
C. R. Biologies 332 (2009) 927–933

Ethology / Éthologie

Spatial distribution and inbreeding in Tetranychus urticae

Guillaume Le Goff a,∗, Anne-Catherine Mailleux b, Claire Detrain b,
Jean-Louis Deneubourg b, Gwendoline Clotuche a, Thierry Hance a

a Unité d’écologie et de biogéographie, Biodiversity Research Centre, université catholique de Louvain, 4-5, place Croix du Sud,
B-1348 Louvain-la-Neuve, Belgium

b Service d’écologie sociale, université libre de Bruxelles, campus de la plaine, boulevard du Triomphe, B-1050 Bruxelles, Belgium

Received 13 February 2009; accepted after revision 29 June 2009

Available online 19 August 2009

Presented by Pierre Buser

Abstract

In group living, species spatial distribution results from responses to environmental heterogeneity and/or mutual interactions
between individuals. These mutual interactions can be regulated by genetic and/or epigenetic factors. In this study, we focus on
genetic factors and investigate how the spatial distribution of some individuals colonizing a new environment is influenced by
inbreeding.

Our biological model is Tetranychus urticae, a phytophagous mite considered as a major pest of many cultivated plants. Groups
of T. urticae were composed of individuals from successive inbreeding (sister–brother sib-mating). Our results show that the inter-
individual distances increase with inbreeding. Indeed, inbreeding level seems to be an important factor affecting the intra-plant
spatial distribution of mites. These results confirm that mites have the capability to discriminate their kin and, moreover, that they
are able to accurately perceive differences between close relatives from sib-mating lines.

To cite this article: G. Le Goff et al., C. R. Biologies 332 (2009).
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Résumé

Distribution spatiale et consanguinité chez Tetranychus urticae. La distribution spatiale d’individus peut être le résultat de
réponses à des hétérogénéités environnementales et/ou à des interactions interindividuelles. Dans cette étude, nous nous intéressons
aux facteurs génétiques pouvant influencer ces interactions et étudions comment la distribution spatiale d’individus colonisant un
nouvel environnement peut être influencée par leur proximité génétique.

Notre modèle biologique est Tetranychus urticae, c’est un acarien phytophage considéré comme un ravageur majeur dans
beaucoup de culture. Les groupes d’acariens testés sont composés d’individus issus de générations consanguines successives (ac-
couplement frère–soeur).

Les résultats montrent une distribution spatiale influencée par la consanguinité du groupe ainsi qu’une augmentation de la
distance inter-individuelle avec le taux de consanguinité. Il apparaît donc que le lien génétique entre individus est un facteur
capable d’influencer la distribution spatiale de T. urticae. Ce qui signifie également que ces acariens sont capables de discriminer
des individus issus de lignées consanguines et donc très proches. Pour citer cet article : G. Le Goff et al., C. R. Biologies 332
(2009).
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1. Introduction

In social biology, the spatial distribution of individ-
uals is an important issue that determines the organi-
zation of groups. In many species, individuals form
aggregates, increasing local population density much
more than in the surrounding environment [1,2]. Form-
ing such aggregates has many advantages both for the
individual and the group as it provides easier access
to food and mates as well as protection against preda-
tors [3,4]. It also presents disadvantages as forming ag-
gregates means sharing food, mates and living space,
and therefore may result in inter-individual conflicts [3].
Although group formation is of critical importance for
the survival of many species, few studies have been
done on the parameters modulating spatial distribution,
especially in non-eusocial arthropods such as Tetrany-
chus urticae [5,6].

T. urticae is considered as a major pest of many cul-
tivated plants (more than 200 host-plants listed [7]).
Consequently, research has focused mainly on the man-
agement and control of this species, whereas its be-
haviour, especially its social behaviour, has often been
disregarded. However, T. urticae is a very good biolog-
ical model with which to study group formation, as this
species builds a collective web by weaving silk threads,
cooperating in its enlargement and repair [8]. The web
is used like a shield protecting mites from rain [9], pes-
ticides [10] and predators [11], and it seems to be a
prevailing factor inducing the formation of mite aggre-
gates observed in the field from leaf to leaf or plant to
plant [12,13].

Another crucial factor that modulates spatial distri-
bution is the individual genetic background [1,2,14–18].
Aggregate with kin may help individuals avoid preda-
tors by diluting each individuals’ risk of being attacked
(dilution hypothesis [19]) [1,2,16], whereas kin avoid-
ance can be a mechanism to avoid kin mating and so
maintain a high level of genetic diversity in the popula-
tion [15,17]. In insects [1,18,20–22] and arachnids [23],
chemical cues such as specific cuticular hydrocarbon
may mediate kin recognition. Many arthropod species
have the ability to discriminate between kin and non-kin
odors and often choose to form an aggregate with close
relatives [1,18,21,24]. In T. urticae, females (sisters or
non-sisters) coming from inbred and outbred population
are able to modify their offspring sex-ratio according
to the genetic relatedness of the group (Roeder [25]).
Therefore, T. urticae mites have the ability to discrim-
inate individuals differing by their original populations
and environments. Do mites still display such discrim-
inative abilities when they face very close relatives? In
other words, are they able to perceive tiny genetic differ-
ences between close relatives coming from sib-mating
lines? Such questions are very important for the study of
T. urticae socio-ecology. Indeed, in the field, the prob-
ability of inbreeding is very high in groups living on
the same plant due to the low mobility exhibited by
mites (increasing the likelihood of interactions among
kin) and to their mating systems (parthenogenesis and
haplo-diploidy) [26,27].

How inbreeding influences the spatial distribution of
mites is also unknown. Previous studies on this topic
have mainly focused on insects [1,2,18,20,22] while
mites have been disregarded. In order to address this
question, we studied the spatial distribution within small
groups of mites during the colonization of a new leaf
through successive generations of inbred individuals.
Our results will be discussed in the context of T. urticae
ecology.

2. Materials and methods

We tested the relation between inbreeding and spatial
distribution by using a red form of T. urticae provided
by Dr. Lebdi Grissa (Institut National Agronomique,
Tunis). The strain was reared on bean leaves placed on
damp cotton (Phaseolus vulgaris) in Petri dishes [28].
Breeding stocks were maintained in a climate room at
26 ◦C, 50–60% RH, 16:8 (L:D).

2.1. Establishment of sib-mating lines

Founding sib-mating lines is a basic and essential
tool for investigating the influence of inbreeding [29].
Three sib-mating lines were established; each was ini-
tiated from a virgin female isolated at the deutonymph
stage and placed with three unrelated males on a bean
leaf for 48 h. Mated females were then isolated on a new
bean leaf. Their offspring was subsequently used for
sib-mating for four generations to form a highly related
line. In each line, three females of the first generation
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(G1) were fertilized by their brothers. The other females
of this first generation were used in aggregation experi-
ments and were called G1. Three females of the second
generation were also fertilized by their brothers. Their
sisters were also used for the test and were called G2.
The above manipulations were repeated in order to ob-
tain many individuals of known age for four generations
(G1 to G4). Generation after generation, inbreeding in-
creased. Data obtained using G3 are not presented in
this paper because of a lack of replication.

2.2. Spatial distribution tests

Experiments were performed in a climate room at
26 ◦C, 50–60% RH, 16:8 (L:D). Ten virgin females be-
longing to the same sib-mating line, of the same gener-
ation and less than 48 hours old (number of replicates:
G1: n = 14; G2: n = 13; G4: n = 25) were placed one
by one in the centre of a bean leaf disc (� 5 mm).
The time taken to placed the individuals never exceeded
8 min. Bean leaf discs were placed on damp cotton, to
prevent mite escape. These bean leaves were freshly cut
before the experiment and were chosen to minimize het-
erogeneity due to veins. A numeric camera (Panasonic
WV-CP450/G) with a macroscopic lens (1:1.2/12.5–75)
and a magnifying lens (1.2×) was focused on the leaf
disc and recorded female behaviour.

We started recording 15 minutes after the last indi-
vidual was placed on the leaf to avoid stress behaviour.
One picture was taken every 30 seconds for 15 minutes.
These pictures were analysed using a data processing
program called Fourmilier V3.3 (software creator, Jean-
Michel Hudry (jm.hudry@ifrance.com)) [30], which at-
tributed spatial coordinates to each individual and thus
allowed further analyses and quantification of the spa-
tial distribution of individuals.

In order to link the inbreeding and the spatial distri-
bution, three parameters were measured:

(1) The angular distribution “s” is the angular posi-
tion of individuals on the leaf (Fig. 1) [31,32]. It
was measured for each mite group at the end of
each session. The angular distribution determined
whether individuals were closer than expected by
chance alone. We compared the s experimental val-
ues to the reference value obtained for randomly
distributed individuals (reference value H = 68.3
degrees for ten individuals). The reference value
H was obtained from 50 000 simulations of ten in-
dividuals randomly distributed on a circular area.
A high value of s corresponds to a homogeneous
distribution whereas a low value of this parameter
would mean an aggregated distribution of individ-
uals. This indicator is not a precise measure of the
spatial distribution, as several individuals can stay
in the same angle and go away from each other.
That is why this indicator is used as a qualita-
tive indicator of the spatial distribution to answer
the question whether individuals are randomly dis-
tributed or not and so if they are attracted to a partic-
ular stimulus in its environment (individual, place,
heterogeneity) or not.

(2) The radial distribution is the radial position of mites
on the leaf. Quantification of the radial distribu-
tion allows one to analyse the trend to follow the
leaf border a kind of thigmotactism (also called the
border effect). In other words, this parameter deter-
mined the position at which mites were numerous.
The leaf was divided into five rings of 1.5 mm (0–
1.5, 1.5–3, 3–4.5, 4.5–6 and 6–7.5), the external
ring corresponds to the edge of the arena. We took
into account the differences between the areas of all
rings by comparing spider mite density per ring.

(3) The mean distance between individuals is an indi-
cator of the inter-individual spatial proximity [33].
The individual distance is the length between indi-
viduals at a given moment. This was drawn from the
spatial coordinates assigned to each individual. The
mean distance between individuals is calculated by
adding all distances between an individual and an
other one and by dividing the result by 45, the total
number of such distances [34]. This certainly re-
flected the attraction to other individuals and/or to a
same place.

These three parameters were measured for each indi-
vidual, for each generation and each sib-mating line.

2.3. Statistical tests

Friedman tests were used to test whether the three
measured indicators (the angular distribution, the radial
distribution, the mean distance between individuals)
changed according to time. Kruskal Wallis tests of vari-
ance (KW) and Dunn post test were also used to com-
pare changes in angular distribution, radial distribution
and distances between individuals and between genera-
tions. Tests were performed using GraphPad Prism ver-
sion 5.01 for Windows, GraphPad Software, San Diego,
California, USA (http://www.graphpad.com). All tests
were applied under two-tailed hypotheses and the sig-
nificance level p was set at 0.05.

mailto:jm.hudry@ifrance.com
http://www.graphpad.com
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Fig. 1. Calculation of the mean angular deviation.
3. Results

The three measured indicators (the angular distri-
bution, the radial distribution, the mean distance be-
tween individuals) did not change according to time
since the beginning of the recording in any tested gen-
eration (Friedman test for the angular distribution: G1:
Fr = 40.32, P > 0.05; G2: Fr = 32.14, P > 0.05; G4:
Fr = 28.49, P > 0.05; for the radial distribution, G1:
Fr = 25.77, P > 0.5; G2: Fr = 42.82, P > 0.05; G4:
Fr = 28.49, P > 0.05; the mean distances between in-
dividuals: G1: Fr = 38.23, P > 0.05; G2: Fr = 37.18,
P > 0.05; G4: Fr = 26.86, P > 0.05). That is why the
results presented here focused on the final state of the
mite group (31st picture).

3.1. The mean angular distribution “s”

The mean s (◦) values for G1, G2, and G4 were not
statistically different but (G1 ± Standard Error (S.E.) =
51.91 ± 3.46, G2 ± S.E. = 54.54 ± 3.15, G4 ± S.E. =
54.15 ± 3.58; KW = 30.41, df = 3; P > 0.5; Dunn: G1
vs. G2: P > 0.05, G1 vs. G4: P > 0.05, G2 vs. G4:
P > 0.05) (Fig. 2) for each generation, s was statisti-
cally different from the reference value i.e. the expected
H values of randomly distributed individuals (KW =
30.41, df = 3, P < 0.001; Dunn: G1 vs. H: P < 0.001,
G2 vs. H: P < 0.001, G4 vs. H: P < 0.001) (Fig. 2).
This result showed that mites were non-randomly dis-
tributed at the end of the experiments.
Fig. 2. Mean angular distribution “s” (◦) of individuals for each gen-
eration (G1, n = 14; G2, n = 13; G4, n = 25) ± S.E. at the end of
experiments (30 min). H is the reference for ten randomly distributed
individuals, and was obtained from 50 000 simulations of ten individ-
uals that were randomly distributed in a circular area.

3.2. The radial distribution of the mites

The mean values of the radial distribution differed
between successive generations: In the central ring, the
highest density of mites was observed at G1 (density ±
S.E. = 0.07 ± 0.02 individual/mm2) and G2 (density ±
S.E. = 0.08 ± 0.04 individual/mm2), whereas the low-
est density was observed at G4 (density ± S.E. =
0.006±0.006 individual/mm2). The difference was sta-
tistically significant (KW = 8.23, df = 2; P < 0.05;
Dunn: G1 vs. G2: P > 0.05, G1 vs. G4: P < 0.05,
G2 vs. G4: P > 0.05) (Fig. 3). In terms of mite pop-
ulation fraction, 7% of G1 individuals and 0.4% of G4
individuals were found in the central ring.
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Fig. 3. Mean radial distribution of individuals: density of individuals
for each generation (G1, n = 14; G2, n = 13; G4, n = 25) (mean
number of ind/mm2 + S.E.) in the five rings (0 represents the centre
of the leaf disc) at the end of the experiment (30 min).

On the other hand, in the external ring, the high-
est mite density was observed at G4 (density ± S.E. =
0.10 ± 0.009 individual/mm2), whereas the lowest den-
sity was observed at G1 (density ± S.E. = 0.04 ±
0.009 individual/mm2). The difference was statistically
significant (KW = 19.37, df = 2; P < 0.001; Dunn:
G1 vs. G2: P > 0.05, G1 vs. G4: P < 0.001, G2 vs.
G4: P < 0.01) (Fig. 3). In other words, 23% of G1 in-
dividuals and 68% of G4 individuals were found in the
external ring.

No difference across generations was found in the
other rings (1.5; 3: KW = 5.46, df = 2, P > 0.05; 3;
4.5: KW = 5.52, df = 2, P > 0.05; 4.5; 6: KW = 3.81,
df = 2, P > 0.05).

3.3. The mean distance between individuals

The mean distance between individuals (mm) in-
creased significantly across generations from 4.53 mm
± 0.13 (S.E.) in G1 to 6.14 ± 0.13 (S.E.) in G4 (KW =
44.72, df = 2; P < 0.001; Dunn: G1 vs. G2: P < 0.001,
G1 vs. G4: P < 0.001, G2 vs. G4: P > 0.05) (Fig. 4).
After four inbred generations, the mean distance be-
tween individuals increased by about 1.6 mm. This re-
sult showed that inbreeding lowered mutual attraction
among spider mites. The higher the inbreeding level, the
higher the inter-individual distances.

4. Discussion

In group-living species spatial distribution results
from responses to environmental heterogeneity [35–37]
and/or to mutual interactions between individuals [38].
During this study, we showed that the level of inbreed-
ing and environmental heterogeneity influence mite dis-
tribution during the colonization of a new leaf.
Fig. 4. Mean distance (mm) between individuals for each generation
(G1, n = 14; G2, n = 13; G4, n = 25)±S.E. at the end of experiments
(30 min).

Indeed the results of mean angular distribution are
about 50◦ for all generation of sib-mating and each of
them is different from the reference value H = 68.3◦ for
ten individuals randomly distributed. Therefore individ-
uals are not randomly distributed in our experiments,
they are so attracted each other or/and to a same place.
For each generation our results showed a difference of
about 27% between empirical and theoretical distribu-
tion of s. In our experimental set up, leaf disc has been
chosen to minimize heterogeneities due to vein. We can
thus imagine that in more natural condition there would
be more unevenness like veins to initiate web spin-
ning (personal observation) and aggregation, and so we
would have a lower level of angular distribution, and a
higher level of aggregation.

We also observed that after 4 generations of sib-
mating, the mean distance between T. urticae mites in-
creased of about 1.6 mm which means three times the
size of an individual. These results confirm that mites
have the capability to discriminate their kin [25,39,40]
and to perceive tiny differences between very close rel-
atives.

These differences between generations suggest that
inbreeding should increase the tendency to leave the
patch or, at least, increase the inter-individual distance.
What could be the benefit of such avoidance of close
relatives? Increasing inter-individual distance may de-
crease competition for food, mates and space between
relatives [41,42]. This may also decrease the probabil-
ity of mating with relatives [17,43] and thereby may
prevent, at least partly, inbreeding depression and its
negative physiological consequences [44].

In addition, the spatial distribution of mites is influ-
enced by environmental heterogeneity such as the bor-
ders of the experimental set-up. The trend to follow the
leaf border increases with inbred generations. This sug-
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gests that individuals has a higher probability of leaving
the leaf disc but are limited to it. That demonstrated link
between radial distribution and inbreeding emphasizes
the role of inbreeding in the spatial distribution of T. ur-
ticae.

Previous papers showed that spatial distribution re-
sults from social interactions mediated by visual, au-
ditory and tactile stimuli [1,4]. The web in combina-
tion with social interactions mediated by pheromones
could favor the initiation of clustering in a particular
site or reinforce gregariousness [45]. Like many species
of gregarious arthropods, spider mites are probably able
to produce aggregative pheromones [4,46] that may be
contact pheromones that are adsorbed on the cuticle
[47,48], deposited on the leaf surface and/or on the
silk [49,50]. They might also exert a remote aggregat-
ing effect as volatile pheromones attracting at short or
long distances [1,51]. No aggregation pheromone has
yet been found in T. urticae but such a pheromone has
clearly been identified in families other than Tetrany-
chidae [52,53]. These studies suggest the possible exis-
tence of an aggregation pheromone in this mite.

Our work contributes to the understanding of spa-
tial organization in spider mites during the colonization
of a new leaf. This study shows that with 10 individu-
als, the spatial distribution is influenced by the genetic
background of the group. The following step in this
study should be to test with different numbers and den-
sity of individuals, different stases, with a higher level
of inbreeding. Identifying aggregative pheromones and
studying their interplay with the web structure could
also help to draw a coherent picture of the mechanisms
involved in the spatial distribution of mites and to open
new applied perspectives in the control of this world-
wide pest.
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