$$&/ %,2)/8:

$TXDFXOWXUH $TXDULXP &RQVHUYDW

 QWHUQDWLRQDO -RXUQDO RI WK

5DSLG SRSXODWLRQ FIRMKFNEWH FD OO\
HQGDQJHWPOGHQRHHWRXUQHX[DODPDV
EDVLRI1TRUWK ZHWWH FH

ICostas Perdikaris, Ioannis Paschos, 'Evangelia Gouva, 2Sofia Giakoumi,
3Evangelos Pappas, and “Eleni Kalogianni

!Department of Aquaculture & Fisheries, Technological Educational Institute of Epirus,
Igoumenitsa, Greece; %Institute of Inland Waters, Hellenic Centre for Marine Research,
Anavyssos, Greece; 20IKOM E.P.E., Iraklio, Attiki, Greece. Corresponding author:
C. Perdikaris, cperdik74@yahoo.gr

$EVWUDIRWrder to assess the current status of the critically endangered 9DOHQFLD OHWRXUQHX]JL
Kalamas River basin, an extensive field survey including twelve sampling stations was undertaken using
back-pack electrofishing device, D-shaped frame net and small mesh size nets in October 2008. In total,

552 fish specimens were collected, belonging to ten freshwater fish species, plus mullets (collectively
grouped as 0XJLIPp.). 9 OHWRXUMQ$H Folind at one station (Anakoli ditch) (8.3% of sampling
stations), at very low relative density (0.95%), where it co-occurred with the loach & RELWH® O H{pé FD
goby (FRQRPLGLF&WRDH XN the introduced Eastern mosquitofish *DP E XV IKIR O E U R/RWNthe

last at very high relative densities. Moreover, water samples from selected stations were
phasmatophotometrically analysed for NH;-N, NH3;, NHs, NO>-N, NO,, NaNO,, NOs-N, NO;, PO,, P and
P,Os. Overall, 9 OHWRXWsHtlpated from one of its two previously known populations in this
basin and its single surviving population was characterized by low local relative density and steep decline

in relation to recent records (2005). Moreover, the presence at very high densities of the * KROEU&RNL
well as the increased eutrophication (due to high ammonia and phosphorus inputs) in its highly modified
habitat, suggest a rapid population collapse with significant risk of extirpation from Kalamas basin in the
near future. The necessary conservation measures are outlined.

.H\ : RUGYDOHQFLD O HWBpulatpor xtfdtus, extirpation risk, Kalamas river, Greece.

$EVWUDFW UHHNMe otdxo TNV a&loAdynon TNG UPIOTAUEVNG KATACTAGNG TOU Kpioiua angiAoUhevou
gidou¢ 9DOHQFLD O HVoRXMb@di& [Kahauda, dievepyndnke ekTerapévn épeuva nediou oe dwdeka
oTaBuoug deiypaTtoAnwiag pe Tn Xpnon nAsktpaAigiag kair anoxwv Tov OkTwRpio Tou 2008. ZuvoAika
aAielTnkav 552 dToda wapi®v nou avikav ot déka €idn TwV E0WTEPIKOV UdATWV KaBWMG eniong Kal
kepahosidn (opadonoinuéva w¢ 0XJIsPp.). To €idog 9 OHW R X UBpEBRKE o €vav oTaBuo (kavaAl Tng
AvakoAng) (oto 8.3% Twv oTaBuwv deiypatoAnwiag), oc 1diaiTepa XapnAn oxerikn nukvotnTa (0.95%)
oupnaTpikd pe Ta €dn &RELWIHWOKHQJERRRPLGLFISWK\DH XKl To pn evdnuikd *DPEXVLD
KROE UR® Niioio kal Bpgdnke oc NOAU UWNAEG OXETIKEG NUKVOTNTEG. EmnAgov, dsiypata vepoUu anod
€NIAEYHEVOUCG OTABUOUG avaAuBnkav @aocpatoPwTOUeTpIikG yia NHs-N, NHs, NH;, NO,-N, NO,, NaNO,,
NOs-N, NOs, PO4, P and P,Os. ZuvoAika dianioT®wenke OTI évag ek Twv dUo NANBuopwy Tou 9 OHWRXUQH XL
gixe eEaleipBei kal o povadikog svanopeivav NANBUopoOG xapaktnpileral and PeiwPEVn OXETIKA NUKVOTNTA

Kal andtoun peiwon o oxeéon Me naAaidotepn dsiypatoAnwia (2005). H napoucdia o noAU uwnAEg
MUKVOTNTEG TOU aAAoxBovou * KROEURENDE kal 0 euTpo®iopog (AOyw TwV uwnAwv gninédwv
auuVIag Kal pwo@opIK®V) Tou unoBabuiopévou BioTonou unodeikvUouv TNV payddia KaTappeuon Tou
nAnBuopol Pe onuavTikn mBavoTnTa £EaAeiwng Tou €idoug and Tnv Askavn anoppon¢ Tou loTapou
Kalapa oto daueco pEAAov. 3Tnv napolioa epyacia nepiAagBavovtal TEAOG Ta anapaitnta METpa
npooTaciag Tou €idoug.

.H\ : RUGWDOHQFLDUQHMWR)uUoUIakn kataoTaon, meavotnta eEdAseiwng, Motapog KaAapdg,
EANGGa.

5H]XPDMn vederea investigdrii situatiei actuale a speciei critic periclitate 9DOHQFLD OHWRXUQHX[L
bazinul raului Kalamas, au fost demarate largi studii pe teren, care au implicat 12 statiuni de colectare

prin “electrofishing” (echipament "back-pack”, mincioage cu cadru D si plasd deasa), desfasurat in luna

octombrie a anului 2008. A fost capturat un total de 552 exemplare de pesti, apartinand la zece specii de

apa dulce si chefal (specii incadrate in genul 0XJLO9 O HW R X WQfesK [identificata intr-o singura

statiune (canalul Anakoli) (8.3% din statiunile de colectare), la o densitate relativa foarte scazutd

(0.95%), unde ea coabiteaza cu o specie de grindel, & RE LVKI/O HQ urF Bobiid (FRQRPLGLFKWK\V
S\JP DHX%iVcu o specie introdusa, *DPE XV IKIR O E U RIEMN4 fiind estimatd la o foarte mare densitate
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relativa. Chimismul apei a fost analizat pentru NH3-N, NH;, NH4, NO;-N, NO,, NaNO,, NOs-N, NOs, PO,, P
si P,Os. Per ansamblu, din cele doud populatii de 9 OHW RX Wt@dse{ite in bazinul respectiv, una a
disparut, iar singura populatie supravietuitoare a fost caracterizata prin densitate locald scazuta si declin
abrupt comparativ cu inregistrarile recente din 2005. Mai mult, prezenta la densitati foarte mari a
speciei * KROE URRBUM si eutrofizarea crescuta (pe fondul cresterii nivelului de amoniac si fosfor) a
habitatului sau puternic modificat, preconizeaza o prabusire a numarului de indivizi si un risc semnificativ
de disparitie a speciei din bazinul Kalamas in viitorul apropiat. In prezenta lucrare sunt subliniate
masurile de conservare care se impun.

&XYLQWH FRBIOHQFLD O HWRbutuQpoplatiei, risc de disparitie, raul Kalamas, Grecia.

,QWURG XFWThe FGgeek valencia, 9D O H QO HDIV R X U@&lLXdge, 1880) is a distinctive
endemic species of the south Adriatic-Ionian ichthyo-geographical region (Economidis &
Banadrescu 1991; Criveli 1996). It is a temperate, short-living species distributed mainly
in freshwater habitats close to the coast, but tolerates salinity up to 4%eo in the wild and
46%o0 in laboratory conditions (Kottelat & Freyhof 2007; Bianco & Nordlie 2008). Typical
microhabitats are spring-fed streams with deep, clear and slow running waters and
adequate aquatic vegetation to provide food, shelter and spawning substrate (Barbieri et
al 2000).

The historical range of the species extended from southern Albania to the north
Peloponnese peninsula, with a fragmented distribution within Greece. Populations
occurred in thirteen systems according to past records, but recent assessments indicate
the extirpation of its two known westernmost (in the Ionian Islands) and its
southernmost (Alfios drainage) populations, with most of the remaining ones having very
low local densities (Kalogianni et al 2010a). According to Crivelli (2006), current
geographical range is restricted to 2,250 km? with the total habitat area less than 15
km?. Due to its deteriorating status, caused by habitat modifications and competition with
and aggression by the introduced eastern mosquitofish * D P E XV K®O E U RGRavd, 1859,
it has been registered as critically endangered in the IUCN International Red List, as a
priority species in Annex II of the EU Habitats Directive (92/43/EEC) and as a strictly
protected species in the Bern Convention (Kottelat & Freyhof 2007).

River Kalamas represents the northern distribution limit of 9 OHWR X Un@iX L
mainland Greece, but various anthropogenic pressures continuously pose serious threats
to the fish fauna of this drainage area. The species was recorded there in the past in
Drepano marsh (Labhart 1980; Barbieri et al 2000), but during a more recent survey
(2005) it could not be detected there (Kalogianni et al 2010a). However, another
population was first detected during the same survey at another location (Anakoli spring-
fed system), but at very low densities (Kalogianni et al 2010a). The relatively recent
extirpation event in Drepano marsh, the low densities of the only known surviving
population at Anakoli in 2005, as well as the apparent extirpation of 9 OHWR XUWrQrH X [L
all its known localities at the adjacent Ionian Island of Corfu (Villwock et al 1982;
Economidis 1995; Kalogianni et al 2010a), with which the Kalamas populations share a
similar genetic profile, distinct from that of populations of southern Greece (Maltagliati et
al 2006), rendered essential a thorough and up-to-date monitoring of its status in
Kalamas basin. The aim of the present work was to investigate various habitats of River
Kalamas for the presence of 9 OHWR X qdHtX [ssess its status and its prospects for
conservation in a drainage-wide context.

ODWHULDO DQG .®RH#AFKRIBmMas (or Thyamis, Figure 2) springs forth from Mount
Dousko (close to the Greek-Albanian borders) at 1,300 m altitude and drains in the
Ionian Sea, after a course of 115 km. Catchment area is approx. 1,831 km? and the
coastal zone is characterized by an extended (78 km?) deltaic system. Field work took
place in October 2008, using a portable (back-pack) electrofishing device (Hans Grassl
GmbH 1G200/1), as well as a D-shaped frame net at a right angle to the handle and
small mesh size nets (Figure 1). Twelve sampling stations (both freshwater and brackish
habitats) were thoroughly investigated (Figure 2, Table 1).
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Figure 2. Sampling stations (1-12, =) in Kalamas River basin.

After species’ identification [based on diagnostic keys in Kottelat & Freyhof (2007)], fish
were returned to the water. Relative density (percentage of specimens out of total
number of the sympatric species caught in each station) of all fish species was calculated.
Water samples were obtained in sterile bottles of 1 L from three locations (stations 4, 5
and 6) at the Anakoli spring system (where 9 OHWR X Qrids¢pte was confirmed) and
for purposes of comparison from station 7, also in the deltaic area. Samples were
subsequently analysed (using standard analysing protocols of HACH DR-2000
phasmatophotometer) for NHs-N, NHs3, NH4, NO,-N, NO,, NaNO,, NOs-N, NOs, POy, P and
P,Os in the analytical chemistry laboratory of the Department of Aquaculture & Fisheries,
Technological Educational Institute of Epirus.

5HVXOWYV DQG 'L V.FAtsovdifgQo the IUCN Red List, 9 OHWR X Ui ein¢[af the
twenty four most endangered species in Europe, due to various anthropogenic pressures.
For example, water abstraction and pollution were the main reasons of its extirpation
from the adjacent Ionian Islands (Corfu and Lefkas; Economidis 1995). Moreover, major
threats to the surviving mainland populations are river bank erosion, aquatic vegetation
damage and increased sedimentation, caused by irregular water release from dams, as
well as land reclamation, hydraulic works and organic pollution, as in the case of River
Kalamas (Barbieri et al 2000; Kalogianni et al 2010a).
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During the course of this survey, 552 fish specimens were collected in Kalamas
River basin, belonging to ten freshwater fish species, plus mullets (collectively grouped
as 0XJLspp., Figure 3; Table 1). * KROEUR®&&Nly far the most abundant species
mainly in the lowland areas of the basin (stations 4-10) followed by mullets. 9
OHWR XU @H&rjtirast, was found at only one (Anakoli ditch, station 6, Table 1) out of
twelve stations (8.3 %), at very low relative density (0.95%), where it co-occurred with
the loach &RELWHMNOOH@tdnbmidis & Nalbant, 1996 (3.81%), the goby
(FRQRPLGLFEWRDH XNolly, 1929) (18.1%) and * KR O E U&Reéry high relative
densities (77.14%).
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Figure 3. Total number of specimens of each fish species caught in Kalamas basin during
the October 2008 survey.

This spring-fed ditch (depth 1.5 m), with dense riparian vegetation (mostly 3IKUDJPLWHYV
D XV W Y o@ Iflew and silty substrate, was covered by a thick layer of aquatic vegetation
(mostly &HUDWRSKSEpO ARl 3 DXVWUan® Wes thus typical of 9 OHWRXUQHX]JL
known habitats (Barbieri et al 2000). The water temperature was 15.7 °C, DO 8 mg L},
pH 7.16, conductivity 1,180 uS cm™ and salinity <2%eo. Indicative of its highly restricted
presence in this spring-fed system is the fact that the species was not found either at the
actual spring area, nor further downstream (stations 4 and 5 respectively). Population
relative density (0.95 %), however, was very low, and even reduced by 66.1% compared
to that of 2.8% recorded at this station in a 2005 survey (Kalogianni et al 2010a). In
addition, summer droughts (especially that of September 1997) are probably the main
reason for the extirpation of its other known population in this basin (Drepano marsh),
first reported in Labhart (1980).

In contrast to 9 O H W R X W@Hexhibits habitat specificity and narrow ecological
requirements (Kalogianni et al 2010a), its sympatric species at the Anakoli ditch, are able
to exploit less stable aquatic ecosystems. In addition, competition with and aggression by
* KR OEURRMNHas been introduced in the past to control malaria, has been proposed
as a main reason of 9 OHWR XY @bpxildtion decline (Economidis 1995; Kottelat &
Freyhof 2007), as it has also been suggested for its related species 9DOHQFLD KLVSDQLFD
(Valenciennes, 1846) (Rincdn et al 2002). Interestingly, in the only known locality in
Greece that 9 OHWRXUS kebafively abundant (in River Mornos basin) the target
species does not co-occur with * KR O EUK&adgianni et al 2010ab).
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Table 1
Sampling stations and relative density of fish fauna in Kalamas basin;
n is number of fish

6WDWLRQ/RFDWLRQ Q 6SHFLHVHODWHYMLW\

1 Lista springs 22 7HOHVWHYV SOH XU R &teghaqidisy 930X ¥90.9)
6 T XD OdfX 8 HOR SR Q Q\taleicievines, 1844) (9.1)
2 Raveni 33 3HODVJXV WKH {ShepRanidis, X1939) (81.8)
/ XF LR E DUEXED Q(SEeindachner, 1870) (18.2)
3 Pente Ekklisies 11 7 SOHXURELSXSBWDWXV

6 cf. SHORSRQQIBRYLV
/ DOEDQL7X3Y
4 Anakoli spring 96° ( S\JPDHKV125)
. 6DODULD |00ASsopI8A1Y (3V125)
Anakoli brook 0 X J 1spp.(10.42)
*  KROEURR3IB)

6 Anakoli ditch 105 & KHOOB@BLFD
( S\OJPDHK®.1)
* KROEURRM)
9 OHWRXUQHX][L

7 Kestrini bridge 47 0XJlspp (68.1)
( S\JPDHBS)
* KROEURRHL
8 Riho estuary 62° 0XJlspp. (19.6)
Drepano marsh * KROEUG®RR.ML
9 Vatatsa estuary 29 ( S\JPDHXM.3)

* KROEUER.NL

10 Vatatsa channel 70 0XJlIspp. (20.0)
&DUDVVLXV (Blogj @182) (1.4)
* KROEU®B.B)L

11 Kato Aetos swamp 32 * KROEURRBNQ

12 Plataria brook 45 6 10XYLDB/RQOLYV
* KROENRR)
0 X Jlspp. (22.2)

@ Data from stations 4 and 5 were pooled
® Number refers to Riho est.; Drepano marsh (n=0) was partially dried out

Finally, concerning the water quality of the single station (station 6) hosting the 9
O HW R X Upppilattlon, NH3-N, NHs and NH4 levels were higher than neighboring stations
4 and 5 of the Anakoli spring system, where they were practically negligible (Fig. 4a).
These levels were even higher than those of station 7 (Kestrini bridge), which was
originally thought to be highly polluted, due to its proximity to agricultural land. In
contrast, nitrite and nitrate levels were lower in station 6, compared to the other stations
(Fig. 4b, c). Finally, phosphorus levels were also increased in station 6, in relation to 4
and 5 (Fig. 4d). In regard to the maximum limits set by the EC Freshwater Fish Directive
(78/659/EEC) for the protection of cyprinids, non ionized NHs at station 6 exceeds by far
the maximum concentration of 0.025 mg L ! of EC guidelines. The high ammonia and
phosphorus levels detected in the Anakoli habitat hosting 9 OHWR XU eudgefst
increased eutrophication and thus habitat degradation, probably due to inputs from
nearby agricultural and livestock activities.
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Figure 4. Ammonia ( D, nitrite ( E), nitrate ( B and phosphorus levels ( G of selected
stations, including the locality where 9 OH W R X Ww@st&ddrded
(station 6, marked with asterisks).

& RQ F O XV [ReQextirpation of the Drepano marsh population and the rapid decline of
the Anakoli population due to habitat degradation and possibly * KR O E U&Ripdtition
suggest the possibility of extirpation of the species from the Kalamas basin in the
immediate future, unless conservation and/or rehabilitation measures are implemented.
More specifically, since the species is not recruitment-limited and population density
limits are partially set by the carrying capacity of the habitat (Barbieri et al 2000), a
habitat management, restoration and preservation plan is deemed necessary. This should
include habitat protection actions, such as securing the necessary water volumes by
controlling water abstraction, reducing nutrient inputs by translocation of nearby
livestock activities and adopting organic farming methods at the neighbouring agricultural
land, water quality monitoring, as well as actions of enhancing natural reproduction in
controlled environments (artificial ponds or aquaria). Restocking using specimens with
similar genetic profile is also an option (a genetic study of the various 9 OHWRXUQHX]L
populations is currently underway). Finally, sensitizing local community on the issues
above and designating this particular habitat as species protection area within the
"Natura" framework are also an immediate priority.

$FNQRZOHGJHPHTWV present work was funded by the Managing Authority of the
Rivers Kalamas and Acheron - Operational Program "Environment", 3@ EU Community
Support Framework (2000-2006) for Greece.
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