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In the south of Portugal there are only two species of strictly freshwater
decapods: the native freshwater shrimp Atyaephyra desmarestii and the
exotic crayfish Procambarus clarkii. The aim of this study is to understand
if the exotic crayfish acts as river shrimp predator and if both species
share the same type of microhabitat. We performed laboratory experiments to study predation and conducted field work in the river Sorraia
to verify the microhabitat distribution of both species. Laboratory experiments demonstrated significant predation on river shrimp for crayfish with
a cephalothorax length (CT) over 24 mm. The average daily consumption
increases with crayfish CT to a maximum of 0.8 shrimps at 44 mm. Field
work confirmed that both species share the same microhabitats although
with small differences e.g. on the water quality variables such as conductivity and the percentage of oxygen saturation. These microhabitats are
shallow pools with abundant aquatic vegetation with no preference for the
type of substrate. In the field, both crayfish density and its cephalothorax length are negatively correlated with shrimp densities. In conclusion,
P. clarkii can predate A. desmarestii and the major impacts are expected
at high densities of large sized crayfish.

RÉSUMÉ
Interactions entre écrevisse invasive et crevette native en rivière
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Dans le sud du Portugal, il n’y a que deux espèces de décapodes strictement
d’eau douce : la crevette indigène d’eau douce Atyaephyra desmarestii et
l’écrevisse exogène Procambarus clarkii. Le but de cette étude est de comprendre
si l’écrevisse exogène agit comme prédateur de la crevette et si les deux espèces
partagent le même type de microhabitat. Des expériences de laboratoire ont été
réalisées pour étudier la prédation et des travaux sur le terrain dans la rivière
Sorraia pour vérifier la distribution des microhabitats des deux espèces. Les expériences de laboratoire montrent une prédation significative sur la crevette palomète
par l’écrevisse dont la longueur du céphalothorax (CT) est supérieure à 24 mm.
La consommation moyenne journalière augmente avec la taille CT de l’écrevisse
jusqu’à un maximum de 0,8 crevette à 44 mm. Le travail de terrain confirme que
les deux espèces partagent les mêmes microhabitats bien qu’avec de petites différences concernant des variables de qualité des eaux comme la conductivité et
le pourcentage de saturation en oxygène. Ces microhabitats sont des calmes peu
profonds avec une abondante végétation aquatique sans préférence pour le type
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de substrat. Dans le milieu naturel, densité d’écrevisse et longueur du céphalothorax sont toutes deux corrélées négativement avec la densité de crevettes. En
conclusion, P. clarkii est prédatrice d’A. desmarestii et l’impact majeur est estimé
aux hautes densités de grandes écrevisses.

INTRODUCTION
Biological invasions are one the major causes of biodiversity loss and Man is directly or indirectly responsible for the introduction of numerous exotic species. Freshwater ecosystems
are the second largest reservoir of biodiversity, after the rainforests, and are especially vulnerable to biological invasions (Costanza et al., 1997). Invaders can threaten native species
through competition, predation and introduction of new diseases, causing negative impacts
on the structure and functioning of ecosystems (Hobbs et al., 1989; Holdich, 1999). Freshwater crustaceans are one of the most documented groups of freshwater invaders and are
responsible for declines and extinctions of native species throughout the world (Guan and
Wiles, 1997; Lodge et al., 1998, 2000; Nyström et al., 2001, Westman et al., 2002). The red
swamp crayfish, Procambarus clarkii (Girard, 1852) is endemic to southeastern North America
and, with the exception of Australia and Antarctica, it was successfully introduced on every
continent due to its food value and economic importance (Hobbs et al., 1989). In several invaded water bodies, P. clarkii became the dominant organisms in terms of biomass, and are
major consumers in their ecosystem (Flint and Goldman, 1975; Momot et al., 1978). Despite
being opportunistic omnivores, they may often feed selectively on macrophytes, macroinvertebrates and amphibians, strongly affecting their populations and causing direct impacts
(Correia, 2003). In Portugal, the first record of P. clarkii dated from 1979 in the Caia river,
(Ramos and Pereira, 1981), but currently it has spread throughout the whole country due
to rapid population growth and abundance of favorable habitats (Correia, 1995). Although
numerous studies focus on the consequences of the introduction of this species, there are
still unknown impacts caused by P. clarkii on the native river shrimp Athyaephyra desmarestii
(Millet, 1831). A. desmarestii is a phytophilous, eurythermal and euryhaline crustacean, who
prefers slow flowing waters, rich in macrophytes and dissolved oxygen (Fidalgo and Gerhardt,
2002). The original distribution of the river shrimp was restricted to North Africa and southern Europe (Tittizer, 1996). In recent years it expanded its distribution, colonizing rivers of
central Europe, reaching the Baltic, and the Northern and Black seas (Fidalgo and Gerhardt,
2002). A. desmarestii has been found in many Portuguese freshwaters, including reservoirs,
rice fields, coastal lagoons and temporary streams (Fidalgo and Gerhardt, 2002). This species
is omnivorous, eating a wide variety of food items such as algae, mud and even fecal matter. It has an important role in freshwater ecosystems due to the recycling of organic matter
(Fidalgo, 1990) and also because it constitutes an important food item for many fish species
(García-Berthou and Moreno-Amich, 2000a, 2000b; García-Berthou, 2001, 2002). Based on
the previously described distribution of A. desmarestii and P. clarkii in Portugal, and because
both tend to occur in areas with abundant macrophyte cover (Fidalgo and Gehardt, 2002;
Aquiloni et al., 2005), we believe that these species coexist in many areas. In this sense,
given the lack of studies on this issue, we sought to understand the interactions between
these two species. The present work aims to investigate whether or not A. desmarestii is
preyed upon by P. clarkii, to evaluate the effect of P. clarkii’s size on this prey and to assess
in the field, if the presence of P. clarkii has an impact on the density of A. desmarestii.

MATERIALS AND METHODS
> STUDY SITE
The field work was carried out in an area of about 870 km2 in the Sorraia River basin.
The Sorraia river is the major Portuguese tributary of the Tagus river basin and has a total
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drainage area of 7652 km2 , occupying a large part of Central Portugal. Its basin has typical Mediterranean features: 80% of the rain falls during three winter months; it has a mean
annual temperature of 16−18 ◦ C and a natural absence of flow during an average of four
months in many low order streams. Four large reservoirs distribute most of the outflow to the
system of irrigation channels crossing the main river valley. A series of small reservoirs and
weirs are used for local irrigation activities, affecting the river flow and increasing the period
of summer drought (Ferreira and Moreira, 1999). The banks are covered with Salix spp. and
the major macrophyte species are Myriophyllum aquaticum, Ceratophyllum demersum and
Potamogeton fluitans (Geraldes and Collares-Pereira, 1995).

> LABORATORY EXPERIMENTS
To investigate whether A. desmarestii is preyed upon by P. clarkii and to evaluate the effect
of P. clarkii’s size on this prey, we used five blocks of 25 aerated containers with 58 L water. An artificial plant and five river shrimps were placed in each container and one crayfish
was added 10 min later in 20 of the 25 containers. The remaining five containers acted as
controls without crayfish. We used a total of 625 river shrimp with a mean total length (TL) of
2.48 cm ± 0.26 S.D. and 100 crayfish of 4 size classes of cephalothorax length (CT): class S
(< 24 mm), class M (27−31 mm), class L (36−44 mm), class XL (> 44 mm). We only used
adult and sub-adult crayfish since preliminary experiments showed that small crayfish were
unable to prey shrimp of similar or smaller size. In each experimental block we had an equal
number of crayfish of each size class and size classes were randomly assigned to each tank.
The experiment lasted 24 h and at the end we counted the number of river shrimp consumed
in each container. On average, during the experiment, pH was 8.30 ± 0.13 S.D., temperature was 19.7 ◦ C ± 0.6 S.D. and oxygen saturation was 95.7% ± 7.5 S.D. The results were
analyzed using the Kruskal–Wallis statistics followed by a post-hoc non-parametric multiple
comparison test (Zar, 1996) with PASW Statistics v. 18.

> FIELD WORK
The occurrence of P. clarkii and of A. desmarestii was checked from June 16 to July 4, 2007 in
20 spots with 10 sampling stations each, within the Sorraia river basin. At each 2 m2 area sampling station we dragged a quadrangular dip net (1 mm mesh; 50 cm × 30 cm) five times and
recorded water depth (cm), percentage of vegetation cover (%), most abundant macrophyte
species, water current velocity (m·s−1 ), bottom substrate particle dimensions, dissolved oxygen (mg·L−1 ), oxygen saturation (%), pH, water temperature (◦ C) and conductivity (µs·cm−1 )
with a Multiline F-WTW probe. The number of river shrimp and crayfish captures was counted
and crayfish cephalothorax length (CT) was measured. To identify which environmental variables have a role in the distribution of the studied species, we conducted a binary logistic regression using the backward stepwise method with presence/absence of each of the species
as the dependent variable and the environmental variables as independent variables. For each
“species-environmental variable” pair we calculated niche amplitude (Levins, 1968) and we
also calculated the niche overlap for each variable (Schoener, 1970). To obtain niche amplitude and niche overlap we calculated the mean densities of both species for each variable at
each class interval. Class intervals were: water depth − 8 classes of 15 cm (0−120 cm range);
% vegetation cover − 5 classes of 20% (0−100% range); water current velocity − 6 classes of
0.5 m·s−1 (0−3 m·s−1 range); bottom substrate in Attenberg scale (Ilhéu, 2004), 1 (< 0.02 mm);
2 (1−5 mm); 3 (5−50 mm); 4 (50−150 mm); 5 (150−500 mm); 6 (> 500 mm); conductivity −
6 classes of 100 µs·cm−1 (200−800 µs·cm−1 range); water temperature, 6 classes of 2 ◦ C
(15−27◦ C range); dissolved oxygen − 8 classes of 2 mg·L−1 (4−20 mg·L−1 range); oxygen
saturation − 8 classes of 20% (40−200% range); pH − 4 classes of 0.5 (7−9 range). A nonparametric Kruskal–Wallis test followed by a non-parametric post-hoc test (Zar, 1996) was
used to compare the densities of both species at different substrate classes. For each sampling station the mean crayfish cephalothorax length (CT) was calculated and placed within
17p3
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Figure 1
Results of the laboratory experiments testing the daily consumption of river shrimp by the red swamp
crayfish. Mean values and 95% confidence intervals are presented for each crayfish size class. Control
tanks have no crayfish. Groups with the same letter (a, b) are not statistically different (post-hoc test:
p > 0.05).
Figure 1
Résultats des expériences de laboratoire testant la consommation journalière de crevettes palomète
par l’écrevisse de Louisiane. Valeurs moyennes et intervalles de confiance à 95 % sont présentés pour
chaque classe de taille de l’écrevisse. Les aquariums témoins n’ont pas d’écrevisses. Les groupes avec
la même lettre (a, b) ne sont pas significativement différents (test post hoc : p > 0,05).

each of six crayfish size classes (0−10 mm; 10−20 mm; 20−30 mm; 30−40 mm; 40−50 mm;
50−60 mm). The availability of different crayfish sizes differed during laboratory and field work
therefore affecting the choice of its size classes. The maximum shrimp density found for each
crayfish size class was used in a linear regression relating average crayfish size and maximum shrimp density. Another linear regression was calculated for the highest densities of
river shrimp as a function of crayfish density.

RESULTS
All river shrimp survived in the control containers and crayfish size had a significant effect
on shrimp survival (Kruskal–Wallis: X 2 = 26.638; df = 4; N = 125; P < 0.001). The average
number of shrimps consumed increased with crayfish length to a maximum of 0.82 shrimps
consumed per day at class L (Figure 1). The maximum consumption rate was of three river
shrimps consumed per crayfish in one day and this was observed three times at three different classes (M, L, XL). The majority of size S crayfish did not consume any shrimp and
only 5 of 25 crayfish from this class consumed one shrimp per day. The post-hoc test for
non-parametric multiple comparisons obtained significant differences between the controls
and M, L and XL size classes (Table I). There were no significant differences between class S
and the control (Table I). The niche overlap (Figure 2), obtained from field data, shows that
river shrimp and crayfish share the same microhabitats. The overlap was higher than 50%
for all variables, except for the conductivity and dissolved oxygen. In fact, shallow pool areas
with a water depth below 1 m and abundant vegetation cover, had the highest densities of
both species. These densities reached 170 individuals·m−2 and 8 individuals·m−2 , respectively
for river shrimp and crayfish (Figure 3). In microhabitats with water depths above 95 cm or
with a water current velocity over 1 m·s−1 , no river shrimp or crayfish were found. We found
no crayfish and very low densities of river shrimp in microhabitats without vegetation cover.
In these microhabitats, river shrimp densities were mostly null or below 10 river shrimp·m−2 .
The highest densities of the two species did not match in respect to conductivity and oxygen
saturation. The highest crayfish densities were found with high values of conductivity and high
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Figure 2
Niche amplitude (Levins, 1968) and niche overlap (Schoener, 1970) for river shrimp and red swamp
crayfish.
Figure 2
Amplitude de niche (Levins, 1968) et recouvrement de niche (Schoener, 1970) pour la crevette palomète
et l’écrevisse de Louisiane.
Table I
Results for the post-hoc test for non-parametric multiple comparisons (Zar, 1996). Critical value of
Q(0.05;4) = 2.807.
Tableau I
Résultats du test post hoc de comparaisons multiples non-paramétriques (Zar, 1996). Valeur critique de
Q(0,05;4) = 2,807.
Control vs. S
Control vs. M
Control vs. L
Control vs. XL

Standard error
8.531
8.531
8.531
8.531

Q
1.336
2.881
4.667
3.423

p values
> 0.05
< 0.05
< 0.05
< 0.05

values of oxygen saturation, and the opposite happened for river shrimp. There was no apparent tendency for river shrimp or crayfish densities regarding water temperature, dissolved
oxygen and type of bottom substrate. River shrimp densities presented no clear tendency
for pH, although crayfish densities seemed to be lower at more alkaline conditions (Figure 3).
There were no significant differences between river shrimp densities found in different substrate classes (Kruskal–Wallis: X 2 = 2.994; df = 5; N = 191; p = 0.701) nor at different crayfish
densities (Kruskal–Wallis: X 2 = 6.560; df = 5; N = 191; p = 0.255). The binary logistic regression to explain the presence/absence of river shrimp (X 2 = 80.361; n = 191; df = 3; p = 0.000;
−2 Log likelihood = 184.374; Cox and Snell r 2 = 0.343; Nagelkerke r 2 = 0.458) included
the variables vegetation cover (p = 0.000); dissolved oxygen (p = 0.022) and water depth
(p = 0.111) (Table II). This model successfully predicted presence or absence of river shrimps
for 78.5% of the sites. The binary logistic regression model explaining the presence/absence
of crayfish (X 2 = 60.825; N = 191; df = 5; p = 0.000; −2 Log likelihood = 150.056; Cox and
Snell R2 = 0.273; Nagelkerke R2 = 0.408) had five variables: vegetation cover (p = 0.000);
pH (p = 0.002); conductivity (p = 0.020); water depth (p = 0.023) and water flow (p = 0.028)
(Table III). This model successfully predicted presence or absence of crayfish for 80.1% of
the sites. Maximum river shrimp densities were negatively correlated with crayfish density
17p5
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Figure 3
Abondance de crevettes palomète et d’écrevisses pour des gradients de neuf variables environnementales. Densité moyenne et déviation standard sont présentées
pour chaque intervalle de classe des variables. L’axe y de gauche correspond aux valeurs de densité d’écrevisses, celui de droite aux valeurs de densité de crevettes.

Figure 3
River shrimp and crayfish abundance for gradients of nine environmental variables. Mean density and standard deviation are present for each variable class interval.
The y axis on the left corresponds to crayfish density values and the y axis on the right corresponds to river shrimp density values.

F. Banha and P.M. Anastácio: Knowl. Managt. Aquatic Ecosyst. (2011) 401, 17

F. Banha and P.M. Anastácio: Knowl. Managt. Aquatic Ecosyst. (2011) 401, 17

Table II
Parameter values obtained on a binary logistic regression predicting river shrimp density.
Tableau II
Valeurs des paramètres prédictifs de la densité de crevettes palomète par régression logistique.
Water depth
Vegetation cover
Dissolved oxygen
Constant

B
−0.013
0.047
0.246
−3.444

S.E.
0.008
0.007
0.108
1.194

Wald
2.543
50.148
5.216
8.321

df
1
1
1
1

p values
0.111
0.000
0.022
0.004

Exp (B)
0.987
1.048
1.280
0.032

Table III
Parameter values obtained by a binary logistic regression predicting crayfish density.
Tableau III
Valeurs des paramètres prédictifs de la densité d’écrevisses par régression logistique.
Water depth
Water flow
Vegetation cover
Conductivity
pH
Constant

B
−0.024
−7.103
0.026
0.003
−1.709
11.333

S.E.
0.011
3.227
0.006
0.001
0.562
4.647

Wald
5.179
4.844
16.702
5.438
9.258
5.948

df
1
1
1
1
1
1

p values
0.023
0.028
0.000
0.020
0.002
0.015

Exp (B)
0.976
0.001
1.026
1.003
0.181
83 573.792

(Figure 4) and with its cephalothorax length (Figure 5). The river shrimp densities attained the
highest values in the absence of crayfish or in the presence of small crayfish. High densities
of large crayfish were correlated with low river shrimp density.

DISCUSSION
Our experiments show that crayfish can predate river shrimps, despite their fast escape reactions that make them a difficult prey. In fact, according to Renai and Gherardi (2004), crayfish
are able to prey species with fast escape reactions, such as amphibian larvae and trout fry.
This ability is related to a “sit and wait” strategy in which the prey does not feel threatened
and is eventually caught. We observed in the laboratory that both species seemed to spend
most of their time in the artificial aquatic plant therefore sharing the same space. This fact, together with the crayfish capture strategy may explain the observed predation effect. P. clarkii
has a significant predatory effect upon river shrimp for cephalothorax lengths over 24 mm
(classes M, L, XL). In nature, the proportion of macroinvertebrates in the diet of crayfish decreases as their size increases, and the adults with a total length exceeding 11 cm are almost
exclusively scavengers (Ilhéu and Bernardo, 1993). Moreover, crayfish effects on macroinvertebrate diversity decrease with crayfish size (Correia and Anastácio, 2008), reflecting a clear
diet shift as crayfish growth. Despite a preference for detritus followed by fresh plant material,
adult crayfish can feed mostly on animal material, according to the availability of macroinvertebrates (Ilhéu and Bernardo, 1993, 1995; Correia, 2002). In our opinion class S crayfish, did
not cause significant predation effects because of similar prey and predator sizes. The maximum average consumption per individual, per day was found for the class L (0.8 shrimps).
This value is apparently low, but it is important to remember that crayfish have not gone
through any period of fasting and were well fed before the experiment. It is also important to
note that the density of prey, five per container, is a low density compared to the river shrimp
density values found in nature which are up to 1811 animals per m2 (Meurisse-Génin et al.,
1985; Fidalgo, 1990). Thus P. clarkii’s predation may be stronger under natural conditions than
under experimental conditions.
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Figure 4
Maximum river shrimp density vs. crayfish density (p = 0.008).
Figure 4
Densité maximum de crevettes palomète vs. densité d’écrevisses (p = 0,008).

Figure 5
Maximum river shrimp density vs. crayfish cephalotorax length (p = 0.024).
Figure 5
Densité maximum de crevettes palomète vs. longueur du céphalothorax de l’écrevisse (p = 0,024).

Mediterranean freshwater systems are frequently confined to small areas due to drought during late summer and early autumn (Magalhães et al., 2002) and in those circumstances prey
are heavily consumed by crayfish (Correia, 2003). Our field work was performed in early summer (late June to early July) when these confined conditions are beginning to emerge. We
would expect that in species with completely different niches, the impact of invasive species
on natives would be minimal or negligible. However, field results show that both species
tend to share the same microhabitats and the highest densities of both species are found
in shallow pools with macrophytes. In fact, the vegetation cover is important for P. clarkii as
well as for other crayfish species, because high plant biomass microhabitats promote shelter
(Garvey et al., 1994). Probably for the same reason the river shrimp occupies microhabitats
with vegetation. For a related crayfish species, Procambarus alleni, population density also
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increases with plant biomass but decreases with water depth. Larger water depths are related
with larger predatory fish (Heck and Crowder, 1991; Jordan et al., 1996), which may explain
why both studied species prefer shallow waters. Further, Adão (1991) observed highest densities of P. clarkii at water depths below 40 cm, therefore supporting this idea. According to
this view it is not surprising that both species present the smallest niche amplitude for water
depth.
There is a small niche overlap for conductivity and for the dissolved oxygen, two variables
frequently associated to pollution and eutrophic waters. In spite of this, P. clarkii is extremely resistant to bad water quality (Arrignon et al., 1990), and high densities of this species
can be found in places with a low value for the BMWP water quality index (Gil-Sánchez
and Alba-Tercedor, 2002). The opposite happens for A. desmarestii, which is associated to
good water quality in terms of the saprobic index, heavy metal contamination, acidification
(Abdennour et al., 2000; Gerhardt et al., 2004) and IBMWP water quality index (Oscoz and
Durán, 2005).
The binary logistic regressions performed for the presence/absence of both species reinforces
the role of vegetation in the species distribution. This was the most important variable for
both models. For the river shrimp, the variable “dissolved oxygen” comes second in order
of importance. The probability of shrimp occurrence increases with higher oxygen saturation
levels and actually Fidalgo and Gerhardt (2002) also referred that this species prefers waters
rich in dissolved oxygen. The last variable integrated in this model was the water depth. The
model predicts the decrease of the river shrimp’s probability of presence with increasing water
depth.
For the crayfish model, the most important variable to explain the presence of this species
was the vegetation cover. The second variable was pH and the relation was negative. This
agrees with Arrignon et al. (1990) who referred that ideally the pH range for crayfish is between
6.5 to 8.5. The range values found in this work were between 7.3 to 8.9, so the highest values
we found, fall outside the ideal range. The third variable was conductivity which presented
a negative slope, followed by water depth, also with a negative slope. The last variable that
this model considers is water flow. According to Gil-Sánchez and Alba-Tercedor (2002), this
variable was one the most important for P. clarkii distribution. In our model, the probability
of crayfish presence is lower at high velocity water flow. Our results also suggest that in the
study area none of the species had a substrate preference. In fact other authors (Gil-Sánchez
and Alba-Tercedor, 2002; Cruz and Rebelo, 2007) also indicated an absence of association
between crayfish distribution and substrate composition.
The fact that crayfish predate river shrimp and that these two species share the same microhabitats indicates a probable impact of crayfish on river shrimp populations. Procambarus
clarkii has in fact been considered responsible for the disappearance of some macroinvertebrates in the aquatic ecosystems where it has been introduced (Geiger et al., 2005;
Correia and Anastácio, 2008) and these results are in line with that perspective. Linear
regressions, made for maximum river shrimp densities versus crayfish density, and mean
crayfish cephalothorax length confirm that impacts are significant. We also verified that
the highest crayfish and river shrimp densities occur in habitats with similar macrophytes
species (Cynodon dactylon, Polygonum persica and Cyperus longus). According to Arrignon
et al. (1990) in its home range the red swamp crayfish has a preference for Cyperus spp.
macrophytes.
Another possible impact of crayfish on river shrimp populations is the loss of habitats, since
we proved that river shrimp densities are directly correlated to vegetation cover and crayfish are often responsible for the disappearance of aquatic vegetation leading to habitat loss
(Rodríguez et al., 2005). Several studies in the Iberian Peninsula (Anastácio and Marques,
1997; Vila-Escalé et al., 2002; Rodríguez et al., 2005) showed that, even at low densities (up
to 1 individual·m−2 ), crayfish can severely affect vegetation. Thus, river shrimp populations
can be affected by the invasive red swamp crayfish through direct predation and by habitat
loss. In conclusion, our work shows that the red swamp crayfish and river shrimp occupy
the same type of microhabitats. Our field and laboratory data indicate that the crayfish have
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impacts on river shrimp populations, with the major effects being expected at high densities
of large sized crayfish.
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