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1, Definitions. General consjderations of method

The term mixed population is taken to mean a characteristic grouping of species {biotic
comrunity) belonging to the same systematic unit (taxocoenosis). A mixed population is
defined in relation to an "ecological space" (biogeographical region, bieclimatic zone,
biotope, station). This concept, worked out by botanists at the end of the last century, is
currently applied to many zoolegical groups. The analysis of mixed populations is thus one
of the main precccupations of escology (synecology).

Altheough the strategies developed for this amalysis are numerous, which strategy to
select is always a difficult decision, The one known as the progressive method,l which is
used in the main for rural planning purposes (agriculture, sylviculture, animal husbandry,
aquaculture, natwre conservancy, etc,), would seem to be the hest adapted to the study of
Zoonases and, in particular, metazoonoses.2 We are of the opinien that, by permitting s
statistical approach to populations of vectors and reseryoirs, it sheuld Isad to & better
understanding of intricate epidemiological situations and, by the same token, should enable
the most effective strategies to be worked out for investigatiom or intervention.

More specifically, the ecological analysis of mixed populations successively involves
sampling by station, global species-station analysis, the production of ecological profiles
and the statistical individualization of groupings of species {nomocoenoses, ecological
groups), It is in this sense that we propose to apply this method to mixed populations of
the sandfly vectors of leishmaniases.

z, Sampling

2.1 The sawpling equipment (trap) should satisfy the following conditions;

- it should avoid any bias stemming from trophic, phototactic or anemochorous behaviour
{rejection of baited traps and light traps);

- it should be possible to handle it (manufacture, transportation, imstallationm) without
excessive difficulty so as to make possible simultanecus operation at several stations;

~ it sheould remain effective for leng engugh to dampen short-term climatic fluctuations
in as far as pessible,
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The only one of the many traps that have undergone full-scale trials that satizfies these
copditions is the sticky trap, It is an interception trap consisting of a 20 x 20 cm sheet
of glossy paper impregnated with castor oil and left in position for at least four nights in
cavities or cracks, The recommended number of traps per station is at least 30. Figures
for the abundance of the various species are arrived ar by relating the number of individuals
captured to unit area of the catching surface (e.g., per square metre).

2.2 Sampling proper consists in the taking of homogeneous and representative samples.
Representivity is dependent not only on the sampling techmique, but also on the types of
station selected, In general, this choice iz made the easier by preliminary stratification,
the objeect of which is to reduce the "effect of contagiousnmess". What is involved is the
particularization within the area under investigation of a certain number of zones or strata
that are, at one and the same time, different ome from the other and relatively homogeneous
in relation to the phenomenon under investigation.

In epidemiology, the area involved is genmerally divided up on the basis of "noso-
eccological determinants' that are known or highly probable (indicators). The criteria
adopted in relation to sandflies are dependent on how good the analysis must be and on the
leyel of perception desired: bioclimates, geomorphological and pedological units, spontanecus
or cultivated vegetation types, biotopes of vertebrate reservoirs, human habitats, etc.
Several inrerlocking stratifications may be effected in the same zone, for example houses and
gardens within the same phyto-ecological zone. A provisional typological map is then
produced with the aild ¢of various records and aerial photographs., A guick run through the
area under examination Lsg indispensable at this stage ("ground check"). When this has been
done, the stations are designated in each stratum, either by random selection or (most often)
by regular selection. The use of a carefully selected transect itinerary enables all the
strata identified to be zampled. In this case, the interval between cach station iz
caleulated having regard to the extent of the stratum.

Having applied this method for several years now in a number of countries (Fig. 1) in
the Western Mediterranean, we are in a position to vouch for its heuristie value and its
cffectiveness,

3. Global species-station analysis

In this phase the raw data are processed by multi-dimensional analysis techniques.5
The groupings to be noted on the diagrams implicitly reflect the degrees of specles-specles,
station-station and species-station ecological affinity (Fig. 2). The hierarchization
technigque enables these groupings to be more clearly particularized within the continuum,
Thus, analysis of 339 samples spaced out alopg three transect itineraries in Morocce reveals
three species-station subsets following a bioclimatic gradient from north to south
{dendrogram, Fig. 3).

4, Production of "ecological profiles”

The term ecological profile is applied to diagrams of the frequency of a species as a
function of the classes of a factor. By producing the prefile it is possible to bring out
the discrimipnant (or explanatory) factors and, consequently, to particularize the one (or
more) species indicative of such a faetor. In Moroeco the spatial distribution of
Phlebotomus papatasi, P, alexandri and P. arfasi is explained by the biovelimates, whereas
P. serpenti and P. perniciosus are relatively indifferent to this factor (Fig. 4). Tn

Corsica, "altitude” is a desecriptoy that elearly distinguishes P. sergenti from P. perniclosus.

Within these variables (species) and the parameters (stations) discrimination is achieved by
the application of various correlation tests. Godron® has adapted information theory for
such an analysie: calculation of the species entropy and the factor entropy, mutual species-
factor information.
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In practice, two types of profiles are used in the main, the corrected profile and the
indexed profile, The latter, in particular, tzkes into account the differences between the
wbgerved Irequencies and their expected values for the variocus classes of a factor in the
cage of random distribution (Fisher's test), In the southern Moroccan foci of zoonotic
leishmaniasis (L. major), indexed profiles (Fig. 5) reveal a significant difference between
the distribution of P. papatasi, a host of human habitations, and P, alexandri, present in
the main in biotopes of Gerbillidae (Meriones, Psammomys),

5. Particularization of nomocoenoses and ecological groups

5.1 ©Nomecogenosis is a term designating 2 wmixed population characterized by its diversity,

its richness in species and its demsity per unit of surface./ Specific abundance distribu-
tions are sufficiently close to log-linear® or logwnormalg models to be likened to them.
Although nomocoencses are not s interesting in practice as are ecological groups, they do
correspond theoretically to 2 homogeneous and stable environment, and may be used as indicators
of "ecological alteration'. The comparison of sandfly nomocoenoses in the Congo reveals that
the sandfly populations of clesred zones are impoverished by comparison with those of forest
zones,

5.2 The term "ecological group" demotes a statistical set of species exhibiting the same
behaviout vis-2-vis a given factor., This definition i in fact applied to the elementary
ecological group or auto-ecological group.l Such a group is constructed on the basis of
indexed profiles. The validity of the "provisional group" thus formed is then statistically
tested with the help of corrected profiles. Although the ecological group is less synthetic
than the nomecoenosis, it is however more explanatory because it takes discriminant factors
into consideration, In the case of sandflies, the ecological group may be an effective
descriptor of given epidemiological situations. For example, preliminary investigations
undertaken in southern Morocce suggest that at least two ecological groups are characteristic
of L. major zoonotic foci: P. papatasi and P, sergenti in the inhabited zone, P. alexandri,
S, antenpata and 5. fallax in the wild zone.

6. Conelusions

Although we do not regard the approach set out above as the only effective approach to
the structural analysis of mixed sandfly populatioms, we are of the opinion that it can make
a real contribution to the better understapding of foci of leishmaniasis. At a time when
the techniques of informatien sciemce and statistics are becoming accessible, and when the
multidisciplinary approach is recognized as 2n operational necessity, it would he a pity to
neglect what "ecological analysis' has to offer.

"Landscape epidemiology” may be used, pro parte, during this stage.*

There is no indication in the French text of the intended position of this footnote -
Translator.
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Figure 1.
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Figure 2:

STATIONS BY
BIOCLIMATIC ZONES

¥ Humid
- Subhumid
. Semiaxid
1* Arid
Ph lﬁbotomus Spp. Saharan

Phlebotomine sandflies of Morocco. Processing of datz on stations
and gpecies. In general gppearance the graph is a continuum,
Nevertheless, the upper left guadrant contains most of the "humid"
and "subhumid" stations, the upper right quadrant the "Saharan"
gtations. The "semiarid" and "arid" stations occupy the lower
quadrants. The sandflies are distributed in accordance with their
bioclimatic affimity: the most diversified Saharan group is placed,
along with the corresponding stations, in the vpper right quadrant.

1: Phlebotomus ariasi. 2: Sergentomyia minuta, 3: P, lengicuspis.
4: P. perfiliewi. 5: P. chadlii. 6: P, mariae, 7: P, chabaudi.
8: P. serpenti. 9: 5. fallax. 10: §. dreyfussi,
11: P, alexandri. \2: P. papstasi. 13: §,. lewisi,

14: 5. christopbersi. 15: F. bergeroti. 16: 5, clydei
17+ 5. antennata. 18: §. africana.
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PHLEBOTOMUS SANDFLIES OF MORQCCO
CORRECTED ECOLOGICAL PROFILES
(DESCRIPTION: BIOCLIMATIC ZONES)

P, alexandri

F. papatasi

F. zergenti

P.perpicipsus

P. ariasi

| | ] | )
T I T T 3

Humid Subhumid Semiarid Arid Saharan

Figure 4. Ecological profiles produced for five
Moroccan phlebotomine sandfly species
employing a bioclimatie descriptor
(Emberger's indices). The upper two
profiles (P. alexandri and P, papatasi)
correspond to saharan elements. The
lower profile places P, ariasi in humid
and subhumid strata, P. perniciosus
reaches the arid zone,
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