























As for the feeding performance with reference to carbohydrates
expressed by the blue colour intensity of the reaction between anthrone and
sugar in the sandfly gut, the number of the flies exhibiting a low level sugar
content (faint blue) was higher than the sum of those with intermediate level
(medium blue stain intensity) and high level (deep blue stain intensity). And
the distribution of different levels was significantly different according to
individual diets. For instance S. ingrami was found with more sugar from
R. usambarensis and sucrose while in P. duboscqi, the highest level was
more important with M. azedarach, sucrose and R. usambarensis. In
general there was a correlation between the feeding rate and the feeding
performance.

The diversity in the feeding response by the test flies to the different
test plants raised the question as whether there is any correlation between
the feeding rate of the flies and the sugar content in the different plants. The
results of anthrone test and spectrophotometry used to estimate the
concentration of sugars in each plant did not reveal any correlation. It
was rather noted that plants with a mild (Azadirachta indica) or poorest
feeding rate (T. minuta) could be associated with the highest sugar
concentration. In contrast bioassay tests effected to determine the
behavioural response by P. duboscgqi to olfactory stimuli from some test
plants indicated a close
relationship between the feeding and behavioural responses: plants with the
higher feeding rate (R. usambarensis, M. azedarach) attracted much more

flies than those with lower feeding rate (Ocimum suave, T. minuta).
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= 1.3 £ 0.8 days) after eclosion. Of 23 flies held at 28°C until death, 100%
(23) fed 1x; 30.4% (7) fed 2x; 30.4% (7) fed 3x; 30.4% (7) fed 4x; and 4% (1)
fed 5x. The number of sugar fed adults maintained at 20°C declined rapidly
owing to the poor survival (average age for starting feeding = 1.9+ 1.0
days). Digestion of the 1st and 2nd meals required more time in flies held
at 20° C (2.2 + 1.2 and 1.8 + 0.8, respectively) than in those maintained at
28°C (1.4 = 1.1 and 1.3 = 0.5 days, respectively).

The experiment on phytophagy of P. papatasi by Schlein and
Warburg (1986) was an important step toward the investigation on the
source of natural sugars for sandflies. The following plant species, Capparis
spinosa (Capparaceae); Sinapis arvensis (Cruciferae); Malva nicaensis
(Malvaceae); Solanum luteum (Solanaceae), Hedera helix (Araliaceae); Ficus
carica (Moraceae); Crataegus aronia (Rosaceae); Cucumis sativus and
Ecbalium elaterium (Cucurbitaceae); Smilax aspera (Liliaceae); Rosmarinus
officinalis (Labiatae); Portulaca oleracea (Portulacaceae); /nula viscosa
(Compositae); Atriplex halinus, Anabasis articulata and Saeda asphaltica
(Chenopodiaceae), Spartium junceum Papilionaceae) and Nerium oleander
(Apocynaceae) were given to P. papatasi in cages (small cage for feeding
behaviour observation and large cage for quantitative investigations). The
results show that some plants were avoided as if they had a repellent effect;
others were indifferently approached and a few elicited a real excitement,
probing and feeding; males and females fed on plants in similar numbers.
Most attractive among the 19 plants were C. spinosa (75.6%), S. luteum

(52.1%) and M. nicaensis (49%). Flies readily fed on S. junceum (68.8%)
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laboratory (Killick-Kendrick 1979) probably due to a massive contamination
by bacteria and fungi (Schlein, 1988). While some food plants seem to
facilitate transmission of infection, others might be harmful to the parasite or
the vector. Among the obvious candidates, are the poisonous plants (some
species of Solanum and Ricinus) which P. papatasi fed upon (Schiein, 1986).
The lectins in the tissues of many plants, reacting specifically with
Leishmania promastigotes in culture, were toxic to some of the parasites
(Schlein, 1993). L. major promastigotes undergo selective changes in
surface carbohydrates due to the agglutination by plant lectins. These
changes paralleled the transformation from non-infective to infective
promastigotes (Sacks and Perkins 1984). These finding led to the
postulation that carbohydrate-lectin-Leishmania interactions govern the
development and infectivity of the parasites within the vector, and that sugar

feeding is integral to the system (Blackwell, 1985).
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(b) 0. kenyense, ancther, but less documented, tropical shrub, mostly
found in fallow fields has got a very strong scent which necessitated its
assessment for some property likely to elicit a behavioural response in
sandflies: attractancy/repellency and/or phagostimulation/feeding

deterrency.

(c) 0. suave has interesting records of its use as a traditional repellent to
stored crop pests and mosquitoes (Watt & Breyer-Brandwijk, 1962;

Hassanali and Lwande, 1889; Paton, 1991).

(d) R. usambarensis, popularly reputed for its sweetness and the
property of thirst relief (Watt & Breyer-Brandwijk, 1962), has already been

used as a source of carbohydrate in sandfly colonisation at ICIPE.

(e) S. incanum and other Solanum species have been reported as
poisonous plants (Watt and Breyer-Brandwijk 1962; Schlein, 1986); yet some
species were able to attract P. papatasi/ in the Jordan Valley, Israel, resulting

in a relatively high feeding rate (Schlein, 1986).

N T. minuta, considered as one of the most troublesome weeds
(Agnew, 1974; Akobundu, 1987; Aulakh et al., 1987) is receiving a

sustained interest, due to its potential in pest control (Green et al., 1991;
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species causing cutaneous leishmaniasis in the Old World (Bray, 1974,
1987), particularly in Kenya where the parasite is transmitted by the sandfly
P. duboscqi (Beach et al., 1984; Kaddu, 1986; Mutinga, 1991; Killick-
Kendrick,1990). Moreover, L. major is a leishmanial parasite for which a
murine model of infection has been well-established for experimental

transmission (Titus and Ribeiro, 1990).

(4) The experimental animals.

(a) Source of blood meal for oogenesis in sandfly laboratory
rearing.
P. duboscqi was given the hamster Mesocricetus auratus auratus
(Rodentia: Cricetidae) (Plate 9) which has proved suitable for other species
of Phlebotomus, while S. ingrami was offered a geconid lizard, (Killick-

Kendrick, 1977; Mutinga et al., 1986 Mutinga et al., 1989).

(b) Source of L. major for experimental transmission.

BALB/c mice Mus musculus (Rodentia: Muridae) (Plate 10) have
proven a suitable material for harbouring heavy infections of L. major in other
trials on experimental transmission (Bray, 1987). In the present study, the
starting lot was made of eight 4-week old females (average wight = 11.5 g)
supplied by the ICIPE’s Insect and Animal Breeding Unit (IABU). These
were infected by inoculating a culture suspension of L. major from ICIPE

cryobank into footpads, mouth/nose and tail areas, and maintained on a
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(5) The Feeding cages

The feeding cage for sugar or water originally designed by Chaniotis
(1974) has been adapted with some improvement by Modi and Tesh (1983),
Beach et al. (1983) and Mutinga et a/.(1989). The current version (Plate 11)
is a rectangular perspex box 15.0 x 15.0 x 20.2 cm, with the upper side
made of a netting material for aeration but which also provides a resting
surface for flies. In the center of one of the lateral sides, there is a
10 cm-diameter hole for introduction of flies; it can be closed and opened
using a sleeve stuck along its circumference. The feeding cage used for
plants (Plate 12) is a modified version of the Schiein’s type (1986). In the
new model, which retains the same dimensions as above, the upper side
functions as a hinged flap, movable and which is closed tightly by rubber
bands, rolled around the steadies. This device is meant to facilitate the

introduction of all test plants, including the thorny ones.
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were chopped, weighed and introduced into an extraction bottle (2.5 1) in
which they were immersed with the appropriate solvent. After 4 days of
maceration, the extract was filtered and the solvent removed using the
rotatory evaporator. The remaining water was removed by calcium sulfate for
the extraction with petroleum ether or by freeze-drying for the other solvents,
the final product being a solid extract. The following steps were used for the

preparation of test solutions.

() Extraction of sugars from crude extracts

Five samples (0.117 g each) of extract from each plant were put into
different test tubes and subjected to sugar extraction with 80% ethylic
alcohol. Samples of crude extracts were introduced into test tubes
containing 2 mi of the alcohol. They were left for 30 min in a boiling
water bath, then removed and left to decant; the supernatant was transferred
into another test tube, while the deposit was subjected to the same
extraction. The operation was repeated 3 times in order to extract maximum
sugar content. The total supernatant collected was centrifuged at 5000 rpm
for 10 min; the final supernatant collected into a test tube, was kept in a
boiling water bath to evaporate as much alcohol as possible until only 2 mi
liquid remained (when the final volume was less than 2 ml, the required

volume of 2 ml was obtained by adding distilled water).
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4113 Feeding preference

When both S. ingrami and P. duboscqgi were offered simultaneously
the same diet (Tables 6-8), the former showed a higher mean feeding rate
with R. usambarensis (57.12%) than did P. duboscqi (52.95%) (F = 6.50;
df = 1; P < 0.05). In contrast P. duboscgi seemed to respond more
té sucrose (59.09%) than did S. ingrami (54.44) (Table 6) (F = 4.91;
df = 1; P< 0.05).

In the case where a single sandfly species was given two diets in
two simultaneous experiments, S. ingrami did not show a significant °
preference between sucrose (56.13%) and R. usambarensis (59.03%)

(F= 3.08; df = 1; P > 0.05) while P. duboscqgi appeared to prefer sucrose
(59.95%) to R. usambarensis (53.76) (Table 7) ( F= 10.98; df = 1;
P < 0.05).

The feeding rates by sex did not show a significant difference in the

feeding response between sexes in any of the two sandfly species and for

any of the two diets (Table 8).
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Table 6:
Feeding rates of S. ingrami and P. duboscgi when both were offered

either sucrose or R. usambarensis.

Diet Sanqﬂy ND % rate (Mean + SE)
species

Su S. ingrami 1728 54.44 + 1.44b

Su P. duboscqi 1728 59.09 £ 2.01a

Ru S. ingrami 1728 57.12 + 1.68a

Ru P. duboscqi 1728 52.95 + 1.52b

Su: Sucrose; Ru: R. usambarensis;

ND: Number of flies dissected ;

Means followed by the same letter are not significantly different at
P = 0.05; SE: Standard error.
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Table 8:
Feeding rates by sex when S. ingrami and P. duboscqi were given

sucrose and R. usambarensis.

Diet Sandfly ND % rate (Mean + SE)
species
Female Male
Su S. ingrami 1728 | 26.96 + 0.60a 27.48 = 0.61a
Ru S. ingrami 1728 | 28.53 + 0.70a 28.59 + 0.73a
Su P. duboscqi 1728 | 29.86 = 0.91a 29.22 + 0.22a
Ru P. duboscqi 1728 | 26.86 + 0.55a 26.27 + 0.75a

Su; Sucrose; Ru: R. usambarensis;

ND: Number of flies dissected;

Horizontal means followed by the same letter are not significantly different
at P = 0.05; SE: Standard error.
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4.1.1.4 Discussion

The anthrone test was performed as described by Young et al.
(1980) but with some modifications, dictated by logistic and practical
considerations. For example, preliminary trials using the locally available
anthrone (sold by Howse and McGeorge, Nairobi) at the concentration of
0.1% according to the above workers either failed completely to detect the
presence of sugar or gave a very faint blue colour. Indeed, the label on
the container of the product from Howse and McGeorge indicates 1% as
the minimum sensitivity to sucrose. After trials with 1.00%, 1.25% and
1.50%, the intermediate concentration although it did not yield a
significantly higher performance, was chosen for further tests, because it
had a slightly higher mean rate and a relatively lower variability.

In general, the feeding response was higher when both S. ingrami
and P. duboscqgi were given the diet overnight. However, the degree of the
difference seemed to be diet-dependent: it was more pronounced with S.
ingrami fed on R. usambarensis than on sucrose while the difference for P.
duboscqgi was higher when the latter was given sucrose than R.
usambarensis.

These resuits are consistent with the findings by Schlein and
Warburg (1986) from their studies on P. papatasi fed on Capparis spinosa
(Capparaceae). In this experiment, flies fed more at night than during
daytime, whether under artificial light or in darkness. The photoperiodic

rhythm is an evolutionary trait which persists although this sandfly species
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breeds and rests in Psammomys obesus’ burrows where the darkness
prevails irrespective of the nycthemeral period. And likely the same remark
would apply to S. ingrami and P. duboscgqi, especially the latter for which
Tatera’s burrow is the breeding and resting site in Baringo focus (its main
distribution areas in Kenya)( Kaddu, 1986; Mutinga, 1990).

The high variability of the feeding rates within an exposure period
made it impossible to determine the exact duration for a maximum feeding
rate for a given species and diet. Since the high feeding peaks occurred
mainly between 6 and 19 hours, an overnight exposure the range 10-16
hours is recommended. Schlein and Warburg (1986) exposed flies within a
similar range, while Kaddu et al. (1992) adopted a 16-hour exposure.

The similarity in feeding responses of males and females of each
species in terms of time and diet indicates that both sexes are adapted to
imbibing (sugar, water drinking mode) or probing and sucking (blood, plant
feeding mode) (Schlein et al. 19886).

When S. ingrami and P. duboscqi were given the same diet at the
same time, the former showed a higher feeding rate on R. usambarensis,
whereas the latter fed more on sucrose than did the former. On the other
hand, when each of the sandflies was offered sucrose and A.
usambarensis, S. ingrami slightly, but not significantly preferred R.
usambarensis to sucrose, while P. duboscgi’s preference was significantly
higher for sucrose. Kaddu et al. (1992) found S. ingrami to be a highly
polyphytophagous insect; more tests were needed for P. duboscgi in order

to appreciate its real phytophagy spectrum.
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41.2 Feeding rate and performance with reference to
carbohydrates in S. ingrami and P. duboscgqi offered

different plant species, sucrose and water.

4.1.2.1 S. ingrami
(a) Feeding rate

There is a highly significant heterogeneity (F = 68.99; df = 8;
P < 0.001) in the feeding rates on the different diets (Fig.5; Appendix 1).
The highest rate was on R. usambarensis (60.74%), followed by M.
azedarach (56.60%) and sucrose (55.21%); the lowest were on water
(0.00%), T. minuta (2.78%), O. suave (11.81%) and O. kenyense (20.83%).
On S. incanum and A. indica, the feeding rates were in the 25 - 50% range.

The feeding rates on different parts of S. incanum (Table 9) were
almost similar, except on the fruit when the peduncle was excised and the
wound sealed (fruit,: 0.00%). The highest value (30.21%) was observed

with the flower which had been completely isolated from the other parts.
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4.1.2.2 P. duboscqi

(a) Feeding rate

The results on the feeding response by P. duboscqi on different diets
show a high degree of variability in feeding rates (F = 106.78; df = 8;

P =< 0.001). In general, M. azedarach had the highest rate (82.99%), followed
by sucrose (70.48%) and R. usambarensis (55.56%); the lowest rate (0.35%)
was obtained with water, while T. minuta (1.39%) was the least preferred
among the plants (Fig. 6; Appendix 2).

There was a significant difference in responses to young and old leaves
of M. azedarach (F = 28.99; df = 1; P < 0.001); the mean feeding rates were
being 82.99% and 38.19% for young and old leaves respectively (Table 12).

When the same species was offered different parts of S. incanum, the
lowest rate (1.39%) was observed on the fruit with the peduncle excised and
the wound sealed (Table 13). The rates on the other parts were homogenous

in the range 26.04 - 34.03 %.






- 123 -

(b) Feeding performance

The feeding performance of P. duboscgi on the pooled diets is highly
variable; the dominant proportion of 21.44% was at the lowest level (F),
followed by 8.25% at the intermediate level (M), and the lowest (6.94%) at the
highest level (D) (Table 14). This trend was also observed in the
heterogeneity among individual diets (Table 15). The highest value (32.97%)
was on M. azedarach, while T. minuta was the least fed upon among the
plants (0.00%). As in S. ingrami, the feeding performance of P. duboscgi was
significantly affected by (i) the diet (F= 52.21; df = 7; P < 0.001),

(i) the feeding level (F = 102.42; df = 2; P < 0.001) and (jii) their interaction
(F = 9.15; df = 14; P < 0.001). The distribution of feeding levels was highly

variable among the different diets (Appendix 4).
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Table 14:

Overall mean feeding performance of P. duboscgqi on different plant

species and sucrose (all diets pooled together).

Level N % rate (Mean = SE)
D 96 6.94 + 1.27b
96 8.25 + 1.11b
F 96 21.44 + 1.58a

D: Deep blue colour intensity; M: Medium blue colour intensity; F: Faint blue
colour intensity;

N: Total number of experiments (8 diets in 12 replicates);

Means followed by the same letter are not significantly different at P = 0.05;
SE: Standard error.


















Table 16:
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Optical density (spectrophotometry at 630 nm) of standard sugars

with increasing concentration.

Conc Optical density
(mg/mi) Fructose Glucose Sucrose
Cold Hot Cold Hot Cold Hot
0.0000 0.000 |0.000 |0.000 |0.000 |0.000 0.000
0.0125 0.284 0.216 0.012 0.167 0.202 0.285
0.0250 0.502 0.512 0.083 0.263 0.578 0.548
0.0500 0980 |0.892 |0.1083 |0.357 | 0.631 0.654
0.0750 1.374 1.435 0.108 0.437 1.287 1.194
0.1000 1.897 | 2015 |0.273 |[0.509 | 1.476 1.524

Conc: Concentration










Table 19:

Optical density of water extracts from fresh plant materials after test with cold and hot anthrone.

Rep Plant species
Ai (0.1 ml) Ma (1.0 ml) Ok (1.0 ml) Os (5.0 ml) Ru (1.0 ml) Si (2.0 ml) Tm (0.2ml)
Cold Hot Cold Hot Cold hot Cold Hot Cold Hot Cold Hot Cold Hot
1 0.352 0.841 0.896 0.998 1.576 1.175 0.243 0.244 0.777 1.046 1.028 1.357 0.868 1.075
2 0.726 0.816 1.031 1.012 1.466 1.171 0.223 0.238 0.781 1.071 1.328 1.473 1.002 1.015
3 0.762 0.909 0.968 1.008 1.483 1.194 0.231 0.285 0.773 0.890 1.811 1.477 1.229 0.988
4 0.634 0.868 1.001 1.038 1.451 1.219 0.262 0.231 0.762 0.824 1.668 1.339 0.512 1.001
5 0.655 0.885 1.027 1.028 1.423 1.181 0.226 0.126 0.772 1.075 1.019 1.402 1.141 0.979

Rep: Replicate; Ai: A. indica; Ma: M. azedarach; Ok: O. kenyense; Os: O. suave; Ru: R. usambarensis;
Si: S. incanum; Tm: T. minuta;

(): Optimum volume for the sensitivity of anthrone test and according to the range of optical densities recorded with standard sugars.

- EEL -
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Table 20:
Effect of temperature on the sensitivity of water extracts from fresh plant

materials to anthrone reagent.

Temperature N % (Mean + SE)
Cold 35 0.917 + 0.074a
Hot 35 0.957 + 0.059a

N: Total number of experiments (7 plants in 5 replicates);
Means followed by the same letter are not significantly different at P = 0.05;
SE: Standard error.
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Table 21:
Optical density of water extracts from plant materials after

sequential extraction and test with hot anthrone.

Plant species N % (Mean + SE)
Al 5 0.234 + 0.018e
Ma 5 0.486 + 0.017b
Ok 5 0.612 + 0.020a
Os 5 0.177 + 0.006f
Ru 5 0.315 = 0.026d
Si S 0.428 + 0.024c
Tm 5 0.462 + 0.013bc

Ai: A. indica; Ma: M. azedarach; Ok: O. kenyense; Os: O. suave;
Ru: R. usambarensis; Si. S. incanum; Tm: T. minuta;

N: Number of experiments for each plant;

Means followed by the same letter are no significantly different at
P = 0.05; SE: Standard error.
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(e) Sugar concentration (fructose, glucose and sucrose equivalents) in water

extracts from fresh plant materials tested by hot anthrone

As in the cold environment, the concentrations of extracts treated by hot
anthrone (Tables 30 and 31) show a high degree of variation among sugar
equivalents in the pooled test plants (F = 6504.11; df = 2; P < 0.001) and among
individual plants for each equivalent (F = 3136.45; df = 6; P < 0.001). Glucose
equivalent had the highest concentration (2.16%), and the difference between fructose
and sucrose equivalents was significant. At the individual plant level A. indica
remained the richest for all equivalents (0.89% fructose; 7.40% glucose; 1.10%
sucrose), followed by 7. minuta (0.52% fructose; 4.34% glucose; 0.65% sucrose) while
0. suave (0.005% fructose;0.04 glucose; 0.005% sucrose) showed the poorest sugar
content. There is a highly significant influence by the interaction between sugar
equivalents and individual plant species (F = 1457.77; df = 12; P < 0.001). The
difference in concentration of the three equivalents due to the difference in plant

species is presented in Table 31 and Appendix 7.
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Table 30:
Overall mean concentrations (w/w) in fructose, glucose and sucrose

equivalents in all the test plants after test with hot anthrone.

N % (Mean = SE)
Sugar equivalent
Fructose 35 0.26 + 0.05¢c
Glucose 35 2.16 + 0.43a
Sucrose 35 0.32 + 0.06b

N: Total number of experiments (7 plants in 5 replicates);
Means followed by different letters are significantly different at P < 0.05;
SE: Standard error.
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Table 31:
Mean concentrations (w/w) in fructose, glucose and sucrose equivalents of

individual plant species after test with hot anthrone.

Plant N % (Mean + SE)

Sugar equivalent

Fructose Glucose Sucrose

Ai 5 ]0.89 £ 0.0157a 7.40 = 0.1341a 1.10 £ 0.0212a
Ma 5 |0.10 + 0.0007cd 0.87 £0.0061cd 0.13 + 0.0010cd
Ok 5 |0.12 £ 0.0009¢c 1.02 + 0.0074c 0.15 + 0.0011¢c
Os 5 | 0.005 + 0.0005f 0.04 + 0.0045f 0.005 + 0.0007f
Ru 5 {0.10 + 0.0053cd 0.84 + 0.0441d 0.13 + 0.0070cd
Si 5 | 0.07 + 0.0014e 0.60 + 0.0122e 0.09 + 0.001%e
Tm 5 |0.52 + 0.0084b 4.34 + 0.0714b 0.65 + 0.0112b

Ai: A. indica; Ma: M. azedarach; Ok: O. kenyense; Os: O. suave;

Ru: R. usambarensis; Si: S. incanum; Tm: T. minuta;

N: Number of experiments for each plant species;

Vertical means followed by the same letter are not significantly different at
P = 0.05; SE: Standard error.
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Table 35:
Behavioural responses by P. duboscgi to olfactory stimuli from different

plant species tested one against another.

Couple number Plant couple N % (Mean + SE)
1 M. azedarach vs 79.11 £ 0.90a
T.minuta 50 7.96 + 0.65b
R. usambarensis vs 55.11 + 1.84a
2 O.suave 50 13.22 + 0.99b
T. minuta vs 34.67 + 2.35b
3 O.suave 50 42.93 + 2.07a
R. usambarensis vs 35.96 + 0.74b
4 M.azedarach 50 48.34 + 0.90a

VS: Versus; N: Number of experiments by test;
Paired means followed by different letters are significantly different at
P < 0.05; SE: Standard error.



Table 36:

Differential responses by P. duboscgi to oifactory stimuli from different plant species tested against a control with increasing exposure

duration.
Time | N % (Mean + SE)
i) Test plant
Ma, Ma, Os Ru, Ru, Tm
5 50 |-17.49 = 0.73bc -9.74 + 0.92a 3295 + 3.15a -15.74 + 1.80b -16.77 £ 2.13b 4495 + 1.71a
10 | 50 |-19.43 + 1.54bc -9.86 + 1.21a 45.61 + 2.02a -14.97 + 1.70ab -12.44 + 2.02b 50.95 + 1.60a
15 50 | -17.24 + 0.94bc -7.08 + 1.74a 45.60 = 2.31a -15.35 + 1.81ab -15.41 + 2.77b 54.95 + 1.40a
30 | 50 |-18.65 + 1.78c -1.99 + 1.11a 47.30 + 1.99a -8.48 + 1.00ab -24.73 + 2.70b 50.86 + 1.07a
45 | 50 |-20.89 + 2.73c -4.37 + 1.03a 40.09 + 2.47a -13.13 £+ 1.65ab -19.73 £ 2.77b 46.61 + 1.73a
60 50 |-17.83 + 2.38bc -7.32 + 1.78a 38.38 + 2.25a -10.13 + 2.33ab -16.00 + 2.23b 36.84 + 1.78a
120 | S0 -9.05 + 2.92bc -5.71 + 1.34a 4545 + 2.75a -6.70 + 1.35ab -11.81 £ 2.60b 4404 + 2.23a
180 | 50 | -11.63 £ 2.43bc 1.43 + 1.60a 4463 + 1.34a -10.46 + 0.84ab -18.39 + 1.71b 42.36 + 2.42a
360 | 80 2.56 + 43ab -0.69 + 2.76a 4267 + 1.78a -4.14 + 0.56ab -18.63 + 3.58b 39.90 + 2.44a
720 | 50 | 14.46 + 2.28a 1.21 £ 1.15a 47.90 + 1.69a -1.49 + 0.93a 15.53 + 4.94a 38.50 + 1.98a

Ma,: M. azedarach tested daytime; Ma,: M. azedarach tested overnight; Os: O. suave,
Ru,: R. usambarensis tested daytime; Ru,: R. usambarensis tested overnight; Tm:T. minuta,

N: Number of tests : Min: Minutes; Column means followed by the same letter are not significantly different at P = 0.05; SE: Standard error.
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Table 37:

171 -

Fecundity of S. /ingrami females maintained on different diets during the

pre-oviposition period.

Diet Number of flies Number of eggs Mean + SE
laying

Ru 100 8990 89.90 + 3.14a

Si 80 7128 79.20 + 3.52b

Su 108 9584 88.78 + 3.00a

Wa 106 8746 82.51 + 2.66ab

Ru: R. usambarensis; Si: S. incanum; Su: Sucrose; Wa: Water;
Means followed by the same letter are not significantly different at P = 0.05;
SE: Standard error.







Table 38:

Developmental duration (days) of larval and pupal stages when S. ingrami females were maintained on different diets during the

pre-oviposition period.

Diet Mean + SE
Stage/instar
Instar, Instar, Instar, Instar, Pupa
Ru 3.90 + 0.23a 2.26 = 0.14a 2.92 + 0.22a 5.56 + 0.41a 8.40 + 0.66a
Si 3.90 + 0.28a 2.38 + 0.18a 3.00 + 0.22a 6.24 + 0.67a 8.12 + 0.70a
Su 3.96 + 0.29a 2.40 + 0.10a 2.84 + 0.26a 6.40 + 0.56a 8.40 + 0.57a
Wa 4.10 + 0.40a 2.46 + 0.16a 3.16 + 0.32a 6.30 + 0.28a 8.26 + 0.55a

Ru: R. usambarensis; Si: S. incanum; Su: Sucrose; Wa: Water;
Column means followed by the same letter are not significantly different at p = 0.05; SE: Standard error.
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Table 39:

Duration (days) of the main developmental stages/periods of the life cycle ot S. ingrami, when females were maintained on

different diets during the pre-oviposition period.

Diet Mean + SE
Developmental stage/period
Oogenesis Embryonation Larval stage Pupal stage Embry-Emerg Oogen-Emerg
Ru 5.40 + 0.35a 5.56 + 0.31a 15.42 + 0.95a 8.40 + 0.66a 29.16 = 1.75a 35.14 + 0.81a
Si 5.18 + 0.32a 5.62 + 0.30a 15.50 + 1.22a 8.12 + 0.70a 29.30 + 2.08a 34.30 + 1.70a
Su 5.62 + 0.29a 5.32 + 0.21a 15.60 + 1.11a 8.40 + 0.57a 29.30 = 1.70a 34.72 + 1.60a
Wa 5.54 + 0.39a 5.68 + 0.22a 15.98 + 0.86a 8.26 + 0.66a 29.90 + 1.58a 35.22 + 1.10a

74

Ru: R. usambarensis; Si: S. incanum; Su: Sucrose; Wa: Water;
Oogen: Oogenesis; Embry: Embryonation; Emerg: Emergence;
Vertical means followed by the same letter are significantly different at P = 0.05; SE: Standard error.






Table 40:

Survival of females and developmental stages of the progeny in S. ingrami when the former were maintained on different diets during

the pre-oviposition period.

Diet A Numbers and survival rate {% (Mean = SE)}
Status/stage
Fed OR Laying | Eggs HR Larva | Larva-Pupa Pupa EmR Adult
Ru 110 90.91 +4.66a () | 100 8990 | 63.24 + 5.39a 5685 83.46 + 3.13a 4745 | 71.92 + 3.91a 3413
Si 115 78.26 + 3.72a 90 7128 | 57.87 + 3.76a 4125 79.39 + 3.54a 3275 | 70.05 + 5.02a 2252
Su 123 87.80 + 5.36a 108 9584 | 63.69 + 3.88a 6104 79.51 + 2.84a 4853 | 67.46 + 5.38a 3274
Wa 126 84.13 + 1.90a 106 8746 | 57.76 + 4.89a 5052 75.85 + 3.64a 3832 | 71.24 + 5.52a 2730

Ru: R. usambarensis; Si: S. incanum; Su: Sucrose; Wa: Water; OR: Oviposition

rate; HR: Hatching rate; EmR: Emergence rate;

(): Percentages are referred to the number of a given stage over the number of the immediately preceding one;
Vertical means followed by the same letter are not significantly different at P = 0.05; S: Standard error.
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Table 43:
Developmental duration (days) of larval instars and pupal stage when P. duboscqi females were maintained on different diets

during the pre-oviposition period.

Diet Mean = SE
Instar /stage
Instar, Instar, Instar, Instar, Pupa
{| Ru 4.84 + 0.20a 2.96 + 0.10a 3.60 + 0.29a 8.52 + 0.42a 8.66 + 0.22a
Si 4.80 + 0.22a 3.36 + 0.17a 3.90 + 0.15a 8.12 + 0.36a 9.60 + 0.41a
Su 4.48 + 0.24a 3.18 + 0.23a 404 + 0.43a 7.80 £ 0.42a 8.60 + 0.31a
Wa 5.30 + 0.15a 3.38 + 0.20a 3.80 + 0.09a 8.58 + 0.04 8.96 + 0.54a

Ru: R. usambarensis; Si: S. incanum; Su; Sucrose; Wa: Water;

Vertical means followed by the same letter are not significantly different at P = 0.05; SE: Standard error.
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Table 44:

Duration (days) of the main stages/periods in the life cycle when P. duboscgi females were maintained on different diets

during the pre-oviposition period.

Diet Mean + SE
Stage/period
Oogenesis Embryonation Larval stage Pupal stage Embry-Emerg Oogen-Emerg
Ru 6.78 + 0.24b 6.50 + 0.16a 20.00 = 0.56a 8.66 + 0.22a 34.96 + 0.42a 41.66 + 0.44a
Si 6.90 + 0.17b 6.44 + 1.50a 21.78 + 1.83a 9.60 + 0.41a 36.42 + 0.67a 43.12 + 0.55a
Su 8.24 + 0.48a 5.44 + 0.11a 19.68 + 1.08a 8.60 + 0.31a 34.66 = 1.24a 42.96 + 1.17a
Wa 7.38 + 0.44a 6.56 + 0.10a 21.06 + 0.27a 8.96 + 0.52a 36.58 + 0.68a 43.96 + 0.55a

Ru: R. usambarensis; Si: S. incanum; Su: Sucrose; Wa: Water; Embry: Embryonation; Oogen: Oogenesis; Emerg: Emergence;

Vertical means followed by the same letter are not significantly different at P = 0.05; SE: Standard error.
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C. Developmental survival

(i) Developmental survival during the larval stage

The developmental survival within the larval stage is expressed as a
percentage of numbers of the larvae moulting from one instar to the next
through the pupal stage. Table 45 presents the survival rate, for each
instar and each diet on which the parental females had been maintained
during the pre-oviposition period. From the results there is no significant
difference within any given stage due to the difference in diets (Table 45;

Appendix 15).

(i) Developmental survival from parental females to the
emergence of adults in the progeny
Table 46 presents, for each diet, the numbers and survival rates
from the females laying eggs to the emergence of adults in the progeny.
The different diets did not show any significant effect on the survival within
the successive stages of the life cycle (Table 46, Appendix 16). The
developmental survival of the main stages with reference to the eggs is

presented in Fig.11; Appendix 17).



Table 45:

Developmental survival during the larval stage of the progeny in P. duboscqi when females were maintained on different diets during

the pre-oviposition period.

Number and survival rate {% (Mean + SE)}
Instar/stage

Diet

Instar, Instar, Instar, Instar, Pupa
Ru 3362 | 94.17 + 0.008a 3155 | 94.41 + 0.015a 2966 | 95.16 + 0.005a 2816 89.41 + 0.053a 2512
Si 3041 | 91.55 + 0.032a 2821 | 93.43 + 0.031a 2671 | 93.22 + 0.019a 2511 89.28 + 0.033a 2284
Su 3281 | 94.54 + 0.014a 3117 | 95.84 + 0.010a 2982 | 94.91 + 0.008a 2815 83.07 = 0.043a 2272
Wa 2969 | 93.66 + 0.011a 2788 | 94.07 + 0.014a 2600 | 91.50 + 0.013a 2363 83.80 + 0.036a 2013

Ru: R. usambarensis; Si: S. incanum; Su: Sucrose; Wa: Water;
Vertical means followed by the same letter are not significantly different at P = 0.05; SE: Standard error.
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Table 46:

Survival of females and developmental stages of the progeny in P. duboscqi when the former were maintained on different diets

during the pre-oviposition period.

Diet Number and survival rate { % (Mean + SE)}
Status/stage
Fed OR Laying | Egg HR Larva Larva-Pupa Pupa EmR Adults
Ru 112 | 96.43 + 2.91a 108 5835 | 57.18 + 3.38a 3362 74.72 + 3.05a 2512 | 86.82 + 2.70a 2151
Si 125 | 84.80 + 6.07a() 106 5291 | 57.49 + 3.80a 3041 75.11 + 6.50a 2284 | 85.95 + 7.96a 1737
Su 120 | 95.83 + 2.64a 115 5959 | 53.71 + 6.92a 3281 69.25 + 2.90a 2272 | 73.25 + 4.38a 1631
Wa 121 | 90.08 + 2.94a 109 5103 | 56.53 + 5.63a 2969 67.80 + 5.07a 2013 | 76.12 + 6.94a 1572

Ru: R. usambarensis; Si: S. incanum; Su: Sucrose; Wa: Water;
OR: Oviposition rate; HR: Hatching rate; EmR: Emergence rate;
(): Percentages are referred to the ratios of the numbers for a given stage over the number of the immediately preceding one.

Vertical means followed by the same letter are not significantly different at P = 0.05; SE: Standard error.
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4.4.1.3 Discussion

Sugars have been found necessary for insect reproductive system
by enhancing the functioning of the spermatogenesis in males and the
vitellogenesis in females. Carbohydrates have been reported to be a
limiting factor for fecundity in females of grain-feeding beetles (Sitophilus
sp.)(Huffacker et al., 1984). Endris et al. (1984) in a comprehensive study
on the laboratory biology of Lu. anthophora found a significant difference
between the average numbers of eggs laid by females given blood meal
(40.8) and those in which blood meal was supplemented with sugar (49.7).

Observations in nature showed that females of Leptinotarsa sp. fed
on young leaves of various plants laid a higher number of eggs than those
fed on old leaves (Huffaker et al., 1984). In the present study a significant
difference in fecundity due to different diets was observed among the
females of both S.ingrami and P. duboscqi: R. usambarensis was
associated with a significantly higher number of eggs per female in the two
sandfly species but the lowest fecundity was associated with S. incanum in
S. ingrami while water exhibited the lowest number of eggs in P. duboscqi.
The difference in fecundity was (statistically) reflected in the reproductive
rate in S. ingrami but not in P. duboscgi. However, if the difference found
at egg level can, at a certain extent, have a negligible impact the same
(even a smaller one) difference at adult level may have significant biological

and epidemiological implications (especially when dealing with an insect
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was consistent with the findings by Mutinga et a/.(1989) reporting an
embryonation duration of 5.8 days for S. ingrami and 8.9 days for P.
duboscqi. The developmental period (egg to adult) is most likely
dependent upon experimental conditions to which immature stage is
sensitive such as food quality and quantity (Killick-Kendrick, 1977;
Chaniotis, 1986; Perkins et al. 1990). In the present investigation rabbit
chow and rabbit feces (1:1) ground together (Young et al., 1981; Mutinga
et al., 1989, Perkins et al., 1990) was the staple diet for larval stage of S.
ingrami and P. duboscqi and was the same irrespective of the diet of the
parental females. At 28.5 + 0.3° C and 60-70% Rh and with the diet
described above the life cycle was completed approximately in 29 days by
S. ingrami and 34-36 (according to diet) days by P. duboscqi. These
results are consistent with those obtained by Endris et al. (1984) with Lu.
anthophora at 28° C (39 days), Chaniotis (1986) with Lu. trapidoi at 26.7° C
(33-47 days).

The developmental survival was not significantly affected by the
difference in diet and the biggest loss was situated at the hatching stage in
each sandfly species and each diet. As for the numbers of aduits
produced at the end of the process, S. ingrami seemed more prolific (25-34
adults per female) than P. duboscqi (14-19 adults per female). Endris et al.
(1984) obtained the best developmental survival when the immature stage
of Lu. anthophora was kept a 28° C where larvae hatched from 41 eggs
developed to 36 adults as compared with 59 eggs ending up to 18 adults

at 20° C or 104 eggs giving 88 adults at 32° C.
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4.4.2 Longevity

4.4.21 S. ingrami

The maximum longevity associated with the four diets were as
follows: 28, 24, 21 and 9 days for R. usambarensis, sucrose, S. incanum
and water, respectively, with their corresponding means, in the same order,
24.6, 18.6, 17.4 and 8.4 days. The average means through all the
observations (mean longevity for individual fly) were 12.8 for R.
usambarensis, 8.8 for S. incanum, 9.8 for sucrose and 4.7 for water. R.
usambarensis was associated with the best longevity in terms of the
longest lived individuals as well as the average survivorship (Table 48).
Water was found to yield the lowest longevity while sucrose and S.
incanum occupied intermediate position. Longevity seemed to be
significantly affected by the diets (F= 21.98; df = 3; P < 0.001). The same
observation holds when cumulative mortalities were converted into
quantiles (Table 49). This method showed that 50% of the population died
within 13 days when flies were maintained on R. usambarensis, 10 on
sucrose, 9 on S. incanum and 5 on water. A 100% of the population was
exhausted by the 28th day under R. usambarensis, 24th under sucrose,
21st under S. incanum and Sth under water. The pattern of the cumulative

mortality is illustrated by Fig.12.
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Table 48:

Longevity (days) of adult S. ingrami maintained on different diets.

Diet N Mean + SE

Maximum average General average
Ru 5 246 + 1.8a 12.2 =+ 2.0a
Si 5 17.4 £ 1.2b 8.8 + 1.9b
Su 5 18.6 + 1.4b 9.8 + 1.5b
Wa 5 8.4 = 0.4c 4.7 £ 0.2c

Ru: R. usambarensis; Si: S. incanum; Su: Sucrose; Wa: Water;

N: Number of experiments for each diet;

Vertical means followed by the same letter are not significantly different at
P = 0.05; SE: Standard error.
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Table 49:

Cumulative mortality (quantile method) of adult S. ingrami maintained on

different diets.

CM Q Number of days/quantile/diet
Ru Si Su Wa -

100% Maximum 28 21 24 9
75% Q, 19 14 14 7
50% Median 13 9 10 5
25% Q, 7 5 5 3
0% Minimum 1 1 1 1
Range a7 20 23 8
Q; - Q 12 9 9 “
Mode 1 1 1 1

CM: Cumulative mortality; Q: Quantile;
Ru: R. usambarensis; Si: S. incanum; Su: Sucrose; Wa: Water.
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Table 50:

Longevity (days) of adult P. duboscqgi maintained on different diets.

Diet N Mean + SE
Maximum average General average
Ru 5 30.6 + 2.4a 15.7 + 1.2a
Si 5 17.4 + 2.6b 93 + 1.3b
Su 5 20.0 = 4.2a 13.5 + 2.0a
Wa 5 13.4 + 1.3b 7.2 £ 0.7b

Ru: R. usambarensis; Si: S. incanum; Su: Sucrose; Wa: Water;

N: Number of experiments for each diet;

Vertical means followed by the same letter are not significantly different at
P = 0.05; SE: Standard error.















Table 52:
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Record of infection by L. major to P. duboscqi maintained on different

diets after infective blood meal.

Diet Ru Si Su Wa

Rep |FD |ND | NP |FD |ND |[NP |[FD |ND [NP |FD | ND | NP
1 30 |26 |10 |40 |36 |8 29 |29 |12 {35 |29 | 5
2 |32 |26 9 [32 |32 |4 38 | 38 5 |40 |32 |12
3 27 | 27 7 |25 | 17 2 23 | 23 8 |31 |28
4 |32 32 |11 (29 |28 |8 29 | 29 8 |30 |27
5 30 | 24 7 |34 |33 6 38 |38 17 |1 34 | 29 7

Ru: R. usambarensis; Si: S. incanum; Su: Sucrose; Wa: Water;
FD: Number of flies fed on infective biood meal; ND: Number of flies
dissected; NP: Number of positive for Leishmania parasites.
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Table 53:
L. major infection rate in P. duboscqgi maintained on different diets after

infective blood meal.

Diet N % (Mean + SE)
Ru 5 32.51 + 2.21a
Si 5 18.65 + 3.14b
Su 5 33.02 £ 5.52a
Wa 5 19.40 + 5.36b

Ru: R. usambarensis; S. incanum; Su: Sucrose; Wa: Water;

N: Number of experiments for each diet;

Means followed by the same letter are not significantly different at P = 0.05;
SE: Standard error.
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4.5.2 Location and quality of parasites as an indication of

transmission potential

Tables 54-57 present the position of L. major promastigotes in the
principal sections of sandfly gut (Plate 18) with reference to P. duboscqi
maintained respectively on R. usambarensis, S. incanum, sucrose and
water, and dissected on a daily basis, starting from the 4th day after the
infective biood meal. In the flies maintained on S. incanum or water
(Tables 55 and 57), the parasites were observed in the abdominal and
thoracic midgut with very few specimens in the foregut; whereas in those
fed on R. usambarensis or sucrose (Tables 54 and 56) parasites were
found in abdominal and thoracic midguts, with a good proportion in the
foregut as well. In a few cases, parasites were also found in the pharynx
and beyond, in flies fed on R. usambarensis or sucrose. Apart from one fly
(from the batch maintained on sucrose) the hindgut was generally clean of
parasites. In some flies maintained on S. incanum or water parasites were
found forming a rosette-like cluster, and particularly under the water diet,
flies several flies were harbouring sluggish and dead-like parasites
(Plate 19). Parasites reaching the foregut and beyond were very active and

motile.
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Table 54:
Location of L. major promastigotes in the gut of P. duboscgi maintained on

R. usambarensis, after infective blood meal (infectivity potential).

Dissection Infected Part of gut
day flies
HG AMG T™MG FG PHX
4 3 - % +
5 4 - v +
6 6 - + +
7 7 - + - +
8 4 - + + +
9 3 - + + +
10 4 - + + + +
11 3 - + + +
12 4 - + + + +
13 2 - + + +
14 2 - + +
15 2 - + +

HG: Hind gut; AMG: Abdominal midgut; TMG: Thoracic midgut; FG: Foregut;
PHX: Pharynx;
-: Absence of infection; +: Presence of infection.
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Table 56:
Location of L. major promastigotes in the gut of P. duboscgi maintained on

sucrose, after infective blood meal (infectivity potential).

Dissection Infected Part of gut
day flies
HG AMG T™MG FG PHX
4 6 - + +
5 6 - + + +(1)
6 4 - + + +(2) +(1)
7 5 - + %
8 7 - + +
9 5 +? + +
10 6 - + + +(3) +(1)
11 3 - + +
12 3 - + +
13 4 - + + +(1)
14 2 - + 4

HG: Hindgut; AMG: Abdominal midgut; TMG: Thoracic midgut; FG: Foregut;
PHX: Pharynx; -: Absence of infection; +: Presence of infection;
(: Number of flies with parasites in the indicated part of gut.









-213 -

4.5.3 Discussion

The infection rate recorded in P. duboscqi infected by L. major in the
present study which ranged from 19.40% (flies maintained on water after
infective blood meal) to 33.02% (flies maintained on sucrose after biood
meal) is far from the 100% infection rate obtained by Pozio et al.(1985)
working on P. perniciosus maintained on sucrose after infective blood meal
taken through feeding membrane. Of course, the feeding membrane
method used by the mentioned authors is likely to yield a higher infection
rate as compared with the infection by feeding flies on an infected animal,
since with the latter method the infectivity will depend, among other things,
on the number of amastigotes taken by the sandfly and the probability of
some flies to feed on unparasitised areas (Kaddu et al., 1986).

Also the age of the sandfly colony may affect its susceptibility, and
within the same species of parasite, the infectivity may vary according to
the strain (Endris et al., 1987; Evans, 1989). On the other hand, microbial
contamination of the sandfly gut has been found to be a major snag to the
development of Leishmania parasites (Adler and Theodor, 1957; Schiein et
al., 1986) despite the existence of antibacterial factor meant to help keep
clean the sandfly gut (Schlein et a/.,1986). Since after the infective blood
meal, the flies were kept under the same conditions apart from the diets,
the latter are the suspected factors to account for the difference observed

in the infection rate, location and quality of the parasites.
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Furthermore, the determination of an optimum temperature had been for
long time one of the problems making difficult the experimental
transmission of Leishmania until satisfactory results were obtained when P.
argentipes was kept at 27.5 + 0.5° C (Adler and Theodor, 1857). So in the
present study, the same temperature was kept in the incubators containing
cages with infected flies.

R. usambarensis and sucrose had respectively 10 and 8 flies with
parasites in the foregut some of which were observed in the pharyngeal
region while S. incanum and water had much less (2 and 1, respectively)
reaching the foregut, almost in the same proportion as the infection rate.
While many parasites from the batches maintained on sucrose or R.
usambarensis were very active and moving through the foregut to the
mouthparts; in contrast, some flies maintained on water had clusters of
sluggish parasites in the thoracic midgut or in a rosette form and dead-
looking around the cardiac valve. It was surprising to find one sandfly with a
few parasites moving in the hind gut though L. major belongs to the
suprapylarian group (Lainson and Shaw, 1979). But Endris et al. (1987) had
observed also some parasites of L. mexicana (which belongs to the same
group) moving freely in the hind gut of Lu. anthophora but without attaching
on the gut wall.

It has been established that migration of Leishmania from midgut to
foregut and the proboscis of the sandfly vector is a prerequisite for
transmission by bite (Adler and Theodor, 1957; Killick-Kendrick, 1977, 1979;

Molyneux and Ashford, 1883; Schlein, 1993). This migration of parasites to
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the proboscis leading to the transmission by bite of sandfly vectors involves
a complex of physiological and morphological changes (Molyneux et al.,
1975; Molyneux and Killick-Kendrick, 1987) from dividing organisms during
the logarithmic phase (non-infective promastigotes) to non-dividing
organisms during stationary phase (infective promastigotes). Theses
different phases and changes have been well documented in several works
and reviews, e.g. by Sacks and Perkins (1985) and Schlein (1993).

The role of sugar is closely associated with the history of experimental
transmission of leishmaniasis. As reported by Adler and Theodor (1857) and
Killick-Kendrick (1979) the laboratory transmission of Indian kala-azar
(L. donovani) by P. argentipes was easily achieved when infected sandflies
were allowed to feed on raisins before refeeding on human volunteer or
experimental animal. It was assumed that in the foregut, a quite barren
medium lined by cuticular intima in the absence of blood and blood digestion
products, sugars which are taken into the crop and gradually delivered into
the gut would be the only source of nutrients and energy for migrating
parasites (Killick-Kendrick, 1977; Young, 1980). However, it appeared that
the transmission of L. infantum which became unpredictable when the vector
P. ariasi was routinely fed on artificial sugars and raisins had improved when
laboratory infected flies were released and recaptured. This suggests that
natural sugars taken in the wild are accompanied by other ingredients, which
probably enhance the development and the transmission of Leishmania by
bite (Killick-Kendrick, 1977, Young, 1980). Warburg and Schlein (1986)

demonstrated that the production of infective forms of L. major was superior
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when experimentally infected P. papatasi was maintained on sugar with
serum as a source of amino acids as compared with the production when
the vector was maintained on sugar alone. Furthermore, it has been found
that in addition to carbohydrates, plant sap contains other nutrients such as
amino acids, proteins, lipids, vitamins, minerals, etc. (Kevan and Parker,
1984).

In addition to the nutritional importance, MacVicker (1990) reported
findings suggesting a significant role of sugars in determining the behaviour
of Leishmania in the gut of sandflies. For instance, L. major promastigotes
have been shown to undergo selective changes in surface carbohydrates,
determined by their agglutination by plant lectins and these changes
paralleled the development from non-infective to infective promastigotes
(Sacks and Perkins, 1984). If the growth in sugar medium induce
transformation of Leishmania in the same manner as it is observed in the
sandfly gut as suggested by Schlein et al., 1987), that would constitute a
sound support to the postulation that carbohydrates - lectins - Leishmania
interaction governs the development and infectivity of the parasites within the

vector, the sugar feeding being integral to the system (Blackwell, 1985).
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each step, but an unknown amount of sugar is likely to have been lost
through the previous solvents, especially the methanol phase.
Therefore the direct extraction is most likely to give a rough idea of the free
and mobile sugars most readily available to feeding of sandflies.

The fact that T. minuta, O. kenyense and A. indica, which were
relatively low in feeding, rate turned up to be the richest in sugar content,
suggests that there should be, in addition to sugar content, other factors

involved in sandfly phytophagy.

5.3 Bioassay for assessing the behavioural responses by ~P.
duboscqi to olfactory stimuli from some plant species previously

tested for phytophagy

The bioassay test revealed that M. azedarach and R. usambarensis
were attractants while O. suave and T. minuta behaved as repellents to P.
duboscqi. This suggests that the feeding response of sandflies is strongly

correlated with the attractancy/repellency of host plants.

5.4 Effects of plant diets on sandfly biology

Results from the experiments on some aspects of sandfly biology
suggest that plant feeding not only does it supply carbohydrates as source of
energy for activity and maintenance but also significantly influences fecundity

in sandflies. Developmental duration and survival were not significantly
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(iv)  Specific improvements and innovations have been achieved to
maximise/optimise the results of certain experiments.

- Modifications brought to the individual oviposition vial allowed to ensure
the permanence of diet for sustenance of adult flies and moisture for
oviposition.

- The moisture keeping device allowed a better handling of individual
oviposition vials grouped by diet and provided an uninterrupted moisture
supply to each oviposition vial.

- The couple temperature-humidity (28.5° C/60-70% Rh) proved suitable for
a high output in the biological parameters investigated.

The above improvements singly or in combination resulted in the
high level of fecundity, the relative reduction of the life cycle duration, the
high rates of reproductivity of the parental females batch, the survival of the
progeny and a high adult longevity. They also created relatively favorable
conditions to the development and infectivity potential of L. major (ICIPE

226) to the laboratory-reared P. duboscgi.

6.2 Outstanding questions

Answers to initial questions in direct connection with the objectives of
the study opened the way to subsequent questions some of which remained
unanswered and call for further investigations, e.g.:
(@) Laboratory experiments on phytophagy and behavioural response by
the test sandflies to the test plants necessitate comparative experiments in the

field, especially in the known foci of leishmaniasis.



- 222 -

(b) In addition to qualitative results on sandfly phytophagy obtained by
anthrone test, quantitative and analytical approaches (chemical analysis) are
needed to identify and quantify not only sugars but also other compounds
ingested with the plant sap (e.g. lectins).

(c) Plant species such as A. indica and M. azedarach which have been
reported to have anti-feedant and development-inhibiting effect on several
insect species had medium to very high feeding rates in S. ingrami and P.
duboscqi; it would be interesting to assess the effect of their ingesta on the
biology and vector competence of sandflies.

(d)  Phytophagy in general and phyto-lectins in particular may play
determinant roles in the infectivity potential and cyclical transmission of
Leishmania parasites through the bites of sandfly vectors; in depth
investigations should be undertaken in this area.

(e)  Data on the distribution and abundance of parasites in different sections
of the gut of sandflies maintained on different plant species would help
evaluate the effects of plant diets on the infectivity potential of a given

Leishmania strain in the test sandfly vector; etc.
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APPENDICES

Appendix 1:

Feeding rates of S. ingrami on different piant species, sucrose and water.

Diet ND % (Mean + SE)
Ai 288 42.71 + 2.06b
Ma 288 56.60 + 3.61a
Ok 288 20.83 + 3.08d
Os 288 11.81 + 3.32e
Ru 288 60.74 + 4.11a
Si 288 29.51 + 3.01c
Tm 288 2.72 + 0.62f
Su 288 55.21 + 0.78b
Wa 288 0.00 + 0.00f

Ai: A. indica; Ma: M. azedarach; Ok: O. kenyense; Os: O. suave;

Ru: R. usambarensis; Si: S. incanum; Tm: T. minuta; Su: Sucrose; Wa: Water;
ND: Number of flies dissected:;

Means followed by the same letter are not significantly different at P = 0.05;
SE: Standard error.
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Appendix 2:

Feeding rates of P. duboscgi on different plant species, sucrose and water.

Diet ND % (Mean + SE)
Ai 288 29.17 + 4.38d
Ma 288 82.97 + 3.64a
Ok 288 17.01 + 3.05e
Os 288 9.37 + 2.24f
Ru 288 55.56 + 1.94c
Si 288 26.29 + 1.73d
Tm 288 1.39 + 0.59¢g
Su 288 70.49 + 3.14b
Wa 288 0.35 + 0.35g

Ai: A. indica; Ma: M. azedarach; Ok: O. kenyense; Os: O. suave;

Ru: R. usambarensis; Si. S. incanum; Tm: T. minuta; Su: Sucrose; Wa: Water;
ND: Number of flies dissected;

Means followed by the same letter are not significantly different at P = 0.05;
SE: Standard error.
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Appendix 3:
Effect of specific diet on the feeding performance of S. ingrami
on different on plant species and sucrose.

Analysis of variance.

Source (diet) Blue colour intensity level

D M F
DF 7 7 7
MS 134.523 671.709 1702.809
F-value 9.59 12.140 14.340
P>F 0.0001"" 0.0001™" 0.0001""

DF: Degree of freedom; MS: Mean square; F: Fisher’s index; P:

Probability; **: Highly significant difference;D: Deep; M: Medium; F: Faint.

Appendix 4:

Effect of specific diet on the feeding performance of P. duboscgi on

different plant species and sucrose.

Analysis of variance.

Source (diet) Blue colour intensity level

D M F
DF 7 7 7
MS 1505.043 1070.448 2098.111
F-value 32.26 24.84 23.032
P>F 0.0001™ 0.0001™" 0.0001""

DF: Degree of freedom; MS: Mean square; F: Fisher’s index; P: Probability;

**: Highly significant difference; D: Deep; M: Medium; F: Faint.
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Effect of temperature on the optical density of three standard sugars

after test with anthrone.

Analysis of variance.

Source Standard sugar
(temperature)
Fructose Glucose Sucrose
DF 1 1 1
MS 0.00009 0.111 0.00008
F-value 0.03 6.06 0.04
P>F 0.87"¢ 0.008° 0.84"¢

DF: Degree of freedom; MS: Mean square; F: Fisher’s index; P: Probability;

NS: Difference not significant; *: Significant difference.

Appendix 6:

Effect of plant species on sugar concentration in water extracts from

fresh plant materials tested by cold anthrone.

Analysis of variance.

Source (plant) Standard sugar

Fructose Glucose Sucrose
DF 6 6 6
MS 0.3199 20.8493 0.4479
F-value 58.68 43.58 37.10
P>F 0.0001"" 0.0001™" 0.0001""

DF: Degree of freedom; MS: Mean square; F: Fisher’s index; P: Probability;
**: Highly significant difference.
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Appendix 7:
Effect of plant species on the concentration (three equivalents) in water
extracts from fresh plant materials tested with hot anthrone.

Analysis of variance.

Source Sugar equivalent
(plant)

Fructose Glucose Sucrose
DF 6 6 6
MS 0.5318 36.5339 0.8098
F-value 2120.24 2021.41 1796.80
P>F 0.0001"" 0.0001"" 0.0001™"

DF: Degree of freedom; MS: Mean square; F: Fisher’s index; P: Probability;
**. Highly significant difference.
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Effect of plant species on sugar concentration (three equivalents) in

water extracts from plant materials subjected to sequential extraction

and

treated with hot anthrone.

Analysis of variance.

Source (plant)

Sugar equivalent

Fructose Glucose Sucrose
DF 6 6 6
MS 36.2003 660.0925 65.9906
F-value 79.32 61.33 67.20
P>F 0.000™" 0.0001" 0.0001"™

DF: Degree of freedom; MS: Mean square; F: Fisher’s index; P: Probability;
**: Highly significant difference.




Appendix 9:

Effect of diet on the developmental duration of the immature stage of the
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progeny of S. ingrami females maintained, after blood meal, on

R. usambarensis, S. incanum, sucrose and water.

Analysis of variance.

Source Instar, Instar, Instar, Instar, Pupa
(diet)

DF 3 3 3 3 3

MS 3.135 0.009 0.083 0.178 21.712
F-value 0.14 0.008 0.29 0.14 0.04
P>F 0.93"¢ 0.97"¢ 0.83"¢ 0.93"¢ 0.98M°

DF: Degree of freedom; MS: Mean square; F: Fisher’s index;

P: Probability; NS: Difference not significant.




Appendix 10:
Effect of diet on the duration of the main developmental stages/periods in the life cycle of S. ingrami when females
were maintained on R. usambarensis, S. incanum. sucrose and water during the pre-oviposition period.

Analysis of variance.

Source Developmental stage/period
(diet)

Oogenesis Embryonation Larva Pupa Embry-Emerg Oogen-Emerg
DF 3 3 3 3 3 3
MS 0.186 0.092 0.307 21.712 0.545 0.901
F-value 0.32 0.26 0.06 0.04 0.03 0.10
P>F 0.81NS 0.85NS 0.98NS 0.98NS 0.99NS 0.96NS

DF: Degree of freedom; MS: Mean square; F: Fisher’s index; P: Probability; NS: Difference not significant.
Embry: Embryonation; Oogen: Oogenesis; Emerg: Emergence.
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Appendix 11:

Survival of developmental stages of the progeny, with reference to eggs, when
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S. ingrami females were maintained on different diets during the

pre-oviposition period.

Number and % rate (Mean = SE) by stage

Diet
Eggs Larvae Pupae Adulits

Ru 62.24 + 5.39a 52.78 + 4.61a 37.96 + 3.85a
8990 (5685) (4745) (3413)

Si 57.87 + 3.76a 45.95 + 3.42a 32.15 £+ 5.40a
7128 (4125) (8275) (2292)

Su 63.69 + 3.88a 50.64 + 5.08a 34.16 + 3.18a
9584 (6104) (4853) (3274)

Wa 57.76 + 4.89a 43.81 = 4.82a 31.21 + 4.92a
8746 (5052) (3832) (2730)

Ru: R. usambarensis; Si: S. incanum; Su: Sucrose; Wa: water;

(: Number by stage;

Vertical means followed by the same letter are not significantly different at P > 0.05;
SE: Standard error.



Appendix 12:

Etffect of diet on reproductivity of females and developmental survival of the progeny in S. ingrami when

the former were maintained on R. usambarensis, S. incanum, sucrose and water during the pre-oviposition period.

Analiysis of variance.

Source OR FR HR PR TR SR ER
(diet)

DF 3 3 3 3 3 3 3

MS 94.288 208.57 14.245 24.490 128.892 3.901 99.277
F-value 0.58 0.99 0.39 0.86 3.39 0.74 2.45
P>F 0.64NS 0.42NS 0.77NS 0.48NS 0.04* 0.54 0.04*

DF: Degree of freedom; MS: Mean square; F: Fisher’s; P: Probability;

- 8%¢ -

OR. Oviposition rate; FR: Fecundity rate; HR: Hatching rate; PR: Pupation rate;TR: Total reproductive rate; SR: Sex-ratio;
ER: Effective reproductive rate;
NS: Difference not significant; *: Significant difference.












Appendix 16:

Effect of diet on the reproductivity of parental females and developmental survival of the progeny in P. duboscqi when

the former were maintained on R. usambarensis, S. incanum,, sucrose and water during the pre-oviposition period.

Analysis of variance.

Source OR FR HR PR TR SR ER
(diet)

DF 3 3 3 3 3 3 3

MS 16.57 1015.99 14.831 23.567 38.607 21.290 9.150
F-value 2.18 2.86 0.11 1.37 1.80 4.34 2.29
P>F 0.13NS 0.04* 0.95 0.29NS 0.18NS 0.02* 0.12NS

DF: Degree of freedom; MS: Mean square; F: Fisher’s index; P: Probability; NS: No significant difference; *: Significant difference;
OR: Oviposition rate; FR: Fecundity rate; HR: Hatching rate; PR: Pupation rate; SR: Sex-ratio; ER: Effective reproductive rate.
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Appendix 17:
Survival of the developmental stages of the progeny, with reference to
eggs, when P. duboscgi females were maintained on different diets during

the pre-oviposition period.

Diet Number and % rate (Mean + SE) by stage
Eggs Larvae Pupae Adults
Ru 5835 | 57.62 + 3.48a 43.05 + 3.26a 36.86 + 3.05a
(8362) (2512) (2151)
Si 57.47 + 3.80a 43.17 + 5.02a 32.83 + 6.50a
5291 (3041) (2284) (1737)
Su 55.05 + 6.92a 38.13 + 4.32a 27.37 + 2.90a
2858 (3281) (2272) (1631)
Wa 58.18 + 5.53a 39.49 + 3.90a 30.81 £ 7.07a
5103 (2969) (2013) (1572)

Ru: R. usambarensis; Si: S. incanum; Su: Sucrose; Wa: Water;
(): Number/stage/diet;
Vertical means followed by the same letter are not significantly different at
P = 0.05; SE: Standard error.




