of all tne climatic factors investigated, only saturation deficit
#as related to abundance of Formicidae, wnile Gryllidae were affected by
temperature, rainfall and saturation deficit. Tnis difference in
reactions of predators to climatic factors was responsible for tne
temporal variations in abundance of tne predators in tne larviposition
sites. Other predators in tne larviposition sites showed no significant

ralationsnips witn climatic factors.
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Serological analysis nas peen used extensively in entomology for
plood meal identification (Weitz, 1952, 1960; Boreham, 1972; Boreham and
aill, 1973; Tempelis, 1975; Service et al., 1986), and for prey-predator
studies (Dempster, 1958, 1360; 0'Rourke, 1958; Loughton and West, 1961;
Rotnscnild, 1966; Pickavance, 1370; Sutton, 1970; Service, 1973; Asnby,
1974; Giller, 1986). The analysis is based on the concept that each prey
species possesses one or more proteins with antigenic determinants unique
to that species (Qucnterlony, 1958). Tnus identification of the source
of predator diet will depend on tne apility of the antisera to recognise
only tne unique proteins in the prey. A particular prey species can,
tnerefore, pe identified from gut macerates of different predator species
on tne basis of specific reaction between the antigen(s) of the prey in
tne gut macerates and antisera raised in rabpbits against tne prey
antigen(s). In recent years, tihe serological approacn nas been preferred
to other metnods of identification of predators on insect pests and
vectors since such methods have peen found to be accurate and consistent.

Literature on predation snows tnat intensity of predation depends
on several important components and factors. These include prey density,
predator density, cnaracteristics of tne environment, presence or absence
of variety of alternate prey, tne attack technique of predators and
cnaracteristics of prey in relation to defense mechanisms (Leopold, 1933;
Southwood, 1966; Holling, 1959a, o; Hassell, 1966, 1375; Hassell, et al.,
1976, 13977). Of tne many aspects of predator benaviour relevant to
predator- prey interactions, tne functional response of the predator to
cnanges in prey density is one of tne most important. These are oest
measured in tne laooratory. Information of functional responses is
assential for a clear understanding of tne predator-prey interactions.

Altnougn predation on tsetse by predators is not often oobserved in
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at -20°C until needed for tne test. Eluates were thawed prior to
testing and tnen Kept on ice until required.

(e) Determination of maximum period of prey detection in predator gut

Experiments to determine the maximum period of time by wnich
antigens from a single G. pallidipes could be detected witﬁin the gut of a
predator were conducted. Tnis was done since prey detectapility depends
on potn the size of tne meal and the rate of its breakdown due to diges-
tion (Titova, 1974; Giller, 1384, 1336; Service et al., 1986). Tne
insects used as predator models in tnis study were the roboerflies,

Promacnus pinucleatus and Alcimus sp. (representing adult predators), and

tne crickets, Liogryllus bimaculatus and Phaeophillacris sp. (representing

pupal predators).

All predators were first starved for 48 n to empty tneir guts, and
tnen allowed to feed on a single tsetse. In one series of tne experiment,
tne previously starved crickets were allowed to feed on one puparium each
and tnen were Killed at 1, 2, 3, 4, 6, 9, and 12 hours postfeeding.

Smears of gut contents were taken on filter papers which were dried in
dessicator at room temperature. The smears were eluted in P3S as
described avove and used for detection of the prey. Tne relationship
petween digestion rate and prey detectanility for tne robpberflies was also
determined in similar manner using adult tsetse as prey. These experi-
ments were carried out to test tne sensitivity in detecting tsetse diet
Wnicn was supstantially digested. Tne gut contents from predators wnicn
were delioerately fed on tsetse in tne laporatory were used as positive
control samples and were tested alongside gut smears from field collected
predators.

(f) Agar-gel immunodiffusion test.

Oucnterlony's double immunodiffusion technigue was used to detect
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Tanle 39 (cont'd)

SUSPEDTED ADULT PREDATORS Number Number % positive
tested positive
SCOLIIDAE
Scolia sp. 1 1 100.0
POMPILIIDAE
Cyphononyx sp. 20 3 15.0
Hemipepsis codoptera St. 1 1 100.0
Total Pompiliidae 21 4 19.0
EUMENIIDAE
Eumenes maxillosus de Geer 20 6 30.0
Eumenes maxillosus f.
fenestralis Sauss. 27 10 37.0
Synagris abyssinica Gaerin 3 0 0
Total Eumenidae 50 16 32.0
MEGACHILIDAE
Chalicodoma felina Gerst. 2 1 50.0
Chalicodoma sp. 1 0 0
Euaspis sp. 1 0 0
Unidentified nymenoptera 12 1 8.3
Total Hymenoptera 222 46 20.7
ODONATA: ANISOPTERA
LIBELLULIDAE
Hadrotnermis spp. 14 3 21.4
Brachytnermis spp. 4 1 25.0
Tritnermis spp. | 12 3 25.0
Olpogastria spp. ) 1 16.7
Pnilonomon spp. 20 2 10.0
Palpopleura spp. + 1 25.0
Crocotnermis spp. 2 0 0
Orthnetrum spp. 195 14 7.8
PETALURIDAE
Petalla spp. 19 3 5.3
CORDULIIDAE
Pnyllomacronia spp. 4 3 75.0
Unidentified anisoptera 120 12 10.0

Total Anisoptera 396 43 10.9
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and variations in tne two different vegetation types are given in Taole
40. There was no clear relationship between incidence of tsetse diet in
gut smears and season. Many gut samples of Asiliidae from the riverine
thicket reacted positively witn pallidipes-antiserum than those from the

valley woodland, tne opposite is true for the Anisoptera.

9.3.2 COLONISATION OF PREDATORS
Mass rearing of spiders was difficult because of tne long incupation
period of tne eggs and tne canninalistic nanit among the spiderlings.
Rearing the crickets was more successful. The field-collected

adult Pnaeopnillacris readily laid eggs in moist soil and the nympns were

successfully maintained on vegetaoles and dead insects. Adults appeared
witnin one to two months and usually survived for several montns. The
winged males were never ooserved flying. This could be attributed to the
small size of the cage, and the presence of abundant food and females

whicn made flignt in searcn for poth food and mate unnecessary.

9.3.3 PALATABILITY STUDIES, HANDLING TIMES AND HOST PREFERENCE OF
TSETSE PREDATORS.

Levels of palatapility of tsetse to any predator group were measured
Dy tine numoers wnicin readily fed on tsetse. Table 41 shows that puparia
and adult G. pallidipes are palatable to a wide range of predators. Those
found to prey on puparia of G. pallidipes included memders of Gryllidae,
Gryllotalpidae, Carapidae and Dermaptera (Forficulidae). Individuals of
all Hemiptera, Dictyoptera, Formicidae, larvae of Elaterid and Caraoid
opeetles investigated died without feeding on the puparia offered to them.
Several species of velvet ants (Hymenoptera: utillidae) nave been

reported to be important parasites of Glossina puparia, put in the present
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Taole 42 - Results of palataoility tests for determining predatory
potential of different arthropods collected from larviposition
sites G. pallidipes at Nguruman, Kenya.

Predator type Subject No. of No. of % prey Mean % prey
No. prey given prey eaten eaten eaten
PUPAL PREDATORS
ORTHOPTERA
aryllotalpidae 1 13 5 38.5
(Gryllotalpa africana) 2 3 0 0
3 3 0 0
4 3 0 0 5.5
5 2 0 0
6 7 0 0
7 3 0 0
Gryllidae
nggry]lus pimaculatus 1 25 8 32.0
2 36 32 38.9 63.3
3 45 31 68.9
Pnaeopnillacris sp. | 15 2 13.3
2 13 7 53.8
3 13 2 15.4 20.3
4 15 1 5.7
5 10 1 10.0
5 8 2 25.0
. ADULT PREADATORS
SOLIFUGAE
Rhnagodidae 1 32 45 72.6 67.3
Galeodidae 1 42 26 61.9
ARANEAE
Nepnila spp. 1 161 105 62.2
2 568 377 66.4 64.3
Lycosidae 1 35 91 95.8
Lycosa spp. 2 126 85 67.5
3 152 131 36.2 34.6
4 60 46 76.7

G

29 28 96.6
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study, none of tne puparia exposed to tne mutillids were parasitized.
Most spider, asiliid, scorpions and solifugid species fed readily on
adult tsetse, out all tne dragonflies, wasps, damselflies, and centipedes

tested did not do so. Only Bemoex moebii attacked adult tsetse under

laporatory conditions witnout actually consuming them. Tney stung tne
flies and caused paralysis which lasted for five or more days.

Results of a more detailed evaluation of some of tne predators are
given in Table 42. Among tne potential pupal predators, the nighest
predation intensity of 63.3% was found in Liogryllus species. Predation
intensity in adult predators ranged from 64.3% for Nepnilid spiders, 67.3%
for solifugids to 84.6% for Lycosid spiders. In general, the adult
predators nad nigher predation intensities.

Twenty individuals of Liogryllus pimaculatus were offered tsetse

puparia and the average nandling time after three replicates (N = 60) was
found to oe 2.9 + 0.1 minutes. For tnirty replicates, Galeodes sp.
(Solifugae : Galeodidae) nad a mean handling time of 2.3 + 0.1 minutes

wnen fed on adult tsetse. For tnirty asiliids, Promacnus pdinucleatus and

Alcimus sp. (Diptera : Asiliidae), tne average handling time was 1.48 +
0.2 nours, mucn longer than tnat recorded for other predators. Taple 43
shows that Lycosa sp. (Araneae : Lycosidae) had different handliing times
for different prey at different densities. More time was spent on
relatively bigger prey like G. pallidipes than on G. morsitans, and at
low prey densities tne spider spent more time on eacn prey caugnt.
Results of feeding preference of asilids to adult prey species are
given in Tanle 44, In choice situations, the asilids showed an 87.5%
preference for G. pallidipes and 12.5% preference for G. longipennis, but

did not attack Atylotus agrestis (Tapanidae).
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Tanole 43 - Handling times of a Lycosa sp.in relation to prey types

Prey type Numoer Numpber Handling time per
given eaten prey (min.)

G. morsitans 29 16 12.0 + 2.2

Stomoxys sp. 2 2 15.5 + 0.5

G. pallidipes 2 2 42.0 + 9.0

Taole 44 - Prey Preference of Asilidae

Feeding No. of Prey type No. of No of G. % predation on

condition Asilids given prey pallidipes G.pallidipes
tested given eaten

No choice

situation 12 G. pallidipes 3 each 10 100.0

Cnoice

Situation 10 G. pallidipes
G. longipennis 1 each 8 87.5

Atylotus agrestis
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9.3.4 FUNCTIONAL RESPONSES OF DIFFERENT PREDATORS.

(a) Functional responses of Gryllid species.

It was observed that only puparia found on surface of the soil were
eaten py the gryllids, those puried in the soil at depth of 2cm or more

were not attacked. Pnaeopnillacris sp. never burrowed into tne soil in

searcin of puparia. Tnougn Liogryllus sp. burrowed into the soil they did
not appear to searcn actively for puparia wnile in tne soil. The crickets
can only pe considered facultative or occasional puparia predators.

Tne functional responses of two cricket species to puparia of G.
pallidipes are given in Table 45. Tne feeding performance of Phaeophi-
llacris sp. (Fig. 3la) is curvilinear and is similar to Holling's Type II
functional response curve. It could therefore be represented py the disc
equation of Holling (1359a) in wnicn tne numoer Killed increased at
progressively reduced rate as prey density increases until a constant
level plateau is reacned, wnere numders Killed does not change with any
furtner increase in prey density.

Fig.31> illustrates functional response of L. pimaculatus which is
a sigmoid curve indicating a Type III response (Holling, 1953a). Tne
cricket took a long tiime to accept the puparia as food source, put
discovery of palataoility of the puparia stimulated tnem to searcn for
similar puparia, so as tne puparia numbers increased the contacts came at
snorter intervals resulting in functional response witn an initially
increasing slope. As the crickets became satiated and more time was spent
handling prey tne slope decreased to produce an S-shaped curve. This
satiation component exerted its effect probably by affecting the ratio of
successful captures to prey contacts.

(p) Functional responses of Solifugid species.

Feeding responses of the solifugid species investigated are given



Table 45 - Functional Responses of Cricket species to

different densities of puparia G. pallidipes.
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Species tested Density of Mean number eaten
prey given per 3 replicates

Liogryllus bimaculatus 1 1.0 + 0.0
2 2.0 + 0.0
3 2.5 + 0.5
4 3.5 + 0.5
5 4.5 + 0.5
7 6.3 + 0.5
12 11.0 + 0.3
16 14.0 + 0.2
25 19.0 + 0.3
28 25.0 + 0.4
30 26.0 + 0.5

Phaeophillacris sp. 1 0.4 + 0.1
3 0.8 + 0.5
“ 1.5 + 0.5
5 1.0 + 1.0
8 3.0 + 0.5
10 2.0 + 0.6
i2 5.0 + 0.1
18 5.0 + 0.3
20 6.0 + 0.4
26 6.0 + 0.5










Tanie 43 - Functional Responses of Solifugid species to

differeat densities of adult G. pallidipes

Species tested Density of Mean numoer eaten
prey given per 3 replicates

Galeodes sp. I 1.0 + 0.0

5 5.0 + 0.9

5 6.0 + 0.9

19 10.0 + 0.3

13 18,0+ 1.3

20 18.0 + 2.1

24 18.0 + 3.7

Rnagodoca sp. 1 1.0 + 0.0

5 6.0 + 0.0

10 5.0 + 1.0

15 15.0 + 3.4

13 18.0 + 2.0

20 13.0 + 1.3

24 24.0 + 0.5







Taole 47 - Functional Responses of Spider species to
different densities of adult G. pallidipes

225

Species tested

Density of prey
given

ilean number
eaten/3 reps.

A. Lycosa sp. 1| | 1.0 + 0.0
2 2.0 + 0.0
4 4.0 + 0.0
/ 5.0 +1.0
3 7.0 + 1.0

12 10.0 + 0.5
14 14.0 + 0.0
15 15.0 + 0.0
28 20.0 + 0.5

B. Nepnila sp. 1 1 1.0 + 0.0
2 1.5 + 0.5
3 3.0 + 0.0
4 4.0 + 0.0
5 5.0 + 0.0
8 5.6 + 0.5

10 6.5 + 2.4
12 7.0 +1.2
14 5.6 + 2.4
20 17.0 + 1.7
25 20.3 + 2.5
32 19.0 + 0.0
34 28.0 + 0.0
35 29.0 + 0.5
40 28.0 + 0.1
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Taole 47 - (cont'd) Functional Responses of Spider species

Species tested Density of Mean numoer eaten
prey given per 3 replicatas

C. Lycosa sp. 3 2 2.0 + 0.1

3 2.6 +:0,2

4 3.0 + 0.2

5 4.0 + 0.1

7 7.0 + 0.0

J 8.0 + 0.1

12 9.0 + 0.3

15 12.0 + 0.5

22 15.0 + 0.5

Lycosa sp. 4 4 4.0 + 0.0

6 6.0 + 0.0

7 7.0 + 0.0

3 8.0 + 0.0

12 10.0 + 0.0

13 13.0 + 0.0

15 14,0 + 0.2
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Taole 47 - (cont'd) Functional responses of Spider species.
Specias tested Density of prey MMean No. eaten
prey given per 3 replicates
E. Lycosa sp. 2 l 1.0 + 0.0
2 i.5 + 0.1
3 1.6 + 0.1
4 3.4 + 0.1
5 4.0 + 0.2
7 6.0 + 0.2
10 7.3 *+ 9.1
12 10.0 + 2.3
15 8.0 + 3.5
13 6.0 + 4.3
21 18.0 + 3.2
o 15.0 + 5.5
30 22.0 + 3.5
F. Wlepnila sp. 2
1 1.0 + 0.0
2 2.0 + 0.0
3 3.0 + 0.0
5 5.0 + 0.0
) 6.0 + 0.0
7 5.6 + 0.1
9 9.0 + 0.0
10 10.0 + 0.0
12 1.0 % 2.5
15 15.0 + 0.0
18 18.0 + 0.0
21 17.0 + 0.8
27 16.0 + 2.3

30 30.0 + 0.0
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30+ Lycosa sp.i

5 10 1 20 25 30 35 40
Density of adult tsetse presented

Fig. 33 ~ Functional responses of Araneae species,
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Tanle 43! Average percentage predation in puparia ouried

at different densities at Nguruman, Kenya.

All densities replicated six times.

Density Distance

ilean percent predation ( + S.E.)

per petween Number partially Number Total
in2 puparia (cim) eaten nissing predation
1 - 33.3 + 21.1 16.7 + 15.7 50.0 + 22.4
4 50.0 4.2 + 4.2 16.7 +12.4 20.8 + 11.3
9 33.3 14.8 + 7.8 29.5 + 6.8 44.5 + 11.5
15 25.0 6.3 + 2.3 23.0 + 12.4 27.4 +12.0
25 20.0 12.0 + 4.3 15.3 + 5.3 27.3 + 3.9
36 16.7 1.1+ 4.5 232 + 9.6 34.3 + 13.5
Table 43b 6 x 6 LATIN SQUARE ANOVA TABLE ON PUPAL PREDATION
Source df SS MS F
Sites 5 4367.2 873.44 2.10 NS
Months 5 2771.7 554.33 1.33 NS
Densities 5 2018.5 403.70 0.97 NS
Error 20 8330.6 416.53
Total 35 17487.9

NS means not significant at P <0.05.
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Tanle 43 - Average perceatage predation in tethered adult G. pallidipes

at Nguruman, Kenya. All densities replicated fifteen times.

Density Mean percent predation (+ S.E.) due to different enemies.

of flies Invertebrates Vertebrates Total.

per 3 Ants Spiders Birds
2 36.7 + 11.3 0.0 36.7 +11.4 93.3 + 5.6
4 63.3 + 97 1.7 + 1.7 15.0 + 4.8 83.3 + 8.3
0 66,7 + 9.2 0.0 18.9 + 4.6 90.0 + 7.2
10 63.3 + 9.8 0.1 + 0.1 20.0 + 6.3 84.0 + 5.3
20 06.3 + 6.5 0.3 + 0.3 24.0 + 4.0 90.7 + 5.5
30 33.0 + 4.7 0.0 1.6 + 4.6 93.4 + 1.2

ANOVA TABLE

Source df SS MS F

Densitias 5 1,302 250.0 0.01

Between predators 12 225,397 18,783.09 30,78%**

Residual 252 153,731 510.24

Total 269 330,480

*%*  Significant at P <0.001.
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of tne spiders coasumed fewer prey at nigner prey densities oecause toe
predators were disturbed oy tne large numder of active uncaptured pray.
Reduced «illing due to tmis disturoance or interference component could
Je the explanation for tne slignt decline ooserved at nigher prey
densities in toe sigmoid response curve. In some cases tne disturving
prey is captured and added unto tne already captured prey, resulting in
increase in prey numoers Killed.

Tae possiole impact of predators on reducing tne size of tsetse
popu?atfon was assessed oy lavoratory experiments on functional responses.
Certain general conclusions can justifianly be drawn from tne present
study. Tine first is tnat predation tends to be of two types, Holling's
Type II and sigmoid responses. Tne Holling's Type II functional response
nas also oeen recorded for many insect predators and parasites (Burnett,
1953; Tnompson, 1375; Hassell et al., 1977) indicating that it is a
widespread functional response among invertebrate predators, parasites
and parasitoids. Tne sigmoid response was formerly known to be exnipited
oy only verteorate predators wnich were offered the opportunity of
snifting from one prey to anotner (Hollings, 195%a). In the vertebrates,
tine second steepness in tne curve was attriputed to improved skill in
capturing prey or a snift to more abundant prey as tneir numbers
increased. However, Haynes and Sisojevic (1956) demonstrated a sigmoid

response for tine spider, Philodromus rufus Walckenaer, preying on

Drosopnila adults. Since taen similar responses have peen demonstrated
in predatory pnytoseiid (Sandness and Mciurtry, 1970); the tacninid

parasite, Cyzenis alpicans (Fall) (Emoree, 1966); and some insects

predators (Murdoch and Oatan, 1375; Hassell, 1978) indicating that sucn
feeding responses are also widespread among invertebrate predators and

parasites. According to Haynes and Sisojevic (1366), tne sigmoid
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ralation praseats tne only feeding response implying inherently regulating
possioility as far as functional response alone is concerned.

In summary, tne two principal types of functional responses snown
oy predators of G. pallidipes can pe explained by a comdination of five
predation components notanly, times predator and prey were exposed;
searcning and attacking rates; nandiing time; nunger state and stimula-
tion of tne predator oy eacn prey discovered or captured. Tne first
taree components ara vasic and explained tnose feeding responses that are
oest represented oy Holling's Type II curve. If the nunger and stimula-
tion of prey discovery are added to the taree bdasic components then the
sigmoid or S-sihaped response rasults. Tnus in many situations where tne
subsidiary factors are constant, by assuming that numerical response is
immediate, predation can ve completely descriped by compining functional
and numerical responses as was done py Holling (19590).

Pupal loss rate nas oeen snown to ve density dependent from tne
monitoring data (Adanie, see cnapter 5 of tnis tnesis), but tnis could
not ve corrooorated oy tnese field experiments. Observations made in tne
prasent study on predation on puparia of 3. pallidipes indicated that
predation intensity was density independent. Rogers (1374) nowever found
tnat predation was density dependent. Tnree explanations could account
for tne differences ooserved. First, Rogers arranged puparia in a line,
rasdlting in mucn snorter inter-puparial distances. Secondly, predation
at nigner densities in these experiments was probably under-estimated
vecause some of the puparia emerged before the end of the two weeks
exposure period allowed for the experiments. Such emergences opviously
reduced tne numpers of puparia available for predation. Lastly, Rogers
pnysically marked tne positions of tne puparia in the ground whicn could

nave served as cues for verteorate predators. Only the corners of tne
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square wera marked in these experiments.

Rogers and Randolpn (1934) found tnat predation of adult G. f.
fuscipes oy vertevrates, notavly oirds, in Ujanda was strongly density
dependent, but tnat caused oy invertenrates was not. Results of similar
predation experiments on tetnered adult G. pallidipes in tnis study showed
tnat predation oy oirds was density independent. The proportion of
decapitated neads used as tne only index of avian predation could nave
under-estimated predation due to nirds, oecause birds sometimes tore off
tne entire fly witnout leaving any evidence of their activity. However,
predation due to ants was found to be density dependent. G. pallidipes
nave pody colour which blends witnh the background of their resting sites
and tnus imake them less conspicuous. This could be one of the reasons
wny the flies are not easily predated upon by dirds.

Natural predation damage attriputaole to specific predators was
difficult to assess oecause most of thne predators are nocturnal and
Enerefore their activities could not be observed during the day. It was
nowever estimated using serological analysis described earlier in this
Chapter. Based on my findings, predation of G. pallidipes appears to be
an important mortality factor witn regulatory role on the population in
the study area. It may pe wortn seeking specific predators responsible
for tne density dependent mortalities and enhance their effectivenass oy
manipulating tne environment (habitat) in a way that will help to improve
their survival, reproduction and thereby increase their impact on the
population. Tnhe conservation of predators in their natural napitat
clearly deserves some attention in tne execution of a program of
integrated control which has application of insecticides as one of tne

metnods to oe used.
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Tne presence of teneral flies (as indicated by catcnes in the
piconical traps) in all vegetation types indicated an area-wide distribu-
tion of tne flies. However, tne sites selected for the monthly monitoring
of the population only revealed movement of the flies along the east-west
direction, with no information of wnat goes on in tne otner areas. It
would tnerefore be desiraole to select sites in all vegetation types to
include a wider range of sites in future studies.

Tne aggregation of puparia in some sites in certain seasons
suggests that the pregnant flies make an active selection of particular
sites in relation to the climatic conditions. What cues are used by
pregnant females in selecting larviposition sites?. Tney probably
recognise potential larviposition site by their visual (shade and dark
colour) and edaphic and olfactory characteristics (loose, dry and coarse
soil) wnicn initiate site-orientated responses. Approach to a site is
propably modulated by tne visual stimuli, while the entry into a site is
probpaply mediated tinrough a combination of visual and olfactory stimuli
from tne soil. Non-randon site selection may also be explained by the
responses of tne flias to microclimate of the larviposition sites.

dow can we study tne factors influencing (a) the choice of
larviposition sites oy tne female flies and (b) choice of pupariation
sites by tne larvae in a natural situation?. Electric screens around
larviposition sites will provide information on the rate of entry of
pregnant females to potential larviposition sites, wnile a study of the
microclimatic factors of the sites selected will give an insight to the
factors wnicn govern site selection. For determining the pupariation
sites, the release of radio-lanelled larvae in sites with different
microclimatic conditions will prove more informative, because the

position of tne resulting puparia can be located using a radiation
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detector.

flany predators and few parasitoids were trapped in the area. In
selecting an appropriate trap for sampling tsetse predators it is
necessary to consider the convenience and cost-efficacy of tne traps
availabple. As regards practicadbility, pitfall traps containing preserva-
tive nave several advantages. A single trap could provide large numbers
of predators, once set the traps require little attention for a period of
3 to 5 days and samples are preserved in good conditions for later morpho-
metric studies and identifications. Baited pitfall traps, on the otner
nand, require attention if predation among the predators is to be avoided.
Tne traps are nowever expensive and susceptible to breakage. The expense
of the glass jars can be reduced by using discarded empty tin cans of
similar capacity, wnica are extremely ciheap and relatively damage-proof.
In conclusion, the unbaited and baited pitfall traps and constant-time
searcnes appeared to provide a reasonable picture of the changing
patterns of the distribution and aoundance of most of the potential
predators in tne larviposition sites and tinus can be used for sampling
predators in sucn habitat.

How important are the parasites, pathogens and predators in
regulating tsetse population size?. Parasitism by Exhyalantnrax
parasitoids was low and inversely related to puparia numbers with little
evidence of delayed density dependence. Tne relationship oetween pupal
loss rate (estimated from relative densities of puparia and teneral
female flies) and puparia numoer was, nowever, significantly density
dependent. wWhat could pe responsinle for this regulation?. Serological
analysis of gut smears of some of tine arthropods caugnt in tne area
snowed relatively nigh predation by Gryllidae, Asiliidae, Odonata and

Hymenoptera. However, no nuimerical responses could pe demonstrated
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concentrating and eliminating a good proportion of the reproductive
nempers of tne population. Insecticide application to the ground would
prooably nave a detrimental effect on the predators. However, if the
larvipositing females rest on the underside of the shelter as appears to
pe tne case, tinis could be impregnated witn insecticide to selectively
Kill tne female tsetse. If non-pregnant flies use the snelters as
refuges in not weatner, tiis would furtner increase the mortality.

The information on shifting of breeding sites, seasonal fluctua-
tions in puparia numoers and diurnal periodicity of adult emergence
ootained from this study could be relevant in indicating times, sites,
nhabitats and seasons of application of insecticides or of other control
measures in order to maximise tneir effects on tne proportion of tne
popdlation comprising of pregnant females entering the sites to
larviposit and tne emerging teneral flies. For instance, in the hot dry
season tne flies tend to concentrate in riverine thickets and tne valley
#oodland wnere greater numbers of puparia were also found. Tnis would be
tne oest time to concentrate control efforts in the productive vegetation
nanitats.

Fungal infection was the major cause of non-emergence of puparia
collected in tne field. From control point of view, tne fungi wien
released from cadaver of tne dead puparia may build up in the soil to
provide new sources of infection and long period of control, as long as
conditions are favourabdle to fungal growth. Tnerefore, the establishment
of tne patnogenicity of tne fungi identified and the long term effects of
fungal infections and fungal ecology in the soil require furtner study.

It nas veen snown tnat oiological control such as tine sterile male

technique, combined witn restricted usage of selective chemicals or
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insecticide-impregnated targets and screens and use of odour-baited traps
and otner integrative measures can, in fact, solve tsetse problem in
small isolated areas without resort to polluting chemicals. For tsetse,
it is obvious tnat weatner is not sufficient natural control factor. By
tie same token, tne natural enemies under the existing conditions are not
eitner. However, unlike the weather the natural enemies are factors of
natural control which are subject to manipulation. How tnen can
predators be used to supplement natural control measures?. Can the
action of predators, for instance, be practically enihanced by
environmental manipulation or tarough mass rearing and releases?.

Tne provision of resting sites for predators is one example of
nodifying tne haoitat to ennance tne oeneficial effect of native natural
enemies. Unfortunately, studies in tnis area are rare. Another obvious
approacn is to rear native predators in large numbers and release them at
appropriate times and places. Tnis may oe related in part to the ease
witn which they can de mass-rearad and manipulated. Unfortunately,
little progress has been made in developing expertise in utilizing this
approacn. Aside from that, inundation programmes may not be economical
for many affected countries pecause of tne mass rearing problems.

Since past and recent ampirical data on biological control
programmes involving naturally-occurring enemies have not been
successful, nature's own netnod of control through the action of
parasites, patnhogens and predators can pe augmented by introduction of
these agents from other areas. wultiple importation of natural enemies
eitner simultaneously or sequentially may oe considered. Why is it
dortndnile to add any piological control agent to a complex of parasites
and predators already unadle to control tsetse?. It is wortnwhile if

tnat predator will fill some functional niche not already filled, or be
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more effective than other species already tnere. The introduction of a
nighly specific species is a desirable practice, but it is unrealistic to
attempt to find and to pre-rank every possible candidate in order to
ascertain tne 'bDest' one to introduce. Furthermore, rarely is a specific
natural eneny superior over tne wiole geographic range. The benefit to
gain oy multiple introduction is that it not only achieves diversity but
estaniishes a comoination of species tnat will prove oetter than what
alraady exists. Such methods have been used against the California red
scale (DeBacn et al., 1962), tne spotted alfalfa aphid (Van den Bosch et
al., 1964) and Klamath weeds (Huffaker, 1967; Harris et al., 1969).
There is tnerefore no justifianle reason why it should not be considered
for tsetse control. Lack of knowledge of tne acology and biology of
predators nampers tne selection of the most effective biological control
candidates and developing an introduction strategy. Effectiveness of
candidate predators must pe based on detailed qualitative and
quantitative knowledge of the predator's feeding habits and tne
contributing roles of prospective competing predators in the area to be
treated. Such pasic information will not only improve the chance of
selecting the oest predator, out may eventually lead to development of

sdpplementary approaches to tsetse control.
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SUMMARY

A two year programme was carried out at Nguruman in the
Kajiado District in tne Rift Valley Province of Kenya, to

study the ecology of puparia of Glossina pallidipes Austen

and the natural enemies of potn puparia and adults.

The study area supports an indigenous Maasai population witn
tneir cattle, goats, donkeys and sheep. There are few
irrigated farm scnemes producing fruits and vegetables and
small rural industries producing charcoal. Tne area is rich
in game animals, but the presence of large numbers of a.

pallidipes, G. longipennis and other biting insects has

rendered the greater part of the area inhospitable for high
grade cattle ranching. The climate of the area is divided

into two wet and two dry seasons.

The trends in relative abundance and distribution of puparia
in different montns, sites, shading regimes and vegetation
nanitats were estanlisned using the time-constant hand
searcihing method. The searcning efficiency of puparia
collectors within 2m2 plots averaged 60%, thus efficiency

in 42m2 site will oe 12%..

Puparia numbers were nighest during the dry seasons and the
riverine tnicket contributed most to tne total puparia

numbers because of its greater size and its attractiveness

for larviposition. Puparia population in the riverine tnicket
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in the soil under tne snelters. The numbers of puparia
collected under the shelters #ere 7X greater than those
collected from natural unsheltered sites. Such artificial
shelters nave trapping potential and can be developed furtner

to form larviposition traps.

Of all tne climatic factors of larviposition sites
investigated, only rainfall over 80mm and associated increase
in soil water content, waterlogging or flooding of low-lying
sites along river banks caused drastic density independent
catastropnic cnanges in puparia population oy making some
sites unsuitable for larviposition for two or more montns.
5011 temperatures at 2 and 4cm depths, ambient temperature
and relative numidity and ligat intensity are relatively
constant within the sites and seem to have little or no

effect on chnanges in pdparia population.

Tnere is clear evidence that vegetational and climatic
cnanges, availabpility and movement of game animals and
seasonal shift in breeding sites play major part in
determining local aoundance and distrioution of adult tsetse

as ~#ell as the puparia.

Potential predators of tsetse were sampled by several methods.
Baited- and unbaited pitfall traps and constant time

searching of vegetation and soil were effective for capturing
predators in the larviposition sites, while nand-nets and
oiconical traps proved suitanple for sampling potential

predators in tne general tsetse area.
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significant inverse relationsnip witn puparia density (r =
-0.50, P <0.05) witn a delayed density dependent component.
Tnis is attriouted to ineffective aggregative response or egg
limitations. The montnly k-values varied very little from
tne mean that tney can pe used in a mathematical model as if

they are constant.

Serological analysis of gut smears of potential predators for

tsetse diet indicated tnat memoers of Gryllidae (Gryllus, Lio-

gryllus, Pnaeophillacris and Gryllulus species); Blatteria

(Epilampra sp.); Coleoptera (Carabidae); Asiliidae, Araneae

(Lycosa spp.); Sphecidae (Ammophila, Tachytes, Bembex, Sphex

spp.); Vespidae (Belanogaster sp.); Eumenidae (Eumenes,
Synagris spp.); Anisoptera and Zygoptera feed on tsetse.

Feeding responses of potential predators investigated are of
two types, and are pest described by Holling's Type II and’
sigmoid functional response curves. Th2 former nas feature
«1th stabilizing effects on the interactions, #hile the latter
nas density dependent regulating feature implying inherently
regulating possibilities as far as functional responses alone

are concernad.

Levels of predation ootained in field puparia burying
experiments were nigh, out predation did not snow any clear

density dependent relationsiip.
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APPENDICES

Appendix 1 - Climatic data at Nguruman during the study period.

Temperature (%) Relative Total
Year ilonth min. max. mean humidity Rainfall
(%) (min )
1384 Oct. 21.9 36.9 23.4 26.4 23.3
Nov. 21.8 35.3 28.3 35.0 90.1
Dec. 20.7 I5u7 28.2 28.7 59.9
13985 Jan. 21.8 40.06 3.2 20.6 0.0
Feo. 21.0 35.2 23.0 34.6 83.0
dar. 21.6 37.9 29.8 25.0 110.5
Apr. 21.2 32.1 20.7 42.9 132.9
May 20.9 34.0 27.5 35.8 42.5
June 18.0 34.9 26.5 30.9 5.8
July 13.1 34.3 26.2 29.3 5.6
Aug. 19.0 34.8 26.9 27.5 0.0
Sept. 21.0 35.7 28.4 24.8 0.0
Oct. 21.0 35.8 28.4 23.0 43.3
Nov. 20.5 33.5 27.0 33.6 109.9
Dec. 20.1 35.8 28.0 26.9 56.9
1986 Jan. 20.7 36.0 28.4 35.2 40.2
Fev. 21.0 39.3 30.2 24.0 23.2
var. 21.7 38.4 30.1 30.0 22.3
April 22.1 34.3 28.5 47.0 107.2
May 20.5 31.9 26.2 56.0 136.3
June 16.9 31.7 24.3 40.0 0.2
July 15.1 31.8 23.5 37.0 0.2
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Appendix 2 - Climatic conditions (iean + S.E.) in selected larviposition sites of G. pallidipes at
Nguruman, Kenya.

Temperature % Relative Humidity % Soil

Year ontn Ambient 2cin deep in soil 4cm deep in soil (%) moisture
minimum  maximum minimum  maximum mi nimum maxiinum minimum  maximum  content.

1985 Feo. 27.5+0.9 25.0+0.2 25.5+0.2 44.7+4.1 61.3+0.9 35.4+2.0
dar. 22.1+0.7 27.0+0.9 20.4+0.3 24.8+0.3 21.4+0.2 24.1+0.3 25.9+40.4 61.3+1.50 33.8+2.3

Apr. 21.740.7 29.4+0.7 22.8+0.3 26.4+0.9 22.8+0.2 25.4+0.7 42.7+4.0 63.0+1.4 32.7+1.6

May 20.5+0.6 29.1+0.7 21.840.2 25.8+0.7 21.6+0.5 25.1+0.6 41.3+1.9 66.3+0.5 37.5+2.3

June 13.3+0.8 30.0+0.4  20.4+0.3 25.3+0.3 20.0+0.3 25.0+0.6 35.8+1.7 65.3+0.4 35.5+1.1

July 17.4+0.8 31.0+0.6 20.5+0.3 24.7+0.8 20.5+0.3 24.4+0.8 34.7+2.0 65.0+1.2 29.5+1.5

Aug. 16.5+2.8 23.5+0.9 19.2+1.6 24.3+0.4 13.7+0.6 22.7+0.7 33.3+2.4 60.8+3.0 19.5+2.6

Sep. 20.7+¢1.1 27.1+1.9  20.1+0.5 25.5+1.1 20.3+0.4 23.5+1.0 39.3+3.0 60.5+2.0 17.5+2.8

Jct. 18.140.8 33.2+0.5 21.3+0.4 26.3+1.1 20.3+0.4 25.3+1.2 31.0+#1.5 57.7+6.3 5.1+1.7

Nov . 13.440.4 34.3+0.2 22.2+0.2 27.3+1.0 21.4+0.2 26.3+1.0 32.3+0.3 66.0+3.1 22.8+1.5

Dec. 13.2+0.4 29.5+0.2  20.6+0.4 25.2+0.9 20.4+0.3 24.3+0.8 38.8+0.6 ©64.8+0.3 32.6+2.1

1986 Jan. 19.0+0.6 31.5+1.1 21.5+0.3 26.3+0.9 21.3+0.3 24.8+0.9 33.3+2.8 69.3+2.1 20.1+l.1
Fep. 18.740.6 36.3+0.7 21.8+0.5 27.5+1.4 21.8+0.3 27.1+1.8 356.5+1.3 68.0+6.7 17.0+1.9

ar. 20,3+0.7 35.9+1.0 23.4+40.2 31.3+1.8 22.9+0.3 29.9+1.8 39.0+1.6 71.3+4.5 27.3+1.5

Apr. 20.740.9 32.7+1.8 24.1+0.5 27.5+0.6 23.3+0.6 26.2+0.5 57.3+4.4 75.7+2.6 36.2+1.3

ay 19.7+0.5 28.6+1.0 22.4+0.2 26.2+0.8 21.9+0.1 25.0+0.c 43.0+2.0 74.8+0.5 49.8+1.4

June 13.9+1.5 29.7+0.7 19.8+0.2 25.3+0.7 19.8+0.3 23.8+0.5 47.0+1.8 75.8+0.3 38.1+5.6

July 14.2+40.7 31.3+0.7 19.440.5 25.5+1.4 13.4+1.1 24.3+1.4 38.3+0.6 71.5+1.3 23.7+0.3

Aug. 15.140.1 31.4+1.2  19.640.3 25.9+1.0 19.3+0.3 24.5+1.2 45.3+1.7 74.3+3.8 20.5+1.5
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Appendix 3 - LIST OF NATURAL EWNEMIES KNOWN TO ATTACK GLOSSIWHA

PALLIDIPES AND REFERENCES.

NATURAL ENEMY COUNTRY REFERENCE

ENEMIES OF PUPARIAL STAGE.

DIPTERA
Bdomby 11 idae

Exhyalantnrax aoruptus (Lw) Kenya Hinter, 1971.

E. aoruptus Kenya Hursey, 1970.

E. adbruptus Zimbabwe Heaversedge, 1969a.
E. veckerianus dezzi Kenya Minter, 1371.

E. lugens (Loew.) Zimbabwe Heaversedge, 1969a.
E. salutaris Austen Zimbabwe Heaversedge, 1969a.
HYMENOPTERA

Formicidae

Pheidole spp. Kenya Minter, 1971.

Diapriidae

Trichopria capensis Kenya Minter, 1971.
rovustior Silv. Uganda Kangwagwe, 1971.

T. lewisi Wixon(P) Kenya dinter, 1971.
Eulopinidae

Syntomospnyrum albicans Kerricn  Zimbaowe Heaversedge, 1363a.
Stomatocerus micans Waterston Zimpabwe Heaversedge, 1903a.
MUTILLIDAE

Mutilla glossinae Turner Zimbavwe Heaversedge, 1969%a
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NATURAL ENEMY COUNTRY REFERENCE
ENEMIES OF ADULT STAGE

DIPTERA

Asilidae Kenya Ainter, 1971.
ARANEAE

Hersilidae

Hersilia setifrons Lawrence Kenya dinter, 1971.
SCORPIONIDAE

Scorpions Kenya linter, 1971.
BACTERIA

Bacterium-like microbes Uganda Rogers, 1973.
NEMATODES

vermithid worm Uganda Moloo, 1972.
VIRUSES

Virus-like particles Kenya Jaenson, 1378p

Kenya

0dindo et al., 1981.
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