
Dispersal of freshwater invertebrates by large terrestrial
mammals: a case study with wild boar (Sus scrofa) in
Mediterranean wetlands

BRAM VANSCHOENWINKEL*, ALINE WATERKEYN* , †, TIM VANDECAETSBEEK*,

OLIVIER PINEAU †, PATRICK GRILLAS† AND LUC BRENDONCK*

*Laboratory of Aquatic Ecology and Evolutionary Biology, Katholieke Universiteit Leuven, Leuven, Belgium
†Biological Station of Tour du Valat, Le Sambuc, Arles, France

SUMMARY

1. Many invertebrates inhabiting insular aquatic habitats rely on external agents or

vectors to disperse. Besides water connections and wind, waterfowl and amphibians are

known to mediate passive dispersal of freshwater invertebrates. However, the possibility

of dispersal by terrestrial mammals has been largely overlooked.

2. We investigated the potential of both external and internal zoochorous dispersal of

aquatic invertebrates by the wild boar (Sus scrofa) in Mediterranean wetlands in the

Camargue (France). As wild boar frequently visit wetlands for feeding and wallowing

purposes, we hypothesized that they may be important passive dispersal vectors of

aquatic invertebrates at a local scale. Dried mud was collected from selected ‘rubbing trees’

used by boars to dispose of parasites. Additionally, faecal pellets were collected from

different locations in the wetland area.

3. Seventeen freshwater invertebrate taxa including rotifers, cladocerans, copepods and

ostracods hatched from sediment obtained from ‘rubbing trees’, while invertebrates

hatching from dried faeces (10 taxa) were mainly rotifers. Dispersing invertebrates were

collected up to 318 m from a nearest potential dispersal source. Both abundance and

richness of invertebrates significantly decreased with dispersal distance.

4. Our results demonstrate that large mammals such as wild boar can act as dispersal

vectors of aquatic invertebrates at a local scale in the wetland area of the Camargue and

suggest that external transport may be quantitatively more important than internal

transport. As wallowing (mud bathing) is common in many terrestrial mammals, this

mode of dispersal may be quite widespread.
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Introduction

Compared with other vectors such as wind and water,

dispersal mediated by animals is considered to be one

of the most effective forms of passive dispersal of

freshwater invertebrates. Hydrochoric dispersal

typically requires permanent or temporary connec-

tions (Michels et al., 2001; Hulsmans et al., 2007),

while aerial dispersal by wind is relatively inefficient

(Jenkins & Underwood, 1998; Vanschoenwinkel et al.,

2008), especially over longer distances. As many

animal vectors such as water birds (Figuerola &

Green, 2002) and amphibians (Bohonak & Whiteman,

1999) repeatedly visit waterbodies during their migra-

tions, the advantages of zoochorous dispersal include

a relatively large possibility that propagules will be

transported to suitable habitat patches. Propagules
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can be carried either in the animal’s gut (endozooch-

ory) or externally while attached to the vector’s

integument (ectozoochory or epizoochory), and

evidence of both processes has been reported.

Allen (2007) observed that successful dispersal (col-

onization) of zooplankton was more frequent in mes-

ocosms that were open to large vertebrate vectors (e.g.

raccoon, opossum and deer), whereas similar meso-

cosm experiments by Cáceres & Soluk (2002) and

Cohen & Shurin (2003) found no clear effect of the

accessibility of larger invertebrates or vertebrates on

colonization rates of zooplankton. As colonization

experiments mainly exclude potential vectors by

imposing size-limited access using different mesh

sizes, responsible vector species can usually not be

identified. Capturing vector animals during migrations

and checking them for propagules is a reliable alterna-

tive to assess the feasibility of different species as

dispersal vectors. Although direct observations of

dispersing freshwater invertebrates associated with

vertebrates, in particular waterfowl (reviewed in Fig-

uerola & Green, 2002), have been regularly reported in

the literature, the potential of mammals as dispersal

vectors has been largely ignored. The observation by

Peck (1975) that the fur of aquatic mammals (musk rats

and beavers) contained living amphipods is, to our

knowledge, the only published account.

Wild boar (Sus scrofa Linnaeus, 1758, family Suidae)

are medium-sized ungulates usually living in close

association with water. Up to 24% of their diet may

consist of roots and bulbs of aquatic vegetation

(Dardaillon, 1987) and waterbodies are also frequently

used for mud bathing (‘wallowing’). Mud wallowing

is alleged to serve a number of functions including

thermoregulation, disinfection and control of ectopar-

asites (mainly ticks) (Fernández-Llario, 2005). While a

protective layer of mud may reduce attachment of

new parasites, rubbing against trees is believed to

eliminate ectoparasites that are already attached

(Sardin & Cargnelutti, 1987). As wild boar frequently

visit wetlands, either to feed on the roots of aquatic

plants or to acquire a protective mud layer on their

skin, we hypothesized that they may be important

vectors for invertebrates at a local scale.

In this study, we investigated the potential of wild

boar as a dispersal vector of aquatic invertebrates in the

Mediterranean wetlands of the Camargue (France),

considering both ecto- and endozoochorous dispersal.

We investigated the presence of viable invertebrate

propagules in faeces and in mud samples from trees

that are used by wild boars for rubbing. We compare

the presence of dispersing invertebrates in wild boar

faeces and tree mud and discuss the relative impor-

tance of external and internal transport mediated by

wild boar. Furthermore, we assess the spatial scale of

this dispersal mode by investigating the relationship

between abundance and richness of dispersing inver-

tebrates and dispersal distance. Finally, we discuss the

general implications of large mammal-mediated dis-

persal of freshwater invertebrates on a global scale.

Methods

Study site

The study was carried out in the Camargue, a Med-

iterranean wetland area situated in the Rhône delta,

southern France (Fig. 1a). Samples were taken on 6

March 2006 in the nature reserve of Tour du Valat

(Fig. 1b) which is 10 km from the sea and encloses

approximately 50 temporary and five semi-permanent

wetlands. Most wetlands are filled during the wet

season (September–March) and dry up in the dry

season (April–end of August). For a more detailed

description of the study site, see Waterkeyn et al. (2008).

Besides wild boar, other large mammals in Tour Du

Valat are limited to local horse and cattle breeds

(extensive pasturing) which occur in modest numbers.

Sample collection

The behaviour of wild boar populations in the Camar-

gue has been studied intensively (e.g. Mauget et al.,

1984; Dardaillon, 1987). Both the presence of typical

markings as well as visual confirmation from frequent

day and night observations using motion-triggered

infrared cameras allowed us to identify reliably trees

used frequently for rubbing. Samples from these

‘rubbing trees’ were collected from eight sites in the

wetland area (1–8; Fig. 1). Dried mud was carefully

collected from the trunks of all (usually one to three)

trees that together make up a rubbing station and

transferred to ziplock bags. In general, one rubbing

station (i.e. an isolated rubbing tree or a small group of

adjoining rubbing trees) was present at each sample

site. Exceptionally, three rubbing stations were present

at sample site 2 and two stations at sample site 6 (Fig. 1).

The amount of tree mud collected per rubbing station

Invertebrate dispersal by large terrestrial mammals 2265

� 2008 The Authors, Journal compilation � 2008 Blackwell Publishing Ltd, Freshwater Biology, 53, 2264–2273



varied between 1 and 11 g (mean dry weight ± SD:

5 ± 4 g). Faecal samples were collected from seven sites

(2, 4, 5, 6, 7, 8 and 9; Fig. 1). Two faecal pellets were

sampled per site (mean dry weight ± SD: 19 ± 8 g).

Faecal pellets and mud samples were kept dry for

6 months and at room temperature (c. 20 �C) prior to

incubation.

We took all possible precautions to prevent con-

tamination of the samples. First we took exceptional

care to exclude the very small possibility that any

invertebrate propagules that may have been present

in the terrestrial matrix were collected together with

the faeces. Collected wild boar faeces consisted of dry

round pellets, which have only a small contact area

with the ground. Furthermore, we took care only to

select relatively fresh ‘clean’ faecal pellets without any

adhering particles and a sterilized tooth brush was

used to remove any soil particles. Additionally, we

are confident that faeces or tree mud did not contain

propagules that were carried by wind. Vanschoen-

winkel et al. (2008) previously reported the absence of

wind dispersal when temporary rock pools were wet.

As most pools in the Camargue were wet during the

sampling period, we hence expect that wind dispersal

during the current study was almost non-existent.

Finally, landscape elements such as shrubs and trees

probably result in drops in local wind speeds (Nathan

et al., 2005) so that wind currents (and any associated

propagules) either ‘bend’ around these objects or slow

down and lose associated propagules well before

wind speed reaches zero.

Processing and incubation of samples

Samples of dried faeces (n = 14) and mud (n = 11)

were mechanically broken into smaller fragments and

transferred to 2-L aquaria. In the case of relatively

large amounts of faeces (>20 g), two aquaria were

used. We specifically aimed to keep the amount of

faeces per aquarium small to ensure the same hatch-

ing stimuli for all propagules present.

Aquaria were filled with standard EPA medium

(Anonymous, 1985; conductivity 20 lS cm)1) and

incubated at 20 �C. To simulate field conditions,

salinity of the medium was increased to 1 g L)1 by

adding salt acquired from local salt works in the

Camargue. Previous research had shown that these

conditions were suitable for hatching of zooplankton

from the Camargue (A. Waterkeyn, unpubl. data).

After inundation, the aquaria were subjected to 24 h

of light to maximize hatching. After 24 h, a 14 : 10 h

light : dark photo regime was established for the

remainder of the experiment. To counteract possible

toxic effects of substances released by the dried faeces,

the medium was changed after 24 and 48 h, by

filtering the medium (mesh: 64 lm) and returning

the residue into fresh medium. A small inoculum of

the green alga Scenedesmus obliquus (Turpin) Kützing

1833 (c. 2 million cells per aquarium) was added after

day 1 and day 2 of the experiment as food for hatching

organisms. To avoid contamination in the laboratory,

aquaria as well as the incubators in which the aquaria

were placed were meticulously disinfected with

alcohol prior to any experiments. During the entire

experiment, aquaria were covered by a lid and filtered

air was supplied to each aquarium through indepen-

dent disinfected tubes.

Sampling and identification

Each aquarium was sampled once every 3 days for a

total period of 35 days (total of nine sample occa-

sions). Exceptionally the first sample was taken

2 days after inundation to avoid missing organisms

(a) (b)

Fig. 1 (a) Position of the Camargue in France. (b) Overview of

the nine sample sites (stars) in the wetland area around Tour du

Valat (Camargue, France). Wetlands are indicated in light grey,

channels in dark grey.
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that hatch early (e.g. large branchiopods). Sampling

was continued until no new taxa hatched. During

sampling, the full content of each aquarium was

carefully decanted and filtered over 64-lm gauze.

Hatched organisms were isolated, identified and

counted at up to 90· magnification under a stereo

microscope (Olympus 12; Olympus Optical Co. Ltd.,

Tokyo, Japan) and stored in 100% ethanol. At each

sampling, half of the medium in each aquarium was

renewed. Organisms smaller than 300 lm were

subjected to more detailed examination at up to

1000· magnification under a higher resolution micro-

scope (Reichert-Jung Polyvar MET; Reichter-Jung

Polyvar, Vienna, Austria).

All organisms were identified using available

literature (Cladocera: Alonso, 1996; Flößner, 2000;

Rotifera: Ruttner-Kolisko, 1974; Bryozoa: Tachet et al.,

2000). Cladocera were identified to species, copepods

to order. Ostracoda, Turbellaria, Nematoda, Tardi-

grada and ‘Protozoa’ could not be identified to a lower

taxonomic level. Bryozoa and rotifers were identified

to genus with the exception of Bdelloidea, which could

not be identified to a lower taxonomic level. Abun-

dances were only determined for macrozooplankton

(cladocerans, copepods, ostracods, nematodes and

tardigrades). Due to the rapid maturation and short

generation times of microzooplankton (rotifers,

‘Protozoa’), we cannot exclude the possibility that

these organisms reproduced between sample periods

and therefore only the presence ⁄absence data rather

than abundances were included to analyse these taxa.

To investigate possible differences in hatching suc-

cess of invertebrates from faeces or tree mud samples,

we also checked for unhatched propagules. At the end

of the experiment, the content of each aquarium was

filtered (64 lm) and dissected under a stereo micro-

scope. All discernible invertebrate propagules were

isolated, identified and counted, using literature where

available (Cladocera: Flößner, 2000; Vandekerckhove

et al., 2004; Turbellaria: E. R. M. De Roeck, pers. comm.;

large branchiopods: Thiéry & Gasc, 1991; Copepoda:

Dussart & Defaye, 1995). We only included propagules

in our analysis that were deemed viable: anostracan

and spinicaudatan eggs when a clear embryo popped

out when squeezed (method cf. Brendonck & Riddoch,

2000); cladoceran ephippia when they contained intact

eggs without external signs of degradation. For some

taxa (e.g. bryozoan statoblasts), viability could not be

verified from external structure.

Data analysis

2 · 2 Fisher exact tests in STATISTICASTATISTICA (V8.0; Statsoft

Inc., Tulsa, OK, U.S.A.) were used to investigate

differences in the presence ⁄absence of invertebrates

hatching from faeces and tree mud samples respec-

tively. Due to a high proportion of cells with expected

values below five, chi-squared tests were not applied.

A taxon was considered present when it was found at

least once during the nine sample periods. Non-

parametric Mann–Whitney U-tests were used to

compare differences in invertebrate richness between

tree mud and faecal samples as assumptions of

parametric ANOVAANOVA were unfulfilled.

Distances between sampling locations and the edge

of the nearest waterbody (nearest potential dispersal

source) were calculated using GIS software (ARCGISARCGIS

8.1; ESRI, 2002). This measure hence corresponds to

the minimum dispersal distance. Relationships

between taxon richness of organisms present in tree

mud and this estimated dispersal distance were

investigated via linear regression models in STATIS-STATIS-

TICATICA (V8.0; Statsoft Inc., Tulsa, OK, U.S.A.). This

analysis could not be performed for richness of

organisms hatching from faecal samples due to the

limited number of sample locations (n = 6) and the

limited variation in dispersal distance of faeces

samples. Furthermore, all faeces collection sites were

<30 m from the nearest pool, which is negligible

compared with the daily migration distances of wild

boar (2–15 km day)1; Mauget et al., 1984). Dispersal

distances were log transformed in order to comply

with the model assumption of a normal error distri-

bution. The relationship between the total number of

dispersers (hatched organisms + unhatched propa-

gules) and dispersal distance was investigated using

regression analysis. This relationship was analysed

using the GENMODGENMOD procedure in SASSAS (V9.1, SAS

Institute Inc., Cary, NC, U.S.A.), while specifying a log

link function and a negative binomial error distribu-

tion due to the nature of the response variable

analysed (count data with a dispersion much greater

than expected for a Poisson distribution, see Bliss &

Fisher, 1953; Crawley, 1993). The relationship between

the number of dispersers and dispersal distance was

plotted and the resulting dispersal kernel fitted by a

negative power function. Only macrozooplankton

was included in this analysis as the high reproduction

rates of microzooplankton (rotifers and ‘Protozoa’)
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potentially made measured abundances of these taxa

unreliable. Due to very low numbers of macrozoo-

plankters in the faecal samples, this analysis could

only be performed for tree mud samples.

We decided to use absolute counts rather than

propagule densities in the analyses as these are more

relevant to reconstruct spatial dispersal patterns.

Explorative regression analyses also indicated that

there was no significant relationship (P > 0.05) be-

tween sample weight (g) and richness and total

number of organisms (hatchlings and unhatched

propagules) in each sample or between sample weight

and distance to the nearest wetland.

Results

Many different freshwater invertebrates hatched both

from mud samples collected from rubbing trees and

from dried wild boar faeces (Table 1, Fig. 2). The total

number of taxa that hatched from tree mud (17 taxa)

was higher than from faeces (10 taxa). Microzooplank-

ton composition of faeces and tree mud samples was

highly similar and included five rotifer taxa as well as

several types of unidentified ‘Protozoa’. More macro-

zooplankton taxa hatched from tree mud (11) than from

faeces (4), mainly because of the higher diversity of

cladocerans hatching from these samples (6 versus 1).

Rotifers were recorded in the highest proportion of

samples, occurring in 86% of faeces and 91% of tree

mud samples (Table 1, Fig. 3), although this difference

was not significant (P = 0.99). Ostracods were more

frequently recorded in tree mud samples (90%) than in

faeces samples (7%) (P < 0.001). No significant differ-

ences were found between the presence of copepods

(51% versus 14%; P = 0.68), Cladocera (45% versus

7%; P = 0.06), Turbellaria (43% versus 27%; P = 0.07)

or Nematoda (45% versus 86%; P = 0.08) hatching

from tree mud versus faeces, respectively.

Dissection of incubated tree mud samples after the

hatching experiment revealed unhatched propagules

from five additional taxa including dormant eggs of

large branchiopods: Phallocryptus spinosa and an

unidentified spinicaudatan (white spheroid eggs

of ± 100 lm) as well as ephippia from three large

cladoceran species: Daphnia magna, Daphnia curvirostris

and Simocephalus vetulus (Table 2). No additional

invertebrate propagules were found in faecal samples

except for a single bryozoan statoblast. Taking into

account unhatched propagules, 24 invertebrate taxa

were present in tree mud, while a total of 11 taxa were

found in wild boar faeces.

We found a significant negative relation (b = )0.69,

P = 0.02, r2 = 0.47) between the overall taxon richness

of hatched invertebrates and dispersal distance

(Fig. 4). Abundance of macrozooplankters hatching

Table 1 List of invertebrates that hatched from mud samples

from wild boar faeces and rubbing trees

Taxa

Prevalence

No.

hatchlings

%

samples

Faeces samples

Cladocera Alona guttata

(Sars, 1862)

1 7

Ostracoda sp. 5 7

Copepoda Calanoida sp.

(nauplius)

1 7

Calanoida sp. 1 7

Rotifera Bdelloidea sp. + 43

Brachionus sp. + 14

Conochilus sp. + 36

Lepadella sp. + 50

Lecane sp. + 29

Turbellaria sp. 79 36

‘Protozoa’ sp. + 43

Rubbing tree samples

Cladocera Pleuroxus aduncus

(Jurine, 1820)

3 9

Macrothrix hirsuticornis

(Norman and

Brady, 1867)

4 18

Ceriodaphnia dubia

(Richard, 1894)

1 9

Alona rectangula

(Sars, 1862)

2 18

Chydorus sphaericus

(O.F. Müller, 1776)

6 9

Oxyurella tenuicaudis

(Sars, 1862)

3 9

Ostracoda sp. 178 73

Copepoda Calanoida sp.

(nauplius)

14 45

Rotifera Bdelloidea sp. + 64

Brachionus sp. + 73

Conochilus sp. + 27

Lepadella sp. + 36

Lecane sp. + 45

Turbellaria sp. 5 27

Nematoda sp. 3 27

Tardigrada sp. 17 18

‘Protozoa’ sp. + 36

Both the total number of hatchlings and the percentage of

samples from which each taxon hatched (prevalence) are pre-

sented. Taxa from which the number of hatchlings could not be

reliably quantified are indicated by +.
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from tree mud samples (Fig. 5) significantly decreased

with dispersal distance (generalized linear regression

models: Wald stat. = )1.76, P = 0.048).

Discussion

Many different freshwater invertebrates were shown

to be present in both wild boar faeces and mud

samples from rubbing trees, supporting the potential

of wild boar as a dispersal vector. Wild boar are known

to disperse terrestrial plants, as viable seeds have been

recovered from faeces (Gimeno & Vilà, 2002) and

rubbing trees (Heinken et al., 2006). We have shown

here that they can also transport animal propagules.

This is the first published study, which provides direct

evidence for the feasibility of large mammals as

dispersal vectors of freshwater invertebrates.

Relative importance of ecto- versus endozoochory

Despite the fact that several studies have reported

ecto- and endozoochoric transport of freshwater

invertebrates by a number of animal vectors
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(reviewed by Bilton, Freeland & Okamura, 2001;

Figuerola & Green, 2002), the relative importance of

both dispersal types for various types of propagules

and for different vector animals remains largely

unknown. Our study demonstrates the feasibility of

both ecto- and endoozoochory. Particularly macro-

zooplankton taxa (Cladocera, Ostracoda and Cope-

poda) were more frequently found in tree mud than

faeces samples (Fig. 3). Control of incubated tree mud

and faeces samples confirmed that this discrepancy

was not caused by differential hatching success as the

number of unhatched propagules and taxa was also

higher in tree mud samples. The fact that both the

abundance (87 versus 236 propagules) and diversity

(11 versus 17 taxa) of aquatic organisms hatching from

tree mud were higher suggests that ectozoochoric

dispersal may be the more important transport mode.

A number of arguments support the idea of a higher

potential for ectozoochoric than for endozoochoric

dispersal. First of all ingested propagules generally

suffer additional mortality from the acid environment

and activity of proteolytic enzymes associated with the

gut of the animal vector (Charalambidou & Santamarı́a,

2002). Moreover, the quantity of dormant propagules

accidentally ingested by wild boar during feeding or

drinking may be negligible in comparison with those

that can be attached to the fur after wallowing given the

relatively large body surface area (1–2 m2; Kelley et al.,

1973). Finally, the fact that many large mammals such

as wild boar repeatedly visit waterbodies to wallow or

feed may be especially beneficial for ectozoochoric

dispersal if renewed contact with water facilitates the

detachment of propagules attached to the coat or the

feet of the vector animal. In many cases, endozoochoric

dispersal will be highly dependent on feeding prefer-

ence and behaviour of the vector animals. For example,

in the Camargue, bulbs and roots of aquatic plants are

only part (26%) of a wild boar’s diet, which is variable

throughout the season (Dardaillon, 1987). Endozooch-

oric dispersal of freshwater invertebrates may therefore

be limited to periods when boar feed on the under-

ground parts of aquatic vegetation which, in the

Camargue, is mainly from late autumn to early summer

with a maximum in winter (Dardaillon, 1987). As our

samples were taken in spring, endozoochoric dispersal

rates in this study were probably underestimated.

Table 2 List of unhatched invertebrate propagules present in

mud samples from wild boar faeces and rubbing trees

Taxa

Prevalence

No.

propagules

%

samples

Faeces samples

Bryozoa Plumatella sp. 1 7

Rubbing tree samples

Anostraca Phallocryptus spinosa

(Milne-Edwards, 1840)

4 27

Spinicaudata sp. 2 18

Cladocera Daphnia magna

(Straus, 1820)

2 18

Daphnia curvirostris

(Eylmann, 1878)

2 18

Ceriodaphnia sp. 4 18

Simocephalus vetulus

(O.F. Müller, 1776)

5 9

Alona sp. 1 27

Chydoridae sp. 3 27

Turbellaria sp. 24 27

Bryozoa sp. 1 9
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(log scale). The linear regression (linear fit) shows the relation-

ship between the taxon richness and dispersal distance.
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Further research will be required to provide con-

clusive evidence on this matter as both transport

modes are affected by a number of complicating

factors which currently remain unexplored. Direct

measurements of propagule loads (faeces and integ-

ument) of individual vector animals, integrating

seasonal variation, will be required to enable a

detailed quantitative comparison of both dispersal

modes.

Dispersal distances and scale

Passive dispersal rates typically decrease with dis-

tance to a point source as propagules are gradually

distributed over wider areas resulting in lower

densities at greater distances. In our study, both taxon

richness and abundance of invertebrates that hatched

from tree mud samples significantly decreased with

distance to nearest potential source populations. A

lower diversity of dispersing propagules at greater

distances may result from lower propagule densities

and hence reduced numerical chance that they belong

to different species (rarefaction; Magurran, 2004).

Such a pattern could also result from variation in

dispersal ability (attachment success) among taxa. In

this study, however, the limited number of propa-

gules collected for most taxa did not allow reliable

comparison of dispersal kernels. In plants, numerous

morphological adaptations of seeds and fruits includ-

ing spines and hooks have been considered to facil-

itate ectozoochorous dispersal (reviewed in Stiles,

2000). To date, similar structures have rarely been

found on zooplankton propagules. Exceptionally,

some anostracan eggs (Timms, Shepard & Hill, 2004)

and bryozoan statoblasts (Bilton et al., 2001) are

equipped with hooks which may serve the same

purpose. However, similar structures were not found

in any of the propagule types in this study.

Our observations confirm that wild boar can carry

relatively large amounts of aquatic organisms in their

coats and that propagules can at least be carried up to

318 m. For such high dispersal potential to translate

into effective dispersal and eventual colonization, boar

should frequently visit wetlands. Previous research has

shown that wild boar of the Camargue indeed wallow

at least on a daily basis (Dardaillon, 1986). Wild boar

have a daily zone of activity of between 20 and 150 ha

and often travel daily distances between 2 and 15 km

(Mauget et al., 1984). One animal in Kampinos National

Park in Poland has been reported to move over 250 km

(Andrzejewski & Jezierski, 1978). As a result, the spatial

scale of wild boar migrations combined with the long-

term viability of many invertebrate resting stages

(reviewed by Brendonck & De Meester, 2003) support

the idea of frequent dispersal on local scales as well as

the possibility of occasional long distance dispersal. At

larger scales, dispersal via migratory water birds is

probably more important (Green & Figuerola, 2005).

Implications for metacommunity structure of freshwater

invertebrates

Considering the relatively high number of wild boar

(60–80) on our study site and the limited scale of our

study, the relatively large numbers and high diversity

of viable propagules found indicate that dispersal of

aquatic invertebrates mediated by wild boar probably

often leads to exchange of species and genotypes

among wetlands. Indeed, a recent study of inverte-

brate community structure in the temporary wetlands

on the study site concluded that dispersal was

probably not limiting as community structure was

strongly structured by local and not by regional

factors (Waterkeyn et al., 2008). Besides transport by

wild boar, local dispersal dynamics and species

sorting processes (Holyoak et al., 2005) are probably

also mediated by the joint effects of a number of

dispersal vectors including wind (Vanschoenwinkel

et al., 2008), temporary water connections (Hulsmans

et al., 2007) and water birds (Figuerola & Green, 2002),

as shown in other places. Compared with these

other vectors, the importance of mammal-mediated

dispersal may be limited.

On a global scale, pools, ponds and wetlands in

general attract significant numbers of large mammals

for drinking, feeding or wallowing that may eventu-

ally result in dispersal of a diverse group of freshwa-

ter invertebrates inhabiting these aquatic systems. The

broad distribution of the Suidae in general suggests

that this process is most probably not limited to our

study site. Wild pigs and their relatives (warthogs and

babyrussas) are found all over the Old World, while

feral pigs and wild boar · feral pig hybrids roam over

large parts of North America (Wood & Barrett, 1979)

and Australia (Clarke et al., 2000). Worldwide many

other large mammals also frequently indulge in

wallowing, including bison (Mc Millan, Cottam &

Kaufman, 2000; Trager, Wilson & Hartnett, 2004),
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elephant (Stoinski, Daniel & Maple, 2000), buffalo

(Minett, 1947), rhino (Neiffer, Klein & Wallace-Swital-

ski, 2001) and many species of deer (Miura, 1985). In

the New World, wallows are used by peccaries and

armadillos (Gascon & Zimmerman, 1998). Although

no data are available, it is likely that these mammals

also transport freshwater invertebrates and may play

a significant role as passive dispersal vectors of

aquatic organisms.
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Thiéry A. & Gasc C. (1991) Resting eggs of Anostraca,

Notostraca and Spinicaudata (Crustacea, Branchio-

poda) occurring in France: identification and taxo-

nomoical value. Hydrobiologia, 212, 245–259.

Timms B., Shepard W.D. & Hill R.E. (2004) Cyst shell

morphology of fairy shrimps (Crustacea: Anostraca) of

Australia. Proceedings of the Linnean Society of New South

Wales, 125, 73–95.

Trager M.D., Wilson G.W.T. & Hartnett D.C. (2004)

Concurrent effects of fire regime, grazing and bison

wallowing on tallgrass prairie vegetation. American

Midland Naturalist, 152, 237–247.

Vandekerckhove J., Declerck S., Maarten V., Brendonck

L., Jeppesen E., Conde Porcuna J.M. & De Meester L.

(2004) Use of ephippial morphology to assess richness

of anomopods: potentials and pitfalls. Journal of Lim-

nology, 63, 75–84.

Vanschoenwinkel B., Gielen S., Seaman M. & Brendonck L.

(2008) Any way the wind blows – frequent wind

dispersal drives species sorting in ephemeral aquatic

communities. Oikos, 117, 125–134.

Waterkeyn A., Grillas P., Vanschoenwinkel B. & Bren-

donck L. (2008) Invertebrate community patterns in

Mediterranean temporary wetlands along hydroperiod

and salinity gradients. Freshwater Biology, doi:10.1111/

j.1365-2427.2008.02005.x.

Wood C.W. & Barrett R. (1979) Status of wild pigs in the

United States. Wildlife Society Bulletin, 7, 237–246.

(Manuscript accepted 3 June 2008)

Invertebrate dispersal by large terrestrial mammals 2273

� 2008 The Authors, Journal compilation � 2008 Blackwell Publishing Ltd, Freshwater Biology, 53, 2264–2273


