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Abstract

Tsetse flies (Dipterans: Glossinidae) are blood-feeder flies of the genus Glossina that belong to the family Glossinidae. SIT is
based on the mass production, radiation-based sterilization and release of sterile male tsetse flies over a target area to suppress or
locally eliminate a target tsetse population. The aim of this study was to assess the reproductive efficiency of Glossina pallidipes
and G. f. fuscipes reared under laboratory conditions in terms of productivity, and survival of flies fed on different animal blood.
A total of 384 flies from each female G. pallidipes and G. f. fuscipes were used to study the Reproductive Efficiency of Glossina
pallidipes and Glossina fuscipes in terms of productivity and survival of flies obtained from stock colony of Kality Tsetse
Research Centre and fed on animals’ blood of bovine, camel, ovine and caprine for a period of 3 months. Duncan multiple range
test was performed to analyze pupae per initial female, pupae production, fecundity, survival test fed on different blood diets
using Stata computer software (version12.0). The result reviled that Pupae per initial female recorded in G. pallidipes fed on the
blood of caprine was significantly lower compared to those flies fed on the blood of the other animals. On the other hand, female
flies of G. f. fuscipes which fed on the blood of camel had significantly higher mean pupae per initial female than those flies fed
on the blood of ovine, bovine, and caprine. Moreover, pupae quality as measured by weight class showed that flies fed caprine
blood had also more small weight pupae (class A and B) compared to flies fed camel blood. However, in G. pallidipes, a
statistically significant difference was not recorded in their survival rate in females flies fed camel, bovine and ovine blood. But
in general camel blood was found to be the most suitable blood followed by ovine, bovine, and caprine in terms of productivity,
pupae production, fecundity, and pupae weight of flies. Camel blood meal should be used for invitro feeding purpose of both G.
pallidipes and G. f. fuscipes species of tsetse flies under laboratory condition to ensure better production.
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1. Introduction

Background of the Study

Tsetse flies (Dipterans: Glossinidae) are medically and
economically important insects of the genus Glossina that
belong to the family Glossinidae [1]. They are confined al-
most exclusively to the sub-Saharan African continent, be-
tween 5N to 205, latitudes, but the two species are found in
southwest Saudi Arabia [2]. Over 31 species of tsetse flies are
present in the continent of Africa [3]. However, only five
species namely, G. pallidipes, G. m. submorsitans, G. f.
fuscipes, G. tachinoides, and G. longipennis are known in
different parts of Ethiopia (Amhara, Benishangul Gumuz,
Oromia, Southern and Gambella) region of Ethiopia are in-
fested with more than one species of tsetse fly [4]. In Africa,
the presence of tsetse flies and parasites is considered a major
cause of poverty in humans (sleeping sickness) and animals
(Nagana) [5, 6].

Vaccinating against the African animal Trypanosomiasis
unsuccessful due to the sophisticated and evasive nature of
the parasite. The parasites are surrounded in a thick glyco-
protein coat and they can intermittently change resulting in
the immune system being in a constant state of catch-up to
identify the ever-changing parasite [7], and existing trypa-
nocidal for chemotherapy is not always effective due to a
reduction in efficacy as a result of increasing drug resistance
in the parasites [8]. Currently, the vector control methods are
sequential aerosol spraying technique (SAT), ground
spraying, aerial spraying, insecticide - treated targets or live
baits, the use of impregnated traps, and the sterile insect
technique (SIT) [9].

SIT is based on the mass production of tsetse flies; radia-
tion-based sterilization and the release of sterile insects over a
target area to reduce or eradicate the target tsetse fly popula-
tion [10]. As compared to other tsetse control methods, the
SIT has a no-residual effect on the environment and does not
affect the non-target organisms, is species-specific, and can
easily be integrated with biological control and chemical
methods [11]. The technique has been effectively used for the
eradication of the new world screwworm (NWS) (Cochli-
omyia hominivorax) from North and then Central America to
Panama [12] and tsetse (G. austeni) from Unguja Island in
Zanzibar [13].

The SIT project in Ethiopia was initiated and designed in
1997 with the support of the International Atomic Energy
Agency (IAEA) in the southern Rift Valley area. Its general
objective was to create a tsetse-free zone in a 25, 000 square
kilometre area suitable for agricultural development.

To achieve this objective, the Kality Tsetse Fly Mass
Rearing and Irradiation Centre were inaugurated on 3 Febru-
ary 2007 with the mission of creating a zone free of tsetse fly
in the Southern Rift Valley of Ethiopia [14].

Mass rearing of tsetse flies (Glossina spp.) In the laboratory
is dependent on the high availability of blood and free of
microbiological contaminant blood diet [15-18]. The use of
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host animals for live feeding for tsetse flies in mass-rearing
insectariums is a risk to animals. For this reason, in the la-
boratory, it is necessary to develop effective and standardized
daily tsetse fly feeding methods without using live animals for
daily blood feeding [19]. Therefore, the use of membrane
(invitro) feeding technique to successfully produce mass
tsetse flies and economically less risky.

2. Materials and Methods

2.1. Description of the Study Area

The present experimental study was carried out at Kality
Tsetse Fly Research Center of Insectariumlocated in Addis
Ababa.

2.2. Blood Collection and Processing

Before the collection day, the containers, stirring material,
and any other materials that were in contact with the blood
were washed and sterilized in the oven for 24 hours. Blood of
bovine (cattle), ovine (sheep), camel, and caprine (goat) was
collected during the first week of January of 2023 from the cut
of blood vessel of each host type in hygienically and sepa-
rately collected from Addis Ababa Municipal Abattoir, in
10-liter stirring containers that allowed fibrin ting using the
blood using a magnetic stirrer to prevent blood from clotting.
The collected blood of each animal was sieved and poured
separately into four-litter bottles and immediately taken to
Kality Tsetse Fly Research Centre. The blood of each animal
in each bottle was labelled and stored in a cold room (—20<C)
[20].

2.3. Blood Processing Procedures and
Irradiation

The collected blood was checked for microbial contamina-
tion, and bioassay for its nutritive value, and proportioned into
bottles with a manageable size to be irradiated and fed to
tsetse flies [21]. After four days of storage; all the 4 litter
bottles that were collected on the same day were thawed.
Blood was mixed in toal00 litter container, previously steri-
lized; too obtain one overall sample of the blood collected
each day. This sample was later used for the bioassay (also
called 25 day feeding test) and was composed of 25 vials
labelled carefully. One single bioassay was carried out for
each collection day. After sampling for the bioassay, the
blood in the 100 litter container was proportioned in to a
volume of 2 litter’s bottle, and was labelled. The labelled
bottles were frozen until the result of the bioassay was
available. During the proportioning, a sample of the blood of
each bottle must be taken and labelled this samples were kept
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together with its original bottle and was later be used for
microbial screening [20].

Blood preparations were performed under UV laminar fans
to reduce microbial contamination. Each frozen blood group
with 2 litter bottles to were irradiated at 1-1.5 kilo gray (k Gy)
in the gamma cell 220 excel. After irradiation the blood was
tested for bacteria by inoculating 3 ml of a blood sample with
syringe on to the petridishes and mixed with agar and the
samples were incubated at 37<C for 48-72 hours and read at
48 hrs and 72 hrs. The results were checked for bacterial
colonies after 48 and 72 hrs. Blood with accepted colony
number were passed for tsetse feeding (< 10 colony number)
and the rest discarded [21]. The bioassay samples were irra-
diated, after which, the 25 day feeding test was conducted by
feeding the blood diet for tsetse flies at Kality Tsetse Fly
Research Centre. The bioassay test was done for 25 days
checking feeding response, survival and number of pupae
production. The parameter was used for to calculate the
quality factor the QF greater than one. Bioassay used for
blood diet suitable for in colony maintenance for tsetse flies.
The irradiated blood was transferred in to the working labor-
atory room and thawed in water until it changed in to liquid
blood at +4 <C refrigerators for feeding purpose.

2.4. Experimental Flies

The tsetse fly species used for the study were G. pallidipes
and G. f. fuscipes of teneral flies obtained from the stock
colonies of Kality Tsetse Fly Research Centre.

2.5. Research Design

An experimental study was conducted at Kality Tsetse
Fly Research Centre. The experiment composed of two
groups:

The sample sizes of the test flies used for the specific
types of experiments carried out were based on [21]. Ac-
cordingly:

A. Feeding and productivity test (fecundity, PPIF and pu-
pae production) experiment: 384 female and 96 male flies of
G. pallidipes and 384 female and 96 male flies of G. f. fusci-
pes (i.e., 32 females and 8 male flies per cage).

B. Survival (mortality) rate experiment: 384 female and 96
male flies of G. pallidipes and 384 female and 96 male flies of
G. f. fuscipes.

All the activities performed in the study were conducted
following the canter’s standard operating procedure.

2.6. Experimental Procedures

2.6.1. Pupae per Initial Female (PPIF) and
Fecundity Test of Female G. pallidipes
and G. f. fuscipes

Thirty-two teneral female flies and 8 male flies (4:1 ratio)
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of G. pallidipes and G. f. fuscipes were randomly selected
from the stock colonies and were separately placed in three
cages (diameter of 20cm and width of 5 cm). The flies in each
cage were assigned to feed on different blood sources
(treatments): bovine, camel, ovine and caprine, for 90 days.
The feeding schedule was five days per week (Monday,
Tuesday, Thursday, Friday and Saturday) for ten minutes and
the temperature of the blood was adjusted to 35 - 37<C each
time. Each treatment was replicated three times.

Female productivity was measured as pupae per initial
female (PPIF), the total number of pupae produced in a
given time divided by the number of initial females. PPIF
is' commonly used to assess the health of the Glossina
colonies [21].

2.6.2. Evaluation of Pupae Production and
Pupae Weight

The pupae produced by the flies were collected daily from
larviposition cups throughout the experimental period starting
from day 16 - 20 after emergence expected and were sorted
into normal and abort larvae three by visual observation rec-
orded [22]. Normal pupae were collected in to a separate Petri
Dish, labelled according to the cage number and kept for 24
hours before weighing. Then the normal pupae were catego-
rized in to five weight classes using pupae balance. The pupae
were sorted in to the standard system A (smallest, below 23
mg) to E (largest, above 37 mg) for G. pallidipes and A (smallest
below 22mg) to the (largest, above 36 mg) for G. f. fuscipes
length of the collection area was adjusted to correspond the five
weight classes previously defined to pupae of G. pallidipes and
G. f. fuscipes (Table 1). The pupae collected from the 3 cages of
one experimental group were pooled together [22].

Table 1. Definition of pupae weight classes for different Glossina
species.

Pupae weight class (mg)

Species A B C D E

Glossina pallidipes <23  23-28 29-32 33-36 >36
Glossina f. fuscipes <22 22-27 2831 32-35 >34
Glossina morsitans <18  18-21 2225 26-29 >29
Glossina tachi- <14 14-16 17-18 19-20 >20

noides

Note:< = less than > = greater than

2.6.3. Evaluation of Survival Rate of Female G.
pallidipes and G. f. fuscipes

Mortality was recorded daily for each test group throughout
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the experimental period.

Mortality rate in each cage was checked every day starting
from day 2 after emergence up to the end of experimental
period. Dead flies were recorded in to blood-fed and starved
fly mortalities. The mortality rate was calculated according to
Standard Operating Procedures for Mass-Rearing of Tsetse
flies. Survival was calculated by subtracting the number of
dead flies from the previous day recorded of the total number
of survival flies in each cage [21].

The two Glossina species were maintained under different
optimum environmental conditions of insectariums at a tem-
perature of 23-25<C and RH of 75-80% for G. pallidipes and
23-25<C and RH of 80-85% for G. f. fuscipes [17].

2.7. Data Analysis

Duncan's Multiple Range Test (DMRT) was performed to
analyze PPIF, pupae production, fecundity, and survival of
flies fed on different blood diets using Stata computer soft-
ware (version12.0) at 5% significance level. Results were
presented using tables Pupae weight class percentages were
analyzed compared with KTFRC's standard operating pro-
cedure (SOP) [21].

3. Results

3.1. Pupae Per Initial Females (PPIF)

Pupae per initial females of G. pallidipes and G. f. fuscipes
are shown in Table 2. Significantly lower (P<0.05) PPIF was
recorded in G. pallidipes fed on the blood of caprine com-
pared to flies fed on blood of the other animals. However,
female of G. f. fuscipes fed on the blood of camel had signif-
icantly higher mean (P < 0.05) PPIF than flies fed on the blood
of ovine, bovine and caprine. Where there was no significant
(P > 0.05) difference among these flies (Table 2).

Table 2. Mean (¥SD) pupae per initial female of G. pallidipes and G.
f. fuscipes fed on the blood of different animals.

Tsetse species

Treatment

G. pallidipes G. f. fuscipes
Bovine 2.33240.489% 2.0240.193?
Camel 2.9840.325b¢ 3.35#0.52¢
Ovine 2.540.6052¢ 2.1540).55%
Caprine 0.79+0.435¢ 1.6020.64%

Means in a column followed by the same letter are not signifi-
cantly different from each other at 5% level of significance
(DMRT)

3.2. Average Pupae Production by G. pallidipes
and G. f. fuscipes

Female flies of G. pallidipes fed on caprine blood signifi-
cantly showed lower (P < 0.05) pupae production than flies
fed on the blood of other animals (Table 3). On the other hand,
G. f. fuscipes female flies fed on the blood of camel showed
significantly higher (P < 0.05) mean pupae production com-
pared to those flies fed on the blood of bovine, ovine and
caprine (Table 3).

Table 3. Mean (£ SD) pupae production of G. pallidipes and G. f.
fuscipes fed on blood of different animals.

Tsetse species

Treatment

G. pallidipes G. f. fuscipes
Bovine 76.6116.60% 67.316.50%
Camel 96.647.62% 113.3416.8°
Ovine 83.0422.532 69.3114.8%
Caprine 24.66412.89¢ 52.66421.19°

Means in a column followed by the same letter are not significantly
different from each other at 5%level of significance (DMRT)

3.3. Pupae Weight Class (%) G. pallidipes and G.
f. fuscipes

In G. pallidipes the highest pupae weight (class E,> 37) was
recorded on camel (51%), followed by bovine blood diets
(class E,> 37) (29%) (Table 4). In G. f. fuscipes the highest
pupae weight class (class C, (45%) was recorded on camel
blood diets than other blood diets (Table 5).

Table 4. Mean% of pupae produced by female of G. pallidipes fed on
different blood of animals sorted in to different pupae weight class.

Pupae weight class (%0)

Treatment

A B C D E
Bovine 4 7 26 34 29
Camel 2 3 14 30 51
Caprine 16 32 30 14 8
Ovine 4 9 28 34 25

Pupae classes represented by letters A to E indicate weight in as-
cending order where' A' refers to small pupae while' E' refers to large
pupae
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Table 5. Mean%of pupae produced by female of G. f. fuscipes fed on
different blood of animals sorted in to different pupae weight class.

Pupae weight class (%0)

Treatment

A B C D E
Bovine 29 55 13 3 0
Camel 8 30 45 14 2
Caprine 17 31 30 14 8
Ovine 19 56 22 3 0

Pupae classes represented by letters A to E indicate weight in as-
cending order where 'A' refers to small pupae while 'E' refers to large
pupae.

3.4. Fecundity

Fecundity of females of G. pallidipes fed on the blood of
caprine was significantly lower (P < 0.05) than flies fed on the
blood of camel and ovine (Table 6). In addition there was no
significant difference (P > 0.05) between the caprine and
bovine blood. Unlike G. pallidipes, female flies of G. f.
fuscipes fed on the blood of camel had significantly higher
fecundity (P < 0.05) compared to those flies fed on other
blood of animals (Table 6).

Table 6. Mean fecundity of female G. pallidipes and G. f. fuscipes fed
on different blood diets during the survival day.

Tsetse species

Treatment

G. pallidipes G. f. fuscipes
Bovine 0.6760.0372% 0.52640.0152
Camel 0.78640.138 0.9340.149¢
Ovine 0.771+0.118% 0.6140.175%
Caprine 0.5440.0562 0.5540.1302

Means in a column followed by the same letter are not significantly
different from each other at 5% level of significance (DMRT)

3.5. Female Survival Rate of G. pallidipes and G.

f. fuscipes

There was no significant difference (P > 0.05) in weekly
survival rate of female G. pallidipes fed on different blood of
animals (Table 7). In contrast, significantly (P < 0.05) higher
survival rate of G. f. fuscipes female was recorded on those
fed on bovine blood diet, while lower survival rate was ob-
served on caprine (Table 7).

33

Table 7. Mean (SD) of survival rate of female of G. pallidipes and
G. f. fuscipes fed on blood of different animals.

Tsetse species

Treatment

G. pallidipes G. f. fuscipes
Bovine 0.21840.13% 0.35440.117°
Camel 0.23940.06% 0.1740.20%
Ovine 0.10440.017% 0.29140.23%
Caprine 0.06240.0822 0.06240.1072

Means in a column followed by the same letter are not significantly
different from each other at 5% level of significance (DMRT)

4. Discussion

For a colony to sustain-the minimum PPIF should be above
2.1 for 13 weeks and fecundity (as pupae per female per
ovarian cycle) should be above 0.6 [23]. However, pupae
production below 3 per initial female results in no effective
colony growth, or even decline [24]. Based on this fact, the
results of this study indicated that camel blood diets in G. f.
fuscipes flies resulted in the highest mean PPIF (3.35) and
fecundity (0.93) in which they were found to be above the
standard PPIF (PPIF = 3) and fecundity (F = 0.6) value re-
quired to have a steady colony growth (effective colony
growth). Similarly, the mean PPIF and fecundity, of G. pal-
lidipes in camel, ovine and bovine blood diets, and G. f.
fuscipes flies under ovine blood diets, were found to be above
the standard (PPIF = 2.1) and fecundity (F = 0.6) value- re-
quired to sustain or survive the colony. However, caprine
blood diets in G. pallidipes and both bovine and caprine blood
diets in G. f. fuscipes resulted in extremely lower PPIF and
fecundity values below the standard minimum values required
to sustain or survive the colony compared with the rest diet.

In the present study, the highest PPIF and fecundity of flies
indicative of the overall performance and the nutritional
quality of the blood diets [21]. Several studies have revealed
that insufficient nutrition of the female fly would lead to
abortions. Increased abortion rates and reduced productivity
resulting from an inadequate diet would hamper colony
growth [25, 26], [21]. However, the reproductive performance
of G. Pallidipes flies in vitro-fed on goat blood was signifi-
cantly lower compared with flies fed on others sources of
blood.

In both species the overall results obtained from the pupae
quality test were consistent with the findings of the repro-
ductive test. G. pallidipes flies maintained feeding on caprine
blood diets not only produced a low quantity of pupae but also
a poor quality of small and light pupae which fell mostly in to
the smaller size categories A-B weight class. Similarly, G. f.
fuscipes flies maintained feeding on camel blood diet pro-
duced a higher quantity with a good quality of pupae which
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fell mostly in to the heavier weight categories C-E weight
class. These results were in line with the findings of [27] who
found that the weight of pupae depends on the amount and
quality of blood fed by a female during pregnancy, with a
highly significant correlation between puparial weight and
quality of blood ingested. It is a fact that pupae class is a good
overall quality indicator of the effectiveness of colony
maintenance where each weight class can be defined using a
weight-sorting machine. The mean pupae weights should
approximate the values developed by [22], and no more than
10% of the puparium should be in weight class 'A' [21].
Consequently, the results of this study indicated that G. pal-
lidipes flies maintained on camel, bovine and ovine blood
diets,-the percentage of class 'A' pupae were found to be in the
acceptable range which was less than 10%. In contrast, G. f.
fuscipes flies maintained in all diets except camel blood, the
percentage of class 'A' pupae were found to be in the unac-
ceptable range which was greater than 10%. Both species of
flies maintained on camel blood diets resulted in good quality
of pupae while flies reared on caprine blood produced a poor
quality pupae. This finding is in agreement with the previous
report by [28] on female G. pallidipes, where the highest
percentage of (A class) pupae were found on flies that were
maintained under caprine blood diets compared with ovine
and bovine blood diets. The reason for this finding could be
due to the nutrient shortfall needed for the required perfor-
mance in flies fed caprine blood diets and due to presence of
better nutritive value in camel blood diets that supports the
development of large pupae weight class as stated by previous
findings, which stated pupae quality is an indication of the
nutritional status of the fly and is reflected by pupae weight
and size. High fecundity and low mortality is correlated with
pupae size and weight. Very small and light pupae resulted in
low emergency rate, a low number of strong and viable flies.
The size and weight of pupae are reflection of the mainte-
nance and feeding of female flies, and her ability to transfer
the nutrients to her offspring [14].

According to the present study, G. f. fuscipes showed a
higher mean survival percentage under in-vitro feeding of
bovine than caprine blood diets. The result obtained in G. f.
fuscipes is in agreement with the report of [28] that the fe-
males of G. pallidipes fed on caprine blood diets showed
lower average survival rate than flies fed on bovine, ovine and
pig blood diets. However, we did not find significant differ-
ences in the survival rates of females of G. pallidipes flies fed
on camel, bovine, ovine and caprine blood diet. This contra-
dicts with the finding of [28] that G. pallidipes fed on caprine
blood diets showed lower average survival rate than flies fed
on bovine, ovine and pig blood diets. The low survival rate in
case of caprine blood may be due to the differences in host
specificity of G. f. fuscipes and arrange of physiological ad-
aptations to the specific host blood feeding. G. f. fuscipes
female flies do not prefer to feed on caprine blood diet both at
the field level and under laboratory in ideal ecology.

Although tsetse flies, including G. pallidipes, are selective
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in their choice of hosts (except for the palpalis group, like G. f.
fuscipes) [29], the present study shows that G. pallidipes can
be maintained on less preferred hosts like camel blood. This is
also in agreement with [30-32]. It is now well known that G.
morsitans morsitans, G. palpalis, G. tachinoides, and G.
pallidipes can be reared easily on less preferred hosts. Based
on this fact, the results of this study indicated that G. palli-
dipes flies can be maintained under feeding of camel blood
diets. This finding disagreed with the report of [21] that
rearing of tsetse flies using invitro membrane feeding of bo-
vine, porcine, or a mixture of both blood have been a method
of routine for colony maintaining. Tests using only bovine
blood (at FAO/IAEA laboratories, Sibersdof, Austria) also
demonstrated that most tsetse species could be maintained by
feeding bovine blood alone. The result also clearly revealed
that the overall performance of G. pallidipes colonies main-
tained on invitro feeding of camel blood diets were nearly as
good as maintained on bovine and ovine blood diets showing
that camel blood diets can be absolutely useful for maintain-
ing and rearing of both G. f. fuscipes and G. pallidipes colo-
nies under laboratory condition at Kality Tsetse Fly Research
Centre laboratory. It would appear, therefore, that tsetse flies
have a physiological capability to digest and utilize as effi-
ciently the blood of several mammals, including someone
which they do not normally feed, such as wild beets [33, 34].

According to the result, the PPIF and fecundity of female G.
pallidipes fed on bovine and ovine blood was almost com-
parable to that of camel blood fed flies, there were no statis-
tical difference among them. This result agreed with the report
of [28] who reported G. pallidipes colonies flies of the same
strain (at Kality Tsetse Fly Research Centre laboratory)
maintained on bovine and ovine blood diets were produced
significantly more pupae than those fed on caprine, porcine
and mixed blood diets. According to [35] after prolonged
maintenance, he found that a population of G. swynnertoni fed
on sheep gave far better results than one fed on guinea pigs in
Geigy racks; he also found that from the beginning of
maintenance G. pallidipes did far better on sheep [36]. It is
known that the host preference of G. pallidipes in nature may
include, in addition to bovines, smaller mammals such as bush
pigs [37]. Porcine-and bovine blood, and various combina-
tions thereof, were therefore evaluated as rearing diets for
these species. However the reproductive performance of G.
pallidipes flies in vitro-fed on goat blood was significantly
lower compared with flies fed on others sources of blood.
According to the result, the PPIF (0.79) and fecundity (0.54)
value of G. pallidipes flies fed on goat blood diet was ex-
tremely lower than the minimum standard value of PPIF (2.1)
and fecundity (0.6). This result also agreed with the report of
[28] who reported both the PPIF and fecundity value of the
same strain of G. pallidipes colonies flies fed on caprine blood
diet was lower than the standard value (2.1) and 0.6 respec-
tively.

According to [28], G. pallidipes colonies flies maintained on
bovine and ovine blood were also produced significantly more
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pupae than those fed on caprine, porcine and mixed blood diets.
This also agreed with the PPIF reported on generation F3 G.
austeni and G. pallidipes fed on reconstituted freeze-dried
caprine blood [23]. This showed that the caprine blood diet
highly reduces G. f. fuscipes female fly production. This was
due to a lower nutritional value of caprine blood that supports
the development of pupae in G. f. fuscipes resulting in lower
pupae production and in the pregnancy cycle larval develop-
ment is adversely affected by a nutritional short fall. The
quantity and weight of pupae depends on the amount of blood
fed by a female during pregnancy, with a highly significant
correlation between pupae weight and quality of blood diet fed
[28, 38].

The overall performance of the G. f. fuscipes flies fed camel
blood diets was superior as compared to bovine, ovine and
caprine blood diets which are most commonly used blood
diets for rearing purposes in various laboratories showing that
camel blood diets also can be absolutely useful for maintain-
ing and rearing of G. f. fuscipes colonies under laboratory
condition at Kality Tsetse Fly Research Centre laboratory.
The tsetse fly Glossina palpalis (Dipterans: Glossinidae,
including G. f. fuscipes) probably has no match among hae-
matophagus insects in its vertebrate host range. According to
[39] this fly can feed on any vertebrate it contacts. It is also
not responsive to host derived odours presently being evalu-
ated as olfactory baits and in corporate in trapping technology
strategies for tsetse flies [40]. However, G. f. fuscipes colonies
fly invitro-fed on bovine, ovine and caprine blood diets were
invariably survived and reproduced. This result was disagree
with the report of [28] who reported the PPIF female G. pal-
lidipes fed on bovine blood was almost comparable to that of
ovine blood fed flies (PPIF = 2.77) but agreed with the report
of [28] who reported the PPIF value of G. pallidipes colonies
flies fed on caprine was lower than the standard value (2.1).
The difference was due to the fact that the two tsetse species
belong to different groups of Glossina species (riverine and
savannah) possibly exhibiting difference in host preferences
[41, 42].

5. Conclusion and Recommendations

In conclusion, overall performance of the G. f. fuscipes flies
fed on camel blood diets was superior as compared to bovine,
ovine and caprine blood diets. In addition overall performance
of G. pallidipes colonies maintained on invitro feeding of
camel blood diets were nearly as good as maintained on bo-
vine and ovine blood diets, showing that camel blood diets
can be useful for maintaining and rearing of both G. f. fuscipes
and G. pallidipes colonies under laboratory condition.

The result encourages the use of blood diets for tsetse mass
rearing in Ethiopia, considering the presence of large number
of camel in the country, which are slaughtered in large num-
bers at Addis Ababa (Akaki Kality) Municipal Abattoirs near
to Addis Ababa where the rearing facility is located. On the
other hand, the low performance of the G. pallidipes flies fed
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caprine blood, particularly low PPIF, low fecundity and high
proportion of lighter pupae, low longevity and low survival
rate, indicated that caprine blood diet is nutritionally poor to
be used for colony development. Similarly, G. f. fuscipes flies
fed on goat, bovine and ovine blood diets showed low per-
formance compared to camel blood indicating that these diets
have low nutritional quality and therefore not qualified as a
preferred diet for tsetse flies feeding.

Therefore, based on the above results, the following rec-
ommendations have been forwarded:

Camel blood diet was superior as compared to bovine,
ovine and caprine blood showing that camel blood diets can
be absolutely useful for maintaining and rearing of G. f.
fuscipes and G. pallidipes tsetse fly colonies to ensure better
production under laboratory conditions.

Bovine blood diet, which has been used in vitro feeding
techniques at Kality Tsetse Fly Research Centres, produced
not only a low quantity of pupae but also a poor quality of
pupae. The highest overall percentage of inferior pupae qual-
ity (class A) (29%) recorded in G. f. fuscipes species fed on
bovine blood diet were found to be in the unacceptable range
which was greater than 10% showing that bovine blood diet is
unsuitable for maintaining and rearing of G. f. fuscipes colo-
nies. Hence camel blood could be considered as an alternative
colony feeding in order to assure better tsetse production at
Kality Tsetse Fly Research Centre.

Further investigations should be done to assess the nutri-
tional contents of camel diets for tsetse fly rearing.

The mass-rearing of tsetse remains challenging, especially
when more than one species is involved. The optimal rearing
diet may differ between colonies and tsetse species and might
need to be customized for each production unit. Decisions on
the most suitable rearing diet will not only depend on the
biological requirements of the flies involved but will also be
influenced by the availably of a suitable blood source on a
continuous and economic basis. Quality control and research
on factors to optimize the diet needs to be done continuously.
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