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ABSTRACT

1. Several human activities, such as actions for nature conservation, research and recreational activities, are
closely associated with inland aquatic habitats that are usually considered as isolated island habitats. In this
study, the possibility of unintentional dispersal of aquatic invertebrates among water bodies via footwear and
motor vehicles was investigated.
2. Mud samples collected from boots and from the tyres and wheel cases of cars used for field work by

biologists (Camargue, Southern France) were hatched under laboratory conditions and also checked for the
presence of unhatched propagules. A large number of organisms hatched and invertebrate propagules from a
wide range of taxa were encountered (including Artemia, freshwater large branchiopods, Cladocera, Ostracoda,
Rotifera, Turbellaria, Nematoda, etc.). The results also demonstrated that different research groups tend to
transport the aquatic invertebrates typical for their respective study systems.
3. Human dispersal of aquatic invertebrates has been studied mainly on large continental scales, such as in the

case of transoceanic transport via ballast water in ships. This study provides evidence that dispersal via footwear
and motor vehicles may result in frequent dispersal of aquatic invertebrates on a local scale, and we presume also
occasionally over longer distances. Given the rapid spread of invasive zooplankton species (e.g. Artemia
franciscana encountered in this study), we promote caution and recommend cleaning before transport of any
equipment which comes in contact with water or aquatic sediment. Copyright r 2010 John Wiley & Sons, Ltd.
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INTRODUCTION

Most aquatic invertebrates are able to survive outside water at
least for a limited period. In fact, many of them produce highly

resistant life stages, such as resting eggs or cryptobiotic life
stages, capable of surviving extended periods of drought,
sometimes lasting up to several decades (Brendonck and De

Meester, 2003). Besides enabling species to bridge periods of
unfavourable environmental conditions, these life stages
also dominantly contribute to passive overland dispersal
(Panov et al., 2004; Panov and Cáceres, 2007). Main natural

vectors known to mediate passive dispersal of aquatic
invertebrates are waterfowl (Green and Figuerola, 2005),

wind (Vanschoenwinkel et al., 2008a), amphibians (Bohonak
and Whiteman, 1999), aquatic insects (Van de Meutter

et al., 2008), mammals (Vanschoenwinkel et al., 2008b;
A. Waterkeyn, unpublished data) and water connections
(Michels et al., 2001; Hulsmans et al., 2007). A vector which
is often overlooked is man.

Human-mediated dispersal of seeds is defined as ‘dispersal
directly by humans, on their clothes or by human-associated
vectors, including all means of transport, pets and livestock,

human equipment and food’ (Wichmann et al., 2008). Previous
research on human dispersal of aquatic invertebrates has
focused primarily on the importance of ship-mediated vectors

(such as hull fouling, ballast water and sediments), boating,
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angling and aquarium trade, since these are regarded as
principal pathways for unintentional introductions of aquatic
organisms worldwide (Ruiz et al., 2000; Havel and Shurin,

2004; Bailey et al., 2005; Panov and Cáceres, 2007). Still, a
number of other human activities closely associated with
inland aquatic systems are overlooked, such as management

and maintenance of ponds, lakes, ditches and streams,
recreational activities in and around water bodies (hiking,
swimming, etc.), and research. Many aquatic habitats are

indeed visited repeatedly by scientists for environmental
monitoring and sampling of communities. The impact of
these human activities on the dispersal of aquatic invertebrates
has, to our knowledge, not yet been considered in literature.

Many wetland areas around the world are threatened or
have already been destroyed (Gibbs, 2000; Zedler and Kercher,
2005; Dahl, 2006; van der Valk, 2006) and a number of them

are monitored intensively for conservation purposes, are
restored or even reconstructed. Since wetland areas also
allow for social and economic activities (agriculture,

extensive grazing, fisheries, leisure activities, etc.), humans
have been using these areas quite intensively. The Rhône delta
(Camargue) in Southern France consists of a 145 000 ha

wetland area. Despite its status as a relatively pristine
conservation area (Ramsar site, Man and Biosphere reserve
and ‘Parc naturel régional de Camargue’), there is ample
human activity due to water-dependent agricultural practices

(rice fields), cattle farming, and hunting. The area is also
intensively managed and monitored for scientific and
conservation purposes. We hypothesized that human

activities in the area might affect dispersal dynamics of
freshwater invertebrates via footwear and motor vehicles. In
order to test this hypothesis, mud samples were collected both

from the soles of wading boots as well as from the tyres and
wheel cases of cars which are used for field work by biologists
in the Camargue wetland area. Human dispersal of seeds was

studied quite intensively using this method (Clifford, 1956;
1985; Schmidt, 1989; Londsdale and Lane, 1994; von der Lippe
and Kowarik, 2007; Wichmann et al., 2008); however, no
comparable research is available for aquatic invertebrates.

METHODS

Study site

The samples were taken in Tour du Valat, a research station

dedicated to the study of Mediterranean wetlands situated in
the heart of the Camargue. The Tour du Valat estate covers
more than 2600 ha of natural habitats characteristic of the

Camargue, including many wetlands (ca 60). A team of
approximately 30 researchers conducts fieldwork in and
around the estate and many of them frequently come in
contact with aquatic systems, such as wetlands, marshes,

lagoons, ditches and canals, and their dormant propagule
banks. A more detailed description of the site is given in
Waterkeyn et al. (2008).

Sampling design

In the period October–December 2008, mud samples were
collected from the soles of boots and wading suits (used during

fieldwork) of 25 staff members of Tour du Valat. Different

research groups were considered: the ornithologists studying
flamingos (mostly working in and around salt pans; n5 5), the
botanists (studying aquatic as well as terrestrial vegetation;

n5 6), the temporary pond research group (working in and
around freshwater and brackish temporary ponds; n5 4), the
ichthyologists (working mostly in permanent lakes, rivers and

ditches; n5 6) and the estate rangers (n5 4). From each pair, the
sole (main surface and sides) of one boot were carefully cleaned
using spatulas and fine brushes. All instruments were cleaned in

between samples to avoid contamination. Afterwards, samples
were dried and transferred into individual plastic ziplock bags.

In addition, samples of dried mud were collected from nine
cars, used by staff on the roads of the estate and in the

surrounding wetland areas. From each car, one tyre and its
wheel case (space of the car’s bodywork in which the wheel is
placed) were sampled using spatulas and brushes. Sediment

samples from the tyre and wheel case of each car were
afterwards pooled and studied together. Since the boots and
cars are only cleaned sporadically, it is likely that the sampled

mud resulted from several field trips.

Sample processing

All samples were dried and stored for 3–4 months in the dark
at room temperature and processed in the laboratory in March

2009. After weighing, individual samples were transferred to
1.5 L aquaria. Sediment samples exceeding 300 g were divided
over two aquaria in order to ensure maximum exposure to

hatching stimuli of all propagules present. The aquaria were
filled with EPA medium (Anonymous, 1985; conductivity
20 mS cm-1) and incubated at 201C. Salinity of the EPA
medium was increased to 1000mg L�1 by adding sea salt

acquired from local salt works in the Camargue (Salins de
Giraud). These conditions have been shown to be suitable for
hatching zooplankton from Camargue freshwater wetlands

(A. Waterkeyn, unpubl. data). For more saline systems, the
salts present in the sediment generate the right conductivities
for hatching, as observed in previous experiments

(A. Waterkeyn, pers. obs.). The aquaria were subjected to a
14 h light/10 h dark regime. A small inoculum (ca 20million
cells per aquarium) of the green algae Scenedesmus obliquus
(Turpin) Kützing 1833 was added as food for hatching

organisms immediately after inundation and on the second
day of the experiment. During the entire experiment, each
aquarium was covered by a lid and supplied with filtered air

through individual tubes. To avoid contamination in the
laboratory, all equipment was meticulously disinfected with
alcohol before the experiment. Three control aquaria were set

up to test for contamination in the incubators.
All aquaria were sampled on eight successive occasions: 3,

7, 11, 15, 19, 23, 27 and 31 days after inundation. During each

sampling, conductivity (mS cm�1) of the medium was
measured. Next, the medium of each aquarium was carefully
decanted and filtered over a 64 mm filter. Hatched organisms
were isolated, identified and counted under a stereo

microscope (Olympus 12; Olympus Optical Co. Ltd., Tokyo,
Japan) and stored in 70% ethanol. Organisms smaller than
300 mm were examined in greater detail under a higher

resolution microscope (Reichert-Jung Polyvar MET;
Reichter-Jung Polyvar, Vienna, Austria). All hatched
organisms were identified using available literature (for large

branchiopods: Nourisson and Thiéry, 1988; Defaye et al.,
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1998; for Cladocera: Alonso, 1996; FlöXner, 2000; for
Rotifera: Ruttner-Kolisko, 1974). Large branchiopods and
Cladocera were identified to species level (with exception of

Simocephalus sp. and Ceriodaphnia sp.), Bryozoa and Rotifera
to genus level (with exception of bdelloid rotifers), Copepoda
to order level. Also, the taxa Ostracoda, Turbellaria,

Nematoda, and ‘Protozoa’ were included.
When unhatched invertebrate propagules were encountered

in the filtered samples, they were also isolated, counted and

identified where literature was available (for Cladocera: FlöXner,
2000; Vandekerckhove et al., 2004; for large branchiopods:
Thiéry and Gasc, 1991; Defaye et al., 1998 and for Bryozoa:
Tachet et al., 2000). Only propagules that were deemed viable

were included in our analysis: anostracan and spinicaudatan
resting eggs when a clear embryo popped out when squeezed
(method cf. Brendonck and 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.

Charophyte oospores were also isolated and counted at each
sampling, and germinations of macrophyte seeds were counted
in each aquarium at the end of the experiment.

Data analysis

Prevalences were calculated for each invertebrate taxon as the
percentage of samples in which the taxon was encountered.

A non-parametric Mann–Whitney U-test was used to compare
differences in invertebrate taxon richness and density of
dispersers (total number of hatched and unhatched
propagules g�1 dry mud) between boot and car tyre samples

since assumptions of parametric ANOVA were unfulfilled
(Statistica 8.0) (Statsoft, 2007). Differences in dispersing
propagule density and richness between samples originating

from footwear of different research groups were investigated
using Kruskall-Wallis ANOVA.

RESULTS

During one month of inundation a total of 1338 (hatched and
viable unhatched) invertebrate propagules were encountered in

the 25 boot samples (on average 557119 propagules per
sample), compared with 289 propagules in the nine car tyre
samples (on average 33760 propagules per sample), not

including the uncounted rotifers and protozoans. No
hatchlings were observed in any of the control samples.
Sampled boots had on average 38 g (ranging from 1 to 177 g)

of (dry) mud attached, while samples from car tyres and
corresponding wheel cases weighed on average 138 g (ranging
from 18 to 464 g).

A total of 20 different invertebrate taxa were encountered in
mud attached to boots and motor vehicles (Tables 1 and 2). All
(34) samples, except one, contained at least one invertebrate
taxon. A maximum invertebrate richness of 10 taxa occurred

in one of the boot samples. Average taxon richness per sample
did not differ significantly between boots and car tyres
(U5 111.50; P5 0.984; average of three species per sample),

while propagule density was significantly higher in boot
samples (U5 60.50; P5 0.044). In the boot samples, a total
of 18 taxa were found, including protozoans (present in 88%

of the samples), Artemia sp. (44%), ostracods (40%), rotifers

(28%), cladocerans (20%), freshwater large branchiopods
(12%), bryozoans (8%), turbellarians (4%), and nematodes
(4%) (Tables 1 and 2; Figure 1). In the car tyre samples a total

of nine different taxa occurred, including protozoans (present
in 89% of the samples), ostracods (67%), Artemia sp. (44%),
freshwater large branchiopods (22%), rotifers (20%), and

cladocerans (11%) (Tables 1 and 2; Figure 1). Both in boot
and car tyre samples, Artemia sp. and ostracods were by far the
most abundant taxa, while protozoans and ostracods were the
most prevalent ones (Tables 1 and 2). Based on 20 Artemia

individuals that were grown to maturity, the presence of
invasive Artemia franciscana together with the native
A. parthenogenetica in the samples (18 vs 2, respectively) was

Table 1. List of invertebrates that hatched from mud samples from
boots (n5 25) and car tyres (n5 9). Both the total number of
hatchlings and the percentage of samples from which each taxon
hatched (prevalence) are presented. Taxa from which the number of
hatchlings could not be reliably quantified are indicated by1

Taxa Number of
hatchlings

Prevalence
(%)

Boot samples
Anostraca Artemia sp. 1073 20
Spinicaudata Imnadia yeyetta 3 8
Cladocera Daphnia magna 5 4

Ceriodaphnia sp. 2 4
Macrothrix hirsuticornis 1 4
Pleuroxus letourneuxi 4 12

Ostracoda sp. 85 40
Rotifera Branchionus sp. 1 12

Hexarthra sp. 1 4
Euchlanis sp. 1 4
Bdelloidea 1 16

Turbellaria sp. 2 4
Nematoda sp. 2 4
‘Protozoa’ sp. 1 88

Car tyre samples
Anostraca Artemia sp. 151 11

Branchipus schaefferi 1 11
Ostracoda sp. 106 67
Rotifera Brachionus sp. 1 11

Euchlanis sp. 1 11
Bdelloidea 1 11

‘Protozoa’ sp. 1 89

Table 2. List of unhatched, viable invertebrate propagules present in
mud samples from boots and car tyres. Both the total number of
propagules and the percentage of samples in which each taxon was
found (prevalence) are presented. (�2) indicates when propagules
(Daphnia ephippia) contain two viable embryos

Taxa Number of
propagules

Prevalence
(%)

Boot samples
Anostraca Artemia sp. 123 40

Tanymastix stagnalis 2 4
Spinicaudata Imnadia yeyetta 6 4
Cladocera Daphnia magna 10 (�2) 8

Simocephalus sp. 9 8
Ceriodaphnia sp. 1 4
Alona rectangula 3 12

Bryozoa Plumatella sp. 7 8

Car tyre samples
Anostraca Artemia sp. 24 44
Spinicaudata Imnadia yeyetta 1 11
Cladocera Daphnia curvirostris 6 (�2) 11

A. WATERKEYN ET AL.582

Copyright r 2010 John Wiley & Sons, Ltd. Aquatic Conserv: Mar. Freshw. Ecosyst. 20: 580–587 (2010)



confirmed. In addition to these invertebrates, 40 aquatic
macrophyte germinations were observed and four charophyte

oospores were recovered from samples.
Invertebrate taxon richness in boot samples did not differ

significantly between research groups (H5 2.60; df5 4;

P5 0.630) (Figure 2). Propagule density was significantly
highest in the samples from the flamingo group (H5 13.01;
df5 4; P5 0.011), mostly due to the high density of Artemia
cysts (on average 2957138 per boot) (Figure 2). Most freshwater

large branchiopods occurred in samples from temporary pool
and flamingo research groups. Cladocerans as well as
ostracods were most often transported by the botanists and

ichthyologists. Densities of macrophyte seeds and charophyte
oospores were higher in the botanist group samples, but were
also recovered in the samples from all other groups, except the

flamingo research group. In the car tyre samples, all
aforementioned invertebrate groups were encountered, but
often in smaller densities than in the boot samples.

DISCUSSION

Dispersal potential

Large numbers of propagules of up to 20 different taxa of

aquatic invertebrates were present in mud samples obtained
from boots and cars of field biologists in the Camargue,
indicating that human dispersal may be an important process

in connecting wetland habitats. Although dispersal of plant
seeds via footwear and cars is relatively well studied (Clifford,
1956; 1985; Schmidt, 1989; Londsdale and Lane, 1994; von der

Lippe and Kowarik, 2007; Wichmann et al., 2008), this has not
been true for aquatic invertebrate propagules. Many other,
more ‘natural’, vectors for aquatic invertebrates have already
been put forward, including wind (Vanschoenwinkel et al.,

2008a), water connections (Michels et al., 2001; Hulsmans
et al., 2007), waterfowl (Green and Figuerola, 2005),
amphibians (Bohonak and Whiteman, 1999), aquatic insects

(Van de Meutter et al., 2008), crayfish (Moore and Faust,
1972), semi-aquatic mammals (Peck, 1975; A. Waterkeyn,
unpublished data) and large terrestrial mammals

(Vanschoenwinkel et al., 2008b). This study provides direct

evidence for the feasibility of dispersal of aquatic invertebrates
via footwear and motor vehicles.

Resistant invertebrate propagules can easily be transported

when trapped in mud adhering to the coats of mud-wallowing
animals (Vanschoenwinkel et al., 2008b) and the same is likely
to be true when sticking to footwear or cars. As shown in this

study, individual boots could carry up to 177 g of dry mud,
holding on average 55 propagules of three different taxa,
whereas up to 464 g of mud could be recovered from car tyres

and their respective wheel cases, containing on average 33
propagules of three different taxa. Although taxon richness of
invertebrate propagules did not differ between boot and car
tyre samples, propagule density in the latter was significantly

lower. This was not unexpected, since boots of field biologists
frequently come into direct contact with dormant propagule
banks in aquatic systems, while field cars generally stay on

paved and dirt roads. Nevertheless, cars can transport quite
high propagule loads when dirt roads become flooded during
periods of high rainfall, as is frequently the case in the

Camargue, or more generally in wetland areas.
The results of this study also demonstrated that research

groups tend to transport the aquatic invertebrates typically

present in their respective study systems. The flamingo
research group, for example, frequently comes in contact
with salt pans and their brine shrimp (Artemia sp.) populations
(Johnson, 1997), the most important food resource of the

greater flamingo (MacDonald, 1980). Individual flamingo
team boots carried up to 460 Artemia cysts. The only car
sample that contained elevated numbers of Artemia cysts (157)

was also used by the flamingo team. The boots of the other
research groups carried much lower propagule loads; on
average eight propagules per boot. Temporary pond

researchers dispersed mostly freshwater large branchiopods,
typical inhabitants of these systems (Waterkeyn et al., 2009).
In mud samples from botanists’ boots most aquatic

macrophytes and charophytes were encountered. The
ichthyologists, who mainly work in permanent aquatic
systems (lakes, lagoons and canals), transported mostly
ostracods and cladocerans. The estate rangers, who are not

studying a specific water body type, carried quite diverse, but
much lower propagule loads. Rangers usually walk in the
occasionally flooded marshes where propagule densities are

probably lower. In addition to the mainly research related
groups that were considered in this study, hunting (mostly
waterfowl and wild boar) is another human activity involving

many more boots and cars than scientific activities in the
Camargue (ca 6500 hunters; Tamisier and Dehorter, 1999) and
consequently constitutes an activity with a high human
dispersal potential.

Since this study only looked at propagule loads of
intercepted human-related vectors, we can only speculate
about dispersal distances. It is also important to note that for

such high dispersal potential to translate into effective
dispersal and eventually colonization, footwear and car tyres
should frequently come in contact with water to loosen up the

mud and release the propagules in a suitable environment. This
is probably regularly the case for field biologists in Tour du
Valat. Dispersal via footwear may thus play an important role

on a local scale. Currently the feasibility of dispersal of
freshwater invertebrates over different distances via footwear
is being investigated experimentally (B. Vanschoenwinkel and
A. Waterkeyn, unpublished data). Since cars can cover large

Figure 1. Cumulative taxon richness of hatched invertebrates from
boot and car tyre samples.
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distances in short periods of time, it is likely that propagules

trapped in mud attached to vehicles can be transported over
much larger scales (long-distance dispersal), as was
demonstrated for plant seeds (von der Lippe and Kowarik,
2007). However, since cars rarely come in contact with water

or sediment containing aquatic invertebrate propagules, this
mode of dispersal may be much more occasional. When both
types of transport are combined (e.g. secondary transport of

muddy boots by car) even larger distances can be covered.

Therefore, we argue that management, research, hunting and
other recreational activities in wetland areas may result in
dispersal of aquatic invertebrates mostly on a local scale, and
we presume also occasionally over longer distances.

When compared with the data from an invertebrate field
survey in 30 temporary wetlands of Tour du Valat (Waterkeyn
et al., 2008; 2009), 50% of the crustacean taxa found in the field

Figure 2. Total density of propagules (hatched and unhatched) (number g-1), total invertebrate taxon richness as well as propagule densities of
different taxonomic groups encountered in the boot samples of different research groups and tyres of field cars.
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were shown to be transported by humans and their motor
vehicles. Artemia sp. was the only species not reported during
the field survey, which is not surprising since only freshwater

wetlands were considered. Although copepods were very
abundant in the field, they were not encountered in our
samples. However, we think that this is a bias of the hatching

method used; it is, for example, possible that the hatching
conditions were not optimal for copepods. Since resting eggs of
copepods are very small and lack recognizable characteristics,

they were probably missed when sorting through the unhatched
propagules. Consequently, this result does not mean that
copepods cannot be dispersed by footwear or cars. No taxa
from outside the Camargue were encountered in the samples,

which suggests that the studied transport was rather local.

Implications for invertebrate metacommunities

Many aquatic invertebrates occur in habitats that are
inherently isolated, apparently closed systems in a matrix of

inhospitable land (Bilton et al., 2001; Allen, 2007). In a
metacommunity context, dispersal is a crucial process for
maintaining species and genetic diversity and colonizing new

habitats (Bullock et al., 2002; Bohonak and Jenkins, 2003;
Clobert et al., 2004). Considering the relatively high number of
permanent field biologists (ca 20) and visitors (between 600 and

1000 annually) in the Tour du Valat estate (D. Cohez, unpubl.
data) and the limited scale of this study, the relatively high
numbers and diversity of viable propagules encountered

indicate that dispersal of aquatic invertebrates by footwear
and vehicles probably is frequent and can lead to exchange of
species and genotypes among wetlands. A recent study of
invertebrate community structure in the temporary wetlands on

the study site revealed patterns which were suggestive of
unlimited dispersal (Waterkeyn et al., 2008; 2009). Besides
human-mediated transport, other dispersal vectors include

terrestrial and aquatic mammals (Vanschoenwinkel et al.,
2008b; Waterkeyn A., unpublished data) and waterfowl
(Brochet et al., 2010), as shown on the same site. In the Tour

du Valat estate, for example, cattle herds of more than 200
individuals are grazing, and drink from the wetlands. Probably
also wind (Vanschoenwinkel et al., 2008a) and temporary water
connections (Hulsmans et al., 2007) could be important, as

revealed in studies on temporary pools in Southern Africa.
Aquatic insects could also be vectors for dispersal (Van de
Meutter et al., 2008; Beladjal and Mertens, 2009).

Continuing habitat fragmentation, climate change
and habitat degradation pose an inherent problem for
metacommunity dynamics, as dispersal among communities is

hindered by increasing isolation and the loss of patches (Bilton
et al., 2001; Allen, 2007). At the same time, human dispersal
often provides additional connectivity between populations

(Bilton et al., 2001). Despite the apparent benefits of dispersal,
even by an ‘unnatural’ vector such as man, there are also risks
involved, such as the introduction of invasive species. The best
documented examples of aquatic invertebrate invasions include

the introduction of the zebra mussel Dreissena polymorpha in
North America and the cercopagids Bytotrephes longimanus and
Cercopagis pengoi in Europe and North America via release of

ballast water (Hebert et al., 1989; Panov et al., 2004). Once
introduced, these species were able to spread quickly via boating
and angling equipment (Jacobs and MacIsaac, 2007). The

movement not only of ballast water, but also ballast sediment,

containing dormant propagules, may pose a risk of introduction
(Bailey et al., 2005). Also, the movement of sediments along
with construction equipment has presumably led to

zooplankton introductions, such as the introduction of
Daphnia exilis in Onondaga Lake (New York, USA) by the
lead-mining machinery (Hairston et al., 1999) and the

introduction of the rotifer Euchlanis phryne in billabongs
downstream of Eildon Dam (Australia) by dam-building
machinery (Koste and Shiel, 1989). However, this study

clearly demonstrates that, besides human dispersal through
shipping, boating, angling, aquarium trade and movement of
construction equipment (reviewed in Havel and Shurin, 2004),
dispersal via footwear and motor vehicles may also play a major

role in the dispersal of aquatic invertebrates. Bothwell et al.
(2009) mentioned the importance of felt-soled waders in
dispersing the exotic diatom Didymosphenia germinata causing

nuisance blooms on Vancouver Island (New Zealand). In this
study we confirm that many other aquatic organisms, including
invasive species, can be transported this way.

In the Camargue, at least 11 invasive aquatic plant species
are encountered frequently, including, for example, the water
primroses Ludwigia peploides and Ludwigia grandiflora, and the

mudplantains Heteranthera reniformis and Heteranthera limosa.
Most of them were voluntarily introduced from the American
continent for aesthetic or agricultural reasons; others were
accidentally imported along with agricultural seeds. As for the

invasive aquatic invertebrates, the North American Artemia
franciscana (introduced for aquarium trade and fish farming) is
known to spread rapidly, outcompeting the native Artemia

parthenogenetica (Amat et al., 2005) in the Camargue salt pans
near Salin de Giraud and Aiges Mortes. Considering the rapid
spread of these exotic species and the rather large number of

seeds and A. franciscana cysts encountered in this study, we
promote caution when moving from one wetland area to
another and recommend thorough cleaning of any equipment

which comes in contact with water or aquatic sediment before
transport. Aquatic biologists and conservationists study aquatic
systems to understand their value and functioning with the
purpose of taking appropriate conservation measures. However,

understanding that we might not only be observers but also
actors (in this case as vectors) is crucial.
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Nourisson M, Thiéry A. 1988. Practical introduction to the
systematics of organisms of French continental waters: 9.
Crustacea Branchiopoda (Anostracés, Notostracés,
Conchostracés). Bulletin mensuel de la société linnéenne de
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