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Abstract

1. Dispersal abilities are important to support metapopulation functioning and species dis-

tributions, yet it is rarely accounted for in conservation. Here, we compared the propen-

sity for dispersal between the two fishing spiders present in Europe: the widespread

habitat-generalist Dolomedes fimbriatus and the scarcer red-listed Dolomedes plantarius.

2. We experimentally tested for airborne and waterborne dispersal using first instar

juveniles sampled in nursery webs, and older juveniles. We estimated the propensity

for short and long-distance dispersal of airborne and waterborne behaviours, and we

tested the difference between species with generalised linear mixed models.

3. Airborne (ballooning) and waterborne (sailing) behaviours were more frequent for

D. fimbriatus than for D. plantarius, indicating a higher propensity of the former for

long-distance dispersal.

4. The frequency of rappelling behaviour, and thus the propensity for short-distance

dispersal, did not differ between species. However, we found contrasting results

for short-distance dispersal on the water, with rowing being more frequent and

running less frequent for D. plantarius than for D. fimbriatus.

5. The different propensity for dispersal between the two species might be partly

explained by the ecology of D. plantarius, which is known to be more habitat-

specialist and more dependent to water bodies than D. fimbriatus.

6. The limited propensity for dispersal of the red-listed D. plantarius is another argument

for conserving an interconnected network of wetlands in Fennoscandia. Indeed,

increased isolation of populations would be detrimental for species maintenance.

K E YWORD S

dispersal behaviours, generalist species, long-distance dispersal, Pisauridae, short-distance dispersal,
specialist species

INTRODUCTION

Dispersal is a crucial process to support gene flow between spatially

structured populations (Ronce, 2007). It also plays a key role to sustain

population genetics and species distributions. Therefore, dispersal has a

major influence in the response of species to climate changes (Travis

et al., 2013). Indeed, a northward expansion is expected for species in

the northern hemisphere (Parmesan & Yohe, 2003; Sturm et al., 2001),
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but species require long-distance dispersal abilities to expand their

range (Trakhtenbrot et al., 2005). However, few species are plastic

enough to cope with climate change by adapting their physiology or

their life-history (Radchuk et al., 2019).

There are two types of dispersal, active and passive, which are

defined by the three stages of emigration (initiation of the movement

to leave a habitat), transfer (movement per se) and immigration (end

of the movement, settlement in a novel habitat) (Clobert et al., 2009).

In active dispersal, organisms control their own locomotion, whereas

in passive dispersal, they depend on external factors (e.g. other ani-

mals, wind, water current, etc). Both types of dispersal have a cost

(reviewed by Bonte et al., 2012). Habitat quality (Bonte, Lens,

et al., 2003) and connectivity (Baguette & Van Dyck, 2007; Van

Dyck & Baguette, 2005), as well as intraspecific factors such as sex-

ratio (Trochet et al., 2016) all influence the prevalence of dispersal

and make it highly context (e.g. taxon and site) dependent.

Because of its importance in sustaining populations, understanding

the dispersal of species of interest is fundamental for conservation pur-

poses. Among the 102 fishing spiders known to date (World Spider

Catalog, 2022), we focused on the dispersal of the two European spe-

cies. They both inhabit wetlands, which are threatened by land-use

change due to expansion of agriculture or urbanisation (Davidson, 2014).

Dolomedes plantarius (Clerck, 1757) and Dolomedes fimbriatus (Clerck,

1757) are both widely distributed in Europe, but the former has scarcer

populations and is red-listed as vulnerable at the European scale. Indeed,

Vugdeli�c (2006) observed in the United Kingdom that two populations

of D. plantarius distant by less than a kilometre from each other were

genetically isolated. Regarding their habitat requirements, D. plantarius is

less habitat generalist and his limited to more open habitat, fenlands or

riverbanks with a constant presence of water (Dickel et al., 2022; van

Helsdingen, 1993). D. fimbriatus is more tolerant to more oligotrophic

wetlands with lower pH and is less dependent to water. Because

D. fimbriatus is more generalist, both species can co-exist in a site that

would be more of a D. plantarius site.

Spiders display a broad range of dispersal modes, which can occur

by air, water, or on the ground. As such, they make a good model to

study dispersal: short-distance dispersal is usually active, whereas

long-distance dispersal is usually passive. Small spiders and young first

instars, the so-called spiderlings, are able to disperse through the air

(Bell et al., 2005). The tiptoeing behaviour is widely studied as a proxy

for any silk-related dispersal, such as ballooning or rappelling (Bonte,

Travis, et al., 2008; Bonte, Vandenbroecke, et al., 2003; Frost

et al., 2013; Goodacre et al., 2009; Pétillon et al., 2012; Woolley

et al., 2007). Ballooning is a passive behaviour that has evolved from

an ancestral ‘suspended ballooning’ towards the ballooning behaviour

(Bell et al., 2005), where spiders take off from a tiptoeing position to

travel from some hundred metres to some kilometres throughout the

air (Thomas et al., 2003). Furthermore, spiders can travel shorter dis-

tances by means of rappelling, using silk as a bridge between plant

stems. Rappelling is mainly present in small spiders like Lyniphiidae

(Bonte et al., 2009), or at younger and smaller stages. Because Dolo-

medes are semi-aquatic, they are also able to disperse on the water.

Behaviours on water have been well described for Dolomedes triton

(Suter, 1999, 2013; Suter et al., 1997; Suter & Gruenwald, 2000;

Suter & Wildman, 1999), a fishing spider species presents in North

America. Moreover, Hayashi et al. (2015) showed that aerial dispersal

abilities are usually correlated with dispersal abilities on water. Fur-

thermore, Suter (1999) hypothesised that sailing, a passive behaviour

of spiders raising legs, body, or abdomen to catch the wind and travel

at low cost, could be considered as ballooning for waterborne

dispersal. Active movements on water can be characterised by three

distinct active behaviours: walking, rowing and running (Suter, 2013).

Ballooning is a passive and largely uncontrolled behaviour, which

is partly heritable (Bonte & Lens, 2007), and influenced by context

and information accumulated over long time (Bonte et al., 2009). Con-

sequently, no fast decisions but more pro-active strategies (genetically

inherited or not) are the only solution to experience benefits of long

distance (uncontrolled) dispersal. We expected sailing to be less

uncontrolled than ballooning as patches of populations distributed

along continuous stream or water bodies are more predictable than

for long-distance airborne dispersal. Rappelling is an important mode

of dispersion for spiderlings. It is a more controlled behaviour, which

can be used for short-distance dispersal based on direct information

from the local habitat (Bonte et al., 2009), as well as to escape preda-

tion or kin selection. Similarly, rowing and running, used by bigger and

older juveniles (Suter & Wildman, 1999), would illustrate short-

distance dispersal or movement within populations to escape compe-

tition with others, or a response to immediate stress in the habitat.

We expected that the wider range of suitable habitats of

D. fimbriatus would correspond to a greater propensity for long-

distance dispersal. Indeed, chances to arrive in a suitable habitat are

higher than for D. plantarius. Such hypothesis has already been formu-

lated by Duffey (2012) based on his observations in the wild. We also

hypothesised that D. plantarius, due to its higher dependency to

water, has a higher propensity for short-distance dispersal on the

water than D. fimbriatus. These movement behaviours on water likely

reflect the ecology of both species and we hypothesised that

D. plantarius, which is more dependent on water, is more likely to effi-

ciently move on water than D. fimbriatus. We did not expect differ-

ences between species in the propensity to rappel, because we tested

spiderlings individually, under similar competition pressure.

MATERIALS AND METHODS

Study species

Both European fishing spider species are widespread in Europe.

D. plantarius has lower population densities and is red-listed (Baillie

et al., 1996). Both species have relatively similar lifecycles. Females lay

their eggs into a large silk eggsac, which they carry for about a month

before building a nursery in the vegetation. Spiderlings hatch in the

nursery and stay there for about a week while the mother stands guard.

Spiders usually require about 2 years to reach maturity, but it varies

from one to three or even more (Duffey, 2012). Moreover, D. fimbriatus

is less restricted by the absence of water, except when females carry

DISPERSAL OF FISHING SPIDERS 705
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their eggsacs, which must be dipped into water to keep the eggs moist.

D. plantarius is more dependent to the presence of water in the site

than D. fimbriatus (Dickel et al., 2022; Duffey, 2012).

Spider sampling

To test the propensity for airborne dispersal of spiders, we sampled

spiderlings directly from the nursery web, by gently opening it with

tweezers and sucking up about 10 spiderlings with an insect aspirator.

We used the ‘sponge-box’ technique on the female guarding the

nursery to identify the species. The female was gently pressed

between a sponge and the bottom of the box to inspect her epigyne

(see Dickel et al., 2022 for detailed technique). We sampled 11 sites

in July/August 2019 (See Figure S1 in Appendix 1). To test the differ-

ence between species, we sampled two sites with D. fimbriatus (Df1

and Df2), two sites with D. plantarius (Dp1 and Dp2) and one site with

both species (Bs1) in southern Sweden. We sampled two sites with

each species and two sites with both species in central Sweden (Df3

and Df4; Dp3 and Dp4; Bs2 and Bs3, respectively). The number of

spiderlings tested per nursery and per site is presented in Table 1.

To test the propensity for waterborne dispersal of spiders, we sam-

pled older juveniles (called juveniles in the following) from seven sites

(see Figure S1 in Appendix 1). We used older spiders than for airborne

dispersal to be able to see short-distance dispersal on the water, which

is more constrained by hydrodynamics in smaller Dolomedes (Suter &

Wildman, 1999). In order to test the difference between species, we

sampled two sites with D. fimbriatus (Df1 and Df2) and one site with

D. plantarius (Dp2) in southern Sweden and two sites with each species

in central Sweden (Bs3 and Df4; Dp3 and Dp4). The number of juve-

niles tested per sites is presented in Table 1.

Dispersal experiments

Propensity for airborne dispersal

Before the test, we kept the spiderlings for 6 days in individual vials

with a water-saturated cotton ball, at constant 20 �C, 12:12 hours

light:dark conditions. They were fed with one fruit fly (Drosophila mel-

anogaster) on the day of capture to control for the impact of starva-

tion on ballooning (Bonte, Lukáč, et al., 2008; Bonte, Travis

et al., 2008).

We tested propensity for airborne dispersal of spiders with a platform

(10 � 10 cm) with vertical wooden sticks (approximately 20 cm height)

arranged in two rows. The platform was surrounded with water to prevent

escape. A fan was used to simulate an upward wind at a velocity of

1.0 m/s, which Frost et al. (2013) identified as a favourable speed to

observe dispersal behaviours in Dolomedes triton. Each spider was tested

individually for up to 10 min, during which it was put back on the platform

after each dispersal event, although a few individuals were lost or died

during the first trial. We left spiders moving along silk threads to see

whether spiders dropping from a silk would either use the silk to rappel or

balloon. We removed silk from the platform with a brush after each

spiderling, to avoid that the presence of another spider’s silk affected the

frequency of aerial dispersal (see De Meester & Bonte, 2010). After these

experiments, we released the spiders back into their site of origin.

We live-recorded the spiderlings’ behaviours with software

BORIS (Friard & Gamba, 2016). We measured the number of occur-

rences and duration of ballooning, as a proxy for long-distance dis-

persal; rappelling, as a proxy for short-distance dispersal; tiptoeing

and climbing, which we later excluded from the analysis of dispersal

(see Table S1 in Appendix 3).

Propensity for waterborne dispersal

Before the test, we kept the juveniles for 7 days in individual vials

with a water-saturated cotton ball, at constant 20 �C, 12:12 hours

light:dark conditions. They were fed with one fruit fly

(D. melanogaster) on the day of capture to control for the impact of

starvation.

We placed the juvenile spiders on the water in the middle of an

aquarium. Behaviours of spiders were observed from the release of the

spider to the moment the spider either crossed the ‘goal line’, climbed

a wall/window, or reached a platform (see Figure S2 in Appendix 2 for

details on the experimental design). Spiders were tested for three water cur-

rent speeds (0, 1 and 2 m/s) and three wind speeds (0, 1.5 and 2.5 m/s).

Each spider was tested three times at one of the wind/water speed

combination, to control for potential acclimatisation to the aquarium.

Experiments were carried out using fresh water at a temperature of 15
�C. We weighted each spider after the experiment to control for a possi-

ble effect of the weight on propensity for waterborne dispersal. After

these experiments, we released the spiders back into their site of origin.

Spider behaviours were recorded live with a camera, and later

analysed with software BORIS (Friard & Gamba, 2016).

The different behaviours on the water surface were sailing (with legs,

T AB L E 1 Number of juveniles and spiderlings sampled and tested
in the different sites (see Figure S1 in Appendix 1 for the location of
the sampling sites)

Site Species

Number

of juveniles

Number of

spiderlings/nursery

Bs1 D. fimbriatus 0 10/9/9

Bs2 D. fimbriatus 0 10/8/10

Bs2 D. plantarius 0 6/7/9

Bs3 D. fimbriatus 27 8/10/6

Bs3 D. plantarius 0 5/8

Df1 D. fimbriatus 11 8/10/6

Df2 D. fimbriatus 10 10/10/10

Df3 D. fimbriatus 0 8/10/8

Df4 D. fimbriatus 29 9/6/8

Dp1 D. plantarius 0 9/8/10

Dp2 D. plantarius 11 8/8/6

Dp3 D. plantarius 28 4/6/6

Dp4 D. plantarius 27 4/9/9
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abdomen or by raising the body), considered as a proxy of long-distance

dispersal; rowing, walking and running as a proxy of short-distance dis-

persal; death mimicry, immobility and anchoring were quantified but

not considered in the analysis (see Table S1 in Appendix 3).

Statistical analyses

We fitted generalised linear mixed models with Bernoulli distribution

in a Bayesian framework to investigate the presence/absence of each

behaviour of interest separately. Each behaviour was binarised and

analysed separately to account for the spiderlings lost during experi-

ment. For aerial behaviours, that is, ballooning and rappelling, we con-

sidered the species and sampling date as predictors. We did a variable

selection for the varying intercept and tried either nursery or site or

both as varying intercepts.

For behaviours on water, that is, sailing, rowing, and running, we

considered the species, wind and water speeds, weight of the spider,

and sampling date as predictors. To control for a possible habituation

to wind/water speed, we included the trial number as a co-variate in

all models for waterborne behaviours. We used the spider ID as a

varying intercept to account for repeated trials.

We used the default weakly informative priors of rstanarm (priors

over parameters set as normal with a mean of 0.00 and a standard devi-

ation of 2.5) and we fitted the models with four Markov chain Monte

Carlo (MCMC) chains and 2000–4000 iterations and a warmup of

1000–2000 iterations. We used leave-one-out cross-validation values

(LOO) to compare the predictive accuracy of fitted models and to select

the most accurate model (Vehtari et al., 2017). We checked the models’

convergence and stability visually and by making sure that Rhat values

were not larger than 1.01 (Vehtari et al., 2020) and that effective sam-

ple sizes (ESS) were higher than 1000.

We represented the median of the posterior distribution and its

uncertainty with a 95% credible interval. To help with interpretation, we

used the probability of direction (pd), which is the probability that an effect

goes in a particular direction, and the percentage of the distribution within

the region of practical equivalence (ROPE) (Makowski, Ben-Shachar, Chen,

et al., 2019; Makowski, Ben-Shachar, & Lüdecke, 2019). The thresholds

beyondwhich the effectwas considered as ‘significant’ (i.e. non negligible)
were pd > 95% and ROPE < 2.5%. All analyses were conducted with

packages ‘rstanarm’ (Goodrich et al., 2020), ‘modelbased’ (Makowski

et al., 2020) and ‘bayestestR’ (Makowski, Ben-Shachar, & Lüdecke, 2019)

in R (R Core Team, 2020). The scripts used to generate the analyses are

publicly available (seeData Accessibility Statement).

RESULTS

Propensity for airborne dispersal

For ballooning, the model with the lowest LOO value and therefore

the highest predictive power included species and date of sampling

with the nursery as varying intercept (Table 2; Table S2 in Appendix 3).

For rappelling, the best model was a null model with nursery and site

ID as varying intercepts. Nonetheless, some models were equivalent

according to LOO values and we present the results of the model

including species as predictor, nursery and site ID as varying inter-

cepts (Table 2; Table S2 in Appendix 3).

D. fimbriatus had a higher propensity to balloon than D. plantarius

(Figure 1; estimated contrast = 2.16, credible interval = [0.35, 1.39]),

pd = 99.95% > 95%, ROPE = 0% < 2.5%), but we did not find any differ-

ence in the propensity to rappel between species (Figure 1; pd < 95%), nor

an effect of sampling date on ballooning behaviour (ROPE= 22.00% > 2.5).

Propensity for waterborne dispersal

For sailing, the model with the lowest LOO value included species,

wind/water speed, spider weight, trial ID, date of test, and the interac-

tion between species and weight as predictors, together with

T AB L E 2 Models with the best fit for each behaviour of interest
to discriminate propensity for short-distance dispersal and propensity
for long-distance dispersal

Dispersal Response Predictors

Airborne Ballooning Species + Date

sample + (1jNursery)

Airborne Rappelling Species + (1jSite) + (1jNursery)

Waterborne Sailing Species + Wind

water + Weight +

Test + Date test + (1jID)

Waterborne Running Species + Wind

water + Test + (1jID)

Waterborne Rowing Species + Wind

water + Test + (1jID)

+ ns

Ballooning Rappelling

D. f D. p D. f D. p

0.00

0.25

0.50

0.75

1.00

Species

P
ro

b
a

b
ili

ty

F I G U R E 1 Probability of being ballooners (long-distance: red
dots) and rappellers (short-distance: blue dots) estimated by the best-
fitted model of each behaviour. Errorbars represent the 95% credible
interval of the estimated probabilities. D. f, Dolomedes fimbriatus; D. p,

Dolomedes plantarius
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sampling date and the spider ID as varying intercepts (Table 2;

Table S3 in Appendix 3). For both running and rowing behaviours, the

best model included species and wind/water speeds, with trial and

spider ID as varying intercepts (Table 2; Table S3 in Appendix 3).

We found a higher propensity to sail in D. fimbriatus than

D. plantarius (estimated contrast = 4.43 [3.30, 5.68], pd = 100%

> 95%, ROPE = 0% < 2.5%; see Figure 2a). Moreover, the propensity

of sailing behaviour decreased with spiders’ weight (�0.74 [�1.26,

�0.28], pd > 95%, ROPE < 2.5%; Figure 2b), consequently heavier spi-

ders sailed less than lighter ones. The presence of sailing behaviours

was also influenced by wind and water speeds, with a convincingly

lower propensity for sailing in absence of wind and water current

(pd > 95%, ROPE < 2.5%; Figure 3) except under 1.5:0 m/s wind:

water speed condition, as well as less sailing behaviours under 1.5:2,

2.5:0 and 2.5:1 conditions (pd > 95%, ROPE < 2.5%; Figure 3). We

found the lowest propensity to sail during the first trial than during

the second and third trials (Figure 4; pd > 95%, ROPE < 2.5%),

whereas trials two and three likely did not differ (Figure 4; pd < 95%).

We did not find a significant effect of the date of sampling on the pro-

pensity to sail (pd < 95%).

We found a higher propensity to run in D. fimbriatus than

D. plantarius (estimated contrast = 1.33 [0.70, 1.94], pd > 95%,

ROPE < 2.5%; see Figure 2a). The propensity for running decreased

between the first and second trials and between the second and third

trials (Figure 4; pd > 95%, ROPE < 2.5%). Moreover, the condition of

0:0 wind: water speed presented the lowest propensity for running,

followed by conditions 1.5:0 and 2.5:0, which had the lowest number

of runners (pd > 95%, ROPE<2.5%; Figure 3). Furthermore, we found

higher propensity for running under condition 2.5:1 than under any

other conditions (Figure 3).

We found a lower propensity to row in D. fimbriatus than in

D. plantarius (estimated contrast = �0.98 [�1.52, �0.44], pd > 95%,

ROPE < 2.5%; see Figure 2a). This behaviour was also used less fre-

quently during the first trial than during the second and third trials

+ + +

Rowing Running Sailing

D. f D. p D. f D. p D. f D. p

0.00

0.25

0.50

0.75

1.00

Species

P
ro

b
a

b
ili

ty

(a) +

0.00

0.05

0.10

0.15

0.20

0.25

0 1

Sailing behaviour

W
e

ig
h

t 
(g

)

(b)

F I GU R E 2 (a) Probability of showing rowing or running behaviours (short-distance: blue dots) or sailing behaviours (long-distance: red dots).
(b) Influence of the weight on propensity to sail estimated by the best-fitted model of each behaviour (black: no sailing, green: sailing). Errorbars
represent the 95% credible interval of the estimated probabilities. D. f, Dolomedes fimbriatus; D. p, Dolomedes plantarius

Rowing Running Sailing

0.0 0.5 1.00.0 0.5 1.00.0 0.5 1.0

0:0

1.5:1

1.5:0

0:1

2.5:0

0:2

2.5:1

1.5:2

2.5:2

Probability

W
in

d
 s

p
e
e
d
 :
 W

a
te

r 
sp

e
e
d
 (

m
/s

)

F I GU R E 3 Estimated probability of showing sailing, rowing or running behaviours for different wind and water speeds, and for sailing, rowing
and running models, respectively. The dot represents the estimated probability (median) and the light to dark line represents the 0, 0.5 and 0.95
credible intervals.
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(Figure 4; pd > 95%, ROPE < 2.5%), whereas the trials two and three

did not differ (Figure 4; pd < 95%). Moreover, a higher propensity to

row was found for the wind : water speed conditions 0:0, 1.5:0 and

1.5:1 than the other conditions (pd > 95%, ROPE < 2.5%; Figure 3).

DISCUSSION

As hypothesised, we observed that D. fimbriatus has higher pro-

pensity for long-distance dispersal than D. plantarius, both air-

borne and waterborne. We found a lower propensity to sail in

heavier spiders when including spiders of both species. However,

we could only partially validate the hypothesis that the frequency

of waterborne movements was higher for D. plantarius. Indeed,

it was true for the rowing behaviour, but we found a higher pro-

pensity to run in D. fimbriatus. Finally, we validated our hypothesis

that the propensity to short-distance rappel did not differ

between the two species.

Highest propensity for long-distance dispersal in
D. fimbriatus

As expected, D. fimbriatus had a higher propensity for long-distance air-

borne dispersal than D. plantarius. This observation is in accordance

with observations of specialist spiders having lower propensity to bal-

loon than generalist spiders (Bonte, Vandenbroecke, et al., 2003). This

is partly explained by the higher cost or the less likely it is for a habitat-

specialist species to arrive in a suitable habitat. Hence, the propensity

to disperse was higher in D. fimbriatus. Spiders that can balloon tend to

have the ability to stand and to move on the water surface, that is, they

have water-repellent legs (Hayashi et al., 2015). Accordingly, the same

pattern was observed for waterborne spiders with higher sailing pro-

pensity for the more generalist spider. Moreover, the absence of this

behaviour without wind and water current shows that the behaviour is

wind-induced.

The high cost of airborne long-distance dispersal is well known

(Bonte et al., 2012), e.g. spiders can land in an unsuitable habitat. Simi-

lar high cost was expressed in waterborne spiders with higher chance

to unsuitable habitat for D. plantarius than D. fimbriatus. Indeed, spi-

ders were less prone to sail during the first trial in a new, unknown

environment than during the last two trials, which would indicate that

this behaviour is potentially more controlled than ballooning. The

effect of the spider body mass on the propensity for sailing is similar

as for fishing spiders from North America (Dolomedes triton, see

Suter, 1999), with smaller spiders having higher abilities to raise their

body off the water and consequently to use sailing. Studying the pro-

pensity to sail for different stages might help to identify the age at

which the fishing spiders are more prone to disperse on the water.

D. fimbriatus can occupy a wider variety of wet habitat while

D. plantarius lives in site constantly wet, for example, along streams or

on ponds (Dickel et al., 2022; Duffey, 2012; van Helsdingen, 1993).

Because they have a higher propensity for sailing, the juveniles of

D. fimbriatus could take better advantage from spring flooding more

than those of D. plantarius, for long-distance dispersal. Lambeets,

Hendrickx, et al. (2008) and Lambeets, Vandegehuchte, et al. (2008)

found a similar pattern, with flooding facilitating the settlement of

generalist spiders in a riverbank habitat. Specialist species like

D. plantarius would preferably recolonise the previously occupied hab-

itat after a flood (Lambeets, Vandegehuchte, et al., 2008). We suppose

that during a flood, D. plantarius juveniles tend to hide more in the

surrounding vegetation than D. fimbriatus, which could explain their

different propensity for short-distance dispersal.

Contrasted propensity for short-distance dispersal

As hypothesised, we did not find difference in propensity for short-

distance airborne (rappelling) dispersal between spiderlings of the two

species. Contrary to ballooning, rappelling is influenced by the direct

environment at small spatial scales, and not from inherited (genetically

or not) information (Bonte et al., 2009). Our experimental setup where

+
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F I GU R E 4 Probability of showing rowing or running behaviours (short-distance: blue dots), or sailing behaviours (long-distance: red dots)
during the first, second or third experimental trial for each spider estimated by the best-fitting model for each behaviour. Errorbars represent the
95% credible interval of the estimated probabilities.
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the (context dependent) conditions were controlled and similar for

both species might explain the absence of difference in propensity for

rappelling.

We found two opposite patterns between species for short-

distance waterborne dispersal behaviours. Individuals of D. plantarius

used rowing more often than D. fimbriatus, and used running less

often. Moreover, running propensity decreased between successive

trials, whereas propensity to row increased. Even though the short-

distance dispersal behaviours were called ‘dispersal’, these behaviours

most probably characterise movements within rather than between

populations. Our results would then be in line with observations from

Lambeets and Bonte, 2009 and Lambeets, Van Ranst, and Bonte

(2010) that generalist species do not use inherited information on

water for their orientation and local movement in response to stress,

as opposed to species specialised to water habitat.

Both behaviours might differ in their function, and running might

be more related to immediate stress (Suter & Wildman, 1999), here

in reaction to a new environment during the first trial. Since the run-

ning frequency was indeed the lowest in absence of wind and water

current, wind and water current might represent stressful conditions.

Running is for instance used by D. triton to escape predators (Hu &

Bush, 2010; Suter et al., 1997). The difference in the propensity for

rowing behaviour might be explained by the importance of flooding.

Since D. plantarius lives in habitats with constant presence of water

and is usually exposed to spring flooding, it could respond to flood

more efficiently. On the other hand, D. fimbriatus, which is less fre-

quently exposed to the water surface environment, could use only

direct information from this unfamiliar environment. D. fimbriatus

would then run away, behaviour not specific to the water

environment.

Perspectives for future works on poorly documented
behaviours

It would be interesting to estimate the abilities of species to settle in

newly colonised sites. Here, we mainly focused on the first two

phases of dispersal, that is, emigration and transfer, but the actual dis-

tance of dispersal (e.g. by sailing) remains largely unknown. Tracking

spiderlings ballooning in the field is difficult, but a mark-recapture

analysis could be used to track bigger juveniles on the water

(e.g. adapting the method used on D. triton by Zimmermann &

Spence, 1992). Regarding short-distance dispersal on water, it is diffi-

cult to differentiate between local-scale movements and actual dis-

persal behaviours. Rowing and running are sometimes used for short

movement on the water, and to move back to the vegetation edge, or

as an escape behaviour (Suter, 2013). Other behaviours like anchoring

or death mimicry could be related to passive and uncontrolled short-

distance dispersal. Nonetheless, anchoring is used for hunting or to

rest on the surface (Gorb & Barth, 1994), and death mimicry is a

stress-related behaviour, which we observed in less than 5% of the

tests.

Consequences for conservation

New sites with D. plantarius were recently found in Europe

(in Germany: Harms et al., 2009; in Spain: Bellvert et al., 2013; in

Belarus: Ivanov et al., 2017; in Italy: Milano et al., 2018; in Norway:

Fjellberg et al., 2018). Nonetheless, this apparent spread is most prob-

ably due to an increasing interest in protecting wetlands rather than

an actual expansion of the species, as D. plantarius is most often

observed when sampling for other species (e.g. see Bellvert

et al., 2013). The seemingly growing interest for D. plantarius might

also be related to its red-listed status (Baillie et al., 1996; Milano

et al., 2021). In a related modelling study involving species distribution

models, we found that D. fimbriatus might be a better candidate to

spread northward than D. plantarius (Monsimet et al., 2020). This

observation is in line with the fact that we did not find significant vari-

ation in the propensity for dispersal between species along the latitu-

dinal gradient. A similar observation of the absence of latitudinal

effect on propensity for dispersal was recently made in the wasp spi-

der Argiope bruennichi (Wolz et al., 2020). Regardless, it would be

interesting to evaluate the fecundity of these species, as Wolz et al.

(2020) observed that the range expansion of Argiope bruennichi was

(partly) driven by a higher reproductive investment in margin popula-

tions. Resolving the question of Dolomedes range expansion should

guide decisions for the conservation of the species, especially for the

red listed D. plantarius. Indeed, if the species does not expand, pre-

serving the current populations is primordial as its Southern range will

become unsuitable in the future (Leroy et al., 2013, 2014).

The presence of interconnected network of wetlands is highly

necessary to conserve species (Gibbs, 1993), especially for spiders

for which the management of hydrological functioning is fundamen-

tal (Lafage & Pétillon, 2016; Lambeets, Breyne, & Bonte, 2010;

Lambeets, Vandegehuchte, et al., 2008). Moreover, the propensity of

D. fimbriatus to use streams for long-distance dispersal might be lim-

ited by dams, and the conservation of this species could be consid-

ered in the management plan of dams, as done for fishes in Sweden

(Lejon et al., 2009). Maintaining connectivity in the first 5 km around

each presence site, which corresponds to the more frequent distance

of airborne dispersal events (Thomas et al., 2003), is crucial to con-

serve current sites, promote expansion, and to conserve gene flow.

For D. plantarius, this distance between populations should be even

shorter, as two populations distant of less than a kilometre showed

genetic differences in the United Kingdom (Vugdeli�c, 2006). It is also

important to preserve the already existing habitats of Dolomedes

because wetland restoration does not necessarily permit the reloca-

tion of species, even less so for specialist species (Hacala

et al., 2020). Moreover, the higher propensity for long-distance dis-

persal of both waterborne and airborne spiders for D. fimbriatus

compared to D. plantarius can have important consequences for per-

sistence of the range in a changing climate.

Long-distance dispersal seems of primary importance for the sus-

tainability and conservation of threatened species (Trakhtenbrot

et al., 2005). Combining dispersal information, mark-recapture and
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landscape genetic or genomic (reviewed by Manel et al., 2003;

Manel & Holderegger, 2013) in models like the one developed by All-

gayer et al. (2021) would permit to understand population dynamics

of Dolomedes along streams. Ultimately, the gene flow and population

dynamic might be threatened by habitat fragmentation and loss of

interconnected wetlands due to limited propensity for long-distance

dispersal, especially for D. plantarius.
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