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ABSTRACT The dispersal of Glossina species is of interest to pest control personnel since these flies
are the biological vectors of human and animal trypanosomes in Africa. The design of control and/or erad-
ication programmes requires an accurate knowledge of the ecological characteristics of tsetse flies and the
geographic structure of their populations. The present study attempts to model the dispersal process of a
riverine tsetse species, i.e. Glossina palpalis gambiensis Vanderplank in Burkina Faso along an apparent
homogeneous gallery forest. While for savannah species, dispersal is usually modelled as a two-dimension-
al random walk (in time and space) or diffusion (its continuous analogue), for riverine species, dispersal
can be viewed more simply as a one-dimensional random walk. The data reported here show that the topol-
ogy of the habitat, which is a system of tributaries rather than a straight line, has a great impact on the dis-
persal process. Moreover, since only a part of the river system can be observed in practice, the effect of
partial observation when estimating dispersal parameters can be quantified. The results reported here were
obtained using a data set from a mark-release-recapture experiment carried out with G p. gambiensis on a
tributary of the Mouhoun River in Burkina Faso. The model was fitted to field data and used to estimate
the displacement of a fly during 10% of its lifespan (13 kilometres) and the probability of it dispersing
more than 10 kilometres from its initial position (P > 0.1). The analysis was carried out by either taking
into account, or ignoring, the fact that only part of the river system was observed during the mark-release-
recapture protocol.
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1. Introduction

In West Africa, climate and land use pressures
result in fragmentation of tsetse fly habitats,
especially at the northern end of their distribu-
tion areas (Hendrickx et al. 2004). Residual
subpopulations, surrounded by semi-perma-
nent barriers (particularly cotton crops), are
increasingly isolated and can become a prior-

ity target for sustainable control. If the tsetse
population is not isolated, barriers of traps or
screens impregnated with insecticides can be
deployed, to prevent reinvasion (Cuisance and
Politzar 1983, Politzar and Cuisance 1983,
1984), at least until the adjacent tsetse popula-
tions are suppressed. To establish these barri-
ers, traps or screens are placed every 100
metres along five to ten kilometre river sec-

221
M.J.B. Vreysen, A.S. Robinson and J. Hendrichs (eds.), Area-Wide Control of Insect Pests, 221-228.

© 2007 IAEA.



222

tions. Control campaigns preferably target
areas where agricultural barriers already exist,
and the methods used vary in their cost effec-
tiveness depending on their reliability and the
overall objective, i.e. eradication or suppres-
sion (IAEA/FAO 2001). Information about
the degree of isolation between populations
can be very useful for the design, implementa-
tion and monitoring of area-wide integrated
pest management programmes (AW-IPM),
especially when resources are limited.

The cotton belt of Mali and Burkina Faso
has been identified as a priority area for tsetse
control because of the potential benefits asso-
ciated with the removal of trypanosomosis
(Hendrickx et al. 2004). In Burkina-Faso,
riverine species (Glossina palpalis gambien-
sis Vanderplank and Glossina tachinoides
Westwood) are the main vectors of African
animal trypanosomosis, since the only savan-
nah species (Glossina morsitans submorsitans
Newstead) is now restricted to protected areas
in the south of the country. Current studies on
the population dynamics of vector species
therefore focus on the valleys and riverine
forests, using remote sensing and ecological
data to evaluate the feasibility of an eradica-
tion campaign based on area-wide principles
and in support of the Pan African Tsetse and
Trypanosomiasis Eradication Campaign
(PATTEC) recently initiated in Burkina Faso
(IAEA/FAO 2001). In particular, researchers
and programme managers are interested in the
degree of isolation of vector populations, or
conversely their ability to disperse as estimat-
ed by migration rates between favourable
landscapes. For this purpose, both mark-
release field experiments and population
genetic analyses have proven to be very effi-
cient tools (Solano et al. 2000, Krafsur and
Endsley 2002, Krafsur 2003).

The methodology for estimating diffusion
parameters by mark-recapture methods is now
robust for species dispersing in two dimen-
sions (Okubo and Levin 2001). For the savan-
nah species of tsetse, such as Glossina morsi-
tans morsitans Westwood, diffusion models
have been successfully applied to model the
dispersal process (Bursell 1970, Hargrove
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1981, Hargrove and Lange 1989, Hargrove
2000). However, for tsetse flies dispersing
along gallery forests, these are less well devel-
oped (Rogers 1977, Randolph and Rogers
1984, Cuisance et al. 1985).

Before addressing the problem of dispersal
in fragmented landscapes, the present study
analyses data obtained in a homogeneous
riverine forest to understand the impact of
river structure on the dispersal characteristics
of riverine tsetse (Cuisance et al. 1985). In
particular, account is taken of the fact that a
river cannot be considered as a straight line
but rather as a river system. As underlined by
Buxton (1955):

The fly belt occupied by G. palpalis is nearly
always along the waterside. [...] It is known that
the insect moves very freely up or down stream
or up a tributary. [...] Evidently then the width
of the zones varies, but spontaneous movement
of the insect is so closely confined to the vicini-
ty of water that it is almost linear.

2. Materials and Methods
2.1. Field Data

The mark-release-recapture data were collect-
ed in 1981 (Cuisance et al. 1985) on the
Dienkoa River, a tributary of the Mouhoun
River in Burkina Faso. Forty-three biconical
traps were deployed at distances of approxi-
mately 500 metres over a distance of 20 kilo-
metres along the main stream. The river sec-
tion under study was bordered by a homoge-
nous closed Guinean riparian forest. Trap
locations (Fig. 1) were digitized from a
Landsat Thematic Mapper image (pixel 30
metres x 30 metres) from December 2000
(cool dry season) using the original and very
detailed field map (Cuisance et al. 1985).

For this study, the data obtained from the
release of 8683 three-day-old male G p. gam-
biensis were analysed. The flies were from the
Centre de Recherche sur les Trypanosomoses
Animales (CRTA) insectary and were fed
once on a rabbit on the day before release.
They were not irradiated before release. Ten
weekly releases, which were not analysed by
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Figure 1. Location of the biconical traps of the 1981 study along the Dienkoa river.

Cuisance et al. (1983), were performed
between May and August 1981. During these
releases, the initial release point (Fig. 1) was
located in the middle of the trapped section.
Flies were marked on their pronotum with a
dot of acrylic paint, the colour of which indi-
cated the week of their initial release.
Captures were performed three times per
week with traps set from 08.00 hours to 16.30
hours each trapping day (On three days with
heavy rain, traps could not be checked and
only releases were carried out). Marked tsetse
flies were released again at the location where
they were captured.

Trapping was terminated at the same date
for all cohorts so that data represent various
times from the release of the cohorts (15 and
four weeks for the first and last cohorts
respectively). The data available are of two
types: total trap catches by time elapsed from
release cumulated over all ten cohorts
(Cuisance et al. 1985), and a set of data
obtained from Cuisance’s diary corresponding
to daily data cumulated for all traps.

2.2. Models

A discrete isotrope random walk (same proba-
bility of going up- or downstream one dis-
tance unit at each time unit), was used to
model tsetse dispersal. It can be regarded as
the simplest individual-based model of disper-
sal in one dimension. The model’s assump-
tions are that, during one time unit (z) a single
fly will travel exactly one unit length (4) either
to the right or left with equal probability.

In this case, if the number of time steps n
is large, and denoting:

x=mA t=nt
it can be shown that the probability density of
the position at time ¢ converges towards the
density of a centred Gaussian random variable
with variance 2Dt, where D is the so-called
diffusion coefficient and is equal to A2/2t¢
(Williams et al. 1992).

Since mortality appears as the main cause
of the end of the diffusion process, zero diffu-
sion was used to model the progress of fly dis-
persal. Such a model amounts to stopping an
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Figure 2. Symmetric systems used for the simulations.

individual’s trajectory after a random time
representing the individual’s lifespan. Since
the mortality rate between the first release and
first recapture cannot be disentangled from
the overall recapture rate, and since the mor-
tality rate appeared almost constant during the
later stages of the releases, a constant mortal-
ity rate, u was used throughout (the model can
however be easily extended to more accurate
data on fly mortality). The parameter x4 was
roughly estimated as the log-regression coef-
ficient of the number of recaptured flies
against time. Based on the homogeneity of the
gallery and trapping conditions, two strong
assumptions had to be made, i.e. the time and
space independence of capture and mortality
rates.

The model was first applied on a theoreti-
cal system of tributaries, comprising an infi-
nite main river where diffusion originates, and
one or several tributaries connected to the
main stream at definite locations (Fig. 2).
Boundary conditions were isotropic at bifur-
cations (when a fly came to a junction
between a tributary and the main river it had
equal probability of going up the tributary, or
up or down the main stream), and reflexive at
the end of tributaries (when it reached the end
of a tributary it always came back down at the
next step). In order to assess the effects of
geometry on the diffusion process, configura-
tions with n = 2 and n = 10 tributaries were
studied. To obtain a symmetrical process, the
release was simulated in the centre of two trib-
utaries distant of 21 (Fig. 2): the distance
between the origin of the process and the next
tributary was thus set to 1 = 1, and the
diffusion coefficient was such that 2D = 1.

Several lengths of tributaries (L = 1, 3, 10)
were used in the simulations.

The model’s parameters (D, u) were then
estimated using the field data set and follow-
ing two assumptions: (1) the trapping system
allows a complete observation of the dispersal
process which occurs only along the main
river, and (2) the trapping system allows only
a partial observation of the dispersal process
which occurs throughout the whole river sys-
tem (river basin with all its tributaries).

Finally, two “summary statistics” were cal-
culated using the two-parameter estimations
in a hypothetical case where two populations
are ten kilometres apart on a straight river
course without tributaries: (1) the distance to
the origin exceeded during 10% of the fly’s
average lifespan, and (2) the probability of a
fly travelling beyond a given distance to the
origin. Details of the mathematical process
will be described elsewhere (Sibert et al., in
preparation).

3. Results
3.1. Theoretical Systems

The effects of considering only the main river
for estimating D and # while dispersal occurs
throughout a river system was investigated
using a variety of symmetric and asymmetric
river systems. The results of the simulations
depend on the complexity of the river system
and the value of the diffusion coefficient. The
results from the nine theoretical symmetric
river systems (Fig. 3) are only illustrative but
they use a realistic D, namely 0.5 square kilo-
metres per day and a realistic river system,
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Figure 3. (upper graphs) Proportion of flies observed on the main river, (middle graphs) aver-
age position in kilometres, and (lower graphs) ratio between observed and real variance in
function of time (in days) in nine hypothetical river systems (n=10, L=1, 2 or 3 and I=1, 3 or

10).

with ten tributaries. To appreciate the poten-
tial impact of partial observation on the esti-
mation of D and u, three variables are illus-
trated: (1) the proportion of flies observed on
the main river (to illustrate the effect of partial
observation on the estimation of mortality
rates), (2) the average position of the popula-
tion (to show that an isotropic random walk
can lead to an apparent displacement of the
population on the observed section), and (3)
the ratio between observed and actual vari-
ance (to illustrate the impact of partial obser-
vation on the estimation of the diffusion coef-
ficient (Fig. 3).

From the simulations, it is clear that spatial
sampling, i.e. observing only the main river
with traps while dispersal occurs on the whole
river system, can lead to overestimation of
mortality rates by up to 30% at day 40 (Fig. 3,
first column, first line). The average position
of the population on the main course can
evolve up to one kilometre from the release
position (Fig. 3, third column, second line),
towards the centre of gravity of the system,
leading to an apparent drift of the population,
which would be impossible if the diffusion
process occurred in an infinite symmetrical
system. Finally, the variance in position (pro-
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portional to the diffusion coefficient) can be
underestimated by 15% in the case of com-
plex systems (Fig. 3, first column, third line).

3.2. Real Data Set

With the real data set presented above, D and
4 could be estimated depending on two differ-
ent assumptions: (1) dispersal occurs only on
the main river and the trapping system pro-
vides complete information, and (2) dispersal
occurs on the whole river system and the data
set is thus spatially sampled.

If dispersal occurs only on the main river,
a complete observation of a random walk on a
straight line can be implied. Daily mortality
rate estimated over the first month is then
6.5%, corresponding to a mean lifespan of
15.5 days. The corresponding diffusion coeffi-
cient is 0.29 km?/day.

In the alternative hypothesis (partial obser-
vation of a random walk on a tree), the esti-
mated mortality rate is only 4.4%, correspon-
ding to a mean lifespan of 22.7 days. The dif-
fusion coefficient is 0.46 km?/day.

The two estimation errors due to spatial
sampling demonstrate the same tendency, i.e.
an underestimation of the probability of long-
distance movement in the case of partial
observation. When the model coefficients are
corrected for the partial observation bias, the
average distance covered by a fly during 10%
of its lifespan increases from four to 13 kilo-
metres. At the same time, the probability of a
fly reaching a population located ten kilome-
tres away increases from less than 0.01 to
more than 0.1. In other words, the (apparent)
displacement — and the (apparent) probability
of reaching another population — is much
lower than it is if only the data from the main
river are included.

4. Discussion

The estimates of mortality rate obtained from
the raw data are 30% lower when a partial sys-
tem of tributaries is assumed (0.040 versus
0.065). However, mortality remains very high
for this highly favourable environment
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(closed and conserved Guinean gallery for-
est). Density-dependent factors may induce an
increase of mortality rates next to the release
points due to increased local density (Rogers
and Randolph 1984). The assumption of a
constant mortality rate in space is then not
valid as the fly density will be higher at the
release point, at least during the releases and
maybe during the following days. In all cases,
taking into account the spatial complexity
seems very important when estimating mor-
tality rates, in the case of sterile insect releas-
es for example. Moreover, dispersal over the
entire available system (including the tributar-
ies) may be considered as a way to reduce
mortality density-dependent factors as much
as possible.

The structure of a river system is not static
in time, but evolves with macro-climatic vari-
ations through seasons. In the hot dry season,
the small tributaries are drained and become
unsuitable for tsetse survival, leading to their
concentration in the moister section, i.e. in the
main river. While dispersing with the same
diffusion coefficient on either the entire sys-
tem or the main course only, the probability of
long-distance movements on the main river
will increase, thereby enhancing long-dis-
tance dispersal during the dry season. Thus,
on the one hand, tributaries can act as brakes
to longitudinal movements particularly during
the rainy season while, on the other hand, the
mortality rate will decrease as relative humid-
ity increases during the rainy season. These
two parameters have thus opposing effects on
long-distance dispersal.

In the model used, the two-dimensional
structure of the system was not taken into
account, and the possibility cannot be exclud-
ed that some flies escaped from the gallery
(main stream or tributaries) and re-entered the
system at some other point. However, during
the release period (beginning of the rainy sea-
son), 145 traps were set in two circles located
at one and two kilometres from the release
point in the neighbouring savannah (Cuisance
et al. 1983), and only 1.1% (36 from 3228) of
the captured flies were caught outside the
gallery. Moreover, as movement in the savan-
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nah is a two-dimensional diffusion, the latter
environment can be considered less diffusive
than the gallery itself and its contribution to
long displacements along the main course can
be neglected. During the rainy season howev-
er, riverine flies migrate into nearby savannah
areas, especially while following their hosts,
and their movement, perpendicular to the river
systems, should be taken into consideration if
attempting to estimate the probability of a
river basin being “isolated” from another.

In the present work, the experimental site
was chosen for its homogeneous, closed
gallery. Provided that the spatial complexity is
taken into account, a diffusion process was
appropriate to describe tsetse fly dispersal.
However, in fragmented landscapes, gallery
forests are in fact very heterogeneous (Morel
1983). In such situations, a diffusion process
may be unsuitable to describe fly dispersal, as
the decision to disperse becomes a trade-off
between a reduction in mortality-dependent
factors and an increase in mortality-independ-
ent factors while moving from a favourable
ecosystem (natural riverine forest) to a less
favourable one (disturbed riverine forest)
(Blondel 1995). Experimental releases inte-
grating the lessons from the present work are
presently being conducted in fragmented
landscapes previously characterized by phyto-
sociological analysis (Bouyer et al. 2005), to
integrate spatial heterogeneity into dispersal
models. In association with population genet-
ics, these should be very useful in understand-
ing the population structure within the
Mouhoun river basin and may allow the iden-
tification of “natural” barriers in the planning
of an AW-IPM programme in Burkina Faso.

5. Conclusions

A normal diffusion model can fit the data on
riverine tsetse dispersal in homogeneous land-
scapes provided that the spatial complexity of
the river system is taken into account. Daily
mortality rate has an important effect on dis-
persal and especially on long-distance move-
ments. Since they depend mainly on the sea-
son and the conservation status of the gallery
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forest, these elements may have a great impact
on the tsetse dispersal process. Mark-release
field experiments, supported by new tech-
niques like dispersal models, remote sensing
and geographic information systems (GIS)
can be very useful in designing the sequential
process of an AW-IPM project. They could
also be used to optimize the releases of sterile
flies during an eradication campaign.
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