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Highlights

We examined exotic invasive freshwater plant-herbivore interactions.

The studied invasive species were Ludwigia grandiflora and Procambarus clarkii.
Growth rate of L. grandiflora was not affect by the presence/ absence of crayfish.
Highest density of P. clarkii increased the fragmentation rate of L. grandiflora.

The number of crayfish was higher in canals invaded by L. grandiflora.
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Abstract

Exotic invasive species are one of the major threats for aquatic ecosystems. However, the interactions
between exotic plants and exotic herbivores have been little studied, despite their role in invasion
success. Here, we tested how interactions between an invasive plant and an invasive herbivore could
affect their own growth and their colonization abilities in freshwater ecosystems. Ludwigia
grandiflora and Procambarus clarkii, two exotic invasive species which co-occur in some French
wetlands, were used for our laboratory experiment and field survey. Although L. grandiflora was
consumed by crayfish, its growth was not significantly affected by crayfish density. Indeed, the final
living biomass of L. grandiflora was similar to those of controls, despite significant losses induced by
crayfish. Furthermore, L. grandiflora became more fragmented in the presence of a high density of P.
clarkii, which might increase its dispersal abilities. In addition, our field survey revealed that the
abundance of crayfish was higher in a patch invaded by L. grandiflora than in an uninvaded patch.
Thus, the outcome of the interaction between the invasive plant and the invasive crayfish, via its
positive effect on the invasion dynamics of these two species, could have dramatic consequences for

native communities of freshwater ecosystems.
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1. Introduction

International trade has increased the introduction rate of exotic species worldwide. In introduced
areas, exotic species that became invasive (sensu Richardson et al. 2000) interact with native species
through competition or predation relationships, or by changing resource availability and altering
trophic interactions (Chapin et al. 1997). Several hypotheses have addressed the issue of how
interactions may exacerbate or retard the invasion and spread of exotic species (e.g. “Biotic resistance
hypothesis” (Elton 1958), “Invasional Meltdown Hypothesis” (Simberloff and Von Holle 1999), etc.).
Terrestrial ecosystems have received a lot of attention by studies on biological invasions and on
interactions between plant-plant (e.g. Cushman et al. 2011), plant-pollinator (e.g. Molina-Montenegro
et al. 2008) and plant-herbivore (e.g. Wood et al. 2015). In the biological invasion context, studies on
biotic interactions focus on the effect of a single exotic species, and rarely on a more complex system
involving several co-occurring exotic species. Indeed, the interactions between exotic species are
rarely examined (Jackson and Grey, 2013), although the outcomes of the interactions between these
species are crucial for invasion success (Parker et al. 2006).

Here, we studied the interaction between an exotic invasive plant and an exotic invasive
herbivore in a temperate wetland in France. The literature on the interaction between exotic invasive
plants and exotic invasive herbivores in freshwater ecosystems is still scarce, even though biological
invasions are numerous in aquatic ecosystems (Jackson and Grey 2013). For example, it has been
shown that the impact of herbivores on plants was 510 times greater in aquatic ecosystems than in
terrestrial ecosystems, with an average reduction of 40 - 48 % of plant biomass by herbivores in
aquatic ecosystems (Bakker et al. 2016 a; Wood et al. 2016). Furthermore, herbivore effects on plant
communities vary depending on the density of herbivores and whether the species involved were
native or exotic (Bakker et al. 2016 a; Wood et al. 2016); the reduction of plant abundance in
communities was greater in communities with exotic herbivores than with native herbivores (Wood et
al. 2016). Exotic herbivores promote the abundance of co-adapted exotic plants from the same native
range, by negatively affecting native plants (Parker et al. 2006); the abundance of exotic plants was
52% higher in communities grazed by exotic herbivores than in communities grazed by native

herbivores (Parker et al. 2006). Further mechanisms could be implicated in the promotion of exotic
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plant species. Exotic herbivores, via consumption, could open spaces in the native vegetation for
exotic plant species, decrease the competitive abilities of native species, and reduce propagule
production by native plants. Herbivores could also affect native species, via non-consumptive effects
such as bioturbation, uprooting, affecting the nutrient cycle (Bakker et al. 2016 a), or promoting the
spread and colonization abilities of exotic plant species by stem fragmentation and propagule
dispersion. However, little attention has been given to the non-consumptive effects of herbivores on
plants (Bakker et al. 2016 a).

In this study, the outcome of the interaction between an invasive plant and an invasive
herbivore was studied with two exotic species considered as high-risk invasive species: Ludwigia
grandiflora (Michaux) Greuter and Burdet subsp. hexapetala (Onagraceae) (Perennial Water
Primrose) and Procambarus clarkii (Girard, 1852) (Red Swamp Crayfish). Ludwigia grandiflora is a
semi-terrestrial perennial plant native from South America that has invaded many countries in Europe
(Dutartre et al. 2007; Hussner 2009). Ludwigia grandiflora inhabits marshes, swamps, ponds, lakes,
channels and slow-running rivers, as well as wet meadows (Lambert et al. 2010). Occupation of
riverbeds by very dense mono-specific stands of L. grandiflora constitutes a significant threat to native
plants and aquatic fauna (Lambert et al. 2010). Procambarus clarkii, which is native to south-central
United States (Louisiana) and north-eastern Mexico, has been successfully introduced worldwide. Its
feeding strategy is flexible (Jones et al. 2016) as crayfish are omnivores that consume large quantities
of living plant tissues and plant detritus when their favoured animal prey is not available (Hobbs
1993). In the north-west of France, L. grandiflora and P. clarkii have colonized the Briére marshes
(Cucherousset et al. 2006) and Lake Grand-Lieu (Struillou et al. 2006). Field observations of L.
grandiflora consumption by P. clarkii were made in the Briere marshes (Damien et al. 2009). Crayfish
induce consumptive and non-consumptive damage to macrophytes, such as scars, holes, fragmentation
and by uprooting stems (Anastacio et al. 2005; Carreira et al. 2014). In general, crayfish can greatly
reduce the stands of various macrophytes (Gherardi 2007). For example, crayfish affect the abundance
of Cladophora glomerata (Creed 1994) and Potamogeton pectinatus (Feminella and Resh 1989), and
the seedling emergence and establishment of Najas oguraensis and Potamogeton pectinatus (Shin-
ichiro et al. 2009). Furthermore, Gherardi and Acquistapace (2007) found that low or high densities of
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P. clarkii via grazing and non-consumptive plant clipping and uprooting, led to the disappearance of
Nymphoides peltata, Potamogeton filiformis and Potamogeton crispus.

Thus, we studied the growth and fragmentation of L. grandifiora in the presence of different
densities of P. clarkii and observed whether in turn L. grandifiora affected P. clarkii abundance. Here,
stem fragmentation by crayfish is considered as a positive effect that could promote the spread and
colonization abilities of the plant species via the formation and dispersion of propagules.
Consequently, this study could allow us to determine whether these two invasive species are able to
facilitate each other’s growth, spread and colonization in invaded ecosystems. An indirect reciprocal
facilitation of P. clarkii on L. grandiflora could be important in the colonization of new habitats and in
the maintenance of their populations in ecosystems. We addressed this issue by using a mixed

approach of a laboratory experiment and a field survey.

2. Materials and methods
2.1.Laboratory experiment

The study was carried out in a glasshouse in September 2011. Ludwigia grandiflora was
collected in ponds called Apigné (48°05 '41.4" N, 01°44 ' 25.2" W) in Brittany (France), where no
crayfish species had been recorded. Individuals collected were without apparent damage from grazers.
After collection, plants were washed carefully with tap water to remove epiphytes and invertebrates
and stored in containers with tap water for one week at the glasshouse temperature prior to the
experiment. Individuals of P. clarkii were collected in the Briére marshes (47° 23' 39.5" N, 02° 18'
53.3" W) in Brittany, France. Only adult males with a cephalothorax dorsal mid-line (CTL: from the
tip of the rostrum to the carapace posterior portion) of about 40 mm, and lengths ranging from 6.0 to
9.9 cm (Mean + SE: 8.88 £1.3 cm) were selected to avoid sexual and maturity biases. Crayfish were
starved in tap water for one week at the glasshouse temperature prior to the experiment.

14 enclosed containers were set up in the glasshouse exposed to natural light. Each container
was divided into 3 experimental units (EU) with an opaque plastic barrier that was impermeable to
water (L x Wx H: 33 cm x 40 cm x 35 cm) in order to isolate each crayfish treatment. Three crayfish
treatments were investigated: control (without crayfish); one crayfish, and three crayfish. Densities
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were in the range of natural field densities recorded in invaded areas (e.g. around 3.8 ind.m *in a
Spanish floodplain wetland (Angeler et al. 2001); 14 ind.m™* in a Mediterranean Wetland (Scalici and
Gherardi 2007)). Each crayfish was randomly assigned to a treatment, and each treatment was
randomly assigned to an EU. One main stem with ten erect secondary shoots of L. grandiflora was
planted in 5 cm of sand in each EU filled to a depth of 8 cm of tap water (except for two experimental
units that contained 9 secondary shoots instead of 10). The main stem was inserted below the sand and
consequently was not accessible to crayfish while the secondary shoots were above the sand.

There were 14 replicates per treatment. In the glasshouse, the temperature was measured every
half minute with a sensor (HOBO TidbiT Water Temperature Data Logger) (Temperature (Means +
SE): 16.98 + 0.27°C). Chemical composition of the water was analysed before the experiment using
spectrophotometric techniques (WTW kit and Photolab S12) (Means + SE: [NO, ] =0.15 £ 0.02 mg/L;
[NO;] =34.65£2.13 mg/L; [NH, ] = 0.08 £ 0.008 mg/L; [PO,] = 0.02 £0.006 mg /L). The
experiment was a short term experiment (4 days) in order to make comparisons with the literature
(Cronin et al, 2002 ; Anastacio et al 2005; Carreira et al 2014) and because the biomass of the invasive
plant L. grandiflora can double between 11 and 17 days under controlled conditions (Dutartre et al.,
2005). During the 4-day experiment, the water levels in the aquaria were maintained constant.

At the end of the experiment, crayfish had both consumed and destroyed plants. To characterize
the effect of crayfish on L. grandiflora, several traits were studied. We measured the number of cut
shoots and the free leaf biomass found floating in the water column or floating at the water surface in
the aquaria. The cut shoots corresponded to floating fragments cut by crayfish. The free leaf biomass
corresponded only to the leaves cut by the crayfish (cut shoots were not included in the measure of the
free leaf biomass). We also characterized the effect of crayfish on the reproductive and dispersal
capacities of the plant using the measurements of the percentage of apices and the percentage of
damaged leaves on the plant (which corresponded to leaves with damage like scars or holes), as well
as the change in the mean number of buds per shoot. We used the word “apex” for the apical meristem
in order to quantify the effect of crayfish on apical growth of each shoot of the plant, while we used
the word “bud” (size inferior to 0.5 mm) for the lateral buds located at the leaf nodes. The change in

the mean number of buds per shoot was calculated as: [(mean number of buds at the end of the

6



experiment) — (mean number of buds at the beginning of the experiment)]. Then, we calculated the
partial relative growth rate of plant (p)RGR; d'). As biomass data for cut shoots were not available, the
pRGR is derived from the fresh biomass of the living (remaining) plant (= the fresh biomass of the
main stem with the erect secondary shoots and the free leaf biomass). Our formula was based on the
one of Hunt (1990): pRGR = (In(B2)—In(B1))/(T2—T1),where Bl and B2 refer to fresh biomass, at
times 77 and 72 respectively. We assumed that the plant response to crayfish damage could be either
1) an overcompensation (i.e. significant increase of pRGR), 2) a compensation (i.e. no significant
effect on pPRGR), or 3) the absence of compensation (i.e. a significant decrease of pRGR).

2.2.Field survey: assessment of crayfish abundance.

The field study was carried out in the Nézyl marsh, which is located inside the Briére marsh,
and represents about 7000 ha of freshwater marsh located in the estuary of the Loire River in the
north-west of France (47°22° N, 02°11° W). The Bri¢re marsh is composed of a network of
permanently flooded channels within a patchwork of temporary habitats including grazed grasslands,
reed beds and water ponds (Cucherousset et al. 2006). The rainfall regime and water level regulations
inundate the different habitats seasonally, whereas channels are permanently flooded. L. grandiflora
and P. clarkii were respectively introduced into the Briere marsh in 1994 and 1988 and have
progressively colonized different habitats in Briere (Haury and Damien, 2012). In the Nézyl marsh,
when crayfish had not eliminated any native vegetation, the plant communities uninvaded by L.
grandiflora were dominated by emergent species such as Phalaris arundinacea, Iris pseudacorus,
Sparganium erectum, Carex elata, Juncus effusus. Some patches of aquatic plants were present
(Lemna minor, Ranunculus spp., and Callitriche brutia, C. obtusangula, C. stagnalis).

In this experiment, carried out in July 2013, we evaluated the number of crayfish (using the
catch-per-unit-effort (CPUE, individuals.trap~'.24 h™")) in the presence and absence of L. grandiflora
stands in the Nézyl marsh. 48 cylindrical traps, with a side entrance (L x W x H: 50 cm x 30 cm x 25
cm), were placed randomly, at least 2 meters apart in two patches (24 traps per patch) within the
studied channel. One patch was devoid of L. grandiflora or other plant species, and the other patch, at

a distance of about 30 m, was invaded by L. grandiflora. The sex of crayfish was determined and the



cephalothorax length (CTL) of each crayfish was measured in order to evaluate its maturity (Juvenile:
CTL < 3.2cm; Immature: 3.2 < CTL <4 cm and Adult: 4 cm < CTL; Bhattacharya 1967).
2.4 Statistical analysis

Statistical tests were performed using statistical RTM 2.13.0 software. The effect of herbivore
density in the laboratory experiment was tested on the morphological traits of the plant species with a
one way ANOVA and Generalized Linear Models. ANOV A was performed for the pRGR. Normality
of the distribution of residuals for pPRGR was checked by Q-Q plot (“plof” function of the package
“base”). Tukey’s HSD test was applied to observe differences between treatments. An a posteriori
power analysis was performed for pRGR using the “pwr.anova.test” function in the package “pwr”
(Champely 2016) in R software. Model distributions for Generalized Linear Models were determined
using histograms of the data of each trait. For the number of cut shoots, the percentage of damaged
leaves, the number of apices and the free leaf biomass, we fitted models with a Poisson distribution
and a log link. A Gaussian distribution was used for the number of buds. When appropriate, we carried
out a post-hoc test: multiple comparisons of means (Tukey Contrasts) were performed using “glht”
function of the package “multcomp” (Bretz et al. 2010).

In the field experiment, we analysed the catch-per-unit-effort (CPUE) (logarithm
transformation) as a function of the presence of L. grandiflora, as well as the sex and the maturity
stage of P. clarkii, with a three way ANOVA. Adequate normality of the distribution of residuals was
checked for each variable by Q—Q plots and Shapiro—Wilk tests. Tukey’s HSD tests were applied to
observe differences between treatments. Untransformed means and standard errors are given to

facilitate interpretation.

3. Results

The glasshouse experiment showed that the partial relative growth rate (pRGR, Fig. 1a, Tab. 1) of L.
grandiflora was not significantly affected by crayfish density (Df=2, F=0.39, p=0.68). The presence of
crayfish increased the free leaf biomass of L. grandiflora (Df=2, y’=6.02, p<0.05, Fig. 1b, Tab.1). The
mean number of buds per stem tended to be higher in the absence of crayfish (mean + SE: 0.23 £0.13)
than in the presence of three crayfish (mean + SE: -0.14 £+ 0.14) (Df=2, F=2.78, p<0.10, Fig. 1c). The
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apices of L. grandiflora were significantly affected by the density of three crayfish: we observed a
decrease of about 15% of the number of apices of shoots at the highest density (Df=2, ¥*=0.171,
p<0.001, Fig. 1d). We found that the percentage of damaged L. grandiflora leaves increased
significantly by about 15% with one crayfish and doubled (32%) with three crayfish (Df=2, y*=609.77,
p<0.0001, Fig. le). At the highest density of crayfish, the number of cut shoots increased significantly
(Df=2, *=22.19, p<0.0001, Fig. 1f, Tab. 1).

The field survey suggested that the number of crayfish trapped was higher in the patch of L.
grandiflora than in the uninvaded patch (Df=1, F=74.03, p<0.0001, Fig.2a, Tab. 2) and that trapped
crayfish were mostly adult and immature individuals (Df=2, F=5.67, p=0.004, Tab. 2). However, the
trapped crayfish did not vary with the sex of the individual (Tab.1). There was a significant interaction
between the “presence of L. grandiflora - maturity stage of crayfish” (Df=2, F=7.10, p<0.0001,
Fig.2b, Tab. 2): Adult, immature and juvenile crayfish were more abundant in the patch of L.

grandiflora, than juvenile and adult crayfish in the absence of L. grandiflora (Fig. 2b).

4. Discussion

We did not find a significant effect of the invasive species P. clarkii on the growth of the
invasive L. grandiflora. Surprisingly, despite different types of damage and the consumption by P.
clarkii, the growth rate of L. grandiflora was not significantly different between crayfish treatments.
This result is contradictory to those found by many authors who have reported a reduction of other
macrophyte biomass caused by crayfish (Feminella and Resh 1989; Sdnchez and Angeler 2006) as a
result of both consumption and plant fragmentation (Gherardi and Acquistapace 2007, Carreira et al.
2014). Wood et al. (2016) showed that plant abundance was reduced at high herbivore density, but that
a positive change in plant abundance occurred at low herbivore density. Thus, Wood et al. (2016)
suggested that plant compensatory growth responses were not high enough to compensate for the loss
of biomass at high herbivore density (Wood et al. 2016). Here, we observed that L. grandiflora
compensated for the loss of biomass due to crayfish predation. Indeed, the final living biomass of L.
grandiflora was similar to those of controls despite significant losses induced by crayfish.
Furthermore, the biomass of cut shoot parts was not taken into account in the calculation of the
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relative growth rate, which is consequently underestimated. As the number of cut shoots increased
with crayfish density, considering their biomass in our analysis would reinforce our result i) of an
absence of a negative effect of crayfish density on the growth of L. grandiflora and ii) of the
compensatory growth responses of L. grandiflora. However, the large intragroup variability of pRGR
values could have led to the non-detection of a significant difference between the pRGR of the three
crayfish treatments. Indeed, the a posteriori power analysis revealed a low power for the statistical
analysis (Statistical power = 0.0627) explained by a high variance within groups and a low effect size.
For our resulting effect size (0.019), we would have needed more than 8000 replicates to obtain a
significant effect (0.5) with a correct power (0.8). Thus, one limitation of our results on pRGR may be
related to the large intragroup variability of pPRGR values, even if our number of replicates (14) was
equivalent (Anastacio et al. 2005; Carreira et al. 2014) or larger than (Creed 1994; Sanchez and
Angeler 2006; Gherardi and Acquistapace 2007) that usually used for these laboratory experiments.
Among the different types of damage to L. grandiflora, we showed that P. clarkii consumed
apices, buds of the stems, and leaves which may compromise the growth of the plant. Furthermore,
high densities of crayfish can destroy tissues and induce an increase of the quantity of free biomass
and shoot fragments of L. grandiflora. This crayfish behaviour, by destroying more tissues than they
consume (Lodge 1991), makes biomass more easily handled (Cronin et al. 2002). Thus, crayfish could
benefit of the availability of the free biomass, which could have highly nutritive values due to
microbial conditioning or leaching of the chemical defences (Newman 1991). Moreover, the free cut
shoot could have different decomposition rates and be reused by crayfish as nutritious coarse
particulate organic matter (Vannote et al. 1980; Anastacio et al. 2005). Our results, showing an
increasing number of shoot fragments with crayfish predation, are coherent with the literature
(Anastécio et al. 2005, Carreira et al. 2014). For example, Carreira et al (2014) found that crayfish size
affected the number of fragments produced, which was around 1.6 £ 0.1 to 9.5 + 1.1 fragments.day™,
depending on the macrophytes species. Fragmentation under laboratory conditions maybe
underestimated in comparison to pond conditions (Carreira et al., 2014): the greater water depth and
the higher plant density could favour the fragments cut by crayfish. Although the cut fragments of L.
grandiflora could be consumed or reused by crayfish, they could also promote its dispersal and
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propagation. Most macrophytes can regenerate new plants from their fragments and so fragmentation
is very important for plant propagation, dispersal and maintenance of the plant population (Barrat-
Segretain et al. 1999). After an 8-week experiment, Hussner (2009) found that L. grandiflora showed
a high potential for regeneration from small shoot fragments (1cm) with nodes, with or without leaves,
and to a lesser extent from single leaves. Fragments of L. grandiflora are buoyant and can easily float
away from parent plants and regenerate readily (Dandelot 2004), even if their anchorage rate depends
on the composition of the macrophyte bed (Thiébaut and Martinez, 2015). Thus, the propagation and
colonization abilities of the invasive L. grandiflora, as well as its abundance in invaded ecosystems,
could indirectly benefit from the presence of the invasive P. clarkii. Native and exotic herbivores have
opposing effects on the relative abundance of exotic plants, with an increase of the abundance of
exotic plants by exotic herbivores (Parker et al. 2006). For example, Maezo et al. (2010) found a
positive effect of rusty crayfish (Orconectes rusticus) on the propagation of the invasive Eurasian
watermilfoil (Myriophyllum spicatum) in a mesocosm experiment. However, these two species did not
co-occur in the field (Maezo et al. 2010). Further experiments are required to confirm that P. clarkii
may have a positive effect on the dispersal of L. grandiflora in the field. Indeed, the viability and the
buoyancy of shoot fragments could be affected by herbivore damage. For example, Creed and Sheldon
(1995) have shown that the viability and the buoyancy of damaged stem fragments of Myriophyllum
spicatum were reduced compared to undamaged stem fragments. Consequently, it is crucial to know
the survival rate of the shoot fragments, the chances of these fragments to be rooted in the substratum
in the presence and absence of crayfish, their regeneration abilities and to investigate whether the
growth, recruitment and colonization of the fragmented stems are faster than crayfish consumption.
Damage and consumption by herbivores are dependent on the composition of macrophyte
communities. Thus, the presence of macrophyte species preferred by crayfish could reduce the impact
on some other macrophytes species (Carreira et al. 2014), although crayfish may fragment all of the
macrophyte species in order to find the most palatable species (Carreira et al. 2014). In natura, L.
grandiflora often builds up monospecific mats and outcompetes other aquatic and emergent species in
wetlands (Dutartre et al. 2007; Stiers et al. 2011). The vegetation structure influences the ability of
crayfish to establish in an area (Cruz and Rebelo 2007) and our field survey suggests that the patch of
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L. grandiflora is interesting for crayfish establishment. Indeed, a stand of L. grandiflora hosts a higher
abundance of crayfish, regardless of maturity stage and so L. grandiflora patches may play a role in
the development, life cycle and/or in the colonization abilities of P. clarkii. High plant biomass could
provide a safer refuge, reducing the ability of predators to detect and capture their prey (Jordan et al.
1996), and could supply food and energy to crayfish in anticipation of the breeding season or to
replenish energy channelled towards reproduction (Gherardi 2007; Carreira et al. 2014). However, the
conclusions from our field survey should be considered with caution, since the results are from a
single channel and consequently suffer from pseudoreplication. These initial field observations should
be extended to other channels (channels with native plants, invaded or not by L. grandiflora and P
clarkii), and to wet meadows where P. clarkii and L. grandiflora are becoming invasive (Haury et al.
2014) in order to draw some general conclusions. Similarly, the long term impact of P. clarkii on L.
grandiflora and its impact during the life cycle of L. grandiflora could be studied. Furthermore, it
would be interesting to test the impact of other animals such as coypu or grass carp, as the
consumption and fragmentation of plant species mainly depends on the animal species and the body
size of herbivores or omnivores. Indeed, omnivores and some strict herbivores mainly consume
macrophytes (Bakker et al. 2016 a) and herbivores such as grass carp have the strongest impact on
submerged plant abundance and the composition of aquatic plant communities (Bakker et al. 2016 b).
Herbivores and omnivores often feed on both aboveground and belowground plant material (Bakker et
al. 2016 a), which may increase the damage to plants and plant communities, especially when the
herbivore has restricted mobility and bulk grazing strategies (Wood et al. 2016).

The two species of our study could benefit from each other’s presence. Procambarus clarkii
could contribute to the colonization abilities of Ludwigia grandiflora by enhancing its fragmentation,
and L. grandiflora could favour the colonization of ecosystems by P. clarkii because of its dense mats
which provide a refuge to all maturity stage of crayfish against predators. The outcome of the
relationship between the invasive L. grandiflora and P. clarkii must be clarified with other
experiments because of the considerable implications for their future distributions and for freshwaters
conservation. This suggests that in a case of indirect reciprocal facilitation, a simultaneous action of
eradication might be necessary to mitigate the invasion of both species. In the worst case scenario, the
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indirect reciprocal facilitation which may occur between these two species in the case of overlapping
distribution, could lead to an increase of their growth, spread and geographical distribution area, and
potentially to an *“ Invasional Meltdown” (Von Holle and Simberloff 1999), increasing the threats to

native communities and ecosystems.
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TABLES

Table 1. Mean (+ SD) of plant biomass, Free leaf biomass, partial Relative Growth Rate and Number

of cut shoots, depending on the crayfish treatment. Statistical differences (Tukey’s test, p < 0.05) are

indicated: different small letters above columns indicate significant differences between crayfish

density (ns: no significant difference between the treatments)

RGR of'the

Biomass of Biomass of the PRGR of plant intact plant
Crayfish plant at the intact plant (g) Free leaf (including free (without free Number of cut

treatment beginning of  at the end of the biomass (g) leaf biomass) leaf biomass shoots
the experiment experiment ™" and cut

shoots)(d™")
Control 32.39+2.82 35.81+3.20 0.509 £0.092°  0.029+£0.003™  0.025 + 0.003 0.000 + 0.000°
One crayfish 26.64 +2.77 27.96 +2.80 0.848 0279 0.022+0.008™  0.015+0.009 0.286+0.170
Three crayfish 27.54+£1.92 28.64 £2.03 1.387+0.339%  0.023+0.006™  0.010 +0.007 1.071+£0.368%
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Table 2. Summary of the three way ANOVA (with F and p -values for each factor) on the number of
trapped crayfish as a function of the presence or absence of L. grandiflora, the sex and maturity stage

of P. clarkii, as well as the interaction between these factors. Significant results are in bold type.

Types of effect Df F p
Presence of L. grandiflora 1 74.03 <0.0001
Sex 1 0.11 0.73
Maturity stage 2 5.67 0.004
Presence x Sex 1 0.14 0.70
Presence x Maturity 2 7.10 <0.0001
Sex x Maturity 2 0.31 0.73
Presence x Maturity x Sex 2 0.06 0.94
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FIGURE CAPTIONS

Fig. 1 Impact of crayfish density (mean + SE, n = 14) on the partial Relative Growth Rate (GR, 1a), on
the free leaf biomass (1b), on the change in the mean number of buds per shoot (1¢), the presence of
apices (1d), the percentage of damaged leaves (1e) and on the mean number of cut shoots (1f) of L.
grandiflora. Statistical differences (Tukey’s test, p < 0.05) are indicated: different small letters above

columns indicate significant differences between crayfish density.

Fig. 2 Mean number of trapped crayfish, (mean &+ SE) in a patch invaded or not by Ludwigia
grandiflora (2a), and according to the interaction “presence of L. grandiflora - maturity stage of
crayfish” (2b). Statistical differences (Tukey’s test, p < 0.05) are indicated: different small letters

above columns indicate significant differences between treatments.
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