NORTH-WESTERN JOURNAL OF ZOOLOGY 13 (1): 18-26
Article No.: e161303

©NwjZ, Oradea, Romania, 2017
http://biozoojournals.ro/mwjz/index.html
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Abstract. Two individuals of the locally non-indigenous crayfish species Astacus leptodactylus (sensu lato)
were collected by trapping in Lake Pamvotida (Region of Epirus, Greece). This is the first record of the
species from the southwestern Balkans and particularly from the Ionian biogeographic area. It suggests that
there has been a significant human-mediated expansion in A. leptodactylus territory across the Pindos
cordillera. Moreover, four individuals of the species Astacus astacus (L.) were also collected from the lake. The
re-occurrence of this species after at least two decades of presumed absence represents a unique known case
of co-occurrence for these two species in Greece. We present a brief overview regarding the current
distribution of both species (in Europe, Balkans, Greece, as well an occurrence map for Lake Pamvotida), a
record of their morphometrics and a description of the main morphological characters of the captured
specimens. The unexpected presence of A. leptodactylus in Lake Pamvotida suggests that it was probably
transferred there or escaped from restaurant facilities situated around the lake and on Nisi Island. In the case
of A. astacus, its indigenous status (i.e. specimens originating from an existing and naturally recovering
population in the same lake/habitat), although questionable, cannot be disregarded until future extensive
genetic work. Overall, the presence of these species in the lake could, in the long term, help to re-establish

crayfishing there.
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Introduction

The alteration of glacial and interglacial periods
during the Quaternary led to the retreat of Astacus
astacus (L.) and Astacus leptodactylus (sensu lato)
species in glacial refugia and subsequent recoloni-
zation had a great impact on their distribution pat-
terns. The existence of such refugia for A. astacus
has been documented for southeastern Europe
(Black Sea basin and Western Balkans) and Ger-
many (Schrimpf et al. 2011, 2014). Similarly, it was
suggested that A. leptodactylus survived in at least
two glacial refuges, one possibly situated on the
outskirts of the Caspian Sea, and the other in the
vicinity of the Black Sea (Minor Asia or the Balkan
Peninsula) (Maguire et al. 2014). However, current
distribution of both species has been radically
shaped by human-mediated factors such as trans-
location, stocking, farming, habitat alterations,
man-made river interconnections and introduction
of non-indigenous crayfish species (NICS).

Noble crayfish A. astacus is the most wide-
spread indigenous crayfish species (ICS)
Europe. The species’ range covers central and
northern parts of the continent, including the

in

North Sea, Baltic Sea, Black Sea, Adriatic Sea ba-
sins and Balkan Peninsula (Holdich et al. 2009,
Kouba et al. 2014). Despite substantial local and
regional losses due to its high susceptibility to the
crayfish plague (caused by Aphanomyces astaci
Schikora, 1906), competition with NICS, pollution
and habitat degradation, indigenous populations
are still found in vast areas, mainly across the cen-
tral parts of the continent from Scandinavia to the
southern Balkans (Fiireder et al. 2006, Holdich et
al. 2006, Kouba et al. 2014). The species is the most
commercially desirable ICS and widespread in-
troduced populations exist, including insular ones
in Cyprus, the UK and even in Morocco. The habi-
tat type of this species is exclusively freshwater
(Holdich et al. 2006). The availability of shelter in-
fluences its spatial distribution and is particularly
important for lentic populations (Westin & Gy-
demo 1988). The species is sensitive to pollution
and to physical damage of habitat; however it can
withstand moderate organic enrichment (dis-
solved oxygen values of 3-4 mg I!), but it gener-
ally avoids muddy bottoms (Fiireder et al. 2006,
Holdich et al. 2006, Kozék et al. 2015).

The narrow-clawed crayfish A. leptodactylus is
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the second most widespread ICS in Europe
(Holdich et al. 2009, Kouba et al. 2014). The pre-
sumed native range of this species is associated
with the Ponto-Caspian river basins (i.e. Caspian
Sea, Black Sea, lower and middle Danube, lower
sections of Don, Dniester, Volga and their tributar-
ies; Koksal 1988). It covers the north and eastern
Balkans, Ukraine, Belarus, the western part of the
Russian Federation up to the Caspian Sea and
Turkey (both the European and the Asiatic part;
Harlioglu & Harlioglu 2009). The species has been
introduced European
mainly for astaciculture or as a substitution to re-
place A. astacus stocks devastated by crayfish
plague (Skurdal & Taugbel 2002). Therefore its
current distribution largely reflects human-aided
colonization. It is considered to be the most eury-
biontic species compared to other ICS, as it is less
sensitive to pollution, is able to withstand wide
water temperature and salinity fluctuations and is
capable of surviving low dissolved oxygen levels
(Fureder et al. 2006, Holdich et al. 2006, Kozak et
al. 2015). Astacus leptodactylus may also be able to
withstand chronic infection by A. astaci (Kokko et
al. 2012, Schrimpf et al. 2012; Svoboda et al. 2012),
similarly to freshwater crabs, which may serve as
local reservoirs of A. astaci (Svoboda et al. 2014). In
Greece, four species of freshwater crabs are pre-
sent, of which Potamon fluviatile (Herbst, 1785) is
present in the Kalamas, Acheron, and Arachthos
river drainages close to lake Pamvotida (Maurakis
et al. 2004). However, both A. leptodactylus and A.
astacus are under continuous pressure from non-
indigenous crayfish species (NICS), which are
gradually spreading and displacing ICS popula-
tions.

into several countries

As for the neighboring countries of Greece, A.
astacus is indigenous to Albania, the Former Yugo-
slav Republic of Macedonia (FYROM) and Bul-
garia (Holdich et al. 2006, Holdich et al. 2009,
Kouba et al. 2014). In Greece, A. astacus is the most
widespread species compared to other ICS (i.e. A.
leptodactylus and  Austropotamobius  torrentium
(Schr.)), although its current distribution range
appears restricted, at least at a local scale (re-
viewed in detail by Koutrakis et al. 2007 and Per-
dikaris 2009). Astacus leptodactylus is particularly
widespread in Bulgaria and in the European part
of Turkey, but it is currently absent from the
southwestern Balkans (i.e. from FYROM and Al-
bania). The species also has a scattered (although
limited) distribution in Italy, due to introductions
that occurred after the 1980s (Holdich et al. 2006,
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Holdich et al. 2009, Kouba et al. 2014). The indige-
nous status of A. leptodactylus in Greece was pro-
posed based on a) specimens collected during the
19t century (1893) from the River Evros and de-
posited in the Natiirhistorisches Museum in Vi-
enna (Machino & Holdich 2006); b) the observa-
tion of these samples by Karaman (1963) who
treated the species as indigenous to both Greece
and Turkey (but without specifying exact places in
Greek territory) and c) recent confirmation of the
species’ presence in the same river close to the city
of Didimotiho, based on collected samples (Perdi-
karis et al. 2007).

Until 1975, Lake Pamvotida (in northwest
Greece) sustained one of the healthiest and com-
mercially exploited populations of A. astacus in
Greece (Paschos & Kagalou 1995), which died out
due to pollution, eutrophication and a suspected
incident of crayfish plague, which was first re-
ported in 1982 and affected A. astacus populations
across the entire region (Theocharis 1986,
Koutrakis et al. 2007, Perdikaris 2009). The absence
of the species from the system was suggested in
1996 during a field survey by Yoichi Machino (Ma-
chino & Holdich 2006). In October and November
2015 two specimens of A. leptodactylus were col-
lected from Lake Pamvotida. Subsequently (De-
cember 2015) four specimens of A. astacus were
also collected. Therefore, our current work aims to
report a) the first records of A. leptodactylus out-
side its native range in Greece and b) the certain
observation of A. astacus in the lake after at least
two decades of presumed absence.

Materials and Methods

Lake Pamvotida

The lake (known also as Lake Pamvotis or lJoannina Lake)
is located at 470 m a.s.l and it has been formed during the
late Miocene to the Pliocene period. It has a maximum
length of approximately 7.9 km, a maximum width of 5.4
km, an average depth of between 4-5 m (11 m max.) and a
total surface area of 19.4 km2 (Fig. 1). In the northern part
of the lake there is a 2 km? island with a maximum eleva-
tion of 59 m above the lake’s water level. It is bordered by
the city of Ioannina to the west, Mt Mitsikeli to the north-
east and cultivated land to the southeast and west. Basin
hydrology is not thoroughly understood because of its
karstic nature. Three fresh water springs feed the lake
(Ddrabatova, Sedeniki and Kria), although most of the
water input derives from the abundant rainfall of the Re-
gion of Epirus. Two small inflows drain an agricultural
watershed in southeast and a watershed with mixed land
uses (urban, rural, agriculture and industry) in southwest.
Drainage occurs through a system of sinkholes that drain



20 C. Perdikaris & C. Georgiadis

Table 1. Selected abiotic characteristics of water quality and Trophic State Index values of Lake Pamvotida (after Nitas
2011). TSI (Chl-a), TSI (SD) and TSI (TP) represent Carlson’s Trophic State Index (TSI) values based on chlorophyll-a,
transparency and total phosphorus readings, respectively.

Min Max Notes
Water temperature 6.1°C 28.5C
P (February, lake substrate) (July, surface)

Dissolved oxygen (surface) 6.5 mg 11 (October)

rH 7.7 (substrate)
Total phosphorus (TP; surface) 0.1 mglt
Total nitrogen (TN) (surface) 2mg !
Transparency (Secchi Disk - SD) 0.41 m (July)
Chlorophyll-a (Chl-a) 4.9 mg m3 (April)
TSI (Chl-a) 49 (April)
TSI (SD) 56 (January)
TSI (TP) 64 (January)

10 mg 11 (average), close to the
lake substrate at 3.5 m below sur-
face: <1 mg I during July

23.7 mg I (June)

9.9 (surface)
0.4 mg 11
3.5mgl!

1.4 m (January)
298.1 mg m?3 (Jun)
78 (June)

70 (September)
83 (August)

46.6 mg m?3 (average)

TSI scale: 0-100

Figure 1. First records of Astacus leptodactylus (s.l.) and
new records of Astacus astacus (L.) in Lake Pamvotida
(NW Greece) indicated with asterisks and a square, re-
spectively. The embedded maps (modified from Kouba
et al. 2014) show (a) the distribution of A. astacus and (b)
A. leptodactylus in Pan-European level.

to the rivers Arachthos, Louros, and Kalamas. Lake Lap-
sista (40 km?2, 1-3 m depth), formerly connected to Lake
Pamvotida near the present outlet, was drained during
1959 to increase the available agricultural land. A man-
made tunnel and ditch was constructed in 1960 that now
drains from the outflow of Lake Pamvotida to the Kala-
mas River (Romero et al. 2002). The most recent report is-
sued by the Pamvotida Lake Management Body that
monitored the water quality of the lake (from June 2010 to
May 2011) provided results regarding several water char-
acteristics (Table 1 after Nitas 2011). The use of Carlson’s

Trophic State Index (TSI) (Carlson 1977) provided ranges
for TSI based on chlorophyll-a (TSI (Chl-a), transparency
(TSI (SD)) and total phosphorus (TSI (TP)) readings.

Field sampling, species identification

and morphological measurements
Six specimens (i.e. two A. leptodactylus and four A. astacus)

were collected by professional fishermen from Lake Pam-
votida (Fig. 1) using funnel drum net fish traps (classified
and abbreviated as FIX08.9.0 by the International Stan-
dard Statistical Classification of Fishing Gear (Nédélec &
Prado 1990), or FPO (pots and traps) following the EU
Regulation 1379/2013), locally referred to as daoulia or
volki. All specimens were given to the Pamvotida Lake
Management Body and were sent to the authors for iden-
tification. The keys of Fiireder & Machino (2002) and
Holdich et al. (2006) were used for species determination,
and the morphological characteristics and measurements
were taken using an electronic caliper with an accuracy of
0.01 mm (Paget Trading Ltd.). Measurements follow
Fiireder & Machino (2002). The morphological measure-
ments obtained were: Cephalothorax Length (CL: the
length between the tip of the rostrum and the posterior
border of the carapace, in the dorsal view); Rostrum
Length (RL: the length between the distal tip of the ros-
trum and the basal line of the rostrum’s connection to the
carapace); Acumen Length (AL: the length between the
distal tip of the rostrum and the basal line between the
marginal spines of the rostral border); Tail without Telson
(TaL: the length between the posterior border of the cara-
pace and the posterior border of the sixth abdominal
segment in the dorsal view); Telson Length (TeL: the
length of the terminal abdominal segment in the dorsal
view); Eye Diameter (ED: the maximum diameter of the
eye); Total Length (TL: the sum of the CL, TaL and TeL);
Rostro-Cervical Carapace Length (CCL: the length be-
tween the distal tip of the rostrum and the distal point of
the cervical suture in the dorsal view); Cephalothorax
Width (CW: the maximum width of the cephalothorax in
the dorsal view); Abdomen Width (AW: the maximum
width of the abdomen in the dorsal view); Chela Width
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Table 2. Basic data on species/code of specimens, sex and locations of collection.

Species (specimen number)  Sex  Date of collection Lat Lon

A. leptodactylus (specimen1) 3 16.X.2015 39.68320 N 20.8669 E
A. leptodactylus (specimen2) 3 14.X1.2015 39.6699° 20.8765° E
A. astacus (specimens 3-6) 3 23.X1.2015 39.6721° N 20.9108° E

(CheW: the maximum width of the chela in the dorsal
view); Chela Length (CheL: the length of the chela be-
tween the tip of the dactylus and the anterior border of
the carpus in the dorsal view) and Chela Height (CheH:
the maximum height of the chela (measured at the pro-
podus palm) in the lateral view).

The specimens were photographed using a Sony Cy-
bershot DSC-HX50 compact digital camera. The plates
were created using the Google Picasa 3.9.141 software. All
specimens were subsequently placed in 95% alcohol and
deposited in the Zoological Museum of the University of
Athens (ZMUA). Finally, GIS software (ArcMap 10.2,
Esri, USA) was used to generate an occurrence map based
on the sampling coordinates.

Results

The A. leptodactylus specimens were collected on
the northern (near shore, close to Drabatova
spring) and in the central part of the lake (south of
Nisi Island) (Fig. 1, Table 2). The A. astacus speci-
mens were collected in the southeastern part of the
lake close to Durachan monastery.

Specimens 1-2 were identified as adult males
of A. leptodactylus (specimen 1 is shown in Fig. 2).
All 2 specimens exhibited the following character-
istics: narrow 1st pair of pereiopods (chelipeds)
and elongated chelae, propodus and dactylus with
the upper parts tuberculated, propodus without
an incision, sides and top of carapace covered with
spines and tubercles, two pairs of post-orbital
ridges with one apical spine on each, a prominent
spine behind the cervical groove, almost parallel
rostrum sides without spines on their borders, a
long very prominent acumen with one pair of sub-
apical lateral spines, smooth media carina (=cresta
median), male gonopode 2 with talon, chelae un-
derside pale in color.

Specimens 3-6 were also identified as adult
males of A. astacus (specimen 3 is shown in Fig. 3).
All 4 specimens exhibited the following character-
istics: granulation (i.e. tubercles) on the carapace
(mainly on the sides) particularly on the robust
and rough claws (but less granular/coarser than
in A. leptodactylus), two tubercles on the inner side
of the propodus with a shallow incision between
them, rostrum sides smooth and almost parallel,

the anterior part of the acumen very pointed and
triangular, the acumen with a row of spines on its
central part (cresta median) giving a saw-tooth
appearance from the side, two pairs of post-orbital
ridges, a row of spines behind the cervical groove,
no hepatic spines in front of the cervical groove,
male gonopode 2 without talon, chelae underside
smoother and red to dirty brown in color with a
red chela joint.

Detailed morphological measurements for
both species are presented in Table 3.

Discussion

The capture of A. leptodactylus specimens in Lake
Pamvotida suggests a previously unnoticed intro-
duction of the species outside its native range.
Given that neither Machino reported any crayfish
presence during his field survey in 1996 (Machino
& Holdich 2006), nor subsequently during the pe-
riod 2005-2009 (Koutrakis et al. 2007, Perdikaris
2009), this introduction could be a recent incident.
These are the only specimens of this particular
species reported from southwestern Balkans and
western Greece until today. They also represent
the most southerly collected samples in the Bal-
kans and Europe, excluding the Asiatic part of
Turkey. Concerning the introduction pathway,
natural spread westward of the Region of Mace-
donia (Greece) is impossible due to the distance
from native populations, geographical barriers (i.e.
the Pindus cordillera) and accordingly no connec-
tion between river catchments. Moreover, the spe-
cies was not available in the Greek aquarium mar-
ket during a recent survey of freshwater crayfish
in eleven large-size pet shops located in three ma-
jor cities and in three large internet-based aquar-
ium companies in Greece (Papavlasopoulou et al.
2014), although it is sold in the crayfish pet trade
in the UK, the Netherlands, Germany and Turkey
(Faulkes 2015). Therefore, given the low popular-
ity of crayfish among Greek hobbyists, the oppor-
tunity for dumping remains limited. In the ab-
sence of propagule pressure data (i.e. the ‘intro-
duction effort’ or the composite measure of the
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Figure 2. Astacus leptodactylus (specimen 1) plate. A: dorsal view; B: ventral view; C: carapace detail (dorsal);
D: rostrum (dorsal); E: chelum (ventral); F: telson (ventral). Scale: cm.

A

Figure 3. Astacus astacus (specimen 3) plate. A: dorsal view; B: ventral view; C: carapace detail (dorsal);
D: rostrum (dorsal); E: chelum (ventral); F: telson (ventral). Scale: cm.



Co-occurrence of crayfish species in Lake Pamvotida

Table 3. Morphological measurements of the Astacus leptodactylus and Astacus astacus

specimens collected in Lake Pamvotida.
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Astacus leptodactylus Astacus astacus
Character Specimens n=2 (J) Specimens n=4 (3)
CL 57.95-60.59 55.59 (46.22-62.43)
RL 14.77-16.96 17.44 (14.16-20.28)
AL 7.23-7.80 6.69 (4.83-7.67)
TaL 40.74-44.37 39.57 (34.57-44.93)
TeL 15.86-16.65 15.55 (12.64-17.06)
ED 3.95-3.96 3.34 (3.02-3.58)
TL 112.24-120.82 110.71 (93.43-124.41)
CCL 37.24-39.89 38.09 (32.02-42.46)
cw 30.43-30.68 29.93 (25.01-34.25)
AW 25.54-26.99 25.60 (21.94-28.89)
CheW (Right - Left) 17.92-18.24  16.56 -17.82 ( 17233292) @ 6.;;222.23)
CheL (Right - Left) 57.64-59.29  56.32-58.28 @ 4;2%;79) @ 12;—?1(6)9 6)
CheH (Right - Left) 9.82-10.24 8.81-9.46 125 969

(10.75-15.74)  (9.41-9.89)

number of individuals released into a region to
which they are not native; Carlton 1996), two hy-
potheses are proposed here as possible methods of
introduction: a) translocation and release by fish-
ermen (even due to mis-identification of the spe-
cies as A. astacus) or b) escapes from cages sub-
merged in the lake or from aquaria used for the
temporary holding of crayfish offered as a deli-
cacy by restaurants, which are located on Nisi Is-
land and on the northern shore, very close to the
collection locations of the species. In fact, a you-
tube video presents numerous specimens of the
species in a glass aquarium of a restaurant on the
Nisi, Lake Pamvotida
(https:/ /www.youtube.com/watch?v=tKHRDM
m4kDA), together with specimens of Pacifastacus
leniusculus (Dana).

The introduction to Lake Pamvotida and the
intrastate movement of A. lepfodactylus may not be
unique in Greece. Historic evidence (during the
1980s) of unverified stocking has been reported for
the River Pinios in central Greece (Koutrakis et al.
2007) and adult live individuals of the species
were seen during the late 2010s by one of us (CP)
in a restaurant near the artificial Lake Agra (vil-
lage of Nisi, Edessa, Central Macedonia, Greece).
According to the restaurant owner and the local
people, these individuals originated from a popu-
lation in the River Nestos (close to the village of
Paradeisos in the region of Eastern Macedonia and
Thrace; Perdikaris 2009). According to recent in-
formation (Perdikaris, unpub. data), the species
was successfully introduced to the artificial lake of

Polyphytou (Region of Western Macedonia) and
one more established population exists in the
River Pinios (Region of Thessally).

The current work also reports the re-
occurrence of A. astacus in Lake Pamvotida. His-
torical records of A. astacus in Lake Pamvotida
were reported in the literature for a period of 50
years (Athanassopoulos 1935, Karaman 1963;
Kinzelbach 1986, Theocharis 1986). After the
population crash during the 1970s (Paschos &
Kagalou 1995) efforts to re-establish the popula-
tion, such as the release of 100 individuals origi-
nating from the River Kalamas during 2004, were
regarded as unsuccessful (Perdikaris 2009). Ac-
cording to the TSI (Chl-a) results, Lake Pamvotida
becomes hypertrophic between June and Septem-
ber and eutrophic for the rest of the year. It can be
also classified as hypertrophic according to the TSI
(TP) and eutrophic according to the TSI (SD).
Overall, these values suggest a degraded water
quality during the last decades, although the con-
struction of a waste treatment plant has prevented
further deterioration. Moreover, the catchment has
faced substantial urban, agricultural and indus-
trial development over the last 40 years which has
resulted in cultural eutrophication (Romero et al.
2002). Accordingly, the possibility that over this
period, the crayfish could populate the limited
tributaries of the lake remains low. Dissolved oxy-
gen levels during July were measured even below
1 mg 17 close to the substrate (see Table 1), which
seem to be prohibitive for A. astacus survival, with
lethal levels equal to 1.0 mg 1! at temperature
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range of 15-18°C (Krupauer 1982). Therefore, the
origin of these specimens (i.e. whether they repre-
sent remnants of the initial indigenous population,
isolated within in-lake refugia supported by
spring water, recent translocation(s) or simply
sporadic  escapes/dumping
aquaria/cages) cannot be confirmed at this point
without extensive genetic work.

On the contrary, there are no obvious envi-

from restaurant

ronmental constraints for the establishment of A.
leptodacylus, which has a higher saprobic valency
(i.e. 2.0) compared to A. astacus (1.0-1.8) and A. tor-
rentium (1.2) (Moog et al. 1995, Sladeckova et al.
1998). This species can survive with dissolved
oxygen levels as low as 0.5 mg I in muddy and
turbid habitats (Fiireder et al. 2006). So when
compared to A. astacus, A. leptodactylus appears to
be similarly suited to the local climate, but better
suited to environmental conditions. However, the
existence of sub-optimal conditions for A. leptodac-
tylus, is a possible reason for their low trapped
numbers.

The absolute presence of A. astacus and A. lep-
todactylus males in the samples of the current
study does not imply that females are non present
in the lake, as the sample size was small. There-
fore, there is a need for further sampling, targeting
gravid females and/or juveniles, in order to pro-
vide solid evidence for the establishment of both
species. Additionally, in the case of the A. astacus,
this species will need to survive the low oxygen
levels present in the summer, therefore establish-
ment should be proposed based on inter-annual
sampling data.

According to the IUCN (2000), an invasion re-
quires the ‘establishment of a new species that be-
comes an agent of change, and threatens native
biological diversity’. Although it is premature to
suggest that the current sample represents either
an established population or a single release, A.
leptodactylus belongs to these ICS able to become
invasive once released. The species appears to
share features with other invasive crayfish species
(Tricarico et al. 2010) (e.g., size, fecundity, high
population density, moderate levels of resistance
to crayfish plague, probably due to slow evolu-
tionary adaptation to the pathogen expressed by
increased resistance of some host specimens or in-
fection by less virulent strain of A. astaci). In order
to assess and quantify the invasion risk posed by
crayfish, the Freshwater Invertebrate Invasiveness
Screening tool was recently used on ICS and se-
lected NICS in Italy. Astacus leptodactylus was
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identified as a medium risk species, but with a
score very close to the threshold level (Tricarico et
al. 2010). The application of the same tool for
Greece listed A. leptodactylus in the high risk cate-
gory, with an identical score to the threshold value
(Papavlasopoulou et al. 2014). The respective val-
ues for A. astacus were zero for Italy and three for
Greece and in both cases they were far below the
threshold level. Although such quantitative risk
screening tools involve the operator’s subjectivity
and variability in outcomes depending on differ-
ent biogeographical boundaries, presence or ab-
sence of other crayfish species and local condi-
tions, they could assist as initial steps in proactive
risk management. These results suggest that A.
leptodactylus (and even A. astacus) has a rather
moderate to high degree of invasion potential,
particularly when Austropotamobius species are
present. Although competitive inferiority for A.
astacus was suggested when it was compared to A.
leptodactylus, based on colonizing ability and ag-
gression (Holdich 1999), there are many localities
where both species coexist many years or decades
without significant dominance of A. leptodactylus
in Poland, Lithuania and Latvia (see Kozak et al.
2015 and references therein). Contrary to A. lepto-
dactylus, A. astacus has demonstrated its ability
under experimental conditions to successfully ex-
ploit and occupy hiding places (Zaikov et al. 2010).
On the other hand, A. astacus was forced out by A.
leptodactylus which also expanded its range along
certain shorelines of the lake Ageri, Switzerland
(Stucki & Romer 2001). Accordingly, the outcome
of the co-existence in lake Pamvotida is currently
unclear.

Management and conservation strategies for
ICS have not been drafted in Greece. From the leg-
islative viewpoint (see the detailed review in
Koutrakis et al. 2007), A. astacus is under the gen-
eral protection provided by the EC Habitats Direc-
tive (92/43/EEC in which A. astacus is listed in
Annex V). Greek legislation forbids crayfish fish-
ing from the 15t of February to the 15" of May. It
has also established a minimum size of 10 cm for
captured individuals (Royal Decree 142/1971, FEK
49A/1971). For A. astacus the minimum allowable
size of captured individuals is 7 cm in total length
(mentioned as A. fluviatilis in the Ministerial Act
A2-3354/05.11.2007, FEK 2207/B’). Important
crayfish habitats need to be identified and pro-
tected, as Species Protection Areas (SPAs), accord-
ing to article 22 of Appendix II of the EC Habitats
Directive 92/43/EEC and crayfish are important
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indicators of surface water quality under the Wa-
ter Framework Directive (2000/60EC). For Lake
Pamvotida, (which is listed in the NATURA 2000
framework) the occurrence of both species in-
creases its overall biodiversity and should be con-
sidered in local regulatory framework and man-
agement plans. Regulatory improvements should
be made in order to control trapping pressure and
ideally to divert it towards A. leptodactylus. How-
ever, the primary focus should be directed to-
wards water quality improvement and wider en-
vironmental protection of the ecosystem. More-
over, information and sensitization of the local
community about the ecological/conservational
importance of ICS and the harmful impacts posed
by unofficial and deliberate crayfish translocations
and introductions are equally important.

The present findings represent a significant
human-mediated range expansion of A. leptodacty-
Ius in Greece to a point outside its native range.
Moreover, the specimens caught co-occurred with
A. astacus, whose re-occurrence is reported after a
long period of presumed absence from the system.
The presence of A. leptodactylus suggests that un-
regulated introductions/translocations of aquatic
organisms are occurring, something which may
lead to negative consequences (e.g. asymptomatic
carrying of crayfish plague and transmission via
secondary translocations to syntopic or allotopic
A. astacus populations in the recipient region).

Acknowledgements. The authors would like to thank the
Pamvotida Lake Management Body, Mr George Dourdas
who captured the specimens and Mr Christos Felias who
provided the specimens. Also, Dr Anna Chapman for
language corrections and for assistance in photographing
the specimens, as well as Evangelos Konstantinidis for
GIS mapping. Finally, we would like to thank three
anonymous referees for their constructive comments.

References

Athanassopoulos, G. (1935): Particularité de la distribution de
l'ichthyofaune des eaux douces en Grece. Internationale
Vereinigung fuer Theoretische und Angewandte Limnologie
Verhandlungen 7: 117-121.

Carlson, R.E. (1977): A trophic state index for lakes. Limnology and
Oceanography 22(2): 361-369.

Carlton, J.T. (1996): Pattern, process, and prediction in marine
invasion ecology. Biological Conservation 78(1): 97-106.

Faulkes, Z. (2015): The global trade in crayfish as pets. Crustacean
Research 44: 75-92.

Fiireder, L., Machino, Y. (2002): A revised determination key of
freshwater crayfish in Europe. Berichte des

25

Naturwissenschaftlich-Medizinischen Vereins in Innsbruck 89:
169-178.

Fiireder, L., Edsman, L., Holdich, D., Kozak, P., Machino, Y., Péckl,
M., Renai, B, Reynolds, J., Schulz, H., Schulz, R., Sint, D.,
Taugbol, T., Trouilhé, M.C. (2006): Indigenous crayfish habitat
and threats. In: Souty-Grosset, C., Holdich, D.M., Noél, P.Y.,
Reynolds, J.D., Haffner, P. (Eds.), Atlas of Crayfish in Europe.
Muséum National d’Histoire Naturelle, Paris,
Naturels 64: 26-47.

Harlioglu, A.G., Harlioglu, M.M. (2009): The status of freshwater
crayfish (Astacus leptodactylus Eschscholtz) fisheries in Turkey.
Reviews in Fisheries Science 17(2): 187-189.

Holdich, D.M., Reynolds, ].D., Souty-Grosset, C., Sibley, P.J. (2009):
A review of the ever increasing threat to European crayfish from

Patrimoines

non-indigenous crayfish species. Knowledge and Management
of Aquatic Ecosystems 394-395: art.11.

Holdich, D.M., Haffner, P., Noé&l, P. (2006): Species files, in: Souty-
Grosset, C., Holdich, D.M., Noél, P.Y., Reynolds, J.D., Haffner,
P. (Eds.), Atlas of Crayfish in Europe. Muséum National
d’Histoire Naturelle, Paris, Patrimoines Naturels 64: 50-129.

Holdich, D.M. (1999): The negative effects of established crayfish
introductions. In: Gherardi, F., Holdich, D.M. (Eds.), Crayfish in
Europe as alien species: How to make the best of a bad
situation? A.A. Balkema, Rotterdam. Crustacean Issues 11: 31—
47.

IUCN (2000): IUCN guidelines for the prevention of biodiversity
loss caused by alien invasive species. IUCN, Species Survival
Commission, Invasive Species Specialist Group.

Karaman, M.S. (1963): Studie der Astacidae (Crustacea, Decapoda).
Hydrobiologia 22 (1): 111-132.

Kinzelbach, R. (1986): The southern limit of the crayfishes species
Astacus torrentium and A. astacus in Greece. Zoology in the
Middle East 1 (1): 145-146.

Kokko, H., Koistinen, L., Harlioglu, M.M., Makkonen, J., Aydin, H.,
Jussila, J. (2012): Recovering Turkish narrow clawed crayfish
(Astacus leptodactylus) populations carry Aphanomyces astaci.
Knowledge and Management of Aquatic Ecosystems 404: art.12.

Koksal, G. (1988): Astacus leptodactylus in Europe. pp.365-400. In:
Holdich D.M., Lowery, RS. (Eds.), Freshwater Crayfish.
Biology, Management and Exploitation. Croom Helm, London.

Kouba, A., Petrusek, A., Kozak, P. (2014): Continental-wide
distribution of crayfish species in Europe: update and maps.
Knowledge and Management of Aquatic Ecosystems 413: art.05.

Koutrakis, E., Perdikaris, C., Machino, Y., Savvidis, G., Margaris, N.
(2007): Distribution, recent mortalities and conservation
measures of crayfish in Hellenic fresh waters. Bulletin Francais
de la Péche et de la Pisciculture 385: 25-44.

Kozak, P., Durig, Z., Petrusek, A., Bufi¢, M., Horka, L, et al. (2015):
Crayfish Biology and Culture. University of South Bohemia in
Ceskeé Budgjovice, Faculty of Fisheries and Protection of Waters,
Vodnany, Czech Republic.

Krupauer, V., (1982): Zlaty ral [The golden crayfish]. Nakl. Ceské
Budéjovice, Czech Republic. [in Czech].

Machino, Y., Holdich, D.M. (2006): Distribution of crayfish in
Europe and adjoining countries: updates and comments.
Freshwater Crayfish 15: 292-323.

Maguire, I, Podnar, M., Jeli¢, M., Stambuk, A. Schrimpf, A.,
Schulz, H., Klobucar, G. (2014): Two distinct evolutionary
lineages of the Astacus leptodactylus species-complex (Decapoda:
Astacidae) inferred by phylogenetic analyses. Invertebrate
Systematics 28(2): 117-123.

Maurakis, E.G., Grimes, D.V., Mcgovern, L., Hogarth, P.J. (2004):
Occurrence of Potamon species (Decapoda, Brachyura) relative
to lotic stream factors in Greece. Biologia (Bratislava) 59(2): 173
180.

Moog, O. (ed) (2002): Aquatica
Wasserwirtschaftskataster, Bundesministerium fiir Land- und
Forstwirtschaft, Umwelt und Wasserwirtschaft, Vienna.

Nédélec, C., Prado, J. (1990): Definition and classification of fishing
gear categories. FAO Fisheries Technical Paper 222 (Revision 1).
FAO, Rome.

Fauna Austriaca.



26

Nitas, P. (2011): Lake Pamvotis Water Monitoring Program. Lake
Pamvotis Management Body. Powerpoint Presentation.
<http:/ /www .lakepamvotis.gr/img/monitoring/Monitoring_
Nitas_P.pdf> accessed at: 2015.12.18.

Papavlasopoulou, 1., Perdikaris, C., Vardakas, L., Paschos, 1. (2014):
Enemy at the gates: introduction potential of non-indigenous
freshwater crayfish in Greece via the aquarium trade. Central
European Journal of Biology 9(1): 11-18.

Paschos, I, Kagalou, I. (1995): Management study of Lake
Pamvotis. Prefecture of Ioannina, Epirus, Greece.

Perdikaris, C. (2009): Biology and distribution of the populations of
crayfish species in the freshwaters of Greece. PhD Thesis.
University of the Aegean, Greece.

Perdikaris, C., Koutrakis, E., Margaris, N. (2007): Confirmation of
occurrence of the narrow-clawed crayfish Astacus leptodactylus
Eschscholtz, 1823 in the River Evros in Greece. Bulletin Francais
de la Péche et de la Pisciculture 385: 45-52.

Romero, J.R, Kagalou, I, Imberger, ], Hela, D. Kotti M.,
Bartzokas, A., Albanis T. Evmirides, N, Karkabounas, S.,
Papagiannis, J., Bithava, A. (2002): Seasonal water quality of
shallow and eutrophic Lake Pamvotis, Greece: implications for
restoration. Hydrobiologia 474 (1-3): 91-105.

Schrimpf, A., Schulz, H. K., Theissinger, K., Parvulescu, L., Schulz,
R. (2011): The first large-scale genetic analysis of the vulnerable
noble crayfish Astacus astacus reveals low haplotype diversity in
central European populations. Knowledge and Management of
Aquatic Ecosystems 401: art.35.

Schrimpf, A., Parvulescu, L., Copilas-Ciocianu, D., Petrusek, A.,
Schulz, R. (2012): Crayfish plague pathogen detected in the
Danube Delta - a potential threat to freshwater biodiversity in
southeastern Europe. Aquatic Invasions 7(4): 503-510.

Schrimpf, A., Theissinger, K., Dahlem, J., Maguire, I., Parvulescu,
L., Schulz, HK., Schulz, R. (2014): Phylogeography of noble
crayfish (Astacus astacus) reveals multiple refugia. Freshwater
Biology 59(4): 761-776.

Skurdal, J., Taugbel, T. (2002): Crayfish of commercial importance.
Astacus, pp.467-510. In: Holdich, D.M., (Ed.), Biology of
Freshwater Crayfish. Blackwell Science Ltd, Oxford.

C. Perdikaris & C. Georgiadis

Sladeckova, A., Sladecek, V., Fremrov, L., Cermak, O. (1998): CSN
75 7716, Jakost vody - Biologicky rozbor - Stanoveni saprobniho
indexu [Czech National Standard 75 7716, Water quality - Biological
analysis - Determination of saprobity index]. Ceska technickd
norma [Czech Standards Institute], Praha.

Stucki, T.P., Romer, J. (2001): Will Astacus leptodactylus displace
Astacus astacus and Austropotamobius torrentium in Lake Ageri,
Switzerland? Aquatic Sciences 63(4): 477-489.

Svoboda, J., Kozubikova, E., Kozak, P., Kouba, A., Bahadir K.S.,
Diler, O., Diler, L, Policar, T., Petrusek, A. (2012): PCR detection
of the crayfish plague pathogen in narrow-clawed crayfish
inhabiting Lake Egirdir Turkey. Diseases of Aquatic Organisms
98(3): 255-259.

Svoboda, J., Strand, D.A., Vralstad, T., Grandjean, F., Edsman, L.,
Kozéak, P., Kouba, A., Fristad , R.F., Koca, S.B., Petrusek, A.
(2014):  The crayfish plague pathogen can infect
freshwater - inhabiting crabs. Freshwater Biology 59(5): 918-
929.

Théocharis, V.S. (1986): La péche a l'écrevissedans la région d'
Hipiros en Grece. L' Astaciculteur de France 8: 4-10.

Tricarico, E., Vilizzi, L., Gherardi, F., Copp, G.H. (2010): Calibration
of FI-ISK, an invasiveness screening tool for nonnative
freshwater invertebrates. Risk Analysis 30(2): 285-292.

Westin, L., Gydemo, R. (1988): The locomotor activity patterns of
juvenile noble crayfish (Astacus astacus) and the effect of shelter
availability. Aquaculture 68(4): 361-367.

Zaikov, A., Piskov, L, Iliev, 1. (2010): Investigation on shelter
competition ~ between narrow-clawed crayfish  Astacus
leptodactylus (Esch.) and noble crayfish Astacus astacus L.
Bulgarian Journal of Agricultural Science 16(3): 369-375.






