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RELATING PARASITE COMMUNITIES TO HOST ENVIRONMENTAL CONDITIONS
USING PHYLOGENETIC TOOLS

CABARET J.*

Summary:

There are many tools available for analysing parasite communities,
either based on the proportions or presence/absence of species.
These analyses rely on phylogenetic distances, and analyses of
actual characters (e.g. species). The phylogenetic analysis
(Wagner parsimony) was compared fo a cluster analysis
[UPGMA) and correspondence analyses of two real helminth
communities in sheep (one farm and with repeated sampling
along time| or goats (several farms, each sampled once). The
cladograms obtained using VWWagner parsimony provided a clearer
structuring of the helminth communities than classical analyses. The
homogeneous groups of parasite communities on goat farms were
significantly related (Fisher’ exact test) to the environmental
characteristics. The evolution along time pattern of change in the
sheep infection of sheep was not the same for in all the animals,
and two groups of communities could be distinguished in the last
lamb cohorts. Phylogenefic analyses provide an effective
performing tool to for interpreting the change in evolution of
helminth communities with environmental conditions.

KEY WORDS : community, parasite, environment, phylogeny.

INTRODUCTION

umerous methods are available to for compa-

ringe communities, either based on univariate

(see Peet, 1974 or Routledge 1979) or multi-
variate indices (Cabaret & Schmidt, 2001). The indices
measure diversity within a sample (alpha diversity),
within a region (gamma diversity) or along a physical
gradient (beta diversity) (Whittaker, 1975). All are
based on quantitative data (the percentage of each
parasite species in the community). Using presence-
absence data, rather than frequency data, corresponds
to a loss of information but has the advantage of not
conferring artificial weight on frequent species. Clas-
sification methods (such as the UPGMA-unweighted
pair-group method of arithmetic averages based on the
Jaccard index) or correspondence analysis are tools
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Résumé : UTILISATION DES INSTRUMENTS DE LA PHYLOGENIE POUR
COMPARER DES COMMUNAUTES DE PARASITES ET DES ENVIRONNEMENTS

les outils pour analyser les communautés de parasite sont
nombreux, et ils se fondent sur des données quantitatives ou de
présence/absence. Ces analyses portent sur des distances, ef les
analyses phylogénétiques sur des caractéres (espéce présente ou
non). L'analyse phylogénétique [parcimonie de Wagner| a été
comparée aux analyses hiérarchiques ascendantes et de
correspondance sur deux ensembles de données. e premier porte
sur des helminthes d'ovins (une ferme suivie sur plusieurs cohortes)
ou de chévres (plusieurs fermes étudiées au méme moment). les
cladogrammes obtenus avec la parcimonie de Wagner donnent
une meilleur structuration des communautés d'helminthes que les
analyses classiques. les groupes homogénes de communautés
d'helminthes dans les fermes sont significativement reliés (test exact
de Fisher) aux caractéristiques environnementales des fermes.
L'évolution au cours du temps des communautés d’helminthes
d'ovins n'éfait pas semblable et deux groupes de communautés
élaient rencontrés dans la derniere cohorte. L'analyse
phylogénétique est un bon intrument pour interpreter I'évolution des
communautés de parasites en relation avec les conditions
environnementales dans lesquelles les hétes sont hébergés.

MOTS CLES : communauté, parasite, environnement, phylogénie.

commonly used to analyse such data. These phenetic
analyses are based on the distance matrix and not
directly on characters. Conversely, in phylogenetic
methods, each character is polarised (in this case the
species presence or absence of a species) and is used
directly in the analysis. Few studies are available about
the use of phylogenetic methods in ecology, although
comparisons of cladistic analysis and principal com-
ponent analysis were in favour of the former (Lamb-
shead & Paterson, 1986; Bellan-Santini, Dauvin & Bel-
lan, 1994). Only one application has been attempted
on using real data in parasite community ecology data
(Brooks, 1985): a cladogram of the river systems in
south America was based on the occurrence of sting
ray parasites.

We will use three parasitological data sets to describe
our method. The first set is imaginary, and corresponds
to the main types of binary data. The second set has
been taken from Cabaret & Gasnier (1994); it concerns
parasitic digestive-tract nematodes of dairy-goats in the
centerwest of France and provides a snapshot the pic-
ture of the distribution of the infection at one moment
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of during the year of the infection; these data have
already been previously analysed. The third data set
concerns consists of meat lambs for slaughter that
were studied for during nearly two years, so that the
infection of five cohorts can be studied; the data had
also been previously analysed previously using a
general linear model (Giudici et al, 1999). The aim of
this paper is to describe the use of a phylogenetic
method based on the putative historical evolution to
compare communities and to relate them to the host
environment. We will compare our phylogenetic
method in comparison with classical analytic methods
for binary data.

MATERIALS AND METHODS

DATA

imaginary data set was constructed (Table D).

The original data were polythetic in the sense

used by Beckner (1959). Suppose that we have
a group of farms known as K with an aggregation, G,
of species 1, 2, 3..., such that: i) each of the farms in
K has a large number of the species in G, ii) each spe-
cies in G is present on a large number of the K farms,
iii) no species is present on all the K farms. If condi-
tions #) and 7)) are fulfilled, the data are partially poly-
thetic (all cases from a to p). If all three conditions are
fulfilled, the data are fully polythetic (see farms a to

g, and species 1 to 7 in Table I). The fully polythetic
group of farms (a to g) has an aggregate of the first
seven species: each farm from a to g has a large
number of these species (six out of the seven), but no
species is found on all the farms. If a larger number
of species is considered (16), only farms from a to g
are polythetic, since a large number of the available
species are found on each farm (1 to 10), each spe-
cies is found on a large number of farms, and several
species are found on all the farms.

The presence/absence of gastrointestinal nematode
species when goats from 16 farms in the Centre-West
region of France were necropsied in autumn are shown
in Table II. For each farm, data from two goats were
pooled. Nematodes were identified to species level.
The following management factors (Table III) were
recorded since they play a role in: a) increasing the
number of species (number of goats introduced when
the farm was first constituted, number of farms from
which they originated, whether any goats had been
bought after the farm had been constituted, use of per-
manent pastures) (Gasnier et al, 1997), and b) in
decreasing the number of nematode species (late turn-
out, no number of anthelmintic treatments: Silvestre et
al, 2000). Some of the data were quantitative and were
transformed into binary data, for example the number
of treatments (less than or equal to one = 0 and more
than one per year = 1), of the time since the farm was
setup (less than thre years = 0, three years or more =
1). This transformation was necessary since we wanted

Species

Farm 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Outgroup 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
a 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

b 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1

e 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 1

d 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1

e 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1

f 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1

g 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1

h 1 1 0 0 0 0 0 0 0 1 1 1 1 1 1 1

i 1 1 1 0 0 0 0 0 0 0 1 1 1 1 1 1

j 1 1 1 1 0 0 0 0 0 0 0 1 1 1 1 1

k 1 1 1 1 1 0 0 0 0 0 0 0 1 1 1 1

1 1 1 1 1 1 1 0 0 0 0 0 0 0 1 1 1

m 1 1 1 1 1 1 1 1 0 0 0 0 0 1 1 1

n 1 1 1 1 1 1 1 1 0 0 0 0 1 0 1 1

o 1 1 1 1 1 1 1 1 0 0 0 0 1 1 0 1

p 1 1 1 1 1 1 1 1 1 1 0 0 1 1 1 0

Outgroup farm in italics: absence of any species (no species).

Pale-shading (a to g): 16 species, nine species in common; polythetic structure of species 1 to 7.

Unshaded (h to k): nine species, including six species in common.

Dark-shading (I to p): nine to 13 species, including six species in common.

Table 1. — Imaginary data set of parasite species (0: absent, 1: present) in hosts from 16 farms.
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Nematodes species

Farm tc tco to ov t SO 00 hc ta tv nf ns sp coo cap cho
Aug 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bau 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Ber 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0
Bod 1 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0
Cas 1 1 0 0 1 1 1 1 0 0 0 0 1 0 0 0
Cuv 1 1 1 0 1 1 0 0 1 0 0 0 0 0 0 0
Del 1 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0
Ech 1 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0
Gal 1 1 1 1 1 0 1 1 1 0 0 0 0 1 0 1
Gau 1 1 0 1 1 0 0 1 0 0 0 0 0 0 0 0
Lel 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0
Men 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0
Meu 1 1 0 1 1 1 0 1 0 0 0 0 0 0 0 0
Mil 1 1 1 1 1 0 0 0 1 1 0 0 0 0 1 1
Moy 1 0 0 1 1 0 0 1 0 1 1 0 0 0 0 0
Pre 1 0 0 1 1 1 0 0 0 1 0 0 0 0 0 0

Tc: Teladorsagia circumcincta; tco: Trichostrongylus colubriformis; to: Trichuris sp; ov: Oesophagostomum venulosum; . Teladorsagia cir-
cumcincta morph trifurcata; so: Skrjabinema ovis; oo: Ostertagia ostertagi, he: Haemonchus contortus; ta: Trichostrongylus axei, nf: Nema-

todirus filicollis; ns: Nematodirus spathiger; sp: Strongyloides papillosuts; coo :

Cooperia sp.; cap: Capillaria sp.; cho: Chabertia ovina.

Table II. — Species of digestive-tract nematodes (0: absent, 1: present) in dairy-goats in autumn from 16 farms in the Centre West region

of France.

No. of farms Goats bought How long
No. of from which goats after the the farm has been Use
goats bought were originally establishment in existence of permanent Late turn-out No
Farm initially* sourced* of the farm* (years)* pasture** (after May)*  treatment*
Aug 0 0 1 1 1 1 0
Bau 0 0 1 1 1 1 1
Ber 1 1 1 0 0 1 1
Bod 1 0 1 0 1 1 1
Cas 1 1 0 0 0 1 1
Cuv 1 1 1 0 1 1 1
Del 0 0 1 0 0 1 0
Ech 0 0 1 0 1 0 1
Gal 1 1 1 0 0 1 1
Gau 1 1 1 1 0 1 1
Lel 0 1 1 0 1 0 1
Men 1 1 1 1 0 0 0
Meu 0 1 1 0 0 1 1
Mil 1 1 1 0 0 1 1
Moy 0 1 1 0 0 1 1
Pre 0 0 1 0 0 1 1

* quantitative data transformed into binary data (0: lower than average value, 1: higher than average value).

** Absent: 0 and present: 1.

Table III. — Characteristics of the goat farms.

to relate parasite communities (binary data) to envi-
ronmental characteristics (binary transformed data).

The presence/absence of digestive tract-helminths at
necropsy in lambs for slaughter from two intensive sys-
tems (with and without mixed grazing with cattle) in
the tropics are shown in Table IV (individual data).
Helminths were identified to genus level. Each cohort
of lambs grazed irrigated pasture for four months
(from two to six months of age). The five cohorts
grazed on the same paddocks within a system. It was

Parasite, 2003, 10, 287-295

expected that lambs grazing with heifers would accu-
mulate cattle species, and therefore accumulate more
species over time.

ANALYSES

Correspondence analysis and UPGMA based on Jac-
card distances of the data were carried out using
MVSP Software (3.13b, 2001). Hennig86 (Farris, 1988)
phylogenetic software was used. The character state
(presence/absence of species) found in the ancestral
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type is described as “plesiomorphic”, and the derived
state that has developed subsequently is described as
“apomorphic”. Trees were constructed using the prin-
ciple of parsimony, that requires that ad hoc assump-
tions should be minimised as far as possible: the

number of gains/losses/recoveries of species is kept
to a minimum. With regard to communities of species,
we assumed that when the farm was established, no
species was present (ancestral situation) and that pro-
gressively species have been gained, but also possibly

Cohorts/

lambs* Haemonchus Cooperia Trichostrongylus Strongyloides Oesophbagostomum Moniezia

Lambs alone

cll
cll
cl2
cl3
cl4
cl5
c21
c22
c23
c24
25
c31
c32
c33
c34
€35
c41
c42
c43
Cc44
c45
51
£52
c53
54
c55
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Lambs plus heifers

cll
cl2
cl3
cl4
cl5
c21
c22
c23
c24
c25
c31
c32
¢33
c34
c35
c4l
c42
c43
c44
c45
c51
c52
c53
54
55
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* C11: means cohort 1 and lamb 1 etc.

Table IV. — Helminth genera in cohorts of lambs grazed alone or with heifers in the French West Indies.




lost. A full set of informations about how to use the
program for community studies is available (Cabaret,
2003). The h* command constructs a single cladogram
by a single pass through the data, and then applies
branch-swapping to that tree. The cladograms in shape
of a tree-like graphic were constructed using Tree-gar-
dener (1997). We use the term of “cladogram”, as our
analysis specified the relative degree of phylogenetic
relationship of the analysed farms, but did not attempt
to specifying direct ancestor-descendant relationships
(like a pedigree) as in phylogenetic trees (Kitching et
al., 1998). The length of the cladogram (L), is the total
number of character state changes (the presence or
absence of species) necessary to support the relation-
ship of the farms in the tree: the shortest cladogram
is the most parcimonious. The overall consistency (CD)
indicates the degree of fit between the data and the
constructed cladogram; 100 % consistency implies that
the fit is perfect. The retention index (RD) is a mea-
sure of the degree (%) of similarity in the presence of
the species that can be interpreted as synapomorphy
(presence of a species that unites several farms on the
cladogram): higher values are expected in informative
cladograms (Lipscomb, 1994). The phylogenetic ana-

lysis detects groups of farms that are homogeneous in
terms of species assemblage. The environment
variables are determined within each of these homo-
geneous groups, and the degree of correspondence
between homogeneous groups (HG) and the envi-
ronment can be tested using Fisher exact probability
test (Siegel, 1956). This makes it possible, for example,
to test whether a four- farm assemblage in which an
environmental variable occurs in three of the farms is
statistically significant or not, compared to the fre-
quency of the environmental variable among the set
including all the farms.

RESULTS

INTERPRETING TREES IN POLYTHETIC DATA (Fig. 1)

PGMA and correspondence analysis identified
similar homogeneous groups, HG1, HG2" and
a third group (m, n, o, p or and n, |, o, p, res-
pectively). Inertia The high inertia values of the first
two axes (88 % variance) in the correspondence ana-
lysis indicated that the arrangement into three groups

A - Phylogenetic analysis

9 species 9 11

HG1 = species 12

B - Correspondence analysis

Axis2 & (20 Zlo,)n, HG2
HG2 0,p
\ HG1
ab,cd, /‘ Axis 1
e f g ¥ (68 %)
h, 1, j,
, 1

13 15 species

HG2’ = species 9, 10, 11, 12

HG?2 = species 5, 6,7, 8

C - Cluster analysis (Jaccard distance)

HG2

-D— o

h,i,j, k, m HG1
= ab,cef, g HG2

 E—

Fig. 1. — Compared analyses (phylogenetic-A, correspondence-B and cluster analyses-C) of imaginary parasite community data. Three homo-
geneous parasite community groups (HG1, HG2 and HG2) were identified in all three types of analyses. Only HG1 is the same in the all

three analyses. Out corresponds to the outgroup (no community).

Parasite, 2003, 10, 287-295
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292 ,,

was reliable. The Hennig cladogram (L = 33, CI = 48
and RI = 71) using the h* command was supported by
the use of mhennig* command (the same as h* but
including the farms’ taxa in a different sequence each
time, and then applied branch swapping to each of the
trees, retaining just one tree for each initial tree). The
bb command, which retains up to 100 of the shortest
trees, produced only seven cladograms instead of the
six yielded by mhennig*. The consensus cladogram
(Nelson procedure) gave a similar result to h*, but with
a slightly longer tree (38) and lower ci = 42 and ri =
62). For our type of limited data there was no real
advantage in exploring the construction of the clado-
grams further than with the h* command, and in the
examples that follow we only used this command.
From the cladogram in Figure 1, we can propose the
following history: an initial homogeneous group of
farms (HG1) had acquired nine species, among which
species 12 is particularly characteristic; a second loose
group (HG2) was based on the progressive acquisition
of further species (5, 6, 7 and 8), and a third group
(Hg1") within the HG1 group, was the group with the
most species (15), and was characterised by certain
species (9, 10, 11 and 12). The characteristics of the
cladograms were tested on imaginary matrices 15 farms x

NON |
HON NN

New farms

Large use of permanent pasture

High number of farm origins

High number of goats initially baught

ceun

14 species (data not shown) with: 7) a diagonal of zero
values (absence of species) and other values with spe-
cies present (fully polythetic matrix), 7i) a diagonal of
1 (presence of species) with all other values set to zero.
The first situation represents the fact that all the farms
have a large number of species, although not the full
set of species, and that they are very similar. The
second extreme situation indicates that each farm has
only one species, and that it is a different species for
each farm, so that the farms are extremely different.
The lengths are 26 and 14, with CI values of 53 and
100, and RI values of 42 and 100 respectively. The
farm by species matrix we analysed extensively in
detail was much closer to the first situation, based on
length, L, CI and RI.

ESTABLISHING GROUPS OF DAIRY-GOAT FARMS
WITH A HOMOGENEOUS ASSEMBLAGE OF SPECIES
AT ONE PERIOD (Fig. 2, Tables II and III)

The correspondence analysis (not shown) indicated a
continuum of farms along a gradient from the presence
of Nematodirus spp. and Strongyloides (Meu and Men)
to the presence of Cooperia, Capillaria, and Oesopha-
gostomum (Gal & Mil). The following homogeneous
farm groups were identified using UPGMA: i) Aug, Bau,

O |
o O o o o 0O

0 @ O

g maoy del men gal mil

AN

Chabertia ovina

Oesophagostomum
venulosum

Trichostrongulus axei

Teladorsagia circumcincta
morph trifurcata

Skrjabinema ovis

Fig. 2. — Cladogram of the trichostrongyle nematode communities in 16 dairy goats farms in autumn in relation to farming history.

L =



Lambs grazing alone (Length = 15; CI = 42; RI = 75)

€23 cl2 14 2l 25 34 45 32 oSl cll cl5 24 31 53 4l 44 22 43 ] 54 ¢33 55 35 42 52

Trichostrongylus

Oesophagostomum

Moniezia

Lambs grazing with cattle (Length = 13; CI = 46; RI = 78)

ot 23 2l 24 53 34 oSl 55 <14 31 cl2 1§ 22 35 25 52 oS4 cll 43 45 32 33 o4l o4 13 42

Trichostrongylus
Moniezia
Cooperia

Cooperia

Oesophagostomum

Ultimate cohorts 4 and 5

Fig 3. — Cladogram of helminth communities in the digestive-tracts of cohorts of lambs grazed alone or with cattle. Out corresponds to
the outgroup (no community). Length, consistency index CI and retention index RI are characteristics of the cladogram.
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Bod, Lel, #7) a large group that could be split into two:
a) Ech, Moy, Pre and b) Ber, Cas, Cuv, Del, Gal, Gau,
Men, Meu, Mil. The cladogram (Fig. 2) did not reveal
very distinct groups, and the same order was not
obtained using UPGMA (see Ech, Moy, Pre, for
example) and correspondence analysis. The number of
species on the farms ranged from low (on the left) to
high (on the right of the cladogram). Farm management
was located by reference abbreviations (first three let-
ters of farm owner’s name) to the cladogram and Fisher
exact test was performed. The heavy use of permanent
pastures was closely linked to the number of species
(p = 0.0009), and possibly to the number of farms from
which goats had been bought when the farm was esta-
blished (p = 0.14). The number of goats and the time
since the farm was established were not significantly
related to species richness (p = 0.23 and p = 0.21, res-
pectively). The farm data can be related to the assem-
blage of species. The assemblages progressively
incorporated progressively S. ovis, T. circumcincta
morph trifurcata, T. axei, O. venulosum, and C. ovina.
The gain of the last four taxa was linked to the use of
natural pasture.

EVOLUTION OF THE HELMINTH COMMUNITY
IN SEVERAL COHORTS OF LAMBS GRAZED
UNDER TWO SYSTEMS (Fig. 3, Table IV)

The correspondence analyses did not discriminate well
between the cohorts in the two systems (data not
shown). UPGMA distinguished between the early 1, 2
and 3 and late 4 and 5 cohorts in the lambs-only
system (data not shown). The construction of the com-
munities over time was different in the two systems
using phylogenetic analysis. The lambs grazing alone
had two types of communities, one including Oeso-
phagostomum and the other Moniezia. These two
developments were both seen in the last two cohorts
(4 and 5), but were not significant (p = 0.23). Three
seasons were investigated (data not shown), and the
first season and the latest cohort were associated with
Moniezia and Trichostrongylus (p = 0.06). No seasonal
influence was recorded in the lambs grazed alongside
cattle. The communities including Cooperia and
Moniezia were significantly associated with the later
cohorts (p = 0.05). Communities including Cooperia
and Trichostrongylus but consisting of fewer species
were also associated with the laster cohorts (p = 0.16).

DISCUSSION

hylogenetic analysis provided more information
than the classical analysis of binary data. This
concurred with the findings of Lambshead and
Paterson (1994) and Bellon-Santini et al. (1994). Our

binary data findings also match previous analyses
based on quantitative data in dairy goats: the major
importance of the area of permanent pastures for goats
for the number and diversity of parasitic species is
clearly demonstrated (Cabaret & Gasnier, 1994, on the
same data set; Gasnier et al., 1997 on a larger set of
data; Silvestre et al., 2000 in another region).This has
made it possible to describe the communities involved,
which was not clearly done in previous analyses. The
species gained in the communities were the rarer ones
(morph trifurcata, C. ovina and O. venulosum) or the
unevenly distributed species (7. axei). The lambs data
had previously been analysed in terms of species
diversity and species richness, and it was found that
these two indices were higher in the lambs grazed with
cattle (Giudici et al., 1999). The influence of cohort was
demonstrated on Haemonchus (which declined with
time) and 7richostrongylus (which increased in the last
cohort). The phylogenetic analysis demonstrated the
role of Cooperia (a nematode usually found in cattle)
in the communities in the mixed grazing system. 77i-
chostrongylus was found in the last cohorts as had pre-
viously been found from quantitative data. In both
examples, the phylogenetic analysis was very effective
in finding assemblages of species in terms of the main
environmental factors (area of permanent pasture or
mixed grazing and the change over time). This could
mean that the historical dimension plays a major role
in the construction of the helminth assemblage, and
that analyses that rely on a historical reconstruction (i.e.
the progressive gain of species over time) are more sui-
table than those based solely on similarity. Nel & Nel
(1998) commented forcefully on the difference between
cladistics (inheritance with modification of character)
and use of Wagner parsimony (a tool to define the
derived state of characters, e.g. species). They indicated
that a set of sites (or farms in our example) could not
be considered to be phylogenetic clades because:
i) species exchange is always possible between the
localities, ii) species, unlike characters, exists inde-
pendently of the sites where they live, iii) there is no
common history of the sites, as there is no phyloge-
netic linkages between sites and no common ances-
tral site. They also criticised the use of the outgoup
without species (Lambshead & Paterson, 1994; Bellon-
Santini et al., 1994, and and the present analysis) and
preferred non-hypothetical outgroups. These criticisms
are justified for natural sites studies (Brooks, 1985 for
example), but are less pertinent in agronomical situa-
tions, when part of the real history is known, and when
zero-species outgroups are the rule for any new farm.
The very limited introductions of infected hosts after
the establishment of the farm give some value to the
species as a character. The situation in farms with a
known history made the cladistic method more accep-
table than under natural conditions.

Parasite, 2003, 70, 287-295



The method we propose was based on two examples
and it would be interesting to apply it to a wider range
of situations. The analysis of an imaginary data set,
including polythetic groups (each farm has a large
number of species, and each species is found on a
large number of farms), much of it corresponding to
real data in parasitic faunas, shows that the method
can be applied to most sets of parasitic data. We res-
tricted our investigation to communities and environ-
mental conditions in agronomic conditions. Wanntorp
et al. (1990) have described examples under natural
environmental conditions, which indicates that phylo-
genetic methods are a useful tool for the ecologists.
One main problem is the lack of statistical power
when relating communities and environmental factors,
as most data sets contain only a limited number of
cases (farms or sites). Hennig86 is only one of the
numerous phylogeny programs available, and although
it meets most of the requirements for establishing cla-
dograms based on parsimony (Platnick, 1989), it only
uses the Wagner algorithm, whereas other programs
also propose the Camin-Sokal (allowing convergence)
or Dollo (allowing reversions) methods (Darlu & Tassy,
1993). This limitation is not important when the cha-
racters are binary, which is often the case in commu-
nity analysis. As it is, Hennig86 provides a useful tool
for understanding community structures of up to
999 species and 189 sites/farms.
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