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Experimental evidence of the successful invader Orconectes limosus
outcompeting the native Astacus leptodactylus in acquiring shelter
and food
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Abstract: Successful invasive species compete for the same available resources with related native species, frequently
driving the latter to the cusp of extirpation because of a lack of adaptive response. In this paper we analysed the behavioural
relationships between two species of crayfish, the native Astacus leptodactylus and the invasive Orconectes limosus in an
ongoing invasion process in the Lower Danube, in Eastern Europe. We tested the species’ ability to acquire shelter and
food in laboratory experiments in both intra- and interspecific confrontations. The dominant behaviour of the invasive
species is obvious even towards its own congeners, while the native species display a more tolerant conspecific behaviour.
With respect to interspecific confrontation, the invasive crayfish males and females were inclined to sex-specific dominance
regarding shelters. A roughly balanced behaviour was noted for intersexual confrontations. The results of this study also
highlight that the occupancy of a shelter is more disputed than food resources, which appear to be opportunistically
acquired. In the context of the current invasion process, we hypothesised that the effect caused by interference competition
might lead to a decline of the native species. Further investigations may reveal if there is any hope for recovery of the native
species.
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Introduction

Established relationships between related species oc-
cupying the same ecological niche are set by com-
plex competition processes (Morse 1974), their long-
term stability depending on intrinsic or extrinsic traits
(Moore & Bergman 2005; Václavík & Meentemeyer
2012). A species arriving in a new environment cre-
ates a novel situation in which the rearrangement of
the existent relationships becomes mandatory (Broen-
nimann et al. 2007). In time, the resulting assemblage
should lead to either the consolidation of these rela-
tionships (Chuang & Peterson 2016) or the extinction
of one of the species (Gherardi 2006). Laboratory ex-
periments involving specimens of different kind of com-
petitors (e.g., invasive and native species) may be ex-
pected to reveal insights of their mechanisms behind
the relationships establishment.
Many native species have been displaced since the

introduction of invasive species (Imhoff et al. 2011;
Lodge et al. 2012; Leon et al. 2016), thus leading to
a critical need for an understanding of the mechanisms
behind successful invasions. There are species that have
been documented as not being socially dominant or
having negative effects in their native habitats (Leon
et al. 2016), but become better competitors once they

are translocated into a new environment (Guan 1994).
The competition for natural resources usually in-

volves aggression in order to intimidate weaker competi-
tors (Rahel & Stein 1988; Preisser et al. 2005). By em-
ploying such behaviours, the dominant individuals ac-
quire shelters (Groza et al. 2016), food (Stocker & Hu-
ber 2001), and increase their chances to mate (Christy
1987). Consequently, the dominated individuals lose fit-
ness (Vorburger & Ribi 1999) and their populations de-
cline or even become extirpated (Gherardi 2006). Stud-
ies show that the success of invasion might, among oth-
ers, depend more on a species ability to respond to natu-
ral selection, rather than on vast physiological tolerance
or plasticity (Lee 2002).
Crayfish represent an important component of the

freshwater ecosystems. They can compete not only with
related species, but other top consumers as well (Mo-
mot 1995). In general, crayfish avoid conflict, as many
species usually prefer to stay hidden during daylight
(Kawai et al. 2004). Crayfish use shelters for protection
not only against predators (Garvey et al. 1994; Soder-
back 1994; Barki & Karplus 2016), but also as a refuge
by berried females (Figler et al. 1997), newly moulted
individuals (Ackefors 1996), or in the cold/draughty
seasons (Ilhéu et al. 2003; Grow & Merchant 1980).
In the last century, Europe experienced the introduc-
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tion of many invasive crayfish species, through farm-
ing or even pet trading (Chucholl 2013), some of the
most successful being Pacifastacus leniusculus (Dana,
1852), Procambarus clarkii (Girard, 1852), Orconectes
virilis (Hagen, 1870), Procambarus fallax f. virginalis
Martin et al., 2010 and O. limosus (Rafinesque, 1817)
(Kouba et al. 2014). The latter was first detected in
the Upper Danube in 1985 (Puky & Schád 2006),
from where it spread along the river network. In 2008
this species was found in the Lower Danube, Romania
(Pârvulescu 2009). This river sector currently faces the
on-going spreading process of both the invasive cray-
fish species and the crayfish plague pathogen it carries,
Aphanomyces astaci (Schikora, 1906). A decline of the
relative abundance can be observed in native crayfish
Astacus leptodactylus Eschscholtz, 1823 populations in
the Romanian Lower Danube (Pârvulescu et al. 2012,
2015).
The continuous growing pressure of invasive cray-

fish populations all over the world triggered the research
effort to focus on many competition issues in order to
reveal the invasion mechanisms. The acute invasion of
O. limosus in Lower Danube against the native cray-
fish species A. leptodactylus motivated us to investi-

gate the interactions of these two competitors from be-
havioural perspectives in order to test whether the two
species would share two very important resources, food
and shelter, or would resort to compete and reject each
other.

Material and methods

The crayfish were collected using fishing nets from areas
where the species never overlapped to avoid experimental bi-
ases caused by previous interactions. The invasive O. limo-
sus individuals were collected from the invaded sector in
the Lower Danube main channel, near the village Şviniţa,
on the Romanian shore (GPS 44◦31′45′′ N, 22◦04′37′′ E),
and A. leptodactylus specimens from a pond near Bucharest
(GPS 44◦03′10′′ N, 25◦47′09′′ E). Individuals were sampled
outside the mating season (sexually inactive, form II) to ex-
clude the potential influences caused by mating behaviours
that might lead the males to excessive aggressiveness ob-
served in other studies, i.e., Stebbing et al. (2003), Snedden
(1990).

All captured individuals were allowed to acclimate in
large tanks (100 l) to laboratory conditions prior to the
beginning of experiments for at least two weeks. The in-
dividuals of both species were kept separated prior to the
experiments, each species being assigned to a large tank. A

Table 1. The experimental trials, combined according to total body length, sex and species.

Intraspecific confrontations
Individuals total length (mm) in replicates

ASL vs. ASL

M > M 92.4/70.2 101.8/86.6 112/88.4
M = M 114.2/113.7 84.4/85.1 92.9/93.2
F > F 98.8/69.8 109.5/74.4 119.6/84.2
F = F 74.6/75.2 100.4/101.1 72.2/72.9
M > F 111.8/84.7 109.9/66.9 99.7/66.4
M = F 84.2/84.7 100.6/101.2 82.9/90.1
M < F 74.4/100.2 69.9/112.9 99.4/119.7

OCL vs. OCL
M > M 113.3/74.1 82.2/66.9 117.7/100.1
M = M 117.7/116.9 88.8/89.3 101.2/99.8
F > F 112.2/77.2 99.2/60.4 120.2/87.5
F = F 77.3/78.3 111.9/113.1 103.3/101.4
M > F 113.7/65.5 103.9/77.2 87.9/59.7
M = F 75.5/77.1 86.4/88.1 109.9/108.1
M < F 77.6/120.4 81.3/109.7 99.1/119.4

Interspecific confrontations
Individuals total length (mm) in replicates

OCL vs. ASL

M > M 89.4/61.1 117.4/84.4 98.8/69.7 109.1/81.2
M = M 63.1/65.3 78.4/79.2 100.1/101.2
M < M 73.4/112.4 69.9/100.7 84.2/121.8
F > F 109.1/88.1 117.2/84.7 89.4/56.3
F = F 77.4/79.2 109.1/111 117.7/115.9
F < F 65.9/110.1 81.2/113.1 79.1/99.5
M < F 55.9/99.1 74.2/119.1 81.1/119.4
M = F 59.4/61.1 89.5/91 103.3/105
M < F 77.4/111.2 89.2/121.3 79.9/118.7
F > M 98.8/65.1 121.9/80.2 97.3/65.1
F = M 77.8/79.3 89.9/87.5 100.4/102.1
F < M 70.4/97.7 65.4/99.7 89.1/109.9 44.3/89.4

101.1/129.1 79.9/101.2

Explanations: ASL – A. leptodactylus; OCL – O. limosus; M – males; F – females.
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total of 94 A. leptodactylus and 81 O. limosus individuals
were involved in the experiments. Individuals were provided
with ad-libidum shelter and food. The experimental recip-
ients consisted of 20 L glass tanks, each equipped with a
single ceramic shelter (approx. 80 × 150 × 50 mm) and
water filtering systems. The temperature was kept around
18–20◦C under natural daylight cycle conditions. We only
used intermoult adults in experimental trials, combined ac-
cording to total body length and sex, provided a total of
7 combinations for intraspecific and 12 for interspecific ex-
periments, respectively (see Table 1). Equal sized trials con-
sisted of individuals in the pair below of 1% variation in the
total length. The unbalanced confrontation was considered
if one individual was smaller for at least 25% in the total
length, referring to the largest opponent. Each trial lasted
for at least 16 days, and for each combination we recorded
the assignment of the individuals to the existing shelter and
periodically measured the competitors’ wet weight. After
every trial, the tank, shelter and filtering pump were thor-
oughly cleaned in order to remove remaining pheromones
which may have influenced the behaviour of the next occu-
pants (Bergman et al. 2003). Each individual was used for a
single trial timeframe, thus avoiding eventual biases caused
by the learning or memory effect (Aquiloni et al. 2012). In-
jured or dead animals were replaced and the trial was run
again in order to complete at least three replicates for each
combination.

The experiment started after the acclimatization pe-
riod. Each visually isolated tank contained two crayfish.
Since both species are expressing similar circadian be-
haviour (Musil et al. 2010; Skurdal & Taugbøl 2002), the
shelter occupancy was recorded every two days, two times
a day, during daylight conditions (before and after the mid-
day). We scored as either “balanced” if both individuals
were found in the shelter, “winner” for the individual found
in the shelter, or “loser” for the individual found outside the
shelter.

Prior to the introduction in the experiment, each indi-
vidual’s Wet Weight was measured with the aid of a Kern
analytical balance (nearest 0.01 g), and these measurements
were used as baseline WW values. In the experimental trials,
we weighed the crayfish every four days to determine which
individual was successful in feeding against its competitor.
We fed the crayfish one day before weighing, considering
that the ingested food would result in an increased recorded
WW (Meade & Watts 1995). The food during the experi-
ment consisted in one piece of fish of about 10% of the com-
bined baseline WW of the two competitors. For each weight
determination, the crayfish were labelled as “successful” if
their WW had increased by at least 5% compared with their
baseline value, “unsuccessful” in the case of a decrease of at
least 5% in WW compared with the baseline, or “constant”
otherwise. An individual was scored as “winner” if it was the
only one labelled “successful” in the pair, or if it remained
“constant” while its competitor was “unsuccessful”; in this
case the other crayfish was scored as “loser”. In all the re-
maining cases the situation was considered “balanced”.

Due to the design of the experiment and specifics of
the interaction data collected, the statistical analysis of the
results is primarily descriptive. Considering each combina-
tion of individuals are unique, not allowed for a more com-
plex approach employed in other behavioural studies, i.e.,
Matsuzaki et al. (2012). For both shelter and food compe-
titions, the percentages of “balanced” observations for the
two species were compared, in matched pairs corresponding
to sex-size experimental combinations, via Wilcoxon signed

rank tests. Next, after excluding the “balanced” cases, the
remaining instances were analysed to determine any domi-
nance patterns in intra- or inter-specific confrontations. This
was accomplished by comparing the proportions of “win-
ners” in each experimental combination with 1/2, using ex-
act binomial tests. Dominance was established when the re-
spective proportion was significantly greater than 1/2. The
statistical analyses were performed using the R software
version 3.2.4 (R Core Team 2016). For the visualisation of
the results the data was displayed as percentages for the
given situation out of the corresponding total number of
outcomes.

No protected or rare species (according to Habitats Di-
rective and IUCN Red List) were involved in this study. Af-
ter the experiment, the individuals were euthanized by freez-
ing at –20◦C to avoid the spreading of the crayfish plague
pathogen Aphanomyces astaci in the wild (Oidtmann et al.
2002). In this particular case, the crayfish plague pathogen
was confirmed in both invasive and native crayfish species
inhabiting Lower Danube (Pârvulescu et al. 2012).

Results

During the acclimatization period, the native A. lepto-
dactylus specimens were found occupying a shelter in
98% of cases, and the invasive O. limosus in 93% of
cases, respectively. We consider this data to be relevant
for the interpretation of further results obtained under
controlled laboratory experimental trials.

Competition for shelter
The percentages of “balanced” observations were sig-
nificantly greater for A. leptodactylus (Wilcoxon V =
28, P = 0.02225), thus implying that O. limosus dis-
plays a more pronounced dominance behaviour against
his congeners. In the case of A. leptodactylus, Fig. 1A
shows that whenever two individuals were equal in size
and of the same sex, it was most likely for them to be
found in the same shelter. Also, when the individuals
were of the same sex but different size, the proportion of
instances when the larger crayfish was established as a
“winner” was not significantly different from 1/2 (P =
1 for both males and females) showing the absence of a
dominance pattern. In confrontations between crayfish
of different sexes, regardless of size combinations, the
proportion of “winner” males was significantly greater
than 1/2 (P < 0.05 in all cases), therefore males can
be considered dominant against their own species fe-
males. For O. limosus, clear dominance patterns were
observed more frequently (Fig. 2A). The larger crayfish
was dominant in same sex confrontations (P < 0.01
for both males and females). Males dominated in con-
frontations between males and females (P < 0.001 for
large males versus small females; P < 0.1 for large fe-
males versus small males). In the case where the two
opponents were equal in size, but not of the same sex,
the males were always dominant (P < 0.01). P val-
ues were not calculated for the confrontations between
crayfish in the same total body length category.
The shelter sharing behaviour revealed similar re-

sults in A. leptodactylus males or females confronta-
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Fig. 1. Diagram showing the results (percentages of each category out of total number of observations) for shelter (A) and food (B)
confrontations between individuals of native A. leptodactylus. Bar colours: green – balance, blue – dominance of males, red – dominance
of females. Lighter blue or red bars show results associated with the smaller individual in confrontation with the larger one. M – males;
F – females. P indicates level of statistical significance of dominance. n/a – P values were not computed because the crayfish were in
the same category.

tions, individuals of equal sizes being observed in the
same shelter in 89% of observations for males, and 83%
for females, respectively. When one of the competitors
was larger in size, the sharing rate slightly decreased.
In male versus female confrontations, the sharing in-
creased with female size, 33% when smaller, 50% when
equal and 71% when the females were larger than males
(Fig. 1A). The shelter sharing behaviour was found con-
siderably lower in O. limosus, females being slightly
permissive with 43% and 33% of the observations re-
vealing the occupancy of the same shelter. None of the
males of this species were found sharing a shelter with
other males. The very same behaviour was observed in
confrontations between males and females, only larger
females being observed to share the same shelter in 25%
of the observations (Fig. 2A).
In interspecific comparisons (Fig. 3A), O. limosus

emerges as dominant in confrontations between males,
confrontations between females (P < 0.05 in all cases)

and when large O. limosus males faced small A. lepto-
dactylus females (P < 0.05). In the other experimen-
tal combinations, the proportion of instances in which
O. limosus was established as “winner” was not statis-
tically significantly different from 1/2 (P > 0.1).
The shelter sharing behaviour was rarely encoun-

tered in interspecific competitions. When males or fe-
males were facing each other, we observed a slightly
increased sharing behaviour when O. limosus were
smaller (48% of observations in males, 31% in females,
respectively). The same low shelter sharing behaviour
was recorded also in different sex confrontations, vary-
ing between 0% and 38% of the recorded observations.

Competition for food
The percentages of “balanced” observations were not
significantly different for the two species (Wilcoxon V =
22, P = 0.2188). In intraspecific comparisons, for both
species (Figs 1B, 2B), a lack of clear dominance pat-
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Fig. 2. Diagram showing the results (percentages of each category out of total number of observations) for shelter (A) and food (B)
confrontations between individuals of O. limosus. Bar colours: green – balance, blue – dominance of males, red – dominance of females.
Lighter blue or red bars show results associated with the smaller individual in confrontation with the larger one. M – males; F –
females. P indicates level of statistical significance of dominance. n/a – P values were not computed because the crayfish were in the
same category.

terns was noted for all experimental combinations (P >
0.1), although some were observed as during O. limosus
experiments, larger individuals appeared to dominate
the smaller ones. Also, in interspecific confrontations
(Fig. 3B), the “balanced” situations constitute the ma-
jority of observations (50–87%), and the proportions of
instances when O. limosus individuals were labelled as
“winner” were not significantly different than 1/2 (P >
0.1). These results point to the possibility that the food
is achieved opportunistically.

Other remarks
It should be pointed out that in 27% of the trials where
males of different species were involved, the O. limo-
sus individual killed its opponent, even when smaller
in size. Deaths that showed no visible attack marks
haven’t been included in this observation. The aggres-
sive behaviour of O. limosus was obvious in situations
where the native crayfish was literally crushed between

chelae or had its appendages amputated. Moreover, it
was frequently observed during the experiments that
the aggressive behaviour of O. limosus males was ex-
pressed by immobilising individuals of both of females
and males of their congeners and A. leptodactylus op-
ponents in pseudo-mating (Fig. 4), observed for lasting
more than one day, ultimately resulting in the death of
the suppressed individual.

Discussion

The results of this study reveal an innate aggressive be-
haviour of O. limosus, very visible in the case of shelter
occupancy. This is shown by the dominance of invasive
crayfish males and females against the same sex com-
petitors of the native species. Dominant acts such as
pseudo-mating have been observed, too. In its native
environment (north-eastern USA), O. limosus does not
appear to be a dominant crayfish species because it has
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Fig. 3. Diagram showing the results (percentages of each category out of total number of observations) for shelter (A) and food (B)
confrontations between individuals of invasive and native crayfish. Bar colours: green – balance, red – dominance of O. limosus, yellow
– dominance of A. leptodactylus. M – males; F – females. P indicates level of statistical significance of dominance.

stronger competitors, e.g., Orconectes rusticus (Girard,
1852) (Klocker & Strayer 2004). In contrast, in Europe

this crayfish species exhibits a strong competitiveness
against the native crayfish species (Vorburger & Ribi
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Fig. 4. Picture showing the O. limosus male behaviour of opponent immobilisation in pseudo-mating.

1999). It is worth noting that the competitiveness of
O. limosus was found being lower in comparison with
P. leniusculus (Hudina et al. 2011), one of the most
threatening invasive species in Europe (Chucholl 2016).
Usually, relationships are established after re-

peated confrontations between opponents (Kaczer et
al. 2007). Even though the invasion of crayfish is con-
sidered an irreversible phenomenon for the receiving
wider community (Mathers et al. 2016). Thereby, it is
possible that in the future, the native A. leptodactylus
will cope with this aggressive invasion. It was observed
that P. leniusculus individuals’ aggressiveness is more
pronounced in older invaded areas compared to active
fronts of invasion (Hudina et al. 2015). Apparently this
behaviour is caused by the population’s density growth
which makes the competition for resources even fiercer.
Rebrina et al. (2015) showed that invasive P. lenius-
culus individuals have a better body condition in the
active front of invasion and a worse condition in the
old invaded zone, which might suggest a higher level of
both intra- and inter-specific confrontations in this area
due to more numerous individuals into the population.
As even one infected individual can cause an outbreak,
the stress caused by the competition with O. limosus in
the active invasion front might have increased the inci-
dence of crayfish plague, providing a potential explana-
tion for the decline of native A. leptodactylus in these
regions (Pârvulescu et al. 2012). We point out that no
mass mortalities were observed in regions where the in-
vaders themselves had not yet arrived, but the presence
of the pathogen A. astaci was confirmed (Pârvulescu et
al. 2012; Schrimpf et al. 2012).
O. limosus juveniles grow and reach sexual matu-

rity faster than A. leptodactylus juveniles (Buřič et al.
2013). This fact, combined with the increased fecundity

in the active front (Pârvulescu et al. 2015) and dom-
inance of O. limosus suggests an improvement of the
species’ survival chances. Our study revealed A. lep-
todactylus displaying a more pronounced shelter shar-
ing behaviour with its own congeners, than O. limosus.
Shelter importance in O. limosus invasion was high-
lighted in the paper of Hirsch et al. (2016), as they may
even adapt to non-specific shelter types, depending on
the territory they occupy. Shelter occupancy by sev-
eral individuals of the same species is possible, whereas
interspecific cohabitation is rarely encountered. This
species has also been found to display a “homing be-
haviour”, which urges them to use one single shelter
instead of wandering between multiple ones (Buřič et
al. 2009). Besides of other multiple protective measures
of sensitive crayfish species populations against invasive
crayfish species, the artificial supply of refuges might re-
duce the decline, as this method has been successfully
used before for other species as well (Walles et al. 2016;
Bouckaert et al. 2014).
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