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FLORA IN VEGETACHA INTENZIVNO RABLJENIH i;ijiV
OSREDNJE GORENJSKE

Kiemen ELER & Franc BATIC
Gddelek za agronomijo, Biotehnidka fakultets, Univerza v Ljubljani, $1-1000 Ljubljana, famnikadeva 101
E-mail: planing@siol.net

IZVLECEK

Raziskava prikazuje stanje plevelne flore in vegetacije na intenzivno rabljenih njivah Kranjskega in Sorskega
polja. Ob uporabi standardne Braun-Blanquetove fitocenoloske metode popisovanfa in metod zdruZevanja v
skupine se kaZe velika osiromasenost plevelnih sestofev ne glede na kulturo ali tip kolobatja. V sestojih manjkajo
stevilne ogroZene plevelne viste, pa wdi take, ki drugje v Sloveniji $e niso redke. Zaradi pomanjkanja znadcilnic
vedine sinsistematskih enot Je uvricanje sestofev v zdwbe izredno teZavno, izjema pri tem niso niti sestofi strnidc in
Zitnih njiv. KaZejo se fragmenti treh plevelnih zdruZb: Oxalido-Chenopodietum polyspermit R, Tx, 71950, Setario-
Galinsogetum parviflorae R, Tx, 50 em Th. Mueller et Oberd. 1983 in Aphano-Matricarietum chamomillae R Tx.
1937, od katerih je predvsem zadnja videti najbolj ogroZena. Ob nadaljevanju intenzifikacije pridelave, irjenja
sifaZne koruze in opuscanja Zit v kolobarju bodo v kratkem potrebni ukrepi varovanja pleveine flore.

Klju€ne besede: plevelna vegetacija, plevelne zdruZbe, intenzivno poljedelstvo, Gorenjska, Stovenija

FLORA E VEGETAZIONE IN CAMPI A LAVORAZIONE INTENSIVA
NELLA CARNIOLA CENTRALE

SINTESH

i favoro illustra lo stato della flora e della vegetazione segetale in campi a lavorazione intensiva nelle regioni def
Kranjsko e Sorsko polje. Grazie al metodo fitocenologico standard di Braun-Blanquet per I'inventario e ai metadi di
raggruppamento & emerso Fimpoverimento delle componenti segetali, a prescindere dalla coltura o dal tipo di
rotazione, Vengono a mancare diverse specie segetali minacciate come pure specie che in altre zone defla Slovenia
non vengono ancora considerate rare. A causa defla mancanza delle particolarits di gran parte delfe units
sinsisternatiche, 'inserimento deffe componenti in associazioni si & rivelato estremnamente difficite anche per le
componenti dei campi di cereali e stoppie. GIi autori hanno identificato i frammenti di tre associazioni segetali:
Oxalido-Chenopodietum polyspermi R Tx. 1950, Setario-Galinsogetum parviflorae R Tx. 50 em Th. Mueller et
Oberd. 1983 e Aphano-Matricarietum chamomillae R Tx. 1937, quest'uitima & la pill minacciata. Con
intensificarsi detla coltivazione, la diffusione del mais conservato in silos e Vabbandono def cereali nella rotazione
sf renderanno necessarie misure di tutela della flora segetale.

Parole chiave: vegetazione segetale, associazione vegetale, coltivazione intensiva, Carniola, Slovenia
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VoD

Intenzivnost poljedelske pridefave ima mocCan vpliv
na plevelno floro in vegetacijo dolocenega obmocja. Z
rednimi in adinkovitimi ukrepi mehaniénega in kemié-
nega zatiranja, s temeljiito obdelave wl, 2z uporabo
organskih in mineralnih gnojil, s setvijo kvalitetnega in
predisdenega semena visokoproduktivnih sort ter z raz-
li¢nimi ukrepl agromelioracy ¢lovek vpliva v nagem
podnebiu na plevele in plevelne zdruZbe bolj kot kater
koli pedoklimatski dejavnik rastif¢a. Optimalizacija
pridelave zmanjiuje variabilnost rasti3€ in s tem varia-
bilnost plevelne flore, tako da uspevajo le redke rast-
linske vrste, Gorenjska regija je s tega vidika ogrofena
morda Se bolj, saj je poliedelska pridelava vedinoma
podrejena Zivinoreji; sfuZi namred zagotavijanju potreb
po krmi, pri Cemer ima izreden pomen sifa¥na koruza.

Namen raziskave je opozoriti na izgubljanje pestro-
sti plevelne flore, ki jo neizogibno prinese intenzifi-
kacija poljedelstva. Zasnova raziskave je takéna, da nam
lahko pokaZe le trenutno stanje vegetacije za obrav-
navano obmotje, ne pa celostnega procesa spremi-
njanja. Sloni na temeljnih fitocenclotkih in botanicnih
metodah dela, kijub temu da so te metode za tako hitro
spreminjajodi se tip vegetacije nekoliko manj primemne.

Spremembe v pleveini vegetaciji in flori so preude-
vali nekatert domadi in tuji raziskovalei {Holzner, 1978;
Koji¢, 1985; Ries, 1991; Hilbig & Bachthaler, 19922,
1992b; Kaligari¢, 1993; Lednik, 1995, 1997, 2001). Ker
so razmere za uspevanje plevelov bolj ali manj po-
dobne tistim v drugih defelah srednje Evrope, je smi-
selno pricakovati plevelne zdruZbe, ki jih navajajo npr.
Chberdorfer (1957, Mucina (1993}, Mochnacky (2000}
idr. ZdraZbe, ki jih navajajo aviorji iz mediteranskih in
submediteranskih obmodij (Kaligari¢, 1995, 2001; Pol-
dini et al,, 1998}, so vistno Ze precej bogatejSe {Stevilne
termofilne plevelne vrste), prav tako tudi zdruZbe pa-
nonske niZine niso primerfjive 5 sestoji preudevanega
obmodja.

OBMOCIE RAZISKAVE

Lokacije popisovanja sodijo geoprafska v Sergko in
Kranjsko polje, ki sta preteZno ravninski regiji na
nadmorski visini od 350 do 400 m. CeoloSka sestava je
razmeroma preprosta — vedinoma jo gradijo karbonatni
sedimenti, ki se jim ponekod pridruZijo glina, melj afi
fapor. Obmocie je v dobrinem delu v kmetijski rabi —
njive, travniki, pasniki. Gozdovi se razprostirajo na
slablih, nekolike zakisanih in izpranih teh (konglo-
meratna podlagal in sodijo v zdruZbi Vaccinio myritfi-
Carpinetum betuli In Vaccinio myrtilli-Pinetum sylve-
stris.

Podnebije je po Klimatografifi Slovenije {1992) zmer-
no celinsko s povpredno letno temperaturo 8,3 °C, pov-
precno januvarske -2,3 °C, povpreéno julijsko 18,5 °C ter
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povpretno temperature v vegetacijskl dobi 14,7 °C.
Povpredno pade nekaj pod 1400 mun padavin letno, pr
cemer so velika nthanja med leti {od 990 do 1770 mm)
in tudi znotraj feta. Stevilo sonénih ur je v povpredju
1780 ur letno, tevilo dni s snefno odejo pa 66 dni,

Natancnejse lokacijfe in fermini popisovanja so
naslednji (glej Tab. 1}

- Labore (Sorsko polje): 21, april 2007 (stenidde) — &1
18; 18, junij 2001 (koruza) — 3. 10; 11. avgust 2001
tkoruza) — & 9; 6. junij 2002 (Zito} - 36 12;

- Ziato polje (severno od Kranjah 17. junij 2001
{€ebula) -~ 5t. 4; 11. avgust 2001 {tebula) - 3t 3; 6. junij
2002 {Zito} - 5. 5;

- Brnik (ob letalidcuk 21, april 2007 (Zito) - & 14;
18, junij 2001 (Zito} — 5L 17, 15. avgust 2001 {strnidte) -
8. 16; 17, oktober 2001 (strnie) — 8t 15; 5. junij 2002
{Zito) - 8t. 13;

- LahovEe (severno od ceste Lahovie-Vodicek 21.
jurtdj 2001 tkrompir} — 8t. 8; 14. avgust 2001 tkrompin} —
8. 7; 8. junij 2002 {#ito) - 5. 6;

- Lahovte (juzno od ceste Lahovee-Vodice): 21. junij
2001 {sladk. pesa) — 3t. 2; T4. avgust 2001 (pesa) - 8L 1;
8. junij 2002 (Zito) ~ 8t 11.

MATERIAL IN METODE

Delo temelji na terenskih popisih, opravijenih po
standardni Braun-Blanquetovi fitocenoloski metodi z
ocenjevanjem gostote in dominance vrst po kombinirani
lestvici {Braun-Blanquet, 1964). Popisovali smo v ob-
dobju dobrega leta {od aprila 2001 do junija 2002),
Lokacije smo izbrali nafrtno na podlagi poznavanja
kmetijske rabe oz. intenzivnosti pridelovanja. Popisali
smo pet njiv v lasti kmetijskega podijetia Mercator KZK
kmetijstvo Kranj, s tem da smo vsako njivo {lokacijo}
popisali v petih terminih. V vsakem terming smo na
vsaki od lokacij ponovill popise na petih ploskvah v
velikosti 400 m”. Skupno je bilo opravijenih 87 popisov.
Ker smo Zeleli preuciti vpliv poljitine, kolobarja in
delno lastnosti tal, smo popisovali v naslednjih kulturah:
v prvern letu v koruzi, Zitu, sladkorni pesi, ¢ebuli in
krompirju, v drugem letu je povsod dedilo ¥Ho. Za
nadaljnje izvrednotenje smo po pet popisov iste lokacije
in istega termina zdruZili v en sintetien popis in tako
naredili sintetiCno tabelo (Tab. 1). 18 ko dobljenih
sintetiCnth popisov smo primerjali po serodnostt z
metodami zdruZevanja v skupine oz. hierarhicnega
kopicenja, pri Cemer smo za kriterij upoftevali zgol]
zastopanost viste, ne pa njene povpredne pokrovne
vrednosti. ZdruZevanje smo opravili s statistiénim pro-
gramskim paketom Statistica 5.0, kjer smo za metodo
zdrufevanja uporabili Wardovo metodo, za merjenje
razdalj pa odstotno oddaljenost. Sintetitne popise smo
primerjali tudi po razmerjih med Zivljenjskimi oblikami
plevelov, pri Zemer smo upoitevali tudi pokrovioost vist,
ki smo jo dobili z izrafunom aritmeti¢ne sredine sred-
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njih  vrednosti pokrovnostnega razreda  (Dierschke,
1994; Leinik, 1995).

Nomenkiaturo taksonov navajamo po Mall flor
Slovenije (Martin€ic ef al, 1999), nomenklaturo sintak-
sonov pa po Thxenu (1950), kier so zdruZene segetalne
in okopavinske zdruZbe v en sam razred - Stelfarietea
medriae.

REZULTATI IN RAZPRAVA
Floristiéne znafilnosti plevelnih sestoiev

V celotnem obdobju raziskave je bilo ugetovijenth
128 rastlinskih vrst, od katerih jih kar 27% ne moremo
gteti za tipifno plevelne, saj izhajajo iz drugih fitocenoz
oz. se na njivah pojavijajo le prehodno. Povpredno smo
nashi 14 vrst na popis, prl €emer so se za najrevnejie
izkarall sestofi v Zitu, e je to sledilo okopavini. Tam
smo panekod nadli fe 5 vrst na 400 m*, kar kaZe na velik
negativat vpliv ozkega kolobarja. Nasprotno so stmisla
doka} bogata {do 49 vrst v spomladanskem strnidéul,
vendar je tudi v teh vrstna sestava zelo “chicajma®.
Haorolotko previadujejo mezofini geoelementi: evrop-
ski, evrazijski, evrosibirski, paleotemperatni, pogosti so
tudi kozmopolitl, Tudi povprecni Ellenbergov indeks za
termafilnost, ki zna%a 5,9, kaZe, da gre za tipitno sred-
njeevropsko  nifinsko do  gricevnato rastje. Majpo-
gostefie viste so naslednje: Cirsium arvense, Calystegia
sepium, Echinochloa crus-galii, Galium aparine, Viola
arvensis, Polygonum aviculare, P. persicaria in Setaria
viridis.

Znac¢ilna je popolna odsotnost nekaterih wrst, ki
veljajo za ogroZene all ranljive, nasl nismo niti vst,
katerih pogostnost je sicer v upadanju, a v Sloveniji e
niso tako redke. Tako ni bilo opaziti vrst kot Papaver
rhoeas, Legousia speculum-veneris, Ranuncutus arven-
sis, Lofium ternufenturn, idr. Nelkatere od teh vrst so bile
na obravnavanem obrodju sicer opaZene, vendar so se
umaknile na razlitna ruderalna rastiida — nagsipalidéa,
mesta ob cestah in poteh, deponije, ozare idr.

Ker Steviini avtorfi (npr. Kovadevid, 1979; jogan,
2000; teinik, 2007) poudarjajo vse vedji pomen neo-
fitskih plevelnih vrst, smo se v doloCeni meri posvetili
wdi pogostosti pojavljanja teh wist. Ob primeravi 2z
drugimi podobnimi raziskavami lahko refemo, da je
pomen neofitov na obmodju raziskave manjii kot v
drugih, toplefiih obmogjih Slovenije. Kot zelo pogosta
in gospodarsko Skodljiva se kaZe le vrsta Amaranthus
retroflexus, nadli pa smo Se naslednje: Chamomilla
recutita, C. suaveolens, Conyza canadensis, Veronica
persica, Abutilon theophrasti, Galinsoga parviflora in
Panicum capillare. Stevilnih, drugje po Sloveniji vse bolj
Skodijivih vrst nismo odksili (npr. Serghum halepense,

Ambrosia artemisiifolia, Xanthium italicum, Cyperus
escufentus, Datura stramonium). Qd arheofitov so zelo
pogoste prosaste trave rodov Lchinochloa, Digiaria,
Panicum in Setaria, razmeroma pogosta arheofitska vrsta
je tudi Solanum nigrum. Arheofitov, ki so vezani na
slabo  ofiteni semenski material, vedinoma nismo
zasledili. Sem sodijo vrste, ki jih pristevamo med najbol]
ogrofene: Agrostemnma githago, Centaurea cyanus, Lo-
fium temulenturn, Buglossoides arvensis, Vaccaria pyra-
midalis, Adonis sp.

Analiza Zivljenjskih oblik plevelov

Razmeria med posameznimi Zivijeniskimi oblikami
se z intenzifikacijo poljedelstva znadilno spreminjajo.
Ma to kaZejo raziskave domacih in twijih raziskovalcev
{Kojic, 1985; Hilbig & Bachthaler, 1992a, 1992b; Led-
nik, 1995, 1997, 2001). DeleZ v pokrovnosti terofitov se
znaciine poveluje, pri Cemer so zlasti uspeine koz-
mopolitske vrste z drobnimi in Stevilnimi semeni, &
pogosto kazejo pravo alt navidezno odpornost proti her-
bicidom (Chenopodium album, C. polyspermum, Poly-
gonum pericaria, Setaria viridis, Echinochloa crus-galii,
Sofanum nigrum, ide). Od geofitov mo&no napredujejo
tisti s kovenikami (Calystegia sepium, Convolvulus
arvensis, Elvtrigia repens), ki se pri mehanicnib pa tudi
kemiénih ukrepih zativanja hitro regenerirajo; nasprotno
pa geofitt z gomolit in Cebulicami hitro izginejo (npr.
Gagea pratensis, G, villosa, Ornithogalfum umbeliatum,
Allium spl. Znafilno je twdi splodno zmanganje po-
krovnosti in pojavijania hemikriptofitov, Ceprav so med
njimt viste, katerth pomen se v intenziviem poliedelstvu
poveda, saj imajo vedinoma mesnate, debele podzemne
organe in s tem ved zalog hrane za regeneracijo nad-
zemnih delov (Cirsium arvense, Symphytum officinale,
Rumex obtusifolius in R. crispus).

V raziskavi je bilo od pravih plevelnth vrst skupno
ugotovijenih 53% terofitskih, 37% hemikriptofitskih in
6% geofitskih plevelnih vrst, Glede na termin popi-
sovanja in lokacijo oz. kulturno rastlino so delei v
relativai pokrovnosti med Zivijenjekimi oblikami zelo
razliént (SL 1), Opazna je previada terofitov v okopa-
vinah niZje rasti {krompir, Cebula, pesal, druge Ziv-
Henjske oblike so tam malo pomembne. V Zitu ostajajo
hemikriptofiti nekolike pogostejdi, pokrovnost terofitov
pa je v primeriavi s sestoji v okopavinah precej manjla,
V koruzi v poletnem asu bode v o zelo nizek deieZ
pokrovnosti terofitov, pomembni so geofiti in hemi-
kriptofiti, kjer pa gre predvsem za tri vrste — Calystegia
sepium, Convolvulus arvensis in Cirsium arvense. Prvi
dve sta uspeini tudi zaradi ovijanjs okoli stebel koruze,
s Chmer prihajata do svetlobe.
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Sl 1: Razmerja v pokrovnosti Zivijenjskih oblik plevelov po terminih in lokacijah (kulturah).
Fig. 1: Relationships between coverages of weed life forms within terms and locations of relevés,

Sintaksonomska opredelitev sestajev

Zaradi velike osiromagenosti plevelnih sestojev le-te
tezko wvrstimo v zdruZbe. Velinoma se kaZejo le frag-
menti zdruZb, neredko pa ni mogode razpoznati niti teh.
V fitocenoloski tabeli (Tab. 1) so provizorino i frag-
menti vendarle prikazant s pravokotniki. Kljub za go-
renjske razmere velikemu delefu #ita v kolobarju je
najbolj ogroZena prav segetalna zdvuZba Aphano-Matri-
carfetumn chamomiffae R. Tx, 37. V vedini popisov ni
bilo znaciinic zdruZbe (Aphanes arvensis in Chamomilla
recutita), Se redkejie so bite znadilnice zveze Aperion
spicae-venti R.Tx. 50, od katerih smo nasli v sledeh le
viste Scleranthus annuus, Apera spica-venti in Anthemis
arvensis, Znalilnice te pa tudi drugih zvez so v ple-
velnih sestojih nasploh redke, o &emer porofajo tudi
drugt avtorfi {npr. Lednik, 1995, 1997). Pogosto gre za
plevelne viste nekolike bolj ekstenzivno rablienih po-
vidin ~ manj intenzivna obdelava tal, zelo kisla ta,
vedja viaznost tal. Tudi na lokaciji na Briku, kjer zaradi
slabtih al v kolobarju previadujejo Zita, ni zdruZba
Aphano-Matricarietum chamomilfae ni¢ bolf znadilna.
Vzroki za posebno veliko ogrofenost e zdiulbe so
Stevilni in med seboj povezani: CiSlenje semenskega
matertala, globoka obdelava tal, kemitno zatiranje, gost
sklop Z#ta, optimalizacija talnih razmer za veliko kon-
kurengnost ¥ita. Pomladanske sestoje na strnilih (sin-
etiéni popis 5. 5 iz Tabele 1), kjer nekaterih termofiinih
enoletnic - znadilnic $e ni, lahko uvrstimo v samostojne
zdruibe, lahko pa jih pojmujemo kot poseben aspelt
rdruzbe Aphano-Matricarietum chamomilfae. Tem se-
stojern dajejo poseben pedat razlitne nizkorastote pre-
rimne enoletnice kot Veronica hederifolia, V. arvensis,

Sherardia arvensis, Aphanes arvensis, Viofa arvensis,
Cardamine hirsuta in Arabidopsis thaliana. Plevelni
sestoji v Zitu so na lokacijah z ozkim kolobarjem veasih
celo bolj okopavinski kot segetalni. Lefnik {2007}
omenja te plevele v Zitu pod skupnim pojmom zdruZen
okopavinski ostanek.

Plevelni sestoji v ckopavinah niZje rasti tkrompir,
pesa, <ebula) so laZe opredeljivi, vendar predvsem v
drugi polovici poletja, ko je treba ukrepe zatiranja
opustiti. Zaradi redkega sklopa teh poljicin in razme-
roma velike talne semenske banke se hiro izoblikujeta
tipini srednjeevropskd  okopavinski zdruzbi iz reda
Polygono-Chenopodiethalia R. Tx., Lohm. & Prsg. 1950;
to sta Oxafido-Chenopodieturn polyspermi R. Tx. 1950
in Setario-Gafinsogetum parviflorae R. Tx. 50 em Th.
Mueller et Oberd. 1983, Mejo med tema zdrubama je
pogosto  teZko potegniti, saj se ekolotke zahteve
zradilnib vrst prekrivajo. KHub temu je zdruZzba Seiario-
Gafinsogetum parvifiorae nekoliko bolj toploljubna in je
na osencenih ali na bolj viaZnih legah ne gre pri-
Cakovatt v tipidni ohliki. Znadilpice zveze Polygono-
Chenopodion polyspermd Koch 1926 em. Siss. 1946,
kamor uvidtamo  zdruZbo  Oxalido-Chenopodietum
polyspermi, so razmeroma dobro zastopane, saj gre za
vrste, ki so dobre prilagojene intenzivai pridelavi, zna-
Cilnice zveze Panico-Setarion Sissingh 1946 pa so bile
razmeroma redke, kljub temu da gre za viste z veliko
ekolasko plastinostjo.

Plevelne sestoje v koruzi je velinoma nemegode oz,
nesmiselno uvriCati v katero od zdruZb. Zaradi velike
osencenosti tal so terofitske plevelne vrste iz sintakso-
nomsko pomembnega razreda Stellarietea mediae redke
tako po Stevilu kot po pokrovnosti; vefinoma jib
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najdemo le 3e na robovih niiv. Molne se povefa
relativna pokrovnost wrst iz drugih sintaksonamskih
razredov, predvsem iz Artemisietea vulgaris lLohm,,
Prsg. et D in . 50 {Convolvulus arvensis, Elytrigia
repens in Cirsium arvense} in Galio-Urticetea Th. Muell,
in Oberd. 83 {Calystegia sepium). Spremembe v rela-
tivni pokrovnosti vrst iz simtaksonomskih razredov na

0G%

Qi

sunidCu, v koruzi in naslednje leto v Zitu kaZe S1. 2. V
dendrogramu iz SL 3 vidimo dva Jopa: v enem so
plevelni sestoji strnis¢ in bolj ekstenzivnih Zitnih njiv
{popisi 8. 15-18), v drugem pa sestoji okopavinskih njiv
in njiv z Ziti, e je uporablien kolobar ozek oz. Ce v
njem previadujejo okopavine,
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51. 2: DeleZi pokrovnosti vest posameznih sintaksonomskih razredov po terminih popisovanja na njivi na Laborah.
Legenda/Legend: SM - Stellarietea mediae, AV ~ Artemisietea vulgaris, MA - Molinio-Arthenatheretea, GU ~ Galio-

Urticetea,
Fig. 2: Perceniages of weed coverage of sintaxa classes according to the time of relevé in the field at Labore
{Kranj).
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1. 3: Dendrogram plevelnih sestojev obravnavanega obmodia (glej Tabelo 1).
Fig. 3: Dendrogram of the weed stands in the investigated area (see Table 1).
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Tab. 1: Sinteticna fitocenoloSka tabela plevelnih sestojev na obmodju raziskave. Popisi 1-14 kaZejo fragmente Steflaria media Hivig b i Vit HEdiv
zdruZb Oxalido-Chenopodietum polyspermi in Setario-Galinsogetum parvifiorae, popisi 15-18 (sestoji strni§é, Capsella bursa-pastoris ElV VI i i f (I EAY
nekatere Zitne njive} pa so bliZ{i zdruFbi Aphano-Matricarietum chamomilfae. Matricaria perforata Wi f I i VIV
Tah. 1: Synoptic phytocoenolagical table of weed stands in the investigated area. Relevés No. 1-14 show fragments Galeopsis tetrahit TR T AT

of associations Oxalido-Chenopodietum polyspermi and Setario-Calinsogetum parviflorae. Relevés No. 15-18 Mentha arvensis : HiT N TREN

(stubble stands, some cereal field stands} are closer to association Aphano-Matricarieturn chamomillae. Conyza canadensis RN i

Brassica napus Hilll| VIV i
Zaporedna Stevitka / No. T12131 4151671819 70111211314 115116117118 Aethusa cynapitm ViEETl ;
&t. popisov / number of relevés SI5{5 51551535 5151516515151 2{515815 Ayosotis arvensis | [IEERY
§t, wrst / number of species 3334138 311161181 14)019127123123130{29125|51]45154152 Veronica arvensis i !

MA _ [Aphano-Malricarietum chamomillae R, Tx. 1937 Sonchus arvensis 1 ; i
Aphanes arvensis t P R Geranium molle { ;
Chamomilia recutita ViV Lathyrus tuberosus t

OC  {Oxalido-Chenopodietum polyspermi R. Tx. 1950 Microrrhinum minus [
Chenopodium polyspermum Vit Lt i i Veronica hederifolia i
Oxalis fontana | { } ! PP Sanchus asper H

SG  |Setario-Galinsogeturmn parviflorae R, Tx, 50 em Th. Mueller et Cberd. 1983 Cerinthe minor !
Setaria viridis VI INERELIEENRL HEME Viy Vicia sativa t
Galinsoga parviffora i i Abutilon theophrasti ]

AS _ Aperion spicae-venti R, Tx. 1950 BY  Bidentetea tripartitac Tx., Lohm. et Prsg in Tx, 50
Apera spica-venti ERRRER 0 i1 Polygoenum hydropiper i i !

Scleranthus annauus ! Bidens tripartita [ i
Anthemis arvensis i Polygorium mite v

PCP  |Polygono-Chenopodion pofyspermi Koch 1926 em. Siss. 1946 AV lAriemisietea vulgaris Lohm., Prsg. ot Tx. in Tx. 30
Polyaonum persicaria itV il BEERE LA ERLALIEEE Cirsium arvense NSRS ERR PP H Iy IV VIV IV
Veronica persica Hinli Vil VI LY Convolvulus arvensis IR i Hpdvit i1t HANEI
Atriplex patula i} f il i | Elvtrigia repens IR LRY Wil H
Anagallis arvensis il RN Ariemisia vulgaris REEE Pl it
Ceranium dissectum 11 il Silene {atifolia i i Elm Ly
Polygonum lapathifolium i il Erigeron annuus [ Rl i
Euphorbia helivscopia [ Linaria vulgaris 11 ! H
Furnaria officinalis i Cirsium vulgare it

PS  \Panjco-Setarion Sissingh 1946 Daucus carota AL
Digitaria sanguinalis {1 i tapsana communis i
Panicum capillare ! il MA  IMalinio-Arrhenathereta Tx. 37
Panicum miliaceum i Rumex obtusifolius P ! VIHT LRIV

CC Centagretalia cyani R Tx., Lobm, & Prsg. 1950 Taraxacum officinale f FTHFm iy
Viola arvensis Hivifimirig ! HEWVIIVIIVISI VIV Y Agrostis stofonifera Hi ] ERERRALNE
Fallopia convolvulus EINVIVIV PIH VI vy I Rorippa sylvestris ] I i vV
Sherardia arvensis [} ! i v Dactylis glomerata Pl ! i i
Vicia hirsuta i Hi Cerastium holosteoides fjvinpigl
Vicia villosa i Ranunculus repens EERIAREAE
Cdontites vernus i Potentilla reptans i Pl

PC  tPolygono-Chenopodietalia R. Tx,, Lohm. & Prsg. 1950 Rumex crispus i |
Echinochloa crus-galli I vivIIVIVIvInim g Fon Achiifea millefolium MR
Chenopodium afbum SR ERE IV ARANA T HE{ ) Lvsimachia vulgaris IR
Amaranthus retroflexus [N TR v tH Plantago lanceolata T H
Solanum nigrum 0 v (il Pog pratensis J P
Lamium purpureum ' NEREER i \i Stachys palustris il i
Cardamine hirsuta AL {il Trifolium pratense i Pl
Senecio vulgaris N Euphorbia cyparissias o
Lamnium amplexicaule | Galium molfugo il i
Sonchus oleraceus : ! Heracleums sphondylium } I

SM__ [Stellarietea mediae (Br.-Bl, 32), R. Tx., Lohm. & Prsg. 1950 Lathyrus pratensis | f
Polygonum aviculare ivivic T el Ta [ vTm] (il a v Poa trivialis P
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Galium aparine WiV VIV

Vo v Ak HEpEY
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i BN Hij i i}
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R I L

Lofium multiflorum |
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il Vi
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i
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ZAKLIUCEK

Rezultati kaZejo na ofitho osiromalenost plevelne
flore in vegetacije obravnavanega obmodja. § tem se
ujenata tako revna vrstna sestava sestojev kot te¥avnost
uviiCanja sestojev v katero od zdruzb. Osiromalenost je
jasno razvidna ne glede na kdturno rastlino ali kolobar,
uporabljen na dololeni njivi, saj Kdjub rezultatom
dendrograma (Sl 3) tudi sestoji preteZno Finth njiv niso
vistno veliko bogatef$i. Zdruzba, ki bi morala tam

uspevati - Aphano Matricarietum chamomilfac — je celo
bolj okmnjena od obeh ugotovijenih okopavinskih
zdruZh. Posebno plevelni sestoji v koruzi, kjer sintakso-
nomsko pomembne viste razreda Steflarietea mediae
motno nazadujejo, kaZejo na velik negativni vpliv te
kulture na pestrost plevelne flore. Podatki so zaskrb-
ljujoti, predvsem Ce upoltevamo, da se koruza v Slo-
venifi goji na 60% njiv; na Gorenjskem, kjer je deleZ
Zivinorejskih kmeti} Se posebno velik, zavzema koruza
Se nekaj ved povisin.

138

ANNALES - Ser. hist. nat, - 12 . 2002 - 2

Klemen ELER & Franc BATIC: FLORM IN VEGETACIIA [NTENZIVIO BABLIENEH M)V QSREDNIE GOREN|SKE, 131-140

Ker so bile lokacije popisovanja izbrane narno, to
je s &im vefjo stopnjo intenzivnosti pridelave, lahko
ugotovljeno stanje pojmujemo kot skrajno podobe slo-
venske kulturne krajine, do katere pa bi dejansko fahko
pridlo, Ce ne bodo prej sprejeti dolofeni ukrepi varo-
vanja. Od teh omenja Kafigarié (1993, 1996, 2001}

nacinom pridelave in vnadanjem ogroZenih plevelnih
vrst v posevke Zit. V nekaterih srednjeevropskih drZavah
se je za razmeroma uspeino pokazala tudi ekstenzifi-
kacija robov vecjih njiv, Zaradi velike razparceliranosti
in pocasnih ukrepov zlo¥be zemijis¢ ta strategija pri nas
verjetno Se ne o kmalu uveljavijena.

predvsem ohranjanie vzortnih povriin z ekstenzivnim

FLORA AND VEGETATION IN THE INTENSIVE CROP PRODUCTION FIELDS GF THE
CENTRAL GORENJSKA REGION

Kiemen ELER & Franc BATIC
Depariment of Agronomy, Biotechnical Faculty, University of Ljubljana, $1-1000 Ljubljans, Jamnikarjeva 101
E-mail: planing@siolnet

SUMMARY

The research has shown a great weed flora impoverishment and difficulties in syntaxonomic classification of
stands in intensively farmed fields of the Kranjsko and Sorko polje. Characteristic of such type of crop production
are regular and radical measures taken to attain the best possible conditions for the growth of cultivated plants as
well as to minimise production costs, which of course leads to a thorough selection of weed species. The work is
based on phytocoenolagical survey (Braun-Blanquet method) carried out at different times of the study period (from
April 2001 to june 2002} at various localities (in five crops with different types of rotation). The data are assembled
in a synthetic phytocoenological table, which also serves as a basis for some other evaluations and processing
{preparation of dendrogram/. Weed vegetation with the following most frequently occurring species was prevalent:
Cirsium arvense, Calystegia sepium, Echinochloa crus-galli, Galium aparine, Viola arvensis, Polygonum aviculare,
Polygonum persicaria and Setaria viridis. The numerous endangered as well as less endangered species were not
recorded; these species are gradually withdrawing to the non-field habitats. As far as life forms are concerned,
terophytes were prevalent, while in maize and cereals some geophytes with rhizomes were also significant.

Fragrents of the following associations were found: Oxalido-Chenopodietum polyspermi K. Tx. 1950, Setario-
Galinsogeturn parviflorae R. Tx. 50 em Th, Mueller et Oberd. 1983 and Aphano-Matricarietum chamomiliae R, Tx,
T937. The first two are root crop associations that occur mostly miscelfaneously, while the third one is segetal and is
floristically considered as the most impoverished association. In the association Aphano-Matricarietum
chamonmillae, its character species as well as character species of some higher synsystematic units, particularly the
character species of the alliance were missing. In the dealt with area, this association has proved to be poorly
preserved irrespective of the crop rotation width.

If the intensification continues in Slovenia in direction as shown in this research, certain steps to protect the
weed flora will have to be taken, the most effective among them probably being extensification of crop production,
preservation of the existing primitive procedures of production, and extensification of the edges of large Fields.

Key waords: weed vegetation, weed communities, intensive crop production, Gorenjska, Slovenia
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RELATION BETWEEN ENVIRONMENTAL VARIABLES, SPECIES RICHNESS
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Sonja SKORNIK & Mitja KALIGARIC
Biology Departmen, Faculty of Education, University of Maribor, $1-2000 Maribor, Korotka 160 and
Institute of Biodiversity Studies, Science and Research Centre of the Republic of Slovenia, Koper, $1-6000 Koper, Gariba kelijeva 18
E-mail: sonja.skomik@uni-mb.si

ABSTRACT

. Sen‘rwdr){ meadows of the Central European alliance Mesobromion erecti (class Festuco-Brometea) are habitats
with high biodiversity. Our first aim was io recagnize the variability of species composition of central, eastern, and
southeastern Slovenian semi-dry grasslands. The second aim was to define which environmental variables afféct o
thg greatest extent the species richness and species composition of those meadows. The vegetation was sampled
using standard proceclure of the Braun-Blanquet approach. From each plot the following soif parameters were meas-
ured: ph_F, hymus, carbonates, potassium, phosphorus; some environmental variables were also estimated by the El-
!enf?erg mld.-cator values. Phytosociological relevés were classified by TWINSPAN, Five clusters were separated and
their configuration checked in a CA-ordination. For the interpretation of floristical gradient, the environmental vari-
ab!es‘we{e cortelated with the ordination axes using rank correlation test. It could be summarised that species rich-
ness is slightly positively affected by humus and nitrogen amounts. We could also conclude that soil parameters as
pH, humus, carbonates, humidity and nitrogen contents are those environmental variables that mostly affect species
composition of the Central Slovenian Mesobromion meadows.

Key words: Mesobromion erecti, sesni-dry meadows, species richness, classification, ordination, phytosociology,
£Henberg indicator values

RELAZIONE TRA VARIABILI AMBIENTALI, RICCHEZZA E COMPOSIZIONE D SPECIE IN
PRATERIE SEMIARIDE SLOVENE DELL’ALLEANZA MESOBROMION ERECT!

SINTES]
_ Le praterie semiaride dell'alleanza centro-europea Mesobromion erecti (classe Festuco-Brometea) vengono con-
siderate came habitat ad alta biodiversita. Scopo principale di tale studio & stato quello di riconoscere la variabilita
della @:ﬁposszione di specie delle praterie semiaride in Slovenia centrale, orientale e sud-orientale. Lo scopo sec-
ond‘ar‘fo invece era quello di definire quali variabili ambientali influenzano prevalentemente la ricchezza e la com-
posizione di specie di tali praterie. Il campionamento della vegetazione & stato effettuato usando la procedura stan-
dard deH_’approccio di Braun-Blanguet. In ciascuna delle aree sono stati rilevati | seguenti parametri: pH, humus,
C_a'rbqne.:!'r, potassio, fosforo; altre variabili ambientali sono state stimate attraverso Vindicatore di valori Ellenberg. |
rilievi frtosgcfo!ogici sono stati classificati con il TWINSPAN, Dalla classificazione sono emersi 5 cluster e fa loro
conﬁguraz:one @ stata verificata con Vordinamento CA. Per {'interpretazione dei gradienti floristici le variabili ambi-
entali s0n0 state correlate con gli assi dell’ordinamento usando fa correlazione di rango. Dai risultati ottenuti {a ric-
chezz:a di specie risulta leggermente influenzata positivamente dalt’humus e dalla quantita di azoto. La composizi-
one di specie delle praterie di Mesobromion delfa Slovenia centrale, invece, si & rivelata influenzata in prevalenza
da pH, humus, carbonati, umidith e contenuti di azoto. '

Parole chiave: Mesobromion erecti, praterie semiaride, ricchezza di specie, classificazione, ordinamento, fitoso=
ciologia, indicatore di valori Ellenberg o
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INTRODUCTION

The correlation between vegetation and environ-
mental parameters is one of the most fundamental ques-
tions contrbuting to understanding plant species com-
position, structure in a particular habitat, landscape and
region {Barbour et al., 1987; Mucina, 1997). Although
plant communities are dynamic entities undergoing
continuous change in response to climate, land use
patterns and intrinsic dynamics, understanding vegeta-
tion-environmental correlations at one point in time may
help to predict possible shifts attributed to climate and
fand use changes (Burke, 2001).

Dry and semi-try grasslands are one of the best
known vegetation types in Europe {Dierschke, 1997}
Muostly they are of semi-natural origin (Ellenberg, 1996),
i.e. they developed by forest grazing and clear-cutting
(Pott, 1996} or after the abandonment of arable fields
and vineyards (Schumacher et al, 1995) and are main-
tained by various activities — mowing, grazing of do-
mestic animals, cutting or burning of shrubs and trees
(Kenzle, 1979; Pladenhauer & Frz, 1980; Witschel,
19801

In Slovenia, all secondary dry and semi-dry grass-
fands on basic, neutral and slightly acid soil on calcare-
ous bedrock (imestone, dolomite, marl, flysch — a cal-
careous sandstone) under the tree line belong o the
class Festuco-frometea Br-Bl & R.Tx. ex Klika & Hadal
1944 em, Royer 1987 (Kaligaric, 19973; Siornik, 2000).
They ate wsually found in warm, sun-exposed areas.
Those, in winter cold and in the suramer extremely hot
sites with shallow soil layer, often dry out completely
through the action of wind and direct solar irradiation
{Kierchner et al., 1980; Vogel, 1981).

With about 700 vascular plants and 200 bryophytes
and lichens, Festuca-Brometea grasslands are among the
maost species-rich habitats in Europe (Willems, 1990). In
the last decades they have rapidly declined in their size
and number in Central and Western Europe (Wolkinger
& Plank, 1981} due to the changes in traditional land-
use and extensive management {Horvat et al, 1974;
Willmans, 1975; Glavac et al., 197%; Kinzel, 1983). The
consequence is fragmentation and isolation of the rem-
nant grassiands {Keymer & Leach, 1990). Other threat to
this type of grasslands in Slovenia is their abandonment,
where consequently secondary succession has changed
many grasslands into scrub and forest {Kaligari¢, 1997a,
1997h, 1998).

In Stovenia, vegetation of Festuco-Brometea class is
guite clearly divided into two orders: the sub-
Mediterranean-lllyrian  order  Scorzoneretalia villosae
Horvati¢ 1975, which is distributed in the south~western
{sub-Mediterranean) part of Slovenia (Kaligari¢, 1997a),
and the Bromeialia erecti Koch 1926 order that presents
continental dry and semi-dry grasslands, characterised
by sub-Atlantic-sub-Mediterranean species (Mucina &

Kotbek, 1993}, Brometalia erecti order includes semi-dry
and dry grasslands of western, cemtral and southern
Furope. This order is represented by four alliances (Dier-
schike, 1997} in Slovenia and in southern Europe, only
alliance Mesobromion erecti {Br-8l. & Moor 1938)
Oberdorfer 1957 can be found (Skornik, 2000), The
Mesobromion erecti grasslands have slightly mesophi-
lous character — they mostly appear on sites with
deeper, moderate humid soil, with pi values around 7.
Therefore they are often assigned as "semi-dry® or "semi-
arid® grasslands ("Halbtrockenrasen”). As to floristic
composition and synecology, this species-rich vegeta-
tion has an intermediate position between the extremely
dry grasslands of the Brometalia erecti order, the acid
grassland vegetation on nutrient-poor soils of the Caf-
{uno-Ulicetea class, and the mesophilous grassland
vegetation of the Arrhenatheretalia order (Mucina &
Kolhek, 1993}

Until now, only few qualitative descriptive studies of
the Brometalia erecti vegetation in continental patls of
Stovenia have been published {(TomaZic, 1941, 1959;
Petkoviek, 1970, 1974, 1977, 1978). The main objec-
tive of those studies was to describe the assoctations ac-
cording to the Braun-Blanquet approach {Braun-
Blanguet, 1964).

One of the major aims of the present work was o
understand the variation in species composition and
species richness of the central, eastern and south-eastern
Slovenian semi-dry grasstands {Mesobromion erecti alli-
ance} in ecological terms using field data and numerical
methads.

MATERIAL AND METHODS

in the year 1999, 35 plots (size of 25 m®} of semi-dry
grasstands from the alliance Mesobromion erecti were
sefected in central, eastern and south-gastern Slovenia
(Fig. 1). Vegetation on the plots was sampled using
standard procedure of the Braun-Blanquet approach
{Braun-Blanguet, 1964; Westhoff & van der Maared,
1973; Dierschke, 1994} Taxenomic nomenclature foi-
ows Martin€ic et al. {1999) except for Bromus erectus.
The following taxonomically complicated groups are
presented as aggregates (agg.): Bromus condensatus, 8.,
erectus and B. transsylvanicus as Bromus erectus agg.,
Brachypodium pinnatum and B. rupestre as Brachypo-
diurn pinnatum agg.; Leuvcanthemurn ircutianurn and L.
vulgare as Leucanthemum vulgare agg.; G. mollugo, G.
fucidum and G. album as Galium mollugo agg. All the
grasslands are used as meadows, mown twice or at least
once a year. Management exclude fertilisation, grazing
or other treatments.

From each plot the following soil parameters were
analysed: 1. pH {measured in 0.1 N solution of KC by
glass electrode), 2. humus (Walkey-Black method), 3.
carbonates {CaCO;) tvolumetric by Scheibler calclo-
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Frg 1: Sampling plots dfsmbutcd across cenrraf eastern and south-eastern Slovenia. Legend: ¢ - 1% cluster, O -

2" cluster, ® - 3" cluster, I - 4% cluster, & - 5" cluster,

I 1: Vzorcidca v osrednji, vzhodni in jugovzhadni Sloveniji, Legenda: € - 1. skupina, O - 2. skupina, ® - 3. sku-

pina, [ - 4. skupina, 8 - 5. skupina.

metre}, potassium {K,O) (flame photometry), and phos-
phorus (P} (spectrophotometric measurements of the
coloured complex). Some environmental variables were
estimated by weighted (species frequenc;es are weights)
averages of Ellenberg indicator values (Ellenberg et al,

1991} for light, humidity, temperature and ntirogen
content.

Species richness per 25 m’ was defined for each
plot.

For the numerical classification Two-Way-INdicator-
SPecies-ANalysis (TWINSPAN; Hill, 1979} was applied,
it was run using the compuier program VEGI (Reiter,
1998). Correspondence Analysis {CA) was used to ordi-
nate relevés (plots) using the computer package STATIS-
TICA (Hirschfeld, 1935; Hill, 1973).

For the interpretation of gradtents extracted from CA
ordination the environmental variables and richness
values were correlated with the ordination axes. All cor-
relations were tested by Spearman’s rank correlation
test, which was carried out using non-parametric statis-
tics in STATISTICA.

RESULTS AND DISCUSSION
Classification and ordination of the relevés
Phytosociological relevés of 35 plots are shown in
Table 1. Sequence of the relevés is according to the

TWINSPAN classification {Fig. 2). By classification pro-
cedure, five clusters with a size from 5-8 relevés {plots)
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were separated. For each cluster blocks of species, con-
firming slightly diverse species composition of the
relevéds, are shown in the table. Clusters do not represent
phytogeographycally based units, nor management-
dependent units. They entirely depend on ecological
conditions, varying due to the soil characteristics, Clus-
ter T includes 7 plots. Differential species of the cluster
are Agrostis capillaris, Festuca filiformis, Polygala vul-
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Fig. 2: TWINSPAN tree with 5end-clusters. The number
of group and the number af p!ofs {N} are shown for
each node.
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secisce.
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garis, Carex pallescens and Cafluna vulgaris, which are
typical acidophifous species. The stands were mosily
from Bela Krajina and occur on deeper, leached and
stightly acid brown soils,

Claster 2 with 5 plots has the following differential
species:  Trisetum  favescens, Archenatherm  efatius,
Festuca pratensis, lLathyrus pratensis and Colfchicum
auturnnale. These species indicate more ferfile and
meist meadows, situated in different parts of central and
eastern Slovenia (Fig. 1).

Cluster 3 and 4, with 8 plots each, are similar and
without special differential species. They represent
ecological situation "in between" the two poles.

Cluster 5 with 7 plots is differentiated with the group
of basiphilous and termophilous species: Carex humilis,
Plariago holosieum, Polygala chamaebuxus, Gentiana
verna subsp, tergestina, Knautia illyrica, Tragopogon
tommasinii, Plantago argentea subsp. libunica and
Pseudolysimachion barrefieri. Pseudolysimachion bar-
relieri subsp. barrelieri. Relevés presented in this cluster
were collected from high Dinaric plateaus (Bloke,
Menisija, Krim), where they occur on warm and dry sites
with shallow and skeleton soil. Some species in this
cluster are shared with cluster 4.

in the CA ordination, the 5 clusters appeared well-
separated (Fig. 3). The first axis described 11.06%, the
second 8,39%, the third 6.5% and the fourth 5.01% of
the total variability. For the interpretation of the Horistic
gradients in sampled plots, only the most important or-
dination axis CA1 and CAZ were used,
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Fig. 3: CA {Correspondance Analysis} of Slovenian
semi-dry grasslands {(Mesobromion erecti alliance). 1.5
clusters defined by TWINSPAN are indicated.

SI. 3: CA (Correspondence Analysis} ordinacija sloven-
skih polsubih travis¢ (zveza Mesobromion erecti). Pri-
kazane so skupine 1-5, dolocene s TWINSPAN analizo.

Environmental variables and species
richness

Values of the measured and estimated environmental
variables for 35 semi-dry grasslands stands are given in
the Table 2. Values for calcite CaCO; vary a great deal -
frorn totally decalcified leached soils as one extreme
and to the soils very rich on CaCO; as the other. While
some stands with the lowest values for CaCC(; are also
characterized by very low phi - they present stands on
acid and leached soils on calcareous substrate {lime-
stone, dolomite) from the central part of Dolenjska re-
gion and from Bela Krajina — some others may be decal-
cified, but not acidified. These relevés were collected on
grasslands on deeper brown soils, which developed on
miart and flysch. Phosphorous and potassium do not vary
a great deal. Some plots have soil with higher humus
content - they mostly represent stands on shallow and
skeleton calcareous soil — rendzinas from high Dinaric
plateaus. EHenberg values do not vary so rauch as
measured soil parameters,

Species richness per 25 m’ was the lowest for the
relevés in the 17 cluster due to the slightly acid and de-
calcified soil conditions. The highest species richness
was established for the 5 cluster with stands from
shallow rocky soils with basic conditions with a peak of
69 species.

Correlations between environmental parameters,
species richness and floristically based ordination

Before correlating floristically based gradients ob-
tained from CA ordination with environmental parame-
ters, the correlations among environmental variables
were tested using Spearman’s rank order correlation test.
The Spearman rank order correlation coefficients (R)
between single environmental variables were calcu-
lated. Some of the environmental variables were found
to be significantly correlated (Table 3), ie. CaCOs3,
which is positively comrelated with pH, P, and K and
negatively with humidity; pH is correlated with P and N
values, efc. Species richness correlates positively with
humuys and nitrogen, which could be explained with
natural fertility of the sampled meadows {fertilisation on
plots were excluded),

Finally, CA sample scores {coordinates) were corre-
fated against afl environmental variables, using Spear-
man's rank order correlation test (Tab, 4), Many of the
environmental variables were found to be significantly
correlated with CA sample scores. The first axis of the
Correspondence Analysis (CA1) was found to be posi-
tively correlated with humus, CaCO; and KyO, and
negatively with humidity. it could be interpreted as a
gradient from plots on deep and humid, decalcified
brown soils to the plots on dry, shallow, calcareous
solls. The second axis {CA2) was found to be strongly
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Tab. 1: Phytosociological relevés of 35 Slovenian semi-dry grassiands (Mesobramion erecti alliance} classified by
TWINSPAN. Species, characteristic for each cluster are indicated in the table.
Tab. 1: Fitosociolodki popisi 35 slovenskih polsubif travi¥¢ (zveza Mesobromion erecti alliace), Kasificirani s
TWINSPAN analizo. V tabeli so oznacene vrste, znacilne za posamezne skupino.

relevé number

Viola canina
Polygala valgaris
Calluna vulgaris
Veronica officinalis
Agrostis capillaris
Festuca filiformis
Carex pallescens
Rhinanthus minor
Prunella laciniata
Luzula campestris
Carlina vulgaris
Ononis spinosa
Anthoxanthum odoratum
Filipendula vulgaris
Cruciata glabra
Knautia arvensls
Achillea millefolium
Rumex acebosa

Holcus lanatus
Knautia drymeia
Primela vulgaris
Peucedanum cervaria
Centaurium erythraesa
Lathyrus pratensis
Veronica chamaedrys
Ranungulus acris
Triftolium campestre
Festuca pratensis
Poa angustifolia
Trisetum flavescens
Agrimonia eupalforia
Prunella vulgaris
Convolvulus arvensis
Cynosurus cristatus
Rhinanthus alectorolophus
Pastinaca sativa
Galium mollugo agg.
Vicia ecracca
Medicage falcata
Picrig hievacicides
Veronlca sacguinii
Chrysopogon gryllus
Aster amellus
Clematis vitalba
Medicage lupulina
Colchicum autumnale
Avenula pubescens
Hypericum perforatum
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Arrhenatherum elatius
Daucus carota
Centaurea jacea
Saedum sexangulare
Ranunculus bulbosus
Dactyiis glomerata
Salvia pratensis

Brachypodium pinnatum agg.

Festuca rupicola
Leucanthemum vulgare agg.
Seseli annuum
Anacampiis pyramidalisg
Orohanche gracilis
Tragopogon orientalis
Potentillia recta
Fragaria viridis
Fuphrasia stricta
Dianthus carthusianorum
Bromus erectus agg.
Polygala comosa
Gentliana verna
Gentlanella germanica
Gentianopesis ciliata
Geranium sanguineum
Teucriuwn chamnaedrys
Hieracium bauhinii
Genista januensis
Thymus longicaulis
Helianthemum ovatum
Sanguisorba minor
Vipla hirta
Buphthalmum salicifolium
Fuphorbia verrucosa
Koeleria pyramidata
Carex flacca

Carex caryophyllea
Briza media

Plantago media
Betonica officinalis
Linum catharticum
Trifolium montanum
Trifolium pratense
Doryvenium germanicum
Danthonia decumbens
Lotus corniculatus
Plantago lanceolata
Galium verum
Pimpinella saxifraga
Genista sagittalis
Centaurea pannonica
Buccisa pratensis
Peucedanum oreoselinum
Orchis tridentata
Leontodon hispidus subsp.
Mypochoeris maculata
Molinia caerules
Pedicularis acaulis
Potentilla alba
Orchis morio
Danthonia alpina
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Tab. 2: Values of measured and estimated environmental variables for 35 relevés of Slovenian semi-dry grasslands
(Mesobromion erecti alliance). Legend: F = variables estimated by weighted averages of Ellenberg indicator values.
Tab. 2: Vrednesti izmerjenih in acenjenih ekoloskih parametrov za 35 popisov slovenskili polsuhih travisc {zveza
Mesobromion erecti). Legenda: E = parametri, ocenjeni s tehfanimi srednjimi vrednostmi Ellenbergovih indeksov.

Measured variable Eflenberg values Species
richness/
25 m?
CaCO; pH £,0 K0 Hurmus | Humidity®  Light" Temperature’ Nitrogen®
refevés | (%) (in KCD (mg/100 g} (mg/i00g) (%)
1 7200 7.00 1.60 10.80 12.64 2.91 7.36 5.73 2.43 55
2 7.60 77 1.80 19.90 12.50 3.45 6.84 5.1 2.57 69
3 260 7.0 1.50 9.60 13.28 3.00 7.60 58 2.47 65
4 2960 738 2.40 10.10 11.96 2.40 7.45 5.85 2.84 60
5 12.80  7.15 1.30 §.80 12.02 3.06 6.98 5.88 2.44 62
6 1.24 6.70 110 7.20 12.00 2.52 6.85 5.06 214 55
7 .20 677 1.10 7.10 11.38 1.78 6.21 4,65 2.42 58
8 2128 725 2.60 10.80 12.46 3.02 7.43 5.37 2.67 53
9 1.00 591 110 6.20 9.90 3.498 7.96 4.93 2.57 50
10 5.60 6.67 1.90 7.7 11.10 3.24 7.50 5.36 2.59 54
11 1.20 6.85 1.40 8.70 B.8G 3.23 7.1 574 2.34 50
12 2160 7.01 0.80 8.00 7.42 3.34 7.19 5.54 2.683 56
T3 320 674 1.40 8.90 5.98 3.31 8.11 5.96 215 45
14 2920 7.8 2.20 7.80 12.12 3.42 7.5h4 6.12 2.42 42
15 52.00 7.22 1.80 9.30 6.25 2.90 7.30 577 2.41 37
16 3400 714 1.20 7.70 3.43 3.32 7.30 5.88 2.51 41
7 4.00 7.00 2,70 9.70 12.34 3.07 7.39 5.42 2.60 51
18 1.20 6.79 1.80 9.50 912 3.62 7.36 5.71 2.57 45
19 0.20 571 1.10 5.50 7.44 3.64 7.57 5.67 2.78 54
20 0.40 6.30 1.30 6.10 10.26 3.44 7.53 571 2.20 50
2% 0.04 4.68 1.60 13.80 3.02 3.38 773 6.00 2.32 43
22 0.16 5.57 1.50 4.60 6.10 3.591 7.62 5.63 2.69 51
23 016 5.48 1.50 7.10 6.40 3.23 7.83 5.73 2.25 37
24 0.16 4.02 0.60 590 5,72 3.98 717 424 2.61 46
25 024 423 (.80 4.20 3.84 3.27 713 5.60 2.35 41
26 016 496 1.60 3.80 377 3.38 0691 5.98 2.31 50
27 £.20 Lh60 0.80 3.00 3.53 3.56 6,99 5.60 2.432 46
28 0.08 6.3 1.40 3.90 4.56 343 7.75 5.43 2.9 65
29 0.24 619 1.40 7.00 7.16 3.17 7.69 5.58 2.77 65
30 020 593 1.30 8.50 8.32 3.63 7.7 5.52 2.78 67
31 0.80 673 1.30 7.90 5.14 313 7.84 5.49 2.79 51
32 2920 7.32 3.60 5.90 £.71 3.22 771 5.62 .66 45
33 21.20 7.0 4.00 20.40 6.08 3.55 7.26 5.83 2.38 37
34 2400 754 2.90 18.30 5.64 3.54 7.71 5.606 2.68 48
35 320 747 3.20 5.70 6.16 3.04 8.14 5.61 2.75 a1

negatively correlated with soif pH, nitrogen and species
richness. Afong this axis we could follow the gradient
from naturally fertile basic (calcareous) substrates to-
wards acid and leached, infertile soils. The third axis
and the fourth axis {as well as the others) are not visible
in the two-dimensional ordination, but they are also less
important, because they usually describe less than 5%
of the total variability.

It is generalised for all types of meadows that fertili-
sation causes biodiversity loss. Furthermore, dry and
semi-dry grasslands are alse characterised by low supply
of nutrients as the consequence of long lasting removal
of aboveground blomass by mowing or grazing without
additional fertilization {Gigon, 1968; Grime, 1990; Pils,
1994}, But the low level of nutrients must be understood
only relatively; due to the results of the present research
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Tab. 3: Spe:arman rank order correlation coefficients (R) between environmental variables. Spearman R is given
tagether with levels of probability # = p < 0.05, $ = p < 0,001,

Tab. 3: Spearmanovi korelacijski koeficienti (R} med ekoloskimi parametri, skupaj s stopnjami verjetnosti # = p <

Variable CaCOy;  pH  PO; KO  Humu Humit  Light Temp® N°  Spurich.
] C&CO_‘; 1

IpH 0.49% 1

P,0s 0.45¢  0.5% 1

KO 0.55% 0.31  049% 1

Humus 0378 011 015 0458 1

Humidity" 0418 022 021 022 039 1

Light' 017 0424 025 005 019 Q.1 1

Terperature” 015 003 009 027 01 024 018 1

Nitrogen® 0.07 0526 007 005 O 0.11 033 026 1
Species richness 005 047 005 005 0535 022 008 007 0.5# 1

- Tah. 4: Spearman rank order correlation coefficients
(R} between environmental variables and CA 1-4. R is
- given together with levels of probahility # = p < 0.05, $
L =p< 0.007,

-~ Tab. 4: Spermanovi korelacijski koeficienti (R} med
- ekoloskimi parametri in CA 1-4. R je prikazan skupaj s
" stopnjami verjefnosti # = p < 0.05, § = p < 0.001.

Variable CAl CA2 CA3 CA4
CaCO, 0.53¢ 04 0418 -0.0%
pH 06 -0.83% 0.7 0.06
P05 0.08 03 028 -0.28
2,0 0.47¢# 026 -0.t6 0.7
Humus a77%  -0.22 0.18 (0,28
Hurnidity ~B.45# Q.33 -0.17 009
iLight' 0.39 035 019 -0.07
tYermperature 027 003 001 0.8
NitrogenE -0.23 -0.44% 0177 047
[Species richness |+ 027 -0.41#  0.60% -0.33

it could be summarised that species richness is posi-
tively affected by humus and nitrogen amounts, Deeper
and naturally fertile sofls enable a very wide spectrum of
species, starting from the contingent of Brometalia to-
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wards to the rich contingent of Arrhenatheretalia order
as well, It could be interpreted that species richness on
naturally fertile soils is high due to the neutrophilous
and mesophilous species cccurring In these conditions.
ft is known that unfertilised serni-dry and dry mead-
ows are colonised by many rare and threatened species,
which are adapted to high solar irradiation, heat,
drought and cold winter period, to nutrient poor condi-
tions {Ellenberg, 1996} - interpreted also as mineral nu-
trient stress {Grime, 1976, 1990} - if these selected spe-
cies are present, those meadows are automatically con-
sidered as “species-rich grasslands® due to the presence
of "'more important” species. Calcareous substrate is also
known to increase species richness (Kinzel, 1983), but
in our research the correlation between species rich-
ness, CaCO, and pH were not statistically significant.
One reason is probably the fact that all the plots have
developed on soils on calcareous substrates {dolomite,
timestone, marl, flysch). The other reason could be the
fact that mainly all sampled plots presented typical
Slovenian semi-dry grasslands which were in very good
condition, due to the favourable ecological characteris-
tics of the focalities and extensive management regime.
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POVEZAVA MED EKOLOSKEMI PARAMETRI, STEVILCNOSTIO RASTLINSKIH VRST
IN FLORISTICNO SESTAVO SLOVENSKIH POLSUHIH TRAVISC ZVEZE
MESOBROMION ERECT!

Sonja SKORNIK & Mitfa KALIGARIC
Oddelek za biologijo, Pedageska fakulteta, Univerza v Marthoru, 51-2000 Martbor, Koroska 160
in
Ingtitut za biodiverzitetne Studije, Znanstveno raziskovalno sredife republike Slovenije, Koper, $6-6000 Koper, Garibaldijeva 13
E-mail: sonja.skomik@uni-mb.st

POVZETEK

Polsuha traviiéa zveze Mesobromion erecti (Br.-Bl. & Moor 1938) Oberdorfer 1957 sodijo med habitate z visoko
biodiverziteto. Floristicno diverziteto lahko najpreprosteje oznacimo kot Stevilo vist na dolofeni povrdini (v nasem
primeru je bila povréina 25 m’). Namen nase raziskave je bil na osnovi 35 raziskovainih ploskev (sestojev polsihih
travis¢, izbranih na obmocju srednje, vzhodne in jugovzhodne Slovenije} ugotoviti povezavo med floristiéno sestavo
teh travise, Stevilcnostjo rastlinskih vest in izbranimi ekolokimi parametri. Vsa izbrana travis¢a vzdriujejo z eksten-
zivno nego - redng kosnjo enkrat na leto brez gnojenja. Vegetacijo smo vzorCili po standardni Braun-Blanquetovi
mietodi. Hkrati s popisi smo na vzorcnih povrsinah vreli tudi vzorce tal, ki so jim bile dolocene naslednje lastnosti:
pH, koli¢ina organskih snovi, karbonatov ter deleZa kalija in fosforja. Razmere na rastis¢ih smo ocenjevali tudi na
podiagi tehtanih srednjih vrednosti Ellenbergovih ekoloikih indeksov za svetlabo, viago, temperaturo in vsebnost
dusika. Kiasifikacijo fitocenoloskih popisov smo opravili z analizo TWINSPAN. Opravijena je bila tudi ordinacija
popisov CA {Correspondence Analysis). Na podlagi obeh analiz smo dobili pet dobro locenih skupin (klastrov) s 5
do 7 popisi. Za interpretacijo floristi¢nih gradiemov, ki so se pokazali po ordinaciji CA, smo koordinate CA po-
sameznih popisov s Spearmanovim korefacijskim koeficientom primerjali s pripadajodimi izmerjenimi in ocenjenimi
ekoloskimi parametri. Pri tem se je pokazalo, da so Stevilni parametri v statistiCno znadilni korelacifi s koordinatami
CA. Prva ordinacijska os je v pozitivni korelaciji z veednostmi za humus, karbonate, viaZnost in kalif in jo lahko in-
terpretiramo kot gradient od popisov na globokih in viaZnih rjavih teh, do popisov na plitkih, suhih, karbonatnih
tleh. Drruga os je v negativni korelacifi z vrednostmi pH in vsebnostmi dusika v tleh; vzdolZ te osi lahko spremijamo
gradient od naravno hranilnih, bazic¢nib tal do spranih, kislih in s hranilnimi snovmi revnih, pustih tal. Iz dobljenih
rezultatov povzemamo, da je Stevilcnost rastlinskil vrst na traviscih, ki sicer niso umetno dognojevana, v rahli pozi-
tivii odvisnosti z vsebnostmi humusa in dusika v teh. 1z ordinacije CA, ki temelji na floristiéni sestavi izbranih ek-
sperimentalnih ploskev, lahko jasno razberemo nekatere ekoloske gradiente. Zakljuéujemo, da so pH, vsebnost hu-
musa, karbonatov in dusika v tleh ter viaZnost tal tisti ekoloski dejavniki, ki najmocnefe vplivajo na vrstno sestavo
polsubih ravise zveze Mesobromion erecti v osrednji, vzhodni in jugovzhodni Slaveniji.

Kiju®ne besede: Mesobromion erecti, polsuba travisa, Stevilcnost rastlinskih vrst, klasifikacija, ordinacija,
fitosociologija, Ellenbergovi ekolodki indeksi
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IZVLECEK

Prispevek obravnava vpliv poZarov na floristicno sestavo vegetacije s poudarkom na Zivijenjskih oblikah visjih
rasthin (fanerofiti, hamefiti, hemikeiptofiti, geofiti, terofiti). Na obmodju slovenskega Krasa in Istre je bifo opravijenih
nekaj parov popisov v gozdnih sestojih na ploskvah, kjer je pred kratkim gorelo, in na bliznji nepogoreli ploskvi s
podobnimi rastiSénimi razmerami. Floristicni popisi rastlin so bili opravijeni v treh glavnih aspekiih vegetacije,
analizirano je le Steviléno pojavijanje glavnih Zivijenjskih oblik. Ugotovijeno je bilo, da raznolikost rastlinskih vrst
vrst po podaru naraida in z razvojem vegetacije v prvotno gozdne obliko upada. Po poZaru se v kratkem obdobju v
vadjem Stevilu naselijo anemohorni terofiti, vendar jih kmalu izrinejo na to okolje bolje prilagojeni hemikriptofiti,
hamefiti in fanerofiti. Konkurenéno so najuspesnefSe viste, ki kopicijo zaloge energije v podzemnih wrajnih delih,
Razmeroma dolga vegetacijska doba in vlaZna, mila zimska polovica leta jim omegoda dobro preivetje.

Klju¢ne besede: po¥ari, gozdna vegetacija, Zivijenjska oblika rastlin, submediteran, Slovenija

CONFRONTO TRA PIANE BOSCHIVE ARSE E NON ARSE IN BASE ALLE FORME DI VITA
VEGETALE SUL CARSO SLOVENO ED IN ISTRIA

SINTESS

Larticolo tratta I'influenza degli incendi sulla composizione botanica della vegetazione, accentuando i rapporti
tra le varie forme di vita delle piante superiori (fanerofite, camefite, emicriptofite, geofite, terofite). Nella regione del
carso sfoveno e dell'lstria sono stati effettuati diversi inventari su piane boschive recenternente affette da incendi ed
in una pfana vicina con condizioni di crescita simili, ma non danneggiata dal fuoco. L'inventario delle piante ha
tenuto conto di re aspetti maggioritari delfa vegetazione; & stata analizzata solo la presenza/assenza delle forme di
vita principali. Dai risultati & emerso che in seguito ad un incendio cresce la diversita di specie e forme, per poi
diminuire con il successivo svifuppo della vegetazione nella forma boschiva primaria. In un breve lasso di tempo
dopo lincendio si insedia un gran numero di terofite anemocare, che vengono perb ben presto sostituite da
emicriptofite, carnefite e fanerofite, meglio adattate a tale ambiente. Le specie capaci di immagazzinare energia

- nefle parti sotterranee permanenti sono quelle pili concorrenziali, favorite anche da una pity lunga durata delfa vita e

da un semestre invernale umido e privo di stress.

Parole chiave: incendi, vegetazione boschiva, forma di vita delle piante, submediterraneo, Slovenia
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uvoD

Ogenj je eden izmed ekolokih dejavnikov v kopen-
skih ekosisternih. PoZari s¢ naraven pojav, ki ga pov-
zrota strefa, v nekaterih primerih tudi vulkanska dejav-
nost, ki povzrofa vrocinski stres in uniuje nadzemne
rastlinske biomase v razliCnemn obsegu. Naravno pojav-
ljanje poZarov je pogosto v predelih Zemlje z rednim
pojavijanjern suinih obdobij {borealni gozdovi, stepe,
savane, obmodje Sredozemlja in klimatsko podobna
obmodia, subtropska in tropska cbmodja Zemlje) kot
tudi v drugih predelih Zemije, kjer se sula pojavija ob-
¢asno, Seveda ni treba posebe] poudarjati, da e
povzroCitel} poZarov tudi Clovek, saj je bila uporaba
ognia eden izmed osnovnih dejavnikov v razvoju Elo-
veka in kasneje osnova za preproste poZigainitke siste-
me kmetovanja (Moreno & Oechel, 1994a; Kogir, 1997;
johnson & Miyanishi, 2001; Fitter & Ray, 2002). Delo-
vanje ognja je pogubno, saj ogenj uniéi vedji del ali vso
nadzemno rastlinsko biomaso, pogosto tudi organske
plasti tal (Moreno & Cechel, 1994a; Kodir, 1997; lohn-
son & Miyanishi, 2001; Urbanci¢ & Dakskobler, 2001).
Stalno pojavijanje ognja pa je tudi raziog za nastanek
izjemnih, na ogenj prilagojenih oblik rastlin, katerih
razmnoZevanje je omogodeno z delovanjers visokih
lemperatur ob poZarith, ko zgorijo trdnt zadCitni ovoji
socveti] oz, plodov in semen in s fem poZar oz. ogenj
omogoda raziirjanje semen in kalitev (Fitter, 2002}, V
gozdnih ekosistemih s stalnim pojavljanjem poZarov so
se razvile lesnate rastline s slabo gorljivim, debelim
lubjem, veliko sposobnostjo regeneracije iz specih
brstov in sposobnostjo regeneracife iz korenin (Frey &
Losch, 1998; Fitter & Ray, 2002). UCinek ognja na ve-
getacijo in nien razvo) po poZaru je odvisen od vrste
poZara, tipa in stanja prizadete vegetacije, vremenskih
in podnebrih razmer ter lastosti tal {Allen, 1989; Mo-
reno & Cechel, 1994b, 1995; Bradstock & Auld, 1995;
Campbell et al,, 1995; Pate, 1995; Koiir, 1997; Bati&,
2001}, Ogenj je ckolotki dejavnik, ki ga po Grimovi
klasifikaciji opredelimo kot motnjo — disturbanco (Gri-
me, 1979). To je sprememba habitata, ki pomeni unice-
nie osebka oz. vediega dela biomase, Poleg poZarov
puifajo podobne posledice Se poplave, plazovi, vetro-
fomi, vulkanski izbruhi in herbivorija v vedjem obsegu.
Rastline, ki prenalajo motnje, imenujemo ruderaine
rastline, oznatene z R {Grime, 1979

V Slovenskem primorju je pojavnost poZarov v
drzavnerm merilu najvedia {jak¥a, 1997; Kofir, 1997).
Vzrok so podnebne razmere, vrsta in stanje vegetacije,
zrnacilnosti tal in dejavaosti ljudi {Cehovin, 1997: Kotir,
1997; Prebeviek, 2000; Sardod, 2002). Preliminarne
raziskave spremembe flore po poZarih na obmo&ju slo-
venskega Krasa in Istre smo opravili v okviru razisko-
valne naloge, ki se je posebej ukvarjala s to proble-
matiko (Jurc et al, 2001). Submediteransko obmodie je
v Sloveniji poZarno najbolj ogroZeno {Jaksa, 1997; Ko-

gir, 1997}, kar e predvsem posledica razporeditve in ko-
li¢ine padavin, lastnosti tal in Ze prej omenjenih vzro-
kov. Pri razlagi vpliva poZara na vegetacijo je treba upo-
$tevati dejstvo, da je bila ta na tem cbmoju izpo-
stavliena v preteklosti 3e drugim motnjam, ki so pogosto
predle v stres zaradi prekomerne, dolgotrajne rabe pro-
stora {pada, sekanje gozda, obdelaval. Pomembno je
tudi dejstvo, da je ta raba v zadnjibh 50-70 letth mo¢no
zmanjana, kar pomeni konec molne disturbance.
Zaradi vsega naStetega je interpretacija sestave rastlin-
stva in smeri razvoja zdruZb kot tudi njihovega poime-
novanja dokaj zapletena.

MATERIALL IN METOGDE
Obmodje raziskav

Pri izbiri raziskovalnih ploskev je bilo prvo izhodiste
starost pofara in drugo &m bolj podobne rastid€ne
razmere na karbonatni in na fliSni matiéni podlagi.
Raziskava gozdnih poZarov je bila opravijena na sedmih
lokacijah, v prispevku so prikazani izsledki raziskav z
naslednjih petih poZariie:

1. Vremstica {oblina Divaca, gorelo avgusta leta
1997, talni in vrdni, 281 ha, W in tam zaraZajoli se
painiki in drugotni gozd &mega bora), X = 5 422 750, Y
= 5 061 5530, nm.v. 460 m; popisi: 22. 7. 18499, 11, 5.
2000, 12.14. 2007,

2. Podgovec {obdina SeZana, gorelo avgusta leta
1998, talni, 7,53 ha, drugotni gozd Cmega bora (Seslerio
autumnalis-Pinetum nigrae), X = 5 409 156, ¥ = § 066
392, numyv. 286 my; popisk 1. 6. 2000, 19, 4. 2001, 12.
10. 2001, '

3. Kojnik {obtina Koper, gorelo aprila leta 1998, 314
ha, talni in vrini, padniki ter drugotni gozd Srmega bora
in termofilnih listavcev), X = 5 418 656,Y = 5 040 536,
n.m.y. 780; popisi: 22, 7, 1999, 14, 5. 2001, 2. 7. 2001,
25. 6. 2001, 25.10. 2001.

4. Strma reber - Dili¢i {obéina Koper, gorelo aprila
leta 1999, 1alni, 14,28 ha, gozd puhastega hrasta in
drugih listaveey na fliSu), X = 5 404 320, Y = 5039 113,
namy. 277; popisiz 1. 6. 2000, 14, 5. 2001, 2, 7. 2001,
25. 10, 2001,

5. Miave {ob&ina SeZana, gorelo avgusia leta 2000,
vrini, 2,4 ha, drugotni gozda ¢rnega bora in termofilnih
listavcev), X = 5 414 500,Y = 5 059 750, n.m.v. 400 m;
popist: 19. 4. 2001, 29. 6. 2001&, 12.10. 2001,

Na vseh mestih smo v pomladnem, poletnem in
jesenskem aspeklu opravili fitocenologke popise rastlin
po kombinirani srednjeevropski metodi ocenitve za-
stiranja in zdruZnosti vseh pojavijajodih se vrst (Braun-
Blanquet, 1964).

Terenske popise smo vnesti v program za urejanje
podatkovnih zbirk FloVegSi (Vre§ et al, 2001) in
analizirali popise glede na Zivijenjske oblike. Fitoceno-
lotke pripadnosti in dinamike nismo analizirali. Ckvimo
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uvrstitev popisnih ploskev v fitocenolotke enote smo
opravili na osnovi vegetacijskih kart arhiva Biolotkega
indtituta ZRC SAZU {Acceto et al,, 1962-92).

Uvrstitve posameznih vrst v ustrezno skupino Fiv-
ljenjskih oblik smo povzeli po Mali flori Slovenije (Mar-
tinci¢ et al., 1999), kjer so podobno kot v drugih florah
upostevane naslednje Zivijenjske oblike: Fa — fanerofiti,
lesnate rastline, drevesa in grmi, v preglednicah drevesa
Fal, grmi Fa2; Ha — bamefiti (polgrmi, pritlikavi grri,
zelnate rastline s trajnimi ali vsaj delno trajnimi stebli);
He — hemikriptofiti, zelnate trajnice in dvoletnice, ki v
neugodnih razmerah odvrZejo nadzemna stebla, stanje
listov je zelo razii€ro, brsti so tik pod zemeljsko po-
vitino ali na njej; Ge - geofitl, zelnate trajnice, ki v re-
ugodnih Zivijenjskih razmerah odvrfejo vse nadzemne
dele, v tleh ostanejo trajni gomolji, ebule ali korenike;
Te — terofiti, enoletnice, ki nimajo trajnega telesa in po
vegetacijski dobi ostane od njih le seme. Clenitev
posameznih skupin ZFivijenjskih oblik, kot jo navajajo
Dierschke (1994} in Frey & Loschert (1998}, v tej ob-
ravnavi e ni upostevana,

REZULTATI

V Tabeli 1 podajamo le okvime izsledke raziskav
spremembe vegetacije zaradi poZarov, ker celotna ana-
liza Ze ni kondana. Seznam vseh popisanih vrst je pri-
loZen v Tabeli 2. Omejili smo se na primerjalno analizo
sprememb Stevila vist po pozaru in Fivijenjskih oblikah,
ki najbolj celovito odsevajo prefivetveno strategijo
rasthin.

Pojavijanje Zivijenjskiti oblik glede na #as pozara in
predhodno stanje kaZe splosno znanc dejstvo, da do-
iofena, zmermna motnja v sistemnu poveda Stevilo vrst
{Moreno & Oechel, 1994a, 1994b; Kogir, 1997: Frey &
Loschert, 1998), kar sta v okviru iste raziskave ugotovila
tudi Urban€i¢ & Dakskobler (2001} na poZaristu na

in the near past (ING).

obmotju Golakov v Trnovskern gozdu. Iz obeh tabel je
razvidno, da je v povpredju najmanjie Stevilo vrst v
gozdu tam, kjer so se posamezne vrste glede na svojo
Zivlienjsko obliko in strategijo Je ustalile in izrinile manj
prilagojene vrste. iz istega razloga je razumijivo, da ima
padnik ved vrst, medtem ko imajo melane kulture &me-
ga bora z vraslimi listavci zaradi zelo slabih svetlobnih
razmer Ze manjSe Stevilo vrst, pogosto manj kot gozd
puhastega hrasta 2 jesensko vilovino. Stevilo popisov, ki
jih tu navajamo, nam Se ne dovoljuje statisticne pre-
veritve in je to zgol} logino razmisljanje. Podobne
trende smo ugotovili, ko smo preudevali dinamiko
spreminjanja Stevila rastlinskih wvist na Vremiticj v
odvisnosti od pade (Bati¢ et al., 1999).
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Sk 1: Evididska razdalja zdruZenih popisov glede na
zZivljenjske oblike (A-pogorele ploskve, B-nepogorefe
ploskve, 1-Podgovec, 2-Vrems$dica, 3-Kojnik, 4-Dilici,
5-Mlave).

Fig. 1: Fuclidean distance of accumulated relevés ac-
cording to plant life forms (A-burnt plots, B-unburnt
piots, 1-Podgovec, 2-VremsCica, 3-Kojnik, 4-Dilici, 5-
Miave),

Tab. 1: Pregled pojavijanja razliénih Zivijenjskih oblik rastlin na ploskvah s éasovno dolodenim poZarom (G} in na
tistth, za katere mislima, da v hliznji preteldosti ni bifo poZarov (NG),
fab. 1: Overview of the occurrence of plant life forms at plots with fire (G} and plots in surroundings without fire

Objekt PODGOVEC VREMSCICA KOINIK MLAVE DHLIC
Cas poZara avg 1994 avg 1997 apr 1998 avg 2000 apr 1999
Ploskev G NG |G NG 8 NG G NG G NG
[ Fanerofiti {Fa) 34 35 41 36 36 43 8 31 23 14
©PHamefid {Ha) 4 3 3 1 10 8 6 4 4 3
Hemikriptofiti (He} | 54 14 40 12 54 42 41 11 41 25
Geofiti (Ge) & 7 3 4 4 1 7 2 5 0
Terofiti (Te) 5 0 3 0 10 1 0 0 1 1
SKUPAL (3) 103 5% 90 53 114 45 62 44 74 43
Razlika G/NG 44 47 19 18 31
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St 2: Evididska razdalja zdruZenih popisov glede na
Zivijenjske oblike na pogorelih ploskvah (1-Podgovec,
2.Vremicica, 3-Kojnik, 4-Dilici, 5-Mlave).
Fig. 2: Fuclidean distance of accumulated relevés ac-
cording to plant life forms at burnt plots {1-Podgovec,
2-Vremicica, 3-Kojnik, 4.Dilici, 5-Miave).
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51 3: Pvldidska razdalja zdruZenih popisov glede na
Fivijenjske oblike na nepogorelih ploskvah (1-Pod-
govec, 2-Vremicica, 3-Kojnik, 4-Dilici, 5-Mlave).
Fig. 3: Euclidean distance of accumulated relevés ac-
cording to plant life forms at unburnt plots (1-Pod-
govec, 2-Vremi&ica, 3-Kojnik, 4-Dilici, 5-Miave).

Primerjava podobnosti vseh popisov (Sl. 1) kaZe, da
je vegetacija na poZariz¢ih in nepogorelih ploskvah
podobna, saj se skupno grupirajo pogorele in nepo-
gorele ploskve z razlicnih lokacij in ni jasnejth kopi-
Zenj ploskev glede na nadmorsko visine in geolofko
podiago, kar bi sicer lahko pri¢akovali. Po drugi strani
to niti ne preseneca zaradi relativne geografske bliZine
in podobne vegetacije kot tudi zaradi relativno Sibkih
poZarov manjie razseZnosti. Primerjava samo pogorelih
ploskev (S1. 2) pa kljub temu kaZe na posebnost ploskve
pa Kojniku, kjer je bil vidni in talni poZar in je hila
popolnoma unitena drevesna plast, kot tudi ploskve na
Dilicih zaradi flisne podlage. Pri primerjavi nepogorelih
ploskev (SI. 3} se spet razlikuje Kojnik, kjer je ohranjeni
sesto] preteZno ¢mega bora 3e miad in zelo gost, s stabo
razvite pritalno vegetacijo. VraiCanje termofilnih listav-
cev je v zaletni fazi. V tem pogledu je podobna tudi

ploskev na Mlavah. Druge, Vremicica, Podgovec in
Dilici, so vse Ze sestoji, ki so redkefi, z motno razvito
pritalno vegetacijo, v kateri previadujejo trave, vrasCa-
nje listaveev je veliko vedje.

ZAKLIUCEK

Uéinek poZarov je v teh preliminamih raziskavah
mogole strniti v sledeem: vetina poZarov, katerih po-
sledice smo preutevali, je bolj ali manj uni¢ila nad-
remno biomaso. UniZenje je bilo najvedje na Kojniku in
dosti manjse na ploskvah pod Vremicico, Podgovcih pri
Sezani, Dilicih in v Miavah pri SeZani. Le na Kojniku je
bila povsern uniCena drevesna plast, v drugih primerih
so ostala posamezna drevesa listavecev. Tu opaZamo
razmeroma veliko obgutljivost &rmega bora na poZare,
kajti krodnje so zaradi velike vsebnosti terpenov v
iglicah, ki imajo ob gorenju veliko energetsko vrednost,
skoraj vedno uniene. Po drugi strani &rni bor ni spo-
soben regeneracije iz panja, fe manj z nadomestnimi
brsti iz karenin {Allen, 1989; Kotir, 1997}, Nasprotno pa
pri vetini samoniklih listavcev opaZamo, da imajo
puhasti hrast (Quercus pubescens Willd.), cer {Quercus
cerris 1.}, ¢mi gaber (Ostrya campinifolia Scop.), mali
iesen (Fraxinus ornus L.) pa tudi grmovne vrste {Cotinus
coggygria Scop., Frangula rupestris (Scop.) Schur,
Prunus spinosa L. itd.} veliko sposobnost regeneracije iz
korenin, kar se zgodl Ze prvo rastno sezono po poZaru.
Kadar pa poZar divja spomiadi ali na zadetku poletja, se
zaCne regeneraciia Ze isto rastno sezono, Podoben trend
opazamo tudi pri velini hemikriptofitov in geofitov,
predvsem tistih, ki imajo nadzemne dele akiivne vso
rastno sezono. To je verjetno tudi razlog, da niti na eni
ploskvi nismo opazili ve¢jega porasta terofitov in dvo-
fetnic, rahla izjema je v tem pogledu ploskev na Koj-
niky, kier je bile prve sezono po poZaru vel enoletnic,
predvsem po zastrtosti, Cesar pa v tem prispevku fe
nismo natanéneje analizirali. Ta opaZanja kaZejo, da so
samonikli listavci kratkega obmotja kot tudi zelnate
trajnice v njihovi podrasti na pozare dobro prilagojeni in
da se po vsej verjetosti v razmerah, ko ni drugih mo-
tenj, vegetacija hitre povrne v prvotno stanje. Analize
opravijenih popisov le nakazujejo manjfe povecanje
nekaterih geofitov na pozaris¢ih, kar bi bilo v&asih celo
za¥eleno zaradi ochranjanja nekaterih izredno lepo
cvetoCih vrst {gorski narcis (Narcissus poeticus subsp.
radiiflorus (Salish.) Baker), jagodasia hrulica (Muscari
botryoides {L.) Miller), gorski kosmatinec (Pulsatifa
montana (HoppelRchb.) ipd.). Poleg enoletnic z lahkimi
anemochornimi  semeni/plodi¢i  (grintt  {Senecio  inae-
quidens DC, Senecio vulgaris L), tkrbinke {Sonchus
asper (L.} Hill., Sonchus oferaceus L.}} so se na po-
Zaris¢ih ponekod dokaj razdirile mirmikohorne vrste,
predvsem vijolice (Viofa hirta L., Viola riviniana Rchb,
kar bi si lahko razloZili 7 olajianjem gibanja mravelj,
vigjimi temperaturami in z odpravo konkurence veljih
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rastiin. Pri tem je treba omeniti, da je to le kratko
obdobje v zaraifanju, isto ali prvo leto po poZary, in da
kasneje te vrste izginejo oz. se pojavijajo v bistveno
manfsem Sevily, Po fazi anemohomibh in mirmeko-
homih wrst, ki sta kratki in neizraziti, je na vseh
pofaris¢ih opaziti Ze prvo vegelacijsko serono po
poZaru, $e bolj pa drugo vedje pojavijanje trav, skalne

glote (Brachypodium rupestre (Most.} Roem. & Schult.)
in jesenske vilovine (Sesferia auturnnalis {Scop.) F.W.
Schutzt), na nekaterih ploskvah {(Vremicica) pa tudi ve-
je pojavijanje brestovolistne robide (Rubus ulmifolius
Schott.), navadnega srobota (Clematis vitalba L), ¢rmega
trna (Prunus spinosa L.}, malega jesena (Fraxinus omus
L.} in ruja (Cotinus coggygria Scop.).
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SUMMARY

The anticle deals with post-fire succession of vegetation on chosen sites in the Slovenian Karst and Istria.
Introduction briefly presents the influence of fire on vegetation. Regular occurrence of fires leads to special
adaptations in plants of their body structure and in mode of reproduction. In European ecological circumstances the
occurrence of fire is the greatest in the Mediterranean region, to which the Submediterranean region of Slovenia
actually belongs. Six pairs of comparable plots were chosen in the area of the Karst and Istria, one plot with fire in
the near past and other without fire in last 50 years. Site history, soil parameters, flora and fauna were investigated

on alf plots.

Vegetation analysis was carried out by combined assessment of cover and sociability of all plants present at the
plot by the Braun-Blanquet method (Braun-Blanquet, 1964). Vegetation records were carried out in spring, sumrner
and late autumn aspect. Only prefiminary results are presented, showing vegetation analysis on burnt and unburnt
p.!ors‘b?f number of plants species and their life forms. Species diversity is higher after fire. In the second year after
fire, it is even twice as great as in the Austrian pine plantation or in the broadleaf forest of pubescent oak and hop
hornbeam. The greatest regeneration capacity have those species, which are able 10 resprout from befow ground
organs {broadleaf trees, hemicryplophytes, cryptophytes and geophytes). The regeneration of those species after fire
is 50 quick that there is very short period when some terophytes become more common due to their light wind

distributed seeds or distribution via ants.

]

Key words: fires, forest vegetation, plant fife forms, Submediterranean, Slovenia
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MORPHOMETRICS OF YOUNG KITEFIN SHARKS, DALATIAS LICHA
(BONNATERRE, 1788), FROM NORTHEASTERN AEGEAN SEA,
WITH NOTES ON 115 BIOLOGY
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ABSTRACT

Biological information on five kitefin sharks, Dalatias licha (Bonnaterre, 1788), three neonates and two posi-
“neonate individuals, capiured in October 1999 off the northern coast of Gokgeada (northeastern Aegean Sea) at a
depth of 380 m, are given. Momphometric measurements of these specimens are presented. Capture of these neo-
“nates and post-neonate individuals near Gékgeada, suggesting that this region ray be a nursery area for D. licha.

Key words: kitefin shark, Dalatias.licha, morphometrics, stomach contents, reproduction, Aegean Sea

DATI MORFOMETRICH DI GIOVANIT ESEMPLARI DI SCIMNORINO
DALATIAS LICHA (BONNATERRE, 1788) DELL'EGEO NORD-ORIENTALE,
CON NOTE SULLA LORO BIOLOGIA
SINTES?
* Uarticolo fornisce informazioni biologiche su cinque esemplari di scimnorino Dalatias licha (Bonnaterre, 1788),
“def quall tre neonati e due post-neonati, catturati in ottobre 1999 al largo della costa settentrionale di Gokceada
- (tgeo nord-orientale) ad una profondita di 380 meiri. L'autore presenta | dati motfornetrici per tali esemplari. La
cattura di questi individui neonati e post-neonati in prossimita di Gékeeada fa presupporre che la regione sia area dj

“nursery per [, licha.

Parcle chiave: scimnorino, Dalatias licha, morformetria, contenuti stomacali, riproduzione, mar Lgeo.
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INTRODUCTION

Kitefin shark, Dalatias licha (Bonnaterre, 1788} {Fig.
1), is a common but sporadically distributed deepwater,
warm-temperate and tropical shark of the outer conti-
nental and insular shelves and slopes from 37 to at least
1800 m depth, but commonest below 200 m {Com-
pagno, 1984} In the Mediterranean Sea, kitefin shark is
primarily known from the western part of the area
{McEachran & Branstetter, 1984}, but several references,
indicating its presence in the eastern part, are also avail-
able {e. g. Aksiray, 1987 from Turkish seas; Merig, 1995
from the Sea of Manmara; Papaconstantinou, 1988 from
Greek seas). No information s available on the biologi-
cal characteristics of this squaliform shark and the only
verified record of the kitefin shark in the seas of Turkey
is from the Sea of Marmara based on male specimen
caught on the northern continental stope at a depth of
270 m on july 1991 (Merig, 1995}

I October 1999, a bottom trawler haul at some 380
m off the northern coast of Gdkceada (northeastern Ae-
gean Sea} included five specimens of D licha, The pres-
ent paper aims to provide additional data on the hiology
of this squaliform shark.

MATERIAL AND METHODS

Five male specimens of 0. licha were captured by
means of an ofter-trawl with a cod-end mesh opening of
22 mm from knot to knot, towed on a muddy-sandy bot-
tom off the northern coast of Gbkeeada (40°17°017 N,

® 27

d

TURKEY

fAs3

ALK

,J,f“%:%/

Fig. 2: Sampling location in the northeastern Aegean
Sea (drawing by H. Kabasakal). _

Si. 2: Vzorcisée v severovzhodnem Fgejskem morju
(risha: H. Kabasakal).

Fig. 1: Kitefin shark, Dalatias licha (Bonnaterre, 1788),
scale bar = 50 mm (photo: H. Kabasakal & E. Kabasa-
kai}.

Si. 1: Temni morski pes, Dalatias licha (Bonnaterre,
1788), merilna lestvica = 50 mm (foto: H. Kabasakal &
E. Kabasakal).

25%52'15" E; depth 380 my; Fig. 2} Specimens were
fixed and preserved in 5 percent seawater-formalin so-
fution. Total lengths (TOT) and forty-seven morphome-
tric measurements of the specimens were measured with
a vernier calliper to the nearest 0.05 mm. Morphometric
measurements are according to Compagno (1984).
Stomachs of the specimens were dissected and their
cortents identified to the lowest possible taxon, counted
and weighed to the nearest 0.5 gram. Counts and
weights of the stomach contents were used to calculate
the percent by number (PN%}, percent by weight
{PW%;}, percent frequency of occurrence (PO%) and In-
dex of Relative importance (LR.L) of each prey organism
consuined by the kitefin sharks {Cailliet et al, 1986).
LR of each prey organism was calculated according 1o
the formula {Cailliet et al., 1986} below, and its maxi-
mum value would be 20,000:

LR = (PN% + PW%) x (PO%).

identification of the species and taxonomic nomen-
clature foliows Compagno (1984} Specimens are kept
in the authors’ personal collection.

RESULTS

Total lengths of the examined kitefin sharks, all
males, were 338 mm, 344.2 mm, 372.5 mm, 419.1 mm
and 470.2 mm. In the freshly caught specimens, the
body was uniformly brownish-grey; the rear margins of
dorsal, pectoral and pelvic fins, and the ventral lobe of
caudai fin were whitish-edged {Fig. 1); the tips of the
claspers were white (Fig. 3). Lateral-line was prominent.
The second dorsal fin was slightly larger than the first
{Tab. 1, Fig. 1). First dorsal origin somewhat behind free
rear tips of pectoral fins, second dorsal origin over about
the middle of pelvic bases; both dorsal fins without
spines. Gill slits were moderately broad; in the exam-

162

ANNALES - Ser. hist, nat. - 12 . 2002 - 2

Hakan RABASAKAL & £t KABASAKAL: MORPHOMETRICS OF YOUNC KITEFIN SHARKS, DALATIAS LIEHA BOMNNAT CRRE T35

Tab. 1: Morphometric measurements of the examined specimens of . licha.
Tab. 1: Morfometriéni podatki pregledanih primerkov 0. licha,

16168

| Specirnen Nos 1 2 3 4 5 o
Sex ‘ < g ¢ a & Mean | TOT % of measn
Measurements (in mm} s
CTOT ] P 338 1 3442 | 4702 T 372.5 I 4719.7 3688.8 —
Snout Hp to
| i-outer nostrifs 3.75 4.7 4.8 4.45 4.5 4.5 1.15
2-eve 9.55 11.35 13.95 12.2 13.55 T2.12 3.1
3-spiracie 33.05 34.3 38.55 35.9 38 35.96 9,24
4-ImouUth 18.6 18 25 2.6 22.35 213 5.48
5-17 gl opening 55.4 66.9 £9.35 61.05 67 .0 62,86 i6.16
6-3° aitl opening 64.35 69.85 78.5 71.25 §0.15 7282 18,72
7.5 aill gpening £9.45 771 86.5 7865 88.5 80.04 200,58
§-pecioral origin 725 78 86.5 78.75 28,55 80.47 2169
Qpelvic origin 179,55 192.8 228.35 198 2264 205.02 52.73
10-cloaca 194 2003 251.45 216.2 245,45 222.24 57.1h
T1-1" dorsal origin 116.65 124.6 147.4 128.85 145.75 132.65 34.11
12-2" dorsal origin 16775 1 206.75 251.7 219.3 253.6 225.82 58,68
13-dorsal caudal origin 252.65 262 .4 326.2 279.4 324,15 288,96 74.32
14-ventral cauda! origin 241.85 245.05 316 2065 315.45 276.97 71.23
Distance between bases
15-1" and 2™ dorsal fins 68,4 68.3 0.8 76.85 90,25 78,12 20.09
16-2" and caudal fins 6.7 35.9 50 40.05 44.9 41.51 10.67
17-pectoral and pelvic fins 95,25 97.5 124.9 103.9 120.45 108.4 27.880
MNostrils: distance
T8-between inner corners I 1185 T 9255 7T 136 | 1245 7 14.35 | 12.96 3.34
Mouth
Tawidth | 2408 ] 251 [ 73375 1T 7288 73265 | 2887 742
Gill opening lengths
2(}~'E"_ 4,7 4.9 5.5 5.45 /.25 5.56 1.43
21-39 4.35 4.65 4.95 5.45 6.75 5.23 1.34
2-5" 5.35 5.3 7.6 &1 4.15 6.6 1.65
-E3—Spirac}e: maximum width 5.4 5.5 6.6 6.25 7.1 6,17 1.58
ye '
24-horizontal diameter 14.6 15.85 15.25 14.8 16.65 15.43 3.96
25-vertical diameter 7.75 2.b5 8.3 6.6 8.05 7.67 1.97
26-interorbital widih 21.05 22.8 265 23.6 26,35 24.06 6.18
1* dorsal fin
27-averall fength 33.85 3315 42.05 36.3 42.35 37.54 9.65
28- teneth hase 9.65 14.05 18.1 16.95 18.95 15.54 3.99
29~ier"§gth posterior margin 12,3 13.5 18.2 16.9 17.05 15.59 4.01
j%heaght 3.2 14 18.65 17.65 15.35 15.77 4.05
2™ dorsal fin
3t-overall length 34.45 35.1 46.85 40.55 48.15 41.02 13.55
32-length base 19.75 19.4 26.8 23.85 26.3 23,22 5.97
33—Eeng{h posterior margin 16.45 16.25 20185 19.95 20.35 18.77 4.82
34-height 16.95 16.9 21.1 2003 20.8 19.21 4.94
Pectaral fin
35—iength base 15.75 16.3 21.65 17.6 19.1 18.08 4,65
36-length anterjor margin 42.2 46.3 51.5 45,95 51.65 47.52 12.23
37-denpth distal marein 17.6 2{.85 24 20.95 24.5 21.64 5.56
38-lenoth posterior margin 18.05 241 29 85 25.2 26.7 24.78 6.37
Pelvic fin
39-overal] length 38.1 41.55 51.45 44.4 51.15 45.33 11.65
40-length base 21,55 254 32.1 2745 311 27.52 707
41-length anterior margin 26 3175 347 341 33.8 32.07 8.24
42-length clasper 11.85 14.35 21.45 14.8 18.8 16.25 417
Caudal fin
| 43-length dorsal lobe 83.05 85.7 101.4 95.85 1061 95.02 24.43
| 44-length ventral lobe 42.4 42.0 47.95 44,45 46,25 44,73 11.5
45-dorsal (ip to notch 16.05 21.1 26.1 2355 30.2 23.4 6.01
t46-denth notch 13.95 16.25 18.25 i5.8 17.9 16.43 4.27
Trunk af pectoral origin
47-height 3425 13315 T 4005 | 356 | 4345 T 373 2.59
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Tab. 2: Composition of the stomach contents of the examined specimens of D. licha.
Tah, 2: Struktura hrane v Zelodcih pregledanih primerkov 1. licha.

PM%

PREY ] ! PO% t PW% ! LR
CEPHALOPODA

Sepletta spo. 18.18 20 21.78 799.36
Lofigo vidgaris 9.04 20 4.57 273.32
Cephalopoda [unidentified] 5.09 20 217 225,39
Tota! Cephalopods 36.36 6{} 28.54 3894.23
CRUSTACEA .
Farapenaecus (ongirostris i 9.09 { 20 ; 4,57 | 273.32
PISCES

Caleus melastomus 9.09 20 9,15 364.87
Chlorophthalmus agassizii 9.09 20 5.06 343.03
Myctophidae {unidentified) 9,09 20 8.93 360.46
Merluccius merluccius 9.09 20 3812 944,34
Teleaste (unidentified; 16.18 40 261 §31.84
Total Pisces h4.54 100 66.88 12143

Fig. 3: Claspers of male D. licha; arrow indicates the
white fips of the claspers, scale bar = 16 mm {photo: H.
Kabasakal & E. Kahasakal).

Sl 3: Spolni organ samca D, licha; pusdica oznacuje
beli konici spolnega organa, merilo = 10 mm (foto: H.
Kabasakal & E. Kahasakal). :

ined specimens, the 5" gill slits were slightly larger than
the remaining gill stits {Tab. 1). Body surface covered by
low flat, ridged, unicuspid dermal dentictes. Upper teeth
were small, stender-cusped and lower teeth large with
erect, triangular, blade-like serrated cusps (Fig. 4). Mor-
phometric measurements of the examined specimens
are giver in Table 1.

Claspers of the examined specimens were uncalci-
fied, soft and clearly shorter than the pelvic fins (Fig. 3).
Moreover, spern were not observed in seminal vesicles
of the specimens.

All stomachs of the examined specimens were found
to contain food. Prey organisms contained in the stom-
achs and their numerical data are given in Table 2 and
Figure 3.

. “the three specimens {Mes: 1, 2 and 4; 338 mm,
" 344.2 mm and 372.5 mm in TOT, respectively} were

b

Fig. 4: Dentition in the upper and lower jaws of D. Ii-
cha, scale har = 10 mm (photo: H. Kabasakal & E. Ka-
basakaf).

Sl 4: Zobovje v gornji in spodnji Celjusti D. licha, me-
rilo = 10 mm (foto; H. Kabasakal & E. Kabasakal).

found to bear healing umbilical scars on ventral surface
between their pectoral fins (Fig. 6).

DISCUSSION

Compagno (1984) and McEachran & Branstetter
(1984) stated that the common maximum length of D.
ficha is about 159 cm, but it can possibly grow to 182
cm. According to Aksrray {1987}, maximum length of
this shark in the seas of Turkey is 150 cm. Total length
of the largest examined specimen was 470.2 mm and,
therefore, specimens of the present study represent only
juveniles of the northern Aegean Sea population of 2.
licha. Due 1o the insufficient morphometric study con-
cerning kitefin sharks captured in the seas of Turkey, It
was not possible to compare our data with those of the
previous studies. Merig {1995) reported some undetailed
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motphometric data of a male kitefin shark (345 mm
TOT) captured in the Sea of Marmara. According to this
- author, total length / head length {TOT / HL ratio of the
Marmara specimen was 5.07 and head length / pectoral
fin length (anterior edge) (ML / PL) ratio was 1.62 (Meric,
- 1995). In the examined specimens, same ratios were as
- follows: TOT / HL was 4.83 and HL / PL 1.69. The latter
- ratios (HL / PL) of the present study and of Meric {1995}
-~ are quite simitar, but the former ratios {TOT / HL) are
* clearly different. Standard morphometric measurements
of the Marmara specimens of D. ficha have not been re-
corded by Merig (1995), thus it was not possible to
make a comparison between the specimens of kitefin
- shark captured in two different seas.

Macpherson (1980} examined 31 specimens of
Scymnorhinus ficha (= D. licha) and recorded primarily
- fishes, decapod and natantid crustaceans and cephalo-
pods in the stomachs, The lengths of the examined
- specimens of 0. ficha by Macpherson (1980} varied
between 32 to 100.8 cm and the main prey organisms
consumed by those specimens, in the order of impor-
tance, were teleosts Notoscopelus efongatus elongatus,
Trachyrhynchus trachyrhynchus and Phycis blennoides,
blackmouth cat shark Gafeus melastornus, and decapod
Arfsteus antennatus, In the present study, stomach con-
lens of the examined kitefin sharks were found to con-
tain mainly fishes, followed by cephalopods and deca-
- pod Parapenaeus fongirostris {Tab. 2, Fig. 5). G. melas-
L tomus was the only chondricthyan consumed by the ex-
- amined kitefin sharks. In the study area, numerous juve-
Wes of G. melastomus were observed in the trawling
~hauls and it is one of the sharks that co-exist with . fi-
.cha (personal observation by both authars). Clarke &
~Merrett {1972) reported that the high incidence of empty
“stormachs {90%) of deep sea fishes captured particularly

Fig. 5: LR.L diagram of the prey organisms and their numerical (PN%), weight (PW%), and frequency of occur-

Si. 5: Diagram LR.I. (Index relativne pomembnosti plena) in vrednosti, kar zadeva njihove Stevilcnost (PN%), teZo

by leng-line fishery may be due 10 the frequent loss of
food during their ascent from great depths. However, the
examined male kitefin sharks of the present study cap-
tured by ofter-trawling and their stomachs were com-
pletely full. This suggests that, due to the compression in
the cod-end the food was not washed out of the stom-
achs or that the sharks preyed on food in the net. Fur-
thermore, Compagno (1984} stated that for some reason
male D. ficha have full stomachs more commonly than
females.

According to Compagno (1984), male D. licha
reaches maturity at a total length between 77 to 121 cm.
Reported size at birth of this species is about 30 cm
(Tortonese, 1956; Compagno, 1984; McEachran & Bran-
stetter, 1984). The presence of uncalcified, soft clas-

Fig. 6: Healing umbilical scar {arrow) in the male D. Ii-
cha, scale bar = 50 mm (photo: H. Kabasakal & F. Ka-
basakal).

Sl 6: Celeca se poporodna brazgotina (puitica) pri
samcu £, licha, merflo = 50 mumn (foto: H. Kabasakal &
E. Kabasakal).
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pers showed that our specimens were hence juveniles.
The lengths of our specimens were also smaller than the
reported maturing size of . ficha. D. licha is an ovovi-
viparous shark and according to Castro {1993) in the
aplacental or ovoviviparous species, neonates are the
individuals at or near the birth size, bearing fresh, un-
healed or healing umbilical scars. it was observed that
three of the examined specimens (Nos: 1, 2 and 4; 338
mm, 344.2 mm and 372.5 mm TOT, respectively} bore
umbilical scars (Fig. 6) and were therefore considered
neonates. Castro {1993} also stated that the neonatal pe-
riod terminates with the healing {closure) of the umbsli-
cal scar. Thus, the remaining two specimens (Mos: 3 and
5; 470.2 and 419.1 mm TOT, respectively) were post-

neonatal individuals because no evidence of umbilical
scars was observed in those specimens. Tortonese
(1956} stated that the breeding season of . licha in the
Mediterraniean Sea is in autumn. The capture of the
neonates and post-neonatal individuals in QOctober sug-
gests that the breeding season of 2. licha in the northern
Aegean Sea is also in autumn.
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MORFOMETRICNI IN BIOLOSKI PODATKI O MLADIH TEMNIH MORSKIH PSiH,
DALATIAS LICHA (BONNATERRE, 1788}, IZ SEVEROVZHODNEGA EGEJSKEGA MORJA
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ichthyological Research Society, Atatiitk mahallesi, Mentesofitu caddesi,
idil apt., No 30, D 4, TR--Umraniye 81230 Istanbul
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POVZETEK

Aviorfa navajata bioloske podatke o petib termnih morskih psih, Dalatias licha {Bonnaterre, 1788) - treh novo-
skotenif in dveh malce starejéih osebkih - ujeti oktobra 1999 v bliZini severne obale Gékgeade (severovzhodno
Egejsko morje) v globini 380 . Predstavijeni so tudi nfihovi morfolodki podatki, Glede na dejstvo, da so bili ti miadi
temni morski psi ujeti v blizini Gékgeade, je verjetno, da je obmodje razmmnoZevalno okolje za visto Dalatias licha.

Klju¢ne besede: temni morski pes, Dalatias ficha, morfometri¢ni podatki, strukiura hrane v Felodcih,
razmnoZevanje, Egejsko morje
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NORTHERN RANGE EXTENSION OF THE ORNATE WRASSE, THALASSOMA
PAVO (LINNAEUS, 1758) (PISCES: LABRIDAE), IN THE EASTERN ADRIATIC
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ABSTRACT

Two adult and one juvenile specimen of Thalassoma pavo were catght in the areas of Rogoznica (lslet Svilan)
and Primosten (Islets Grbavac, Lukovnjak and Maslinovik} in the eastern Adriatic in July and August 2001, This rec-
ord extends the distribution of this species northward in the Adriatic Sea. Visual censuses were also conducted in
shallow waters, where the bulk of juvenifes and adults of this species were registered and encountered.

Key words: Thalassoma pavo, range extension, northemnmost record, Adriatic Sea

MASSIMA ESTENSIONE A NORD DELLA DONZELLA PAVONINA THALASSOMA PAVO
{LINNAEUS, 1758) {PISCES: LABRIDAE) IN ADRIATICO ORIENTALE
SINTES]
Due adqh‘:‘ e::f un giovane esemplare df Thalassoma pavo sono stati catturati nelfe aree di Rogoznica (isolotto dj
Svilan} e Primosten (:;olom di Grbavac, Lukovnjak e Maslinovik), in Adriatico orientale, durante i mesi di lugiio e
agosto del 2001. Tali segnalazioni estendono verso nord la distribuzione di questa specie nel mare Adriatico. La
ecnica del Visual census & stata inoltre adoperata per monitorate le acque basse, dove & stala registrata ed incon-

trata la maggior parte degli esemplari giovani e adulti di questa specie,

Parole chiave: Thalassoma pavo, estensione, segnalazione pilt a nord, mare Adriatico
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INTRODUCTION

Knowledge of mechanisms and processes regulating
the size and dynamics of fish populations is Important
for understanding possible changes in time and, on dif-
ferent spatial scales, populations within their typical
distribution area, Even more, such baselines are neces-
sary for studying fish species, which are expanding their
distribution Hmits (Guidetti, 2001}, In the last decades,
the natural variability of marine communities has been
fully recognised and its refation with climate fluctua-
tions hypothesised (Bianchi, 1997}, Several authors ob-
served changes in species distribution related to tem-
perature fluctuations, and this especially in the areas
close to biogeographical boundaries (Fowler & Laffoley,
1993; Southward & Boalch, 1994); it has been said that
climatic shifts induce biogeographical shifts {Southward
et al., 1995), Grainger (1992) predicted that the foreseen
global warming would probably make southern species
extend their range northward. This is apparently what is
happening within the Adriatic Sea, where warm-water
species have been recently occurring in greater numbers
in the northern sectors {Lipe} et al, 1996; Bettoso &
Pulcic, 1999; Duldic er al, 1999; Duldic & Grbec,
2000; Dul¢i¢, 20023 The northward spread of thermo-
philic species has been considered by several authors as
an indirect indication of the Adriatic and Mediterranean
water warming and this seems particularly obvious
when considering fish assemblages, whose changes in
distribution patterns on a large spatial scale may reflect
changes in the oceanographic-climatic conditions {Ste-
phens et al., 1988}

The omate wrasse, Thalassoma pave (Linnaeus,
1758), is a small protogynous labrid fish inhabiting
rocky botioms in the shallow Mediterranean littoral
zone, chiefly along the southeastern coasts of the basin
{Bini, 1968; Tortonese, 1975; lardas, 1996}, General bi-
ology and morphology of T. pavo can be found in Bini
{1968} and jardas {1996). 1t is distributed from Gabon to
southern Portugal (Debelius, 1999}, and is particularly
abundant in the Azores, Madeira and Canaries (Wirnz,
1994}, Within the Mediterranean, it is known o occur
chiefly in the southern sectors of the basin (Francour et
al., 1994), s distribution patiern leads one to consider
this fish to be among the so-called Mediterranean ther-
mophific southern species, It is rare in the Adriatic, oc-
curring mostly in the southern part (fardas, 1996).

The present paper discusses northward range exten-
sion of the ornate wrasse in the Adriatic Sea and possi-
ble mechanisims and causes for such range extension.

MATERIAL AND METHODS
Adult specimens of T. pavo were caught by fish trap

and the juvenile with a small beach seine. Visual cen-
suses were also conducted in shallow waters, between

the surface and 5 m depth, where the bulk of juveniles
and adults of this species were registered and encoun-
tered according to the method described by Guidetti
(2001). Water temperature was measured during each
visit. During each survey, all individuals of ornate
wrasse were counted and their fength (TL) measured
the nearest centimetre. Fish density was expressed as
number of individuals/100 m’ {logioX+1 transformed
data) for each length category proposed by Guidetti
{2002},

The specimens were identified In accordance with
jardas {1996). They were embalmed and deposited in
the lchthyological Collection of the Institute of Ocean-
opraphy and Fisheries in Sphit, Croatia. Caught speci-
mens were preserved in 4% buffered formaldehyde im-
mediately after capture, subsequently measured to the
rearest 0.1 mim, and weighed to the nearest 0.01 g. Re-
duction in length caused by preservation depends on
initial lengths of the specimens and duration of storage.
Meristic characteristics considered were dorsal, anal,
pectoral, ventral, caudal fins, and the number of scales
in fongitudinal line.

RESULTS AND DISCUSSION

Two adult specimens and a single juvenile {Fig.1) of
T. pavo were caught in the areas of Rogoznica (islet
Svilan) and Primosten {slets Grbavac, Lukovnjak and
Mastinovik) in the eastern Adriatic in July (25.07) and
August {10.08) 2001, between 3 and 5 m depth at rocky
hottomn with varying slopes {gentle to steep), compara-
tively rich in crevices and colonized by erected macro-
algae,

Marphometric and meristic data are given in Table
1. Standard counts and measurements fit previous de-
scriptions of the species, such as in Jardas {1996). Sur-
face tempetature {average value) during investigation
was 24.2°C in July and 25.1°C in August. The total length
examined during the study period {by visual census}
ranged from 4 to 23 cm TL. Number of individuals/100
m’ {logioX+1 transformed dataj was from 0.6 to 0.8
{size-class 4-8 cm), from 1.3 to 1.6 {size class 9-13 cml,
from 0.7 to 0.9 (size class 14-18 cm) and from 0.5 t0 0.9
{size ¢lass 19-23 cml.

This record of ornate wrasse in the Rogoznica {lslet
Svilan) and Primotten area {islets Grbavac, Lukovnijak
and Maslinovik} in the eastern Adriatic represenis, 1o our
best knowledge, the northernmost occurrence of this
species in the Adriatic Sea {eventhough there are some
indices that one male was recorded by visual census
near island Prvic - cape Stlo — northern Adriatic, KruZic,
pers. comm.). A successive range extension 1o the north
from 1991 until now is presented in Fig. 2. The numbers
of thermophilic species caught during the past few years
have increased in the Fastern Adriatic {Dul&i¢ & Grbec,
2000), Several species, scarce untif now, are more
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abundant, while others ate new to the area. Climate
change can influence marine communities by a combi-
nation of: a} direct effect on the organisms (e.g. direct
influence of temperature, causing changes in survival,
reproductive success, dispersal pattern and behaviour):
b} effects mediated by biotic ineractions; and ¢} indi-
- rectly through ocean currents {changes in climate may
after the emphasis of water flow and the pattern of water
» cireutation) (Southward et al, 1995} According to some
- authors {Stephens ef al, 1988; Francour et al, 1994
_ Dulti¢ & Grbec, 2000}, temperature is the most Impor-
" fant farge-scale variable, which could affect fish popu-
lations, while Pallaoro {1988) stated the Adriatic ingres-
:sions increasing salinity and temperature caused more
rare species to appear and increase abundance in the
Central Adriatic region. This northernmost record and
_ Increased occurrence of this species in the southermn and
central Adriatic could indicate a possible wider expan-
- sion to the northern parts, which has already been re-
: corded for the other areas in the Mediterranean. The in-
 creased occurrence of T, pavo in the Ligurian Sea in re-
- cent years supports the hypothesis of the establishment
Qf true populations of warm-water species in the Ugu-
rlan Sea. it is in further expansion in the Ligurian Sea
and presently reproduces there, thus getting independ-
ent from the latval supply from the Tyrrhenian Sea (Vac-
:.chi et al, 1999, 2001). A comparative expansion of the
- omate wrasse northward in the western Mediterranean
was reported, and the relationship between this event
nd climate changes hypothesized (Astraldi et al,
994). Several other authors (Bianchi & Maorri, 1993,
994; Francour et al., 1994} also pointed out that the re-
ent spreading of the ormnalte wrasse in the northernmost
ectors of the western Mediterranean could be a re-
5ponse to ongoing seawater warming. Densities of or-
‘hate wrasse appeared to be related to the surface water

Fig. 1: juvenile s'pecimen of the ornate wrasse (5.3 cm TL) caught at Rogoznica {Isfet Svilan).
5t 1: Miadostni osebek pavjega kneza (5,3 cm TL), ujet v bliZini Rogoznice (otocek Svilan).

temperature, with higher densities during warmer
months (Guidetti, 2002). Guidetti ef al. (2002} pointed
that climatic conditions fe.g. water temperature along
the latitudinal gradient) and substrate features fe.g.

Tab. 1. Biometric (cm) and meristic data of Thalassoma
pavo caught by fish trap and beach seine in the areas of
Rogoznica and Primodten.

Tab. 1: Biometricni (cm) in meristiéni podathi o paviem
knezu Thalassorna pavo, ujetem z vr$o in mreZo v ob-
modju Regoznice in Primostena.

Measurements (cm) o 0 Juv.
Total length 19.31 | 12,93 | 5.30
Standard length 1542 | 1060 | 4.44
Head length 4,83 | 3.18 1.31
Orbital diameter 072 | 0.55 | 0.36
Interorbital wicdth 1.05 | 0.68 | 0.43
Preorbital length 1.55 1.07 1 0.37
Postorbital length 2.51 .59 | 0.7%
Predorsal distance 465 | 3.35 1.29
Preventral distance 490 | 3.85 .44
Preanal distance 870 | 565 | 2.54
Prepectoral distance 4.51 316 1.37
Darsal fin length 8.63 | 6.23 | 242
Anal fin tength 4.51 3.84 t.11
Ventral fin length 1.32 1.9 | 0.54
Pectoral fin length 327 1 203 | 092
Caudal fin length 4469 | 258 | 1.12
Maxirnum height 4.82 307 1 1405
Caudal peduncul height 218 | 149 | 0.59
Dorsal ray VHE/ T3V T3]V 12
Anal ray HE/TT W/ ez /i
Pectoral ray 15 15 135
Ventral ray b/5 ] /5
Lateral line scale 29 30 28
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macroalgal cover, physical complexity, slope} are thus
fikely to affect average abundances and size structures
of the arnate wrasse populations along the western Hal-
jan coast. Same authors reported that factors acting on a
geographical scale are likely to influence distribution
patterns of the thermophile fish 7. pavo, although sig-
nificant effects have been also observed at the smallest
spatial scale examined. Finally, it could be suggested,
from this perspective, that the present seawater warming
and changes in hydrographic properties of the Adriatic
Sea (Dulic et al, 1999; Duldi¢ & Grbec, 2000} is al-
tering the obsetved distribution pattern of the omate
wrasse, as well as other southem fish species {Lipej ef
al., 1996; Bettoso & Duldic, 1999; DuldC et al, 1999;
DulEié & Grbec, 2000; Pulcic & Pallaoro, 2001; Dulcid,
2002}. The present study showed that the ornate wrasse

1991 - 1995
2:1995-2000
3: 2001

juveniies settle and inhabit the same habitat occupted
by adults, which has been confirmed by Guidetti (2001}
for the Thyrennian Sea. This pattern is consistent with
the data reported for other labrid fishes in- and outsice
the Mediterranean basin {Garcia-Rubies & Macpherson,
1995; Green, 1996}

(n conclusion, these results highlight aspects of the
population dynamics and distribution of T. pavo in the
Adriatic Sea {especially according to mentioned possi-
bility of its occurrence near island Prvi¢) and the status
of this species needs to be evaluated on a continuous
basis, as it is becoming increasingly apparent that un-
common species, and particularly those on the edge of
their distribution, can be essential indicators of envi-
ronmental changes {Swabby & Potts, 1990}

Fig. 2: The succesive spreading of the ornate wrasse to the northern parts (1: 19911995, 2: 1996-2000 and 3: the

record in 2001 - Rogoeznica and PrimoSiten area; eastern Adriatic).

Si. 2: Sukcesivno Sirfenje paviega kneza proti severu (1991-1995, 1996-2000 in zapisi v letu 2007 iz obmedja Ro-

goznice in Primostena).
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Fig. Ornate wrasse (Thalassoma pavo) (Photo: M. Richter).
S 3: Pavji knez (Thalassoma pave) (Foto: M. Richter).

" SIRJENJE AREALA PAVIEGA KNEZA THALASSOMA PAVO {LINNAFUS, 1758) (PISCES:
LABRIDAE} V VZHODNEM JADRANU PROTI SEVERU

Jakov DULCIC & Armin PALLAORO
ISttt za Oceanografiju i Ribarstve, HR-21000 Split, P.O.Box 560
E-mail: dolcic@izorhr

POVZETER

Vjuliju in avgustu 2007 so bili v Rogoznici {otocek Svifan) in v okolici Primostena (otocki Grbavac, Lukovnjak in

..;_’r\;fa‘zgr‘rov‘fk) v vthdnemv ;gdrang ufeti dva odrasla in en miadostni osebek pavjega kneza Thalassoma pave. S temi
najeoami se je meja razsijenosti v fadranskem morju pomaknila proti severu. V plitkih vodah so potapljaci opravili

fudi vizualna Stetfa in tam zabeleZili najvedje Stevilo miadostnih in odraslift osebkov te vrste.

Kljutne besede: Thalassoma pavo, meja raziirjenosti, najsevernejii zapis vrste, Jadransko morje
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STOMACH CONTENTS OF THE LONGNOSE SPURDOG, SQUALUS BLAIN-
VILLEL (RISSO, 1826) FROM THE NORTH-EASTERN AFGEAN SEA

Hakan KABASAKAL
1chthyaiogi‘ca§ Research Society, Atatiirk mahallesi, Mentesoglu caddesi,
idif apt., No 30, I 4, TR-Umeaniye 81230 fslanbul
E-mail: hakankabasakal@hotmail.com

ABSTRACT

Examination of the stomach contents of the longnose spurdogs, Squalus blatnvillei (Risso, 1826), captured in the
NE Aegean Sea suggests that they mainly consurned, in order of importance, crustaceans and refec:ﬂ fishes (ILR1. =
7098.59 and 2734.8, respectively). Liocarcinus spp. and Parapenaeus longirostris were the most frequent prey items
of the examined specimens of longnose spurdogs (LR.1. = 2072.74 and 1143.2, respectively).

Key words: Squalidae, longnose spurdog, Squalus blainvillei, stomach contents, Aegean Sea

CONTENUTI STOMACALI DELLO SPINAROLO BRUNO, SQUALUS BLAINVILLEI
(RISSO, 1826} DELL'EGEO NORD-ORIENTALE
SINTESH
. L’esame dei gontenurf stomacafi di spinarolo bruno, Squalus blainvillel (Risso, 1826}, catturaio nelf'Egec nord-
_onentile, suggerisce che‘fa sua alimentazione si basi, in ordine di importanza, su crostacei e teleostei (LR =
7098.59 e 2734.8, rispettivamente). Liocarcinus spp. e Parapenaeus longirostris sono risulftati le prede pift frequent

degli esemplari esaminati di spinarolo bruno (LR, = 2072.74 e 1143.2, rispettivamente).

Parole chiave: Squalidae, spinarolo bruno, Squalus blainvillel, contenuti stomacali, mar Epeo
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INTRODUCTION

The longnose spurdog, Squalus blainviflei {Risso,
1826) {Fig. 1) is a widespread member of the family
Squalidae and it generally occurs at depths between 16
and 440 m (Compagno, 1984} The occurrence of this
shark in the Mediterranean Sea as well as along the
Turkish coast is well documented by several researchers
fe.g., Alisiray, 1987, Kabasakal, 2002a, in press; McEac-
twan & Branstetter, 1984; Slastenenko, 1955-1956; and
Tortonese, 19561,

Flasmobranchs are among the top predators in the
marine environment and have an Hnporiant role in the
marine ecosystem in relation to the populations of both
fish and invertebrates at Jower trophic levels (Elis et af,
1996}, Furthermore, there is always a competition be-
tween the fishermen and the marine predators feeding
on conmercially valuable species, and the interactions
among these predators and the populations of commer-
cially important marine species should therefore be
carefully examined (Kabasakal, 2002b, in press). There
have been several studies describing the stornach con-
tents of the squaliform sharks of a specific area in the
Mediterranean Sea, for example, Jardas (1972a, 1972bj
in the Adriatic Sea, Kabasakal & Unsal (1999} and Kara-
cam et al {1996} in Turkish seas, and Macpherson
(1980} in the western Mediterranean.

The aim of the present study is to provide some pre-
liminary data on the stomach contents of 5. blafnvillef,
captured in the NE Aegean Sea.’

SE SPUIRDICAG, SQUALUS BLANWVILLETIRISSD, 1826} ..., 173174
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Fig. 2: Sampling stations in the north-eastern Aegean
Sea (#, indicates §t. 1 and ¢, indicates 81. 2); (=) on the
small map indicates the area investigated.

Sk 2: Vzorcéista v severovzhodnem Egejskem morju (3
ponazarja 1. vzordisce, e 2. vzorciite); (=} na malem
zemlfevidu oznaduje rariskovano obmodje.

gestive tracts of the specimens were removed and im-
mediately fixed in 5 percent formalin in sea water. The
fixed stomach contents were finally preserved in 70%
ethanol. Prey items found in the stomachs were identi-
fied to the possible lowest taxon. Preys were dried on
the paper towel at room temperature for one hour,
weighed to the nearest 0,05 g on precision balance and
then counted. Percent numerical (PN%), weight (PW%)
and frequency of occurrence (PO%) values of prey ftems
were calculated, and these values were used to calcu-

late the Index of Relative Importance "L.R.L" of each

Fig. 1: Longnose spurdeg, Squalus blainvillei (Risso,
1826). (Drawing: A. De Maddalena)

Sk 1: Riavi trneZ, Squalus blainvillei (Risse, 1826). (Ris-
ba: A. De Maddalena)

MATERIAL AND METHODS

In November 2000, specimens of 5. blainvillei were
collected by means of a commercial fishing trawler with
a cod-end mesh opening of 22 mm from knot to knot, in
the NE Aegean Sea (Station T: 40°28° N - 26°00° E,
depth = 80 m, n = 20; Station 20 40°33" N - 25959 &,
depth = 70 m, v = 25; Fig. 23 All haulings were carried
out during the day time. Total length {(TOT; according to
Compagno, 1984} of the sharks was measured to the
. nearest mm with a mesuring tape. Total lengths of the
~examined sharks ranged between 350 to 420 mm. Di-

prey itern, according to the following formulae {Cailliet
et al.,, 1986);

LR = {PN% + PW%I x PO%

According o Cailliet et al. {1986}, the maximum
value of LR.I would be 20000, The number of fish with
empty stomachs was expressed as a percentage of the
total number examined {the Index of Vacuity, 1V; Ellis ef
al. 1996).

RESULTS AND DISCUSSION

The aim of the stomach content analysis is to provide
information on the contribution of different prey to the
diet, indicating the position of a fish within the general
trophic web. Thirty-three (73.3%) of the 45 examined
stornachs of S. Blafnvillei were found to contain food {1V
= 26.6%). Dietary composition of full stomachs is sum-
marised in Table 1 and graphically expressed in Fig. 3.
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Tab. 1: Composition of the stomach contents of the ex-
amined specimens of Squalus blainvilei, and numerical
(PN%), weight (PW%), and frequency of occurrence
{(PO%) values of prey items,

Tab. 1: Struktura hrane v Zelodcih pregledanih pri-
merkov rjavih trneZev Squalus blainvillei in vrednosti,
kar zadeva numeriénost (PN%), tedo (PW%) in frek-
vence pojavijanja (PO%) enof plena,

Hakan KABASAKAL: STOMACH CONTENTS OF THE LONGMOSE SPURDIOG, SQUALLIS BLAINVIELE] (RISSO), 18261 ., 173176

blainvillei and recorded three species of benthic and
epibenthic teleost fishes, five species of crustaceans and
four species of cephalopods in the stomachs. fardas
(19724} also reported that 5. blainvillef has a preference
for Cephalopoda and Crustacea in its diet. However, in
the present studly, by conirast, cephalopods occupy the
third rank {LR.1. = 308,79, Tab. 1) after crustaceans and
teteost fishes,

Predation on the eggs and juveniles of the scylio-
rhinids by sgualiform sharks has been well documented
in some species (Barrull & Mate, 2001, in Oxynotus cen-
trina; and Macpherson, 1980, in Dalatias licka). The
continental shelf and slope of the northern Aegean Sea is
recognized as a breeding and nursery ground for several
elasmobranchs, including seyliorhinids by D'Onghia et
al {1995} and Kabasakal {2002a, in press). Because of
their high fat and protein content as well as the easy ac-
cesibilty, cat shark eggs and neonates can be an impor-
tant nuiritional source for bottom-dwelling sharks. 1t
would be worth finding out how this predation by
squaliform sharks could affect the catshark population
over this nursery ground.

Although preliminary, the analysis of the stomach
contenis of 5. blainvillel indicates that the longnose
spurdog Is a generalist predator feeding mainly on crus-
taceans and teleost fishes, as well as cephalopods and
polychaetes.
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PREY I ene Trwey | PO% P LRE,

ELASMOBRANCHY

Scviiothinus canicula 1 016 | 161 1 3.03 | 5.39

TELEOSTE!

Sarding pifchardus 0.33 4.55 1 3.03 T8

Engraudis encrasicolus 066 1 0.79 |1 909 [ 13.26

Mutblts surmaietiss .33 3.94 6.06 | 3592

Cepola rubescens 3.33 2.75 606 | 18.69

C}oiﬂidaef sp1. (.33 1.25 103 4.81

Unidentified telepst

remains 18.84 { 14.89 5.9 130A7.09

Total Teleostef 2087 1 9.25 90.9 12734.8

CRUSTACEA

Parapenaeus fongirostris | 5.12 834 | B4.84 {11432

LIOCAICINGS SpD, 6.61 14.76 1 8696 12072.74

Goneplax rhomboides 1.32 1.41 1 1818 1 49.7%

Unidentified crustacean

remaing 44,95 | 14.96 1040 1599227

Total Crustacea 3801 112,96 | 100 7098.59

CEPHALOPODA

iz‘}epi;‘e e!ejgags 1.98 1 16,39 { 24.24 144557
nidentified cephalopod

reiTaing remaénf i 0.66 6.57 6.06 | 43.83

Total Cephalopoda 2.674 7,54 § 30.3 1308.79

POLYCHAETA

Euphrosine foliosa 0.49 + 072 | 606 | 7.38

Unidentified tissues 17.655 1 568 00 235355

Total weight of food

itemns (g) 304.33

Total number of

iterns food 605

O -

Lgtensing Tiesa g

The data in this study suggest that 5. Blainvillei
mainly consumed, in order of importance, crustaceans
and teleast fishes (LR.I. = 7098.59 and 2734.8, respec-
tively, Tab, 1). Crustaceans were found in all of the ex-
amined stomachs and the epibenthic decapods consisted
t.h.e major part of the identified crustaceans. Liocarcinus
spp. and Parapenaeus longirostris were the most frequent
prey items of the examined specimens of fongnose spur-
dog (LRI = 2072.74 and 1143.2, respectively, Tab. 1
_f_f_ Fig. 3). Regarding its 1.R.A value, Sepia elegans occu-
pies the third rank (LR.L. = 445.57) after Liocarcinus spp.
__;:I__Parapenae{.rs fongirostris. In compatison with the
Most frequent prey organisms, LR.L values of the poly-
Chaé&_t@, Euphrosine fofiosa, and the lesser spotied cat-
_é__r_k, scylforhinus canicufa, were remarkably lower
“-R-}: = 7.38 and 5.37, respectively, Tab. T and Fig. 3),
in the light of this result, both animals can be con-
lered as accidental preys of 5. blainvilel.
“Jardas (1972a) examined 43 Adriatic specimens of 5.
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Fig. 3: LR.I. diagram of the prey items and their nu-
merical (PN%), weight (PW%), and frequency of oc-
currence (PO%) values.

Si. 3: Diagram LR.. (Index of Relevant Importance)
enot plena in vrednosti, kar zadeva $tevilénost (PN%),
teZo (PW%) in frekvenco pojavijanja (PO %) plena.
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STRUKTURA HRANE V ZELODCIH RJAVIH TRNEZEV, SQUALUS BLAINVILLEL
(RISSO, 1826), 1Z SEVEROVZHODNEGA EGEJSKEGA MORJA

Hakan KABASAKAL
ichthyological Research Saciety, Atatiirk mahallesi, Mentegagiu caddesi,
idil apt., No 30, D 4, TR-Umraniye 81230 istanbug]
E-mait: hakankabasakal@hotmail.com

POVZETEK

Pregled strukture hrane v Zelodcih rjavih trneZev, Squalus blainvillel (Risso, 1826}, ujetih v SV Egefskem morju,
kaze, da so se hranili, glede na pomen hrane, predvsetn z raki in pravimi kostnicami (LR.J. = 7098.59 in 2734.8).
Liocarcinus spp. in Parapenaeus longirostris sta bill najpogostef$i enoti hrane v pregledanih primerkifi rjavih trneZev

(LR1 =2072.74 in 1143.2).

Kljutne besede: Squalidae, rjavi tnez, Squalus blainvitlei, strukiura hrane v Zelodcih, Egejske morje
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LEBETUS GUILLETI(TELEOSTEL: GOBIDAE) IN THE NORTHERN ADRIATIC
SEA: FIRST RECORD AND DETAILS ON THE SPECIES’ MORPHOLOGY
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ABSTRACT

The occurrence of Lebetus guilleti (Le Danois, 1913) is described for the first time from the northern Adriatic Sea,

E_(,“ro.-:ﬁfan coc:istaf waters. E;'g_hr females {SL 12.1-17.4 mm) and five males (SL 10.6-12.5 mm} were colfected in the
; Kvarner region, south of Rijeka on sandy substrates at depths between 6 and 13 m in 1999 and 2001. A second
“smafl population was documented photographically along the western coast of istria, near Rovinj in May 2002. The

oltected specimens were assigned to L. guilleti (Le Danois, 1913/ by the following features: small body size, spe-

! ific body co!orat.fon, cop?pfefe foss of the head lateral line canals, presence of suborbital row a, fimited number of
- ;ead sensory ,?ap;ifae with two mtgrorb.f(a! rows, elongate dorsal fin rays and meristic values of D2 I/7-8, A ¥/4-5, P
1415, LL 24-26 and VC 25-26. This recent finding enables a more detailed description of the morphology of this lit-

e known species as given bef'ovf/. Morphotmetrics, meristic values, lateral fine system, coloration and skeletal fea-
tres as well as ecology are described and compared with related gobiid genera. '

Key words: Gobiidae, Lebetus guilleti, Mediterranean, northern Adriatic Sea

LEBETUS GUILLETI (TELEOSTEL: GOBHDAE) IN ADRIATICO SETTENTRIONALE: PRIMA
SEGNALAZIONE E DETTAGL MORFOLOGICH

SINTESI

!_Oif;ea:;éo; segnalano per la pr@g volia Ia; presenza di Lebetus guilleti (Le Danois, 1913) nell‘Adriatico setten-
e, n: _cg‘ue crozt&;; Otto femimine (SL 12.1-17.4 mm‘) e} _maschi (5L 10.6-12.5 mm) sono stati trovati nella re-
opé :;;3 F'E;:‘r‘ma a dsu di Fiume, su substrgt“; sabbiosi fra i Geli 7.3 metri di profondita. Un’altra popolazione & stata
;91 . fn iaq.: an!;jr ) vicino a? Rowgnq. G gsemp!ar{ sono stati attribufii alla specie Lebetus guilleti (Le Danois,
n;'pfeta e !e [s_eguepfx caratteristiche: piccole dfmerm{om corporee, colorazione corporea specifica, assenza
oo con dueafr'?!a i H?E&}'“;j ‘atgra!f sq! capo, presenza delfa fila :;u_borb;’taie a, numero fimitato di papille sensorie sul
4'-'26‘»3 [ due ;2 % mTre!ror‘ itafi, raggi delﬁa pinna dorgaie affungati e valori meristici di D2 1/7-8, A 1/4-5, P 14-15, LL
A e;;_e. ;a ef:e_cenfe_ scoperta permetie df q‘are_' una de_scrizfone pits dettagliata della morfologia di questa
aler p M \:fa .O” rr’iorfomemm e me_‘:nsi;cr, il sistema fineare laterale, la colorazione e le caratteristiche
e e riche nonché Pecologia vengono descritte e comparate con i correlati generi di gobidi,

Parole chiave: Gobiidae, Lebetus guilleti, Mediterraneo, Adriatico settentrionale
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INTRODUCTION

The taxonomy within the genus Lebetus Winther,
1677 has been somewhat confusing since the two spe-
cies Gohius orca and €. scorpioides were described by
Collett {1874) and assigned 10 a new genus by Winther
{(1877). These two species, which were mainly distin-
guished by coloration, turmed out 1o be females and
males of a single species exhibiting specific sexual di-
chromatism (Miller, 1961, 1963 The valid name for
this species was supposed to be L. orca initially, but had
1o be changed to L, scorpioides later (Miller, 1971). At
that time it turned out that two differerd species actualiy
exist, hoth found within the material of L. scorpiofdes,
indistinguishable by coloration patterns but by different
postlarval development and meristic  characters of
subadult specimens. The new species, describad from
specimens of scorpiofdes-material, was designated as L.
guilleti, raising the subspecies L. scorpivides guilieti by
Le Danois (1913} to species level (Miller, 1971), Both .
scorpioides (Collett, 1874} and L. guilfer {Le Danois,
1913} had previously been known only from the north-
eastern Atlantic boreal region, especially around the
British Isles, the western Channel and south-western
Scandinavia, and some early records made near the
Strait of Gibraltar were considered doubtiul (Miller,
1963). The occurrence of the genus febetus in the
Mediterranean Sea was reported first by Zander {1982},
who found one specimen at Banyuls-sur-Mer/France in
june 1979, which was assigned to L. guilleti, Now, two
small populations of this species have been discovered
in the northern Adriatic Sea along Croatian coast, one in
the Kvarner region south of Rijeka and another along the
western coast of Istria, close to Rovinj {Fig. 1), greatly
extending the known distribution area within the Medi-
terranean Sea. These recently collected specimens ex-
hibit distinct adult features and are therefore used to de-
scribe the morphology of this species. Morphometrics,
meristic values, lateral line system, osteology and col-
oration as well as a short note on the ecology of L.
guilleti are provided.

MATERIAL AND METHODS

Material: 1 specimen; northern Adriatic Sea, Croatia,
Kvarner region, Klenovica, south of Rijeka, close to
Selecer 1 9, 17.4 + 4.3 mm {PMR VP1022), 07.09.1999,
leg. Kovacic. 12 specimens; northern Adriatic Sea,
Croatia, Kvamer region, Selce, south of Rijekar 1 &,
128 +40mm{CH 38 M and 1 &, 126 + d mm H
38:2), 12.04.2001, teg. Herler; 4 29, 12,1+ 3910 145
+ 4.3 mm{CH38:3, 5,7, 8,288, 11.3 + 4.0 mm {CH
38:6}and 11.9 + 3.9 mm (T 38:4), 2 99, 126 + 4.3
runy and 137 + 4.1 mm, 2 88, 106 + 4.0 mm and 10.9
+ 3.6 pun (NMW 94589-94592}, 30.04.2001, leg. Her

ler.

Compared material: 1 specimen; western Mediterra-
nean Sea, France, Banyuls-sur-Mer: 1 8, 12.9 + 4.6 mum
(ZMH 7969), june 1979, leg. Zander.

The fish were collected with hand nets and photo-
graphed after anaesthetics (quinaldine diluted with
ethanol 1:15) were dispersed from a squeeze bottle. The
size of fish is given in SL+Cl (d=damaged). For os-
teclogical descriptions, two specimens, 1 @ 12.8 + 4.0
mm (CH 38D and T 4 126 + d mm {CH 38:2), were
cleared and stained with alclan-blue and alizarin-red.
Near Rovinj, six specimens were ohserved during a sin-
gle dive in May 2002; two were documented photo-
graphically, but no collection took place.

Morphometrics: Ab, anal fin base; Ad and Aw, body
depth and width at anal fin origin; Cl, caudal fin length;
CHd, cheek depth; CP and CPd, caudal peduncle iength
and depth; D1b and D2b, first and second dorsal fin
hases; £, eye diameter; H and Hw, head length and
width; 1, interorbital width; Pi, pectoral fin length; PO,
postorbital tength; SL, standard length; SN, snout {ength;
SN/A and SN/AN, shout to anal fin origin and anus;
SN/DT and SN/D2, shout to origin of first and second
dorsal fins; SMN/V, snout to pelvic disc origirg U, upper
jaw length; V/AN, pelvic disc origin to anus; Vd, body
depth at pelvic disc origin; Vi, pelvic disc length.

Meristics: A, anal fin: €, caudal fin; D1, D2, first and
second dorsal fins; LL, scales in lateral series; P, pectoral
fir; TR, scales in transverse series; V, pelvic disc; VC,
number of vertebrae.

Collections: CH, collection Herler; NMW, Museum
of Natuwral History Vienna; PMR, Museum of Natural

History, Rijeka.
RESULTS
Morphology

identification: The specimens were assigned to Le-
betus guilleti (Le Danois, 1913} by meristic features 22
1/7-8, A 1/4-5 and 25-26 vertebrae. The small body size,
typical habitat choice and conspicuous brown and
white body coloration also enables easy discrimination
in the fietd. Slight differences in the coloration between
i. guifleti and the congeneric L. scorpioides are given in
Table 2.

General morphology: Body proportions are ghven in
Table 1. Body small, laterally compressad with dorso-
ventral symmetrical shape. Head relatively smali and
slightly depressed, with large eyes longer than snout.
fyes positioned dorsolateral resulting in narrow interor-
bital space. The mouth is oblique with short upper lip
extending back only to below anterior edge of orbit. An-
terior nostril a short tube without process from rim, poste-
rior nostril with only slightly ascending rim. Bran-
chiostegal membrane attached to side of isthmus at ven-
tral origin of P, and membrane not fused across isthmus.

178

ANNALES - Ser. hist. nat. - 12 . 2007 . 2
Jorgen HERLER & Marcelo KOVACIC: LEBETUS GUILLETHTELEOS TR GORIDAL T4 THE MORTIHERM ADRIATIE Corr FIRET RECORD 195758

: Fig. 1: Mediterranean Sea with northern Adriatic Sea (en-
- Jarged) indicating the observation sites of Lebetus guilfeti
< in the Kvarner region at Selce and Klenovica (1) and along
" the western coast of Isiria near Rovinj (2),

‘5L 1: Sredozemsko morje s severnim Jadranom (pove-
: ¢ano) in z lokalitetami pri Selcah in Klenovici (1) v
- Kvarnerfu in v bliZini Rovinja vzdolZ zahadne istrske
: ohale (2), kjer je bila epazovana in dokumentirana vrsta
- Lebetus guifleti,

Adriatic Sea

. Tab. 1: Morphometric values in both sexes of the northern Adriati  guiflets 7
f ¢ Lebetus guilleti, n = ; Ty
toncdard demingion, guilleti. p = number of specimens; s
Tab. 1: Mrfrfnmetriéne vrednosti pri obeh spolih severnojadranske veste Lebetus guilleti. i = Stevilo primerkov; 5 =
- standardni odkion. ’

Lebetus guiliet (Le Danois, 1913}
sex aa )
S T0.6 - 12.5 mm 121~ 17.4 mm
n i) G

] range nean 5 range mean s
p/3e] H 29.8-20.6 3.1 0.3 29‘9—5312.5 30,9 0.8
Hw 17.2-18.9 17.9 0.6 16.9-21.8 18.3 1.5
SIN/DY 36.7-38.7 37.8 0.8 36.9-39.4 379 1.0

Z?N/DZ 58.0-61.3 59.8 1.3 58.4-61.5 59.9 1.4
SN/AN 52.3-58.3 55.9 2.0 56.3-60.5 58.5 1.5
SNJA 58.9-62.8 61.4 1.4 61.9-66.7 64,7 1.5
SNV 360.5-34.5 326 1.7 30.4-34.4 32.3 1.4
O 227245 23.6 0.7 21.58-26.8 23.4 1.5
D?i‘} 10.7-12.3 11.5 0.6 11.2.15.5 12.3 1.4

[B¥1s] 21.4-25.5 23.6 1.4 21.5-25.3 23.0 1.3
Ab 14.0-17.9 15.7 1.7 13.3-16.6 15.0 1.0
Ci 32.9.37.7 34.9 1.9 24.7-34.0) 31.3 2.8

P 26.5-28.9 27.6 1.1 21.8.27.6 257 1.6

Vi 28.2-33.1 31.1 1.7 27.6-32.4 30.4 1.5

Vd 17.9.20.1 18.9 3.9 16.6-21.3 18.6 1.6

Ad 15.3-19.6 17.3 1.5 14.6-18.0 16.6 1.1
AW 10.3-13.0 11.2 1.0 9.2-13.2 11.0 1.2
(Pd 10.4-12.2 IXA 0.7 9.6-11.5 10,4 (0.6

VAN 23.9-26.7 25.0 0.7 26.3-30.0 28.5 1.3

. e “E 9.1-10.8 9.9 .6 8.6-10.8 9.9 2.8
Oe P, CPd 42.9.51.9 46.9 3.3 39.6-50.2 44.5 3.0
Yo H, SN 22.6-27.1 24.8 1.4 220-27 8 25.1 2.0
£ 30.0-35.3 329 2.0 28.8-35.2 32.1 2.1

POy 44, 5-46.3 47.1 1.3 44,7-46.8 46,5 1.4

CHd 117151 13.2 1.4 11.8-14.9 13.5 1.1

Hw 56.8-61.8 59.4 1.9 54.4-73.1 59.3 5.6

- 14 27.4-33.7 30.6 2.3 28.6-35.8 317 2.4
Yo I, ] 18.2-23.2 20,4 1.7 17.3-18.5 14.8 2.8
Yo VIAN, Vi 118.0-130.6 124.3 | 4.3 98.0-115.4 106.8 t 5.2
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Fig. 2: Fin shapes in Lebetus guilleti. (A) D1 and D2, &,
10.6 + 4.0 mmy; (B) ventral fin, & 10.9 + 3.6 mm. Scale
bar = 1 mm.

Sk, 2: Oblike plavufi viste Lebetus guilleti. (A} DT in D2,
&, 16,6 + 4,0 mm; (B) trebuina plavut, & 10,9 + 3,6
aum. Merilo = 1 mm.

Teeth in both jaws in three rows, enlarged in first of
these, erect and caniniform. Sexual dimorphism, apart
from sexual dichromatisrm described below, can be seen
in some body proportions (Tab. 1} Females show a
fonger abdomen through higher values in SN/AN, SN/A
and V/AN {all in % 5L}, The caudal and pectoral fins (Cl

and Pl in % SLJ are somewhat shorter in £9. In interor-
hital width 1 in % £ the 99 are exceeded by the $J.

Fins {Fig. 2 D1 VE; D2 1/7-8 {7:8, 8:5); A 4.5 (4:4,
5:9): C {branched rays) 8-10 {8:3, 9:8, 10:1, &:1); P 14-
15 {14:9, 15:4% V V3+1/5. Rays of median fins D1, D2
and A elongated especially in males. in P, all rays are
within membrane, V truncate, V4 and V5 usually of
same length or latter slightly shorter, with no anterior
membrane developed. C slightly rounded to truncate.
Segmented fin rays branched only in Cand V.

Scales: Lb 24-26 {24:3, 25:4, 26:4, &1 TR 7-8
{7112, 8:1). Squamation occurs only on the trunk, while
nape, predorsal area back to end of D1 base, opercle,
breast and belly are naked. The scales on the trunk are
ctenotd and are easily lost in preserved specimens.

Vertehrae: VC 25-26, including urostyle (10 precau-
dal + 15 caudat vertebrae and 11 + 15 respectively).

Lateral line system (Fig. 3): No head canals present
and a low number of superficial neuromasts. Rows of
papillae were lettered according to Miller {1963) as
given for L. scorpioides (formerly L. orca) but adapted to
a more recent nomenclature (Miller, 1986} in some
rows. Number of papillae are given as the most frequent
values in parentheses.

1.} Preorbital: Snout with only few papillae. Row rs
{2-3} close 1o each other and to posterior nostril, row s
{1} rore distant on anterior edge of snout. Rows ¢ with
¢* {1} near posterior nostril and ¢' {5} downward from
anterior nostril,

2.} Suborbital: Row a (5} with longitudinal extension
termed row a' {2) from posterior edge of otbit. 3 to 4
papiilae irregularly distributed on upper cheek and
therefore difficult to assign to row b or <. Row d {1-2) on
posterjor edge of lower jaw.

Tab. 2: Infer- and intraspecific comparison of morphological differences within the gobiid genus Lebetus from dif-

ferent geographical regions.

Tab. 2: Infer- in intraspecificna primerjava morfoloskih razlik znotraj rodu L ebetus iz razlicnih geografskih regij.

Species L. scorpioides L. guilleti L. guilleti

Location north-eastern Atlantic riorth-eastern Atlantic northern Adriatic

Reference Miller {1963, 1971} siller (1971} this study
n=76 n=06 n=13

Features:

D2 soft rays 9-10) 7-9 7-8

A soft rays 7-8 5-6 4.5

Vertebrae 27-29 25-26 25-26

D1 shape (58} enfarged, rounded 2 smaller, transular

D1 coloration {47} dusky vellow, white edged ? grey, 2 vellow bands

32 coloration () 4 broad red bands ? 6 yellow bands

Postlarvae {5-6 mm}:

Ventral fin length < 10% SL > 10% SL ?

Metanophores (A base) absent present ?
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Sistem pobodnice pri severnojadranskih primerkih vrste Lebetus

] wbine strani, (C) s trebusne strani. Merilo = T mm.

181

: 'Lat;-ral h'ne‘system of the northern Adriatic Lebetus guilleti; £, 10.9 + 3.6 mm. (A) lateral view, (B) dorsal
v, {C) ventral view of head. Scale bar = 1 mm.

guilfleti; 3, 10,9 + 3,6 mm. (A) glava s strani,
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£ HS PRC PHYP

Fig. 4: Skeleton of the northern Adriatic Lebetus guilleti; @, 12.8 + 4.0 mm (A - D} and &, 12.6 + d mm (). (A}
Jaws, suspensorium and opercle series; (B) pectoral girdle; (C) pelvic girdle; (D, ) fast.vertebrae and caudal *skc!e»
ton; all in lateral view. Bones white, cartilage stippled. Scale bar = 1 mm. AN, retroarticular; AR:I', angufoarticular;
Cl, cleithrum; COR, coracoid; D, denfary; EPU, epural plate; HS, hemal spine; HYO, hyomandibular; ffYP, hypu-
ral; 10P, interopercle; MPT, metapterygoid; MX, maxilla; NS, neural spfne; OP, opercle; PAL, ;Taiatme; PHYP,
parhypural; PMX, premaxifla; POP, preopercle; PRC, procurrer'?t cartilage; PTG, ectopterygoid; PT'M,. posi-
temporal; QU, quadrate; RAD, radials; SCA, scapula; SCL, supracleithrum; SOP, subopercle,: SY, symplectic,

SI. 4: Skelet severnojadranskih primerkov vrste Lebetus guilleti; @, 12,8 + 4',0 mm (A ~'D) in 3, ?2,6 + o mm (E)
(A} Celjusti, oporni in operkularni nizi; (B) opledije; (C) okoldje; (D, E) zadnja vretenca in obrepni skelet; vse s po-
gledom s strani. Kosti bele, hrustanec pikéast. Merilo = 1 mm. :
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3.) Preoperculo-mandibular: Papiflae of posterior
part of external row e {1-2} along preopercle, distant
from each other, those of the anterior part {2} close to
- each other at posterior edge of lower jaw. internal row i
~ in three parts with superior section (2) along upper pre-
opercle, posterior section {6} along lower preapercle,
and anterior {4) section along lower jaw. Mental row f
(2} in clear distance from rows eand £,

4.} Oculoscapular: Row v’ (1) in the middle of post-
orbital region. Row x (1} more posterior, with row « (3)
below this. Row xy (1} above upper end of opercie. Row
-z {1) superior to superior section of row {. Axillary series
- represented by rows as' {2}, as” (1), as® (1), fa’ (1) and la?
1} clearly separated.

5. Opercular: Transverse row ot divided into upper
(2-3) and lower (1-2) section. Rows os (1-2) and of {1-2)
present.

6.} Anterjor dorsal: Row n (3) with section of two pa-
pillae along posterior edge of orbit and one in distance
from orbit. Rows g and m {1-3) together and difficult to
assign, in most cases forming a triangle on each side.
Row fi (2-3) usually before origin of D1,

7.} Interorbital: Row p' (1) in anterior and p? {1} in
middle part of interorbital space on each side close to
orbit,

8.3 Trunk: Dorsal series with ' €1) near D1 origin,
I {1-2} below posterior part of D1 and Id’ {2-3) on up-
per edge of caudal peduncle. Median rows itm in 7 1o
10 short {1-3} transverse rows. Ventral series with i (2-
3} between origins of P and V, ¥ {2-3) in middle of ab-
domen and /v’ (2-3) above anus.
.. 9.} Caudal: Three papillae in short transverse row at
Corigin. One median longitudinal row (2-4) originating
rorm middle papillae of former row.,
- Osteslogy (Fig. 4): Both stained specimens well ossi-
ied. Apart from vertebrae and plerygiophores no major
differences in the skeleton of the stained male and fe-
male were observed, Hyoid (not shown in Fig. 4): 5
branchiostegal rays, first thin and attached to slender
hterior process of axe-shaped anterior ceratohyal, Rays
'+ 3 and 4 on broad part of the latter. Fifth blade-like ray
ached to posterior ceratohyal.
. L} Jaws, suspensorium and opercular series (Fig. 4a):
eeth present on premaxitla and dentary. Both elements
with three rows of caniniform teeth at symphysis, de-
Feasing to one row posterofaterally. Teeth in outer row
nlarged. Premaxilla with fong ascending and articular
rocess, posterfor part short, joining only the anterior
alf of maxilla. Postrmaxillary process absent. Maxilla
ad only in first two thirds, fast third splint-like, over-
apping dentary plate and dorsally anguloarticular when
uth opened. Palatine slender with thin process in-
ting in anterodorsal end of maxilia. Ectopterygoid as
all bone hetween palatine and quadrate. Anguloar-
ilar inserts in dentary with pointed anterior process,
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while the ventral ramus is plate-like, Posterodorsal, an-
guloarticular articulates with quadrate. Retroarticular
small, ventromedial at posterior end of anguloarticular.
Metapterygoid small, laterally overlapping hyoman-
dibular and anterodorsal half of symplectic. Latter at-
taching to quadrate medially. Posterior ramus of quad-
rate overlapped by anterior ramus of preopercle, fatter
dorsally fixed between plate and inferior process of
hyomandibular,

2.} Pectoral girdle (Fig. 4b): Post-ternporal with two
processes and thin plate, which overlaps the articutation
with supracleithrum. Cleithrum relatively straight in lat-
eral view, strongly bifid at dorsal end and with ascend-
ing plate from middie part. In lower third bony plates,
which join the pelvic intercleithral cariilage on both
sides. Ventral intercleithral cartilage between ventrally
joining left and right cleithrum. Coracoid inserting close
ta ventral bony plate of cleithrum. Scapula unossified,
stender with dorsal foramen. Four large proximal radials
surrounded by cartilaginous areas. The tiny distal radials
are cartilaginous.

3.) Pelvic girdle (Fig. 4ck Pelvis joining large pelvic
intercleithral cartilage anteriorly. Pelvic fin rays insert on
cartifaginous posterior rim of pelvis, Medially rod-like
bones project forward from posterior inner rims of pel-
vis,

4.} Axial skeleton and median fins: 25-26 vertebrae,
including urostyle. Variation was found in number of
precaudal vertebrae with 10 and 11, respectively. The
number of caudal veriebrae was 15 in bhoth stained
specimens, with hemal arches closed. In lateral view,
first five vertebral centra becoming progressively longer
and less wide backwards. First two centra shorter than
wide, The absence of one precaudal vertebra in the fe-
male specimen (CH 38:1) seems to impinge on the ar-
rangement of the pterygiophores of D1 and D2. D1
shows the formula 3-2301 instead of 3-2211 as exhib-
ited by the male (CH 38:2). Two free interneural spaces
between pterygiophores of D1 and D2 and therefore
three pterygiophores of D2 before the first caudal verte-
bra in the male, but only two in the female, In both
specimens, the number of proximal pterygiophores in
D2 resembles the count of all fin rays, that in A only the
count of soft rays. Pleural ribs are found on third to last
precaudal vertebrae, therefore 8 and 9 in number, at-
tached to parapophyses of vertebrae. Epipleural ribs on
second precaudal vertebra to fourth caudal vertebra (13
and 14). First epipleural rib atiached to second vertebra,
remaining precaudal attached to pleural ribs. First two
caudal epipleqral ribs attached fo vertebrae, last two
loose contact.

5.} Caudal skeleton (Figs. 4d, 4e): Neural spines and
hemal spines of fast three vertebrae enlarged, especially
last hemal spine expanded, larger in male, Dorsal and
ventral procurrent cartilage slender, joining large epural
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Fig. 5: Coloration of the northern Adriatic Lebetus guilleti. Male (A) and fen.rafe (B) in th'e natural habitat. More
colourful variations are shown after narcotisation and/or recent preservation in formaldehide: (C) &, 12.6 + d mm,
lateral view; (D) 9, 13.1 + 4.1 mm, ventral view. Scale bar = 5 mm. _ ]

Fig. 5: Obarvanost severnojadrar;skih primerkov vrste Lebetus guilleti. Samec (A? in samica (B) v naraw!em.
ivljenjskem prostoru. Bolj pisane barve se pokaZejo po omamljenju m/avh po shr.:atmm .pnmerka v formaldehidu:
(C) &, 12,6 + d mm, pogled s strani; (D) @, 13,1 + 4,1 mm, pogled s trebusne strani. Merilo = 5 mm.
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plate and last hemal spine, respectively. Ossification of
former less in male, notched on dorsal rim. Parhypural
and hypural 5 small splint-like bones. Two large hypural
plates, hypural 3+4 and hypural 1+2, former fused with
urostyle, latter inserting ventral to ural centrum. All fin
rays associated with large hypural plates branched. One
ray of both dorsal and ventral of those branched rays ar-
ticulated, but not branched.

Coloration. Within the natural habitat, the body col-
oration is well adapted to the substrate (Figs. 5a, 5b).
Basic coloration is a broad brown and white oblique
transverse pattern. Head greyish in males, brownish in
females, followed by a white interspace below D1 base.
Anterior edge of following brown transverse bar oblique,
running from D2 origin to ventral middle of belly. Large
bright spot ventrally interrupts this bar in both sexes.
Posterior edge at beginning of caudal peduncle curved.
Caudal peduncle almost white. Before C origin narrow
brown transverse band with oblique anterior edge from
dorsal origin of caudal fin to ventral beginning of last
quarter of caudal peduncle. Brown pattern dorsally
slightly extending on to caudal fin. All brown vertical
bars are well separated from white interspaces by dark
margins. Proximal half of pectoral fin white, distal half
transparent to dusky. C transparent. Sexual dimorphism
especially shown in dorsal fin coloration.

Males (Fig. 5a): D1 greyish with yellow oblique
bands, one narrow in lower third and one broad in up-
per third; edged white. D2 edged black, especially with
large blotch in upper anterior corner. Six oblique narrow
yellow bands below dark edge running across fin rays
and separated from one another by dark edges and
transparent interspaces. V and A usually dusky. Lips
yellow to light orange.

Females (Fig. 5b): D1 white to light grey with a small
green eye spot between fifth and sixth fin rays. D2, V
and A transparent. Lips red, especially in posterior half.

A more colourful pattern in body coloration is shown
when the fish are narcotised, kept in a photographic
aquarium or recently preserved in formaldehyde (Figs.
5¢, 5d).

Males: When captured, head becomes yellowish
with some orange spots on cheek, snout and upper lip
light orange. First bright interspace on trunk shows 4
narrow but conspicuous brown to orange-red vertical
bands extending on to belly. Middle parts of following
brown vertical bar with large red parts. Yellow bands in
D1 and D2 and dark edge of D2 become more distinct.
A, distal half of V and ventral part of P turn dark grey to
black. Proximal half of V red.

Females: Head and broad brown trunk bar with dark red
regions. Bands within first white interspace on trunk not
distinct, somewhat irregular and coloured light brown
with red dots. D1 turns dark grey with two to three slight
red bands, eye spot still visible. D2 dusky with 4 red
oblique bands. A and distal half of V black.

Yo
70 4

60

50 4

40 4

30

20

fine gravel coarse sand medium sand fine sand

grain size: 2 mm 0.63 mm 0.2 mm

Fig. 6: Grain size distribution of the sediment in the
habitat of Lebetus guilleti in the northern Adriatic Sea.
Sl. 6: Granulacija sedimenta v habitatu vrste Lebetus
guilleti v severnem Jadranskem morju.

Breast, proximal half of V and base of A red. P bright
with dark spot in centre.

After preservation in 70% ethanol, the specimens
retain only brown and black coloration with white inter-
spaces. Females exhibit darker mottling on head, breast
and in first dorsal fin. Narrow red bands below D1 get
lost or turn light brown. In both sexes, broad brown
oblique bar on trunk brightened in centre, therefore
mainly represented by dark margins. Brown band on
caudal peduncle well visible. Black margin of D2 in
males stays distinct. Distal half of V and A in both sexes
black. P in males with ventral half dusky, in females
with black spot in the centre.

Ecology

All specimens observed and collected were found on
a bottom consisting of a highly biogenic coarsely struc-
tured sand as shown by the grain size distribution (Fig.
6). The fish were found within a depth range of 6 to 13
m. The shallowest discovery was near Klenovica,
Kvarner region, where one specimen was collected at 6
m depth. At Selce, Kvarner region, the specimens oc-
curred frequently at depths between 11 and 13 m, and
between 7 and 10 m at Rovinj. The habitats investigated
near Rovinj and in the Kvarner region show high simi-
larities, characterised by sandy bottom, which is inter-
rupted by bedrock areas at depths of about 5 to 9 m, di-
viding the sandy areas into small insular spots. The fish
were found in both large areas and in small insular spots
of sand bottom. The specimens were discovered acci-
dentally when the anaesthetic was dispersed from a
squeeze bottle over the sediment. The tiny fish exhibit a
very cryptic behaviour with few movements and high
colour adaptation, which makes them almost invisible.
The fish can be discovered by a diver when moving one
hand forward flowly and directly over the sand surface,
which causes flight reactions. The fish appear to dwell
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on the sand surface and it seemed guite unusual when
digging in the substrate, as observed in one specimen,
when chased with the anaesthetic. The distribution is
somewhat aggregated, because most specimens usually
occurred close to each other, while large neighbouring
areas revealed no fish. The highest abundance observed
was about 2 ind./ra’. Co-occurring epibenthic fish spe-
cies were especially Gobius roulei, Buenia affinis and
Eomatoschistus bathi, which dwell on the same sub-
strate in high abundance. All collected specimens are
adult and sex determination was possible from colora-
tion, differences in fin shape and the typical sexual di-
morphism of the urogenital papiliae. Within the material
collected only one size class, obviously the one year-
class, occurs. The specimens collected in spring range
from 10.6 to 14.5 mm SL. This includes the specimen
collected in the western Mediterranean by Zander
(1982} in fune 1979 with 12.9 mm Sk The only collec-
tion made in autumn revealed a larger specimen of 17.4
mm SL. Collected at the same time, females are larger
than males within this one size class.

DISCUSSION

Since Miller {1971, 1986} suggested two species
within Lebetus Winther, 1877, due to different postlarval
developments of pelvic fins and pigmentation and dif-
ferent meristic values of anal #in, second dorsat fin and
vertebrae, the northern Adriatic specimens can be as-
signed to L. guiffeti {Le Danois, 191 3) {Tab. 2). Counts of
fin rays and vertebrae are significantly higher in L. scor-
pioides than in L. guilfeti and therefore enable identifi-
cation also of subadult or adult benthic specimens
{Miller, 1971). The western Mediterranean specimen
found by Zander {1982) at Banyuls (France) exhibited
the very typical coloration {(Zander, pers. comm.) as de-
scribed above for the northern Adriatic specimens and
represents a male L. guilleti. The greater number of
specimens investigated now increases the knowledge of
the morphology of this species and indicates a wider
anal fin ray count of I/4-6 (Tab. 2).

Apart from meristics, there are differences between
L. guifleti and L. scorpiofdes in some specific coloration
patierns. In particular, the first dorsal fin in males of the
former is tess uniformly coloured. The second dorsal fin
exhibits more but narrower oblique bands, The dorsal
fins are also important for sex discrimination in both
species {see also Miller, 1963). Body coloration seems
to be more differentiated in L. guilfeti with vertical bars
occurring on the abdomen in both sexes but especially
in males. Also the dark bar on the posterior caudal pe-
duncle appears more evident, expanding more anteri-
orly on ventral side. Nevertheless, the basic coloration
patierns of both species is very simitar. In osteology, the
main differences occur in the number of vertebrae, this
being lower in L. guilleti. Other features show no major

differences. The cleithrum in L. guifleti appears
straighter in lateral view and somewhat elongated on its
bifid dorsal end. The caudal skeleton appears less
strong, with the roots of the neural and hemal spine ex-
panding over entire length of vertebral centra only in the
fast vertebra.

Sirnilarities of the genus Lebetus with other Mediter-
ranean gobies relate mainly to Spelecgobius trigloides
Zander and Jelinek, 1976. Although there is an anterior
oculoscapular head canal developed in the latter, the ar-
rangement of the superficial head sensory papillae is
very simifar {compare with Zander & Jelinek, 1976;
Miller, 1986). Meristics of fin rays and scales are almost
the same as those of L. guilleti. As predorsal scales are
only present in 5, trigloides, Lebetus may be regarded as
more specialised by reduction of squamation. In both
the anterior membrane of the ventral disc is lost. They
also conform in small body size and in a conspicuous
cotourful body coleration, which can be suppressed by
Lebetus due to substrate adaptation. These similarities
suggest a close relationship and possible common an-
cestry for Speleogobius and Lebetus, with some features
more generalised in the former.

Affinities of the genus Lebetus with different ‘sand-
goby'  genera (Pomatoschistus, Gobiusculus,  Kni-
powitschia and Economidichthys) and related genera
are described by Miller {1963) and McKay & Miller
(1997). High similarities are exhibited with Buenia lljin
by the arrangemnent of head sensory papillae and meris-
tic counts, although the latter being lower in L. guilleti,
Both genera conform in a very limited number of head
nevromasts basically arranged longitudinaily and in
dwelling sand bottom. Buenia is more generalised in
possessing a complete head canal system. Further differ-
ences exist in the dorsal pterygiophore formula, being
derived with 1221 in Buenia, and in higher variations in
the counts of precaudal and caudal vertebrae in Lebetus
{McKay & Miller, 1997},

Concerning the ecology of L. guilfeti in the northern
Adriatic Sea, several observations confirmn the results of
Zander (1982} and Miller (1971} in the western Mediter-
ranean Sea and northern Atlantic. Both the habitat
choice of rough biogenic sand bottom and the co-
occurrence of Pomatoschistus bathi in high abundance
correspond with Zander {1982). The substrate inhabited
by the small population near Rovinj, where about six
specimens were cbserved during one dive, resembles
that off Selce, Fighly biogenic coarse sand s inter-
spersed with farge rocky boulders. The habitat choice of
coarse deposits and the occurrence in quite shallow
waters were also described by Milter {1971) for the
north-eastern Atlantdc specimens. in contrast to L. scor-
pioides from the north-east Atlantic, which is supposed
to mature in the second year of life (Miller, 1963), L.
guilleti seeras to attain sexual maturity within the first
year of life in the Mediterranean. Since the one year
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class, represented by only tiny specimens collected in
the Mediterranean untif now, appears to be the only size
class, a semelparous reproductive strategy s possible,
The very small size of this fish within the Mediterranean

may explain why this species had not been found in that
region for such a long time,
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LEBETUS GUILLETI (TELEOSTEL: GOBIIDAE): PRV| ZAPIS TE VRSTE 1Z SEVERNEGA
JADRANSKEGA MORJA IN PODATKE O NJENE MORFOLOGH!

Jirgen HERLER
institute of Zoology, University of Vienna, A-1090 Vienna, Althanstrafie 14
Eemail: Juergen. Herder@univie.ac.at

Marcelo KOVACIC
Prirodoslovni muze] Rijeka, HR-31000 Rijeka, Lorenzov profaz 1
E-mail: Marcelo.Kovacic@public.srce by

POVZETEK

_ Aviorji ¢lanka porolajo o prvem opazovanju vrste Lebetus guilleti (Le Danois, 1913} iz druZine glavacev v obal-
nik vodah severnega Jadrana. Leta 1999 in 2001 so v Kvarnerju jufno od Reke dokumentirali osern samic (SE 12,1-
7;,4 mm} in pet samcev (5L 10,6~12,5 mm) na pesteni podiagi v globinah med 6 in 13 metri. Druga manjsa popu(!a«
cija te vrste je bila fotografirana maja 2002 ob istrski obali v bliZini Rovinja. Zbrani osebki so pripadali vrsti L.
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_ gtuiietl {Le Danois, 1913}, kar je bilo ugotovjeno po njihovih nastednjih znaiinostih: majhno telo, specifi¢na barva
: te!esfa, popolnoma brez :':pém‘h naglavnih kanalov, obstoj podocesnega niza a, omejeno Stevilo naglavnih cutilnih
: pipfl z dvema ‘medorfesmma nizoma, podaljSani Yarki hrbtne plavuti in meristicne vrednosti D2 1/7-8, A 1/4-5, P 14-
S15, 0L 24-26 in YV 25-26. Ta nedavna odkritfa so omogocila natancnejsi opis morfologije te malo znane vrste.
- Avtorji podajajo njene morfometri¢ne podatke, meristicne vrednosti, parametre v zvezi s poboénico, obarvanost

- skeletne znacilnosti in ekologijo in L. guilleti primerjajo s sorodnimi rodovi glavacev. r (

Kljuéne besede: Gobiidae, Lebetus guitleti, Sredozernije, severno Jadransko morje
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ABSTRACT

According to the national legislation and by considering international documents on nature conservation, the
Mediterranean endemic seagrass Posidonia oceanica was included in the latest edition of the Siovenian Red List of
Rare and Endangered Species. Moreover, the only Slovenian site with Posidonia oceanica, which is also the oy
meadow along the West Istrian coast, was propased to be deciared a natural monument in 1994, However, besides
some preliminary data on the topography and phenology of the meadow, very few data are available regarding its
fauna and flora. Being an area of great conservation interest, a non-destructive underwater inspection has been car-
ried out, The floristic and faunistic data, together with accurate habitat type cartography, are presented. A special
emphasis was given to ichthyofauna.

Key words: Posidonia oceanica, North Adriatic, topographical survey, nature conservation, non-destructive methods

RILIEVO TOPOGRAFICO DEI TiPi DI HABITAT NELLAREA CARATTERIZZATA DA
UNA PRATERIA DI POSIDONIA OCEANICA NELLA PARTE MERIDIONALE DEL GOLFO
D1 TRIESTE (NORD ADRIATICO}

SINTESH

_ Recentemente & stata inoltrata la proposta per dicharare I'unico sito in cuf ancora cresce una prateria di Posido-
- Pla oceanica in acque slovene Monutmento Naturale, vista la sua unicita e vulnerabilita. Fino ad oggi la fauna e fa
Hora della zona non sono state studiate a sufficienza. Vista Vimminente dichiarazione ufficiale del sito ad area pro-
tetta, per il presente studio & stato usato un metodo di campionamento subacqueo non distruttivo. L'articolo riporta j
dati faunistici e floristici, nonché un’accurata cartografia dei tipi di habitat della zona. L'ittiofauna ha occupato un
posto di ritieve nella ricerca,

Parole chiave: Posidonia oceanica, Alto Adriatico, rilievo topografico, tela della natura, metodi non distruttivi
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INTRODUCTION

Posidonia oceanica (L.} Delile is an endemic sea-
grass species in the Mediteranean. it f_orms seagrass
meadows, which are nowadays (:onsz§iered w E?e
amongst the most important habitat types i the infralit
toral zone of the Mediterranean 5Sea. Seagrass b‘eds are
known to be key nursery areas for coastal fisheries. ,ﬁ’}cw
cording to some authors, the presence of £ oceanica
should be also regarded as a good biological md.ic‘af;or
of water guality due o its sensitivity to human activities
(senisu Piazzi et al., 2000). The isolated P. oceanica
meadow in Slovenian coastal waters, between the towns
of Izola and Koper {referred hereafter as the Koper
meacdow), was described by Vukovit (1982). Besides the
tiny patch of app. 2 m?® close to Grado, i? seerns that the
Koper meadow is the only remnant of this marine phan-
erogam in the Gulf of Trieste and along the' Istrian coast.
According to Benacchio (1938}, P. oceanica was quite
cormmon on the silted bottom of the inner part of the
Culf of Trieste, However, a drastic reduction in its dis-
tribution was recorded just about 30 years later by Si-
monett (1966} in his work dealing with distrtbution of
the Zosteraceae in the Gulf.

Although no specific mapping programme for sea-
grass meadows has heen made in Slovenia so_far‘, some
data are avaiiable on different aspects of the distribution
(Vukovic & Turk, 1995} and phenology (Turk &
Vukovi€, 1998) of P. oceanica as well as on epiphytes
and its colonisation {Orlando & Bressan, 1998} Some
data are also at hand on the impacis of motorway poltu-
tion on the ecological conditions of the site (Faganeli et
al, 1997). One of the most interesting aspects of the
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Koper meadow — the possibility of being an ancient,
post-glacial clone — is described in the WO{}( on genetic
identity and homozygosity in Northern Adriatic popula-
tions of P. oceanica carried out by Ruggiero et al.
{2002}, o

A decree for the protection of the meadow is being
currently drafted by the government. The most important
aspect of biodiversity is species composition, a checklist
of a varlety of species present in the area {Costello,
2000). To assess the marine biodiversity of a protected
site, a non-destructive methodology s more suitable
than any other classical sampling technique, Almost 50
years have passed from the inception of the non-
destructive underwater visual census fechnigue {Brock,
1954) for the study of coral reef fish assemblages. Nu-
merous studies throughout the world confirmed the
usefulness of this technigue, which i5 nowadays ac-
cepted as a useful methodology to gain coastal fish den-
sity estimate (Harmelin, 1987; Francour, 1991, 1994
tarmelin-Vivien & Francour, 1992; Patzner & Serrac
Santos, 1993; Marmelin et al, 1995; Castellarin et al.,
2001). Today, visual census data are recognised as a
valuable source of information for other aspects of fauna
(Peharda et al., 2000), flora, habitat types and in broader
meaning for conservation purposes as well {Edgar et al.,
2000). _

The present study aims to describe the habitat types
occurring in the proposed protected area covered wz.th
P. oceanica seagrass meadows, and fo assess the faums-
tic and floristic diversity of the area with non-destructive
methods, Since this area is 1o be legally protected, su«.?h
data can be very useful in the process of defining suit-
able conservation measures.

) Posidonia

Fig. 1: Location of transects in the proposed natural monument area near Koper,
S, 1: Lokacije transektov na prediaganem naravnem spomeniku blizu Kopra.
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MATERIAL AND METHODS

Study area

The study area is located between the towns of Izola
and Koper, with the only site of P. oceanica seagrass
meadow along the northern and western coasts of Istria.
As a recent sediment of Koper Bay it consists of sandy
silt with up to 40% of sand and less than 15% of clay
{Ogorelec et al,, 1988).

The area surveyed is a known tourist resort with
many recreational faciliies. This is particufarly true of
the eastern part, which is close to the city of Koper and
densely inhabited, whereas towards the city of izola in
the west the area is without any man-made structures
but for the waterfront once used by the railway. On the
other hand, the area has been subjected to a certain ex-
tent to organic pollution from the nearby city of Koper.
Although recent studies have shown benthic organisms
contaminated with PAH and heavy metals, this has not
been reflected in the area’s benthic community (Faga-
neli et al, 1997).

Material and methods

Taking into account the vulnerability of the area, the
underwater inspection of the area’s flora, fauna and
habitat types was carried out by SCUBA divers in the
surmmer of 2000 and in the summer and autumn of
2001 along five vertical transect lines {station 1-5). The
distances hetween different stations are shown in Fig. 1.
During each survey we tried to get as rouch data as pos-
sible on the flora, fauna, habitat types and cryptobenthic
fishes. A special emphasis was laid on the underwater
mapping of different habitat types, occurring along the
transect lines. Details about sighted animals and algae
were written on a slate. Only the specimens, which
were not determined during the sampling, were taken
out in spectal bags and identified fater in the laboratory
and subsequently released. Only epifauna was taken
into consideration.

For the assessment of coastal fish assemblage, a vis-
ual census technique was performed by two SCUBA di-
vers along 60 m long transects. Coastal f{ish were
counted up to 2 meter away from the transect rope by
one or two divers. Two 30-m long measuring tapes were
used. The average duration of a visual count transect
- was approximately 20 minutes. Additionally we used
-the data of one parallel census in P. oceanica habitat
‘lype at the station 6. In addition, a narcotiser quinaldin
(MS222) was used to detect some cryptobenthic fish
-species, which could be otherwise overlooked,

- Habitat type cartography was carried out by filming
‘with underwater Sony camera {(Handicam Hi-8). The
" diver with the camera followed the transect rope and
~filimed all habitat types. Afterwards, some shots of spe-
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cific vegetation cover or peculiar habitat types in the
neighbouring area were taken as well. Additionally,
some specific habitat types were photographed with Su-
beye underwater camera, In the laboratory the transect
fitms were carefully analysed and used for drawing
habitat types. The coverage of each habitat type was es-
timated by calculating the area in habitat type distribu-
tion drawings.

RESULTS AND DISCUSSION
Floristic survey

At least 58 algal species and 2 other phanerogams
{Cymodocea nodosa and Zostera noftilt were recorded
in the investigated area {Tab. 1), Aliogether 10 green
macroalgae, 11 brown macroalgae and 37 red macroal-
gae were recorded. Twenty-four epibionts had been
previously surveyed by Otlando & Bressan {1998),

The vegelation cover in the area is strongly con-
nected with the ecological conditions, such as the water
quality and the seabed substrata. In somehow deeper
area, the seabed is covered by sandstone rocks and
cobbles, which are not suitable for algae, and by some
bigger boulders, to which Alsidium coralinum and
Anadyomene steffata are attached.

Faunistic survey
Benthic invertebrate fauna

At least 88 taxa of benthic invertebrates were re-
corded in the studied area {Tab. 2). The majority of
them, 38 species, were mollusks, followed by crusta-
ceans {16}, sponges (8}, cnidarians (7}, echincderms (&),
polychaets (6), tunicates (4} and bryozoans (3). At the
station 1, at least 45 species were recorded, whereas at
stations 2 and 3 at least 58 species were sighted. The in-
veriebrates recorded were found mostly as fauna on
rocks and boulders or as epibionts on Posidonia, Cymo-
docea and Cystoseira. The number of animals recorded
is obviously far from complete, since only epifauna was
taken into consideration. On the other hand, we used
the technique of visual inspection mostly as it is a non-
destructive method and at the same tire very appropri-
ate for protected areas. Many tiny and cryptic inverte-
brates could obviously not be recorded with such
method.

Numerous studies demonstrated the importance of
Pasidonia seagrass meadows for a variety of animal
groups, It is characterized as a complex bictic commu-
nity with high richness, in which many animals spend
alt or part of thelr lives (sensu Garcia-Raso, 1990). Ac-
cording to Somaschini et al. (1993), the polychaete
community of the P. oceanica bed is richer and more
diversified than the neighbouring environment.
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Tab. 1: Checklist of the flora associated with Posidonia
oceanica seagrass meadow in the Zusterna-Moleto re-
gion (Legend: M = macroalgae, £ = epiphyte, C = sea-
grass, Me = mediolitoral, Z Me = upper medioliioral, S
Me = lower medielitoral, { = infralittoral, Z | = upper
infralitoral, S | = lower infralitoral}.

Tab. 1: Popis flore, povezane s travniki morske frave
pozejdonke na obmodju med Moletom in Zusterno
(Legenda: M = makroalge, E = epifit, C = morska trava,
Me = mediolitoral, 7 Me = zgornji medioliforal, 5 Me =
spodnji Mediolitoral, | = infralitforal, Z { = zgornji in-
fralitoral, S | = spodnji infralitoral),

TAXON Belt
Alsicium corallinum i
Anadyomene stelfata |
Anfithamnion fenuissimum
Ascocyclus orbiculanis
Caliiihamnion conmbosuin
Ceramiuim so. M
Ceramium cingulaium
Ceramiun circinnatum
Ceramitin tenerrimim
Chaslormormha sp.
Chylociadia sp.

{hvlociadia verlicitiata

¢ handria dasyphifla
Cladonhora sp.

Tadophora echinus
Cladonhora prolifera
{adosiphon cylindricus
Clagostephus verticifatus
Coraiifa grasiera

{Coralfina officinalis
Cymaotlocea nodosa
Cvsloselra barbata

Cystoselra COrnpressa
Fliciyota dichotoma
Thciyoplers membranacea
Erithrotrictia camea

Fticlis virsoides

Gelidiella nigrescens
Coelidiuim Sp.

Celidium spathutatum
Ciigartina sp.

Ciraudya sphacelartoides
Halopithys v
Heterosiphonia wirdemannil
Fhvdrofithon cruciatum
Hydrolithon farinosui

{ aurencia obiisa

{ aurencia papiiosa
Lophosiphonia scopulorum
Nefophyflum punctatin
Paditig pavonica
Peyssonnelia sqliamaria
Preophviium fragie
Folvsiphania denudata
Polysinhania furceilata
Folysiphonia figrescens
Fosidonia aceamca
Frendofithophyvllum expansum
Preroclaclis capilfacea
Sphacelaria cirthosa
Sovridia flamentosa
Sivionema alsidi
Titanoderma corallinae
Titanoderma pustfatm
Udotea peticlata

Elfva s,

Plva rigids

Lihvelfa setchellii

Vatonia giricolans
Whangefia penicillata
Lostera notti
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Tab. 2: Checklist of benthic invertebrates recorded in
the area during the study period.

Tah. 2: Seznam bentoikih nevretenéarjev, opaZenih na
ohravnavanem obmodiu v obdobju vzoréevanfa.

Porifera
Chondrosia reniformis
Chondriffa nucula
Clione celata
Hippospongia commuis
Oscarella lobiformis
Spirastrefla cuncratheix
Tethya aurantium
Verongia aerophoba
Cnidaria
Actinia equina
Afptasia mutabilis
Anemaonia sulcata
Balanophyllia itafica
Cladocora caespitosa
Fudendriunt sp.
Paranemonia cinerea
Mollusca
Aplysia punctata
Aporthais pes pelecani
Arca noae
Astraea rugosa
Bittivn reficulatum
Cerithium rupestris
Cardium edule
Chiton ofivaceus
Chlamys varius
Dendrodorfs limbatus
Elysia timida
Epitonium communis
Gastrochaena dubia
Gourmya vulgata
Hafiotis fameliosa
Hinia costulata
Hinia reticufata
Hinja incrassata
Lima hians
Littarina neritoides
Lithophaga lithophaga
Loripes facteus
Monodonta articulata
Murex brandaris
Mytilus galloprovincialis
Mytifaster minimus
Cistrea edulis
Patella caerulea
Pholas dactylus
Pinna nobifis
Sepia officinalis
Solecurtus strigilfatus
Thuridiila hopei
Trunculariopsis trunculus
Venerupis decussata
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Venus verrucosa
Vermetus triqueter
Polychaeta
Bispira sp.
Protula tubularia
Poratoceros triqugter
Serpula vermiformis
Spirographis spallanzani
Spiroris pagenstecheri
Crustacea
Alpheus sp.
Anffocra physodes
Balanus sp.
Carcinus aestuari
Caflianasa stebbingi
Chthamalus stellatus
Eriphia spinifrons
Galathea sp.
Ligia italica
Maia verrucosa
Macropodia rostrata
Mysidae
Pinnotheres sp.
Porcellana platycheles
Upogebia fittoralis
Bryozoa
Membranipora mebranacea
flectra posidoniae
Schizoporella sanguinea
Echinodermata
Amphipholis squamata
Cucumaria elongata
Holothuria wbulosa
Ophiothrix cf. fragilis
Paracentrotus fividus
Sphaerechinus granularis
- Tunicata
- Ascidia sp.
Diplosoma spongiiforme
Microcosmos cf. sulcatus
Phallusia fumigata

Ichthyofauna

Al teast 33 coastal fish species were found to inhabit
the studied area {Tab. 3). The number of species per
transect varied from 9 to 22. Only 5§ species were re-
_Corded at all transects. The majority of species (10) re-
 Corded were gobiids, followed by blennioids (8), sparids
{6} and labrids {4). The dominant species were Atherina
., Symphodus roissali and S, cinereus. in the patches
f Posidonia meadow, only juvenile specimens of
Diplodus spp. were abundant,

. On the basis of a visual count, the highest density
Was recorded for Symphodus roissali with 9.8 specimens
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per 100 m*, followed by S. cinereus with 3.08 per 100

m°. However, it must be noted that the 60 m parallel
census was carried out in the area, where afmost 25% of
the habitat type consisted of Cystoseira spp,

The dominant gobiid species were ascribed to the
Cobius xanthocephalus/faliax group. Afthough the yel
low markings on the head typical of the species (L
xanthocephalus were quite distinct, we decided to use,
for practical purposes, the group taxon, since the tax-
onomical differentiation during the inspection of the
transect is almost impossible in the area, where this spe-
cies is sympatric with other similar gobiids.

Small cryptobenthic fishes tepadogaster candoflei,
Zebrus zebrus and Millerigobius macrocephalus were
found in the Posidonia meadow (Tab. 3). As they were
found under stones, they are not directly related to sea-
grass meadows. The goby M. macrocephalus has been
il now recorded only at few sites in the Adriatic Sea
{see jardas, 1996},

In comparison with other areas in Slovenian coastal
waters, the studied area is poor. Fifty-two fish species
were recorded for Cape Madona Natural Monument, 49
for Strunjan Nature Reserve and 36 for Debeli ri¢ Natu-
ral Monument (Lipej & Orlando Bonaca, in prep.). The
main reason for this Hes in the fact that the data for other
ateas were obtained by the use of 90 m long vertical
transects, due to which a broader variety of different
habitats was obtained, which obviously affected the
number of species. it is well known that the spatial het-
erogeneity is an important factor, which affects the spe-
cies diversity of the area.

If we take into consideration only the seagrass
meadow of P. oceanica, then only few species can be
considered true residents of this area. Bussotti & Guidett
{1999} studied the fish communities associated with P,
oceanica on the one hand and Cymodocea nodosa and
ZLostera noltii seagrass meadows on the other with the
visual census technique monthly in August 1995 and
August 1996 and never sighted more than 24 fish spe-
cies. Bell & Harmelin-Vivien (1982) reported 49 fish
species on Posidonia meadows with a rawl at a depth
16-18 m. However, only 30 species of them were con-
sidered to be residents. The depth cbviously had an ef-
fect on the species number as well. According to the
study of Guidetti (2000} on the visual census data in the
southern Adriatic, only three species, Spondyiliosoma
cantharus, Diplodus annufaris and to a minor extent
Symphodus ocellatus, were associated with P, oceanica.

since the number of samplings performed in the
studied area is fower than in the other {above men-
tioned) three protected areas in Slovenian coastal wa-
ters, we can speculate that the number of species will
increase with a further inspection of the area.
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Tab 3: Coastal fish assemblage in the studied area. The abundance of different fish species are presented in ranges:
- = no specimen recorded, 1 = single specimen, 2 = 2-3 specimens, 3 = 3-5 specimens, 4 = 5-10 specimens and 5=
more than 10 specimens. Cryptobenthic species, which were recorded with the use of narcotic, are marked with

asterisk.

Tab. 3: ObreZna ribja zdruzba na obravnavanem obmodju. Stevilko osebkov posameznih ribjih vrst je p::ed-
stavljeno v rangih: - = noben osebek 2abeleZen, 1 = osebek, 2 = 2-3 nsebki, 3 = 3.5 osebkov, 4 = 5-10 osebkov in 5
= ved kot 10 osebkov. Kriptebentoske viste vrste rib, ki smo jih potrdili z uporabo narkoti‘nega sredstva, so

eznadene z zvezdico.

Species/ station {transects)

1 EN

Atherina sp.

H 1N )
oy
L

Diplodus annularis -

Diplodus puntazzo

Diplodus sargus
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Total number of species

22 9 12 14

Habitat {ypes

The studied area is characterised by several different
habitat types such as allochthonous limestone boulders,
photophilic algal populatior on rocks and boulders,
sandstone terraces, C. nodosa meadow, P. oceanica
~-meadow, as well as muddy sands and mud (Fig. 2}, The
coverage of each habitat type at different transects is
shown in Table 4, The comparison between five tran-
sects showed quite different habitat type distribution,

although the distance between the 1% transect and the
5" transect was below 1 km. Posidonia oceanica was
recorded as a patch or just with a few shoots. This again
cordirms the sporadic distribution of Posidonia mead-
ows sensy leopard spot pattern. Station 1 was charac-
terized by reduced water column transparency, which
may have also an impact on the Posidonia distribution
(Meinesz et al., 1988].

Although the €. nodosa is present at all five vertical
tansects, its distribution is very diverse. Along fransect 5
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Tab. 4: Habitat type distribution (expressed as percen
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sects. The term fine sand indicates the area nof covered by vegetation.

Tab. 4: Razporeditev habitatnih tipov: apnendasti balvani, terase pescenjaka, travnik cimodoceje,
jdonke, fini pesek, mulj, prodnjaki in infralitoralni kamni in skale (izraZenih v odstotkih celotne povriine pregle- -
danega obmodja) na 5 transekiih. Z izrazom fini pesek oznadujemo predele, ki niso bili porasceni z vegetacifo.

191203
tage of the entire surveyed transect area) along five tran

travnik pore.

Habitat type/stations {fransects) 1 2 3 4 5
AHochthonous boulders 7.50 5.0 10.0 11.67 12,50
Sandstone lefraces {} 0 21.67 7.50 iy
Cymodacea meadows 33.33 13.33 18.33 §.33 26.67
Posidonia meadows 0 11.67 2.50 (.80 52.50
Fine sand® G 22.50 28.33 45.83 4,20
Mud 22.50 150.00 0 0 £
Pebibles 10.83 5.83 13,33 12.50 4,20
tnfralittoral stones and rocks 25.83 20,83 5.83 13.33 0.0

spreads a dense meadow, whereas in other transects the
density is very low. it seems that the ecological condi-
tions are not the same at the five studied transects.

Limestone boulders

Allochthonous  limestone  boulders were  placed
along the coastal trunk road to funciion as wavebreak-
ers. Numerous niches are available on these boulders
and between them, which has resulted in typical me-
diofittoral fauna and flora. A broad and large belt on the
allochthonous Himestone boulders is covered by the as-
sociation Fucetum virsoidis, represented by Fucus vir-
soides, Characteristic of this belt are also some other
common species, such as Chaetomorpha finum, Padina
pavonica, Cladophora prolifera, Cladostephus verticil-
fatus, Dictyopteris membranacea, and Ulva rigida. The
fast two also form the typical nitrophific associations
Dyctiopteretum membranaceae and Pterocladio-Ulve-
 tum, which normally develop in areas influenced by or-

ganic poliution.

Pebbies

Pebbles of irregular shapes were found at all 3 stud-
led transects. Due to the constant wave action, they are
not overgrown with vegetation. However, at all transects
benthopleustonic alga Ulva rigida was found as very
abundant. This nitrophilous green alga is probably con-
nected with outlets of sewage water from the nearby
tourist resort Zusterna.

Most species inhabiting this area are hidden under
“pebbles. The typical fish species of this habitat type are
- Gobius paganellus, G. cobitis and Parablennius sangui-
- nolentus.

Photophilous algae

Other parts of the infralittoral belt are covered with
‘dense algal phytal consisting mainly of Cystoseira com-

1

pressa and C. barbata, which are inhabited by some
epiphytes such as: Corallina granifera, Ceramium sp.,
Gelidium sp., Polisiphonia furcelfata, Spyridia filamen-
tosa, Ulva rigida, Valonia utricufaris. On such substraia,
Halopithys incurvus, Laurencia papillosa and L. obtusa,
Wrangelia penicillata, Dictyota dichotoma are com-
monly distributed as well. In this habitat type, the ma-
jotity of fishes occurred, Some boulders can be found at
somewhat greater depth, forming substrata for dense al-
gal cover and different sponges, sea anemones, vermetid
snails and other molluscs. Wrasses stch as Symphodus
rofssali and 5. cinereus predominated in the fish assem-
blage of this particular habitat type.

Boulders are also inhabited by different fish species,
which are using shelters made by endolithic bivalves
such as Lithophaga lithophaga or live in the boulders’
cracks and crevices, The majority of them are blennies
{Lipophrys dalmatinus, Parablennius incognitus) and
gobies (Gobius cf. xanthocephalus, Zebrus zebrus).

Posidonia meadow

in the transition zone, the patches of P. oceanica are
situated between stony coastline and mud at a depth
interval of 0.5 m to 4 m. The area is approximately 1 km
long and 50 m wide (Fig. 1}, with the maximum depth
between 2 and 4 m. It shows patchy distribution, e.g. it
is restricted to small islets ("leopard spots®) (Vukovic,
1982; Vukovic & Semroud, 1984: Vukovic & Tuk,
1995}, embraced by C nodosa. The Posidonia shoot
density varies hetween 360 and 588 shoots/in?, or 460
shoots/m® on average (Turk & Vukovic, 1998),

in the shady pants of the Posidonia shoots or stones
some rhodophycean algae such as Pseudolithophylium
expansum and Peyssonnelia squamaria, which are typi-
cal of coralligenous formations, were recorded. Only
few fish species were sighted in this habitat type, but
with the use of gquinaldine we detected some Interesting
cryptobenthic species, such as Millerigobius macro-
cephalus and Lepadogaster candollel.
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tat type distribution at 5 linear transects in the study area (see F
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Cymodocea meadow

Close to the coast is also the C. nodosa seagrass
meadow, occurring either in small patches in the sandy
area or almost completely covering the entire transect
area. A low number of Zosiera noltii plants were found
intermingling with C. nodosa. The mean density of C.
nodosa shoots was 69 shoots/m® {(Vukovi¢ & Semroud,
1984), The Cymodocea seagrass meadow is extending
to a depth of 6 to & m. Only few specimens of Pinna
nobitis were found. In this seagrass meadow, the typical
goby Zosterissesor aph jocephalus was sighted, although
it was not abundant.

snaked" boulders and sandstone terraces

These habitat types were found at transects 1, 2 and
3 between Moleto and Zusterna. Infra-litioral stones and
boulders were poorly overgrown with vegetation {the so-
called algal turf), The dominant invertebrate species
were the sponge Verongia aerophoba and, to a minor
extent, Cladocora caespitosa.

sandstone lerraces form a peculiar habitat type,
which provides a number of syitable niches for different
invertebrates and littoral fishes. They lie horizontally
and thus give an impression of a man-made platform.
The terraces are overgrown with corraligenous red algae
Pseudolithophyltum expansum, from which the terraces
obtained their colour. Dominant invertebrates were
polychaets of the genera Protula and Serpula, vermetid
gastropod Vermetus trigueter and sponges V. aerophoba
and Chondrifla nucula. In littie Crevices and cracks be-
ween terraces, Gobius cf. xanthocephalus was estab-
lished as the dominant littoral fish.

Sandy and muddy habitat types

Some species were sighted only in sandy patches of
at the end of transects, where the stony bed is replaced
by mud. In these peculiar habitat types, more specimens
of Pinna nobilis were found than in the meadows, but
the majority of them were dead, tn our opinion, this
should be attributed mainly to the high sedimentation
rate In this area. The typical sand species Pomatoschis-
tus marmoratus was found on sand at a depth range
from 2 to 4 m between patches of Posidonia or Cymo-
docea seagrass meadows. Gobius roulei, a recently re-
discovered gobiid species in the Adrtatic sea {Kovadic,

1995}, was more of [ess restricted 1o coarse sand,
whereas G. niger preferred muddy areas.

NATURE CONSERVATION VALUE

The different aspects of the importance of P. oce-
anica meadows were confirmed in the last decades by
numerous authors. The meadows are the base of the
richness of the coastal waters of the Mediterranean {Mo-
finier & Picard, 1952; Cinelli et al, 1974; Boudouresque
& Meinesz, 1982). This is due to the great surface of the
sea bottom of the Mediterranean they Cover, 10 the great
quantities of organic material and oxygen they produce,
w© their contribution 1o the stability of the sea bottom
and, last but not least, to the fact that the meadows host
maore than a thousand species of marine organisms. For
all this reasons, the meadows of P. oceanica and the
species themselves are legally protected in several
counteies around the Mediterranean, Besides, the con-
fracting parties to the Barcelona convention included P.
oceanica in Annex 1l - List of endangered or threatened
species of the Protocol concerning specially protected
areas and biological diversity in the Mediterranean (see
Lipej et al., 20000, Last but not least, the meadows of P.
oceanica are listed as a priority habitat type in the EU
Directive 92/43 on the consesvation of natural habitats
and on wild fauna and flora.

The importance of the tiny Koper meadow and cof-
sequently the need for a strict protection go even be-
yond the reasons listed in the previous paragraph. The
total absence of genetic variability in the meadow,
stated in the work by Ruggiero et al. (2002), is anather
strong cause of major concern for conservation of the
species in this northernmost part of the Adriatic. Low
levels of genetic variability and habitat fragmentation
can influence species fragility by lowering populations
resilience to increasing levels of ecosystem disturbance,
either of anthropogenic origin or not {(Meffe & Carroll,
1997}, Legal protection of the Koper meadow as the
only remnant of P. oceanica in the Gulf of Trieste and
introduction of efficient conservation measures, together
with a suitable long-term monitoring, should be re-
garded as issues of high priority, The regression of the
meadow would not only jeopardise the survival of the
species in the North Adriatic but would also add a hun-
dred or more to the Slovene Red Lists of rare and en-
dangered species.
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upatabili metode podvodnega nedestruktivnega popisa.

skrivajo v koreninskih prepletih.

stanja na obravnavanem obmodju v Casu prejskav.
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THE MEIOFAUNA OF TWO PROTECTED WETLANDS ON THE SLOVENE
COAST: THE SKOCJAN INLET AND THE STRUNJAN LAGOON

o Borut VRISER
Marine Blology Station, National Institute of Biofogy, S1-6330 Piran, Fornade 41

ABSTRACT

The paper presents ecological and meiofaunal comparisons between two extremely shallow iniracoastal forma-
tions along the Slovene part of the Adriatic Sea, i.e. the Skocjan Infet in the Bay of Koper and the somewhat smaller
Stjuza Lagoon near the salt-pans of Strunjan. The Inlet is a highly degraded, isolated and stagnant neritic environ-
ment, affected with temporary summer anoxias, caused by algal decompositions of huge Ulva aggregations. The La-
goon Is an undisturbed sea grass community. Lower meiofaunal diversity and abundances were observed in the Sko-
cfan Inlet, though less as expected, with some mixed "thiobios" syrmptoms in its highly sulforeducted surroundings.

Key words: mejofauna, Skocjan tnlet, Strunjan Lagoon, protected wetlands

MEIOFAUNA DI DUE ZONE UNIDE PROTETTE DELLA COSTA SLOVENA: VAL STAG-
NON [ LA LAGUNA DI STRUGNANQ

SINTESI

‘L’artico!o presenta un confronto ecologico e meiofaunistico tra due formazioni intracostali poco profonde: la
Baia di San Canziano (Val Stagnon) nella baia di Capodistria e la pits piccola laguna StjuZa vicino alle saline di
Strugnano. La prima rappresenta un esempio di ambiente altamente degradato, isolato e stagnante neritico, affetto
da temporanee anossie estive causate dalla decomposizione di ingenti aggregati deil’alga Ulva. La laguna di Strug-
nano & invece una comunity indisturbata di fanerogame marine. Diversity e abbondanza meiofaunistiche sone ri-

sgffate basse nella Baia di San Canziano, persino pits basse del previsto, con alcuni sintomi misti "thiobios® nelffe vi-
cinanze altamente solforidotte.

Parcle chiave: meiofauna, Baia di San Canziano, laguna di Strugnano, zone umide protetie
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INTRODUCTION

The research carried out so far into the meiofauna of
the Slovene sea has been focused mostly on the open
waters of the Gulf of Trieste and much less on its shal-
low margins, the only exception being the extensive ex-
ploration of meiobenthos in the Strunjan Lagoon at the
end of the 1970s {Vrider, 1979, 1982}. The shallow la-
goonar part of Koper Bay, however, has till recently
been totally unresearched. It was only the sampling car-
ried out a couple of years ago in the Skocjan Infet (Cer-
melj et al., 2000) that enabled the origin of this paper, in
which a comparison between the two very unique fa-
goonar environments, surrounded by fand and officially
protected, Is presented, The contribution is not an inte-
gral, synchronously implemented study, but a compara-
tive outline of this specific maritime environment at the
level of meiobenthos. Here we were able to lean merely
on the disposable, although for our particular purpose
not always optimal ecological data. The Skocjan Inlet,
which presently enjoys the status of a protected envi-
ronment, will be in the future, after the planned deep-
ening of its aquatory, certainly a subject of numerous
investigations,

The study of lagoonar benthic associations and their
appurtenant mejofauna, as an important part of these
systems, presently deals with, judging from the litera-
ture, particularly the following four topical segments,

In the foreground are largely investigations of bio-
productional characteristics, faunistic structure ftaxon-
oy} and diversity ecology of their associations. Since
the complexity of the three stated spheres inseparably
interact between each other, the mentioned research
aspects can be usually found in joint, more complex
publications, such as Coull (1969, 1970} den Hartog
(1971); Sikora & Sikora {1982} Witte & Zijlstra (1984}
Fleeger et al. {1984); Armonies (1988} Bin Sun et al
{1993); etc. The fourth and very special sphere of fa-
goonar studies constitute the research on specific pu-
trescent and to the high concentrations of sulphuretted
hydrogen adapted meiobenthic associations of the ex-
freme maritime epviranments, the so-called thiobioses
{Reise & Ax, 1979, 1980; Powell et af, 1980, 1983;
Mevers et al., 1988; Wetzel et al,, 1995).

The samplings in the Skocjan Inlet and its stagnant
tributaries, which are heavily marked with decaying
substrate, were carried out also in order to ascertain the
possible "thiobiosity” of this environment.

ECOLOGICAL CONDITIONS

Due to the exceptional specificity of the study area,
some more space Is dedicated to its ecological owtline
than actually deserved by this preliminary meiobenthic
delineation in view of the extent of the achieved results,

Position, depth configuration and hydrofogical regime
of the Inlet and the Lagoon

The two systems, the one at Skocjan as well as the
one at Strunjan, are not entirely natural formations but
the result of various human activities carried out in the
last few centuries in this shallow marine environment,
enabled by the estuaries of the Rifana river in Koper
Bay and of the Strunjan stream and its discharge area in
Strunjan Bay.

The Skocjan inlet originated with the linking of the
former island of Koper with land through the complex of
salt fields, and was finally cut off from the sea by the
new Port of Koper, due to which it now communicates
with the sea only through the narrow man-made canal.
The extensive filling up of the Inlet in the last thirty years
has made this once entirely marine environment ex-
tremely shallow (the depth of its central part does not
exceed 30 cm}, virtually cut it in half as far as its surface
area is concerned and thus made life in it unbearable.
lts only freshwater tributaries, the canals of the RiZana
river and the BadaSevica stream {Fig. 1}, are scarce with
water, while the smaller and presently more or less
freshwater mere {with its own smalf spring) is only a part
of the Inlet, cut off from the main body by the rallway
embankiment. With its spillway past the Inlet, the
Bada¥evica stream has been diverted directly into Koper
Bay.

The Strunjan Lagoon (Fig. 2) is for some half a cen-
try abandoned fish farm of the Venetian type. it is an
artificial formation, with no direct freshwater inflow,
originating from the time when the Strunjan salt-pan
complex was formed. 1t is made up of the smaller dis-
charge lagoon and of the larger main StjuZa Lagoon of
the sitted former fish-farming pond. The latter is up fo
half a meter deep and through the mouth of the dis-
charge lagoon {and a series of smaller spillways be-
tween the two lagoons} hydrologically (intertidally) fairly
effectively and much more directly linked with the sea
than the Skocjan Inlet.

Temperature, salinity, and oxygen

Thermal conditions in both lagoons are, owing to
their shallowness, very severe and seasonally change
from one extreme to the other: in the winter between 5°
and 10°C (they periodically freeze over), and between
24° and 27°C during the summer, while in other seasons
they adapt to the atrospheric temperatures,

Salinity and oxygen content of the Skocjan Inlet's
water body oscillate a great deal both temporally and
spatially: from periodically almost freshwater conditions
in the rainy seasons, via brackish level of salinity to
quite high salinities in warmer periods {hypo — hyper-
saline environment). The salinity and oxygen measure-
ments in the Inlet also showed some extreme spatial
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Fig. 1: Study area with sampling stations in Skocjan In-
fet.

5{, 1: Raziskovano obmodje z razporeditvijo vzorceval-
nif postaj v Skocjanskem zatoku,

changes due to the mixing of strong tidal flows: utterly
comparable with the outer condition (in the Bay) along
the inner mouth of the tidal canal, and severe along the
mauth of the spillway canal of the RiZana river and the
BadaSevica stream (high salinities, around 40 pst, and
consequently critically low, with hypoxic oxygen values
— below 30 ppm).

Similar hypoxic and occasionally even anoxic con-
ditions of the water oxygen often occur in late summer
in the Inlet itself, although exclusively due to the mas-
sive decaying of the huge agglomerations of sea lettuce
accumulated at the time of Jow water levels, saturated
nitrites and high temperatures. For the time being, how-
ever, we have no detailed accompanying ecological
data on the physical-chemical changes in this process,
which may at times bring the system into the state of bi-
ofic collapse. The only permanent freshwater locality of
the Inlet can be found in the already mentioned mere,
where seawater can be detected only at its bottom. '

Salinity, oxygen content and thermal conditions in
the Strunjan Lagoon are owing to the more direct as well
as ample water exchange generally completely compa-
rable with those of Strunjan Bay, in spite of ever present

intertidally turbid oscillations in the Lagoon.

Plankton

~ Phyteplankton density in the Inlet and in the Lagoon
is high, in fact higher than in open waters, while its spe-
Cies diversity is much lower. Phytoplankton biomass in
terms of chiorophyli a concentration in the Skocjan inlet

Fig. 2: Study area with sampling station in the Strunjan
Lagoon.

St 2: Raziskovano obmaodje z vrzoréevalno postajo v
Strunfanski laguni.,

generally surpasses the averages of the Gulf of Trieste
{around 1.0 pg/B. Chlorophylt a concentrations oscillate
a great deal both temporally and spatially, from the low
1.8 pg/t in winter to the high 220 pg/l in spring (Cermel;
et al, 2000). The measurements made in the Strunjan
Lagoon have shown comparable, although slightly
lower values. In the species-poor phytoplankton asso-
ciation, microflagellates are predominant {70 — 90%)
(Cermelj et al., 2000},

The zooplankion fauna, too, is poorer in view of its
species than in open waters, with predominant naupli
larvae and harpacticoid copepods of the benthic-
semipelagic type. No great differences can be detected
between the inlet and the Lagoon.

Subsirate

Substrate of the major part of the Inlet and the La-
goon is grey-coloured compact-fine argillaceous silt
with a slight admixture of sand, with a thin (0.5 ~ 1 cm)
yellowish brown layer of flocculent organic detritus.
This is the main natural habitat of the researched, pre-
dominantly burrowing meiofauna, which with a
branched out capillary system of oxygenated burrows
also inhabits up to 5 cm deeper layers of otherwise an-
aerobic although unreduced unputrescent substrate.

The sediment in the mouth of the Badasevica stream
and in the discharge canal of the RiZana river, however,
is completely without aerobic surface layer, highly pu-
trescent and thus badly degraded, of black coloured,
with high decompasing organic detritus content. Sulfide

205



AMNALES - Ser. hist. nat. - 12 - 2002 - 2

Borit VRIGER: THE MEIOFALUNA OF TWO PROTECTED WETLANDS ON THE SLOVENE COAST: ..., 203-210

hydrogen remains permanently dissolved in pore water
of this substrate in high measured concentrations {0.5-

2.5 mmok/b.
Macrophytobenthos

Macrophytobenthos of the Skocjan Inlet is, owing to
its exceptional shallowness, almost entirely limited to
the free floating benthopleustophytous and acropleusto-
phytods species, such as Ulva rigida {sea lettuce) and, to
a smaller extent, Gigartina acicularis and Halopitys in-
curvus, As a result of the increased evaporation, low
water level and greater amount of nitrites during the
summer, water lettuce spreads in the Inlet to such extent
that it fills up the entire water volume and due fo it and
especially owing to its decaying disables the existence
of the Cymodocea sea meadow, which once com-
manded at that time much deeper Inlet.

The Strunjan Lagoon is overgrown with a normally
developed sea meadow consisting predominantly of the
species Cymodocea nodosa, and Zostera noltii on its
margins. Species diversity is usual for this phytoassocia-
tion, for apart from the two above mentioned species, at
least another 7 species are present there.

Macrofauna

Macrofauna of the Strunjan Lagoon consists of a very
diverse association of characteristic species closely as-
sociated with the environment of seagrasses: numerous
mollusc (bivalves, gastropods}, benthic crustaceans
{mysids, amphipods, decapods, isopods), echinoderms
thrittlestars, starfishes), and at least 20 species of poly-
chaets,

In the ecologically degraded Skocjan Inlet, no com-
parable macrofauna association was noted, with the ex-
ception of few polychaets and bivalves.

MATERIAL AND METHODS

The first sampling was carried out on October 26"
1999 at four localities of the Skocjan Inlet, fe. in its
centre {Station 1) and on its margins {Stations 2 — the
mere on the other side of the railway embankment, 3 -
the RiZana river channel, 4 — the bed of the BadaSevica
stream) {Fig. 1), and at a single locality in the Strunjan
Lagoon (Station 5) (Fig. 2). The second sampling was
carried out on March 8" 2000 in the central parts of the
Intet and the Lagoon only.

We took the substrate samples manually with corer
and extracted the meiofauna from the surface area of 10
cm? and the depth of 5 cm with the sieving-decantation
technique in 2 fractions (50 - 125 pm, 125 pm - 1 mm)
of Wieser {1960) and conserved it in 4% formalin with
seawater.

The basic physical and chemical characteristics of
the water column (terperature, salinity, dissolved oxy-
gen, chicrophyll a) were determined with CTD fine-
scale profiler (University of Western Australia, Centre for
water research} while at somewhat shallower locaities
classical methods were partially applied as well, Nu-
merous other analysis techniques for the ecological
measurement of the substrate are presented in greater
detail in the ecological study made by Cermelj et al.
(2600}

RESULTS

Qualitative survey of the meiofauna of the Strunjan
Lagoon, Skecjan Inlet and their affluents

The first preliminary qualitative analysis {presence of
major taxonemic groups and their rough quantitative as-
sessment) of 6 meiofauna samples was carried out in
mid-October 1999. The survey showed two groups of
sarmples {Tab. 1L

Tab. 1: Meiofauna of the Strunjan Lagoon and the Sko-
cjan Inlet, together with ifs affluents, October 1999.
Taxa are ranking according to decreasing abundance.
Stations: 1 - Skocjan Inlet’s centre, 2 — mere, 3 - RiZana
river’s discharge canal, 4 - BadaSevica stream, and 5 -
Strunjan Lagoon (reference sample). Legend: RR-very
rare, R-tare, C-common, CC-very common, and -
dominant.

Tab. 1: Meiofavna Strunjanske lagune in Skocjanskega
zatoka ter njegovih pritekov, oktober 1999. Taksoni so
urejeni po standardnem zaporedju obilajne pogostosti.
Postaje: 1 — center zatoka, 2 — jezerce, 3 — prelivai
kanal RiZane, 4 - Bada¥evica in 5 Strunjanska laguna
(referenini vzorec). Legenda: RR-zelo redka, R-redka,
C-obi¢ajna, CC-zelo obicajna in D-dominantna.

Skocjan Inlet Strunijan

1 2 3 4 5
Nematoda cC C RR R ]
Harpacticoida | & R L
Polychaeta CC i RR RR £C
Turbellaria < RR 1 RR R C
Castropoda RR <
Bivalvia R
Kinorhyncha RR
Acarina RR
Hydroidea RR
Ostracoda 2 RR D R
Tanaidacea R
lsopoda RR
Amphipoda R R R
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The mejotauna of the three marginal water bodies of
the Skocjan Inlet {the Badagevica strearn, the mere, and
the RiZana river discharge canal} with distinct signs of
ecologically degraded environment {large quantities of
decaying black detritus in the sediment) was taxonomi-
cally, and particularly quantitatively, very poor in com-
parison with the fauna of the Skocjan Inlet and the
Strunjan Lagoon. The samples taken in the Infet and La-
goon showed a higher diversity and abundance of indi-
viduals.

A comparison between the Inlet and the Lagoon,
however, showed somewhat lower abundance in the
meiofauna of the Skocjan Injet, particularly in respect of
the Nematoda and Harpacticoida groups. The meio-
fauna of the Strunjan Lagoon served as a reference for a
less affected environment.

Quantitaiive survey of the meiofauna of the Strunjan
Lagoon and the Skocjan Inlet

The analysis of the meiofauna’s samples taken on
March 8™ 2000 at two stations in the Skocjan inlet and
comparatively in the Strunjan Lagoon, showed a great
difference between the two aquatories than the prefimi-
nary qualitative survey carried out in 1999 {Tab. 2).

Tab., 2: Meinfauqal structure and abundance (Ne. ind.
/10 cni’) of the Skocjan Infet and the Strunjan Lagoon,
March 2000. Taxa are ranking according to abun-
dances.

Tab. 2: Struktura in abundanca (5t 0s./10 cnv’) meio-
favne Skocjanskega zatoka in Strunjanske fagune,
?arec 2000. Taksoni so urejeni po zaporedju abun-
- danc,

Strunjan Lagoon Skacjan Injet
{St. 5) (5. 1)
faxa albicimeani a | b | ¢ {mean
Nematoda  [541|692{8371 69G 1403130713431 351
Harpacti- 139)289(3411 236 | 38 136 |69 | 48
~ eoida

Polychaeta 1681201193 1211751121 21 36
Turbellaria | 271281381 31 1 8 1 8 | 8 8
Gastropoda | - 111 - 103 - - 1 0.3
Bivalvia Tir- - 103 - - {1 0.3
Kinothyichal - 12141 2 111 - | -1 03
Acarina 11 -1-1031% - - 1 0.3
Hydroidea [751 2 1 - 1 26 1 « { - 1 . -
Ostracoda 6 | 200221 16 | 731 87 11301 97
Amphipada { 3] - 11113 -1 - 11| 03

In terms of diversity, and particularly as far as its
quantity is concerned, the Skocjan Inlet's meiobenthos
§ much poorer than that in the Strunjan Lagoon. In the
majority of the faunistic groups, the quantitative differ-
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ences are 2lso great, In otherwise numerous nematods
(Nematodal, present in both environments, the abun-
dances in the Skocjan Inlet were by half as fow than in
the referential lagoonar environment, in Turbellaria four
times lower, in harpacticoids (Harpacticoida) five times
lower, and in polychaets (Polychaeta) even seven times
lower than at the referential station,

The only exception were ostracods {Ostracodal,
which with their no less than six times greater abun-
dance than the prevalent meiobenthic group of the Sko-
cjan inlet mark this specific, although undoubtedly de-
graded association.

HSCUSSION

In comparison with the Strunjan Lagoon, the as-
sessed smaller diversity of the Skocjan Inlet’s meiofauna
is not particularly explicit and is in fact based merely on
the first observations. During the first (preliminary} sur-
vey of the inlet, we did not manage to register no less
than four groups: bivalves (Bivalvia), kinorhynchs (Kino-
rhyncha), acarins {Acarinal and colonies of hydroid pot-
yps, which afl happen to be common in the Strunjan
Lagoon. Particularly symptomatic is the almost total ab-
sence of molluscs (bivalves and gastropods), which were
hardly registered yet again during the second and much
more thorough survey of the Skocjan Inlet. A further
supplement to the assessment about a poorer diversity of
the Inlet's meiofauna is represented by harpacticoid co-
pepods (Harpacticoida), where representatives of only
three genera were prevalent: Amphiascus, Bulbam-
phiascus and Tishe. Especially in the last two, some dis-
tinct indicators of eutrophic as well as organically pol-
luted environments can be found {Marcotte & Coull,
1974; Viider, 19386},

Much more distinct between the compared associa-
tions of both lagoonar environments are the quantitative
differences, where the spans of higher abundances in the
individuals of the Strunjan Lagoon are even several times
greater in some of the groups. So far, much has been
written about the meiofauna of the Strunfan Lagoon
{Vriser, 1979, 1982). Atthis point let us underline that we
are dealing with meiobenthos, closely associated on sea
grasses, in which some stenovalent species are missing
in many groups due to the severe oscillation of ecologi-
cal factors {particularly temperatures and salinity). But
then again it is distinguished for its bioproductivity,
which is higher than in the open sea, which is reflected
in greater, especially summer abundances of its domi-
narits. Otherwise it is more or less still comparable with
the ordinary meiobenthos of the coastal sea meadows,

However, our assessment of the species diversity in
meiobenthic associations in both environments can be
anfortunately merely prefiminary without a detailed
study of the species diversity and a greater spatial cov-
ering of the sampling stations,
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There is no doubt that all the stated faunistic differ-
ences between the two compared environments resuit
from the great ecological differences between them,
particularly from the absence of the ruined sea meadow
of the Skocjan inlet and from the anoxic collapses in the
summer, 1t is out impression that the great quantities of
decomposing detritus of sea lettuce hypoxically {and in
a later phase anoxically) cover and pollute the surface of
the bottom to such extent that the meiofauna can sur-
vive, in the short run, only inside this already thinner
tmax. T cm thick) but still aerobic layer and inup to 3
cm deeper capillary network of burrows of the meio-
fauna’s burrowing comporent. The latter is indeed ca-
pable of surviving (for up to few weeks} in the hypo-
anoxic conditions of this kind as well, to which macro-
benthos succumbs in a very short time (as confirmed by
numerous foreign and domestic anoxia researchers, e.g.
fosefson & Widbom, 1988; Austin & Widbom, 1991,
Viiger & Maladic, 1992; Vriger, 1995; Moodley et al,
1997), Le. in the ecological conditions, when after a
week of two the macrofauna has long been destroyed.
We presume that early in the autumn life conditions im-
prove in the Inlet due to heavy rains and winds (when
decomposing aggregations of algae are washed awayl,
as shown by ow October and March samplings, The
colder hall of the year most probably presents a more
favourable ecclogical period for the fauna of the Sko-
cjan inlet.

The mentioned survey of processes is probably not
utterly uniform even in the period of the most intense
summer putrification, but is most likely mosaic: it s a
mixture of hydrodinamically more stagnant (ecologically
severed) and interidally more intense f{ecologically
more favourable) localities with less polluted aggrega-
tons. For this purpose, a network of stations would be
necessary. :

On the other hand it has been noted that the regis-
tered faunistic differences between the compared Sko-
cjan Infet and the Strunjan Lagoon are certainly smaller
than the ecological differences, or smaller than expected
in view of the latter. All this yet again confirms the
melofauna’s well-known ecological resistance as well as
its flexibility and "belated® response to the environ-
ment’s unfavourable ecological extremes.

The Skocjan infet’s benthic conditions could be per-
haps explained with the following working hypothesis. It
is possible that the decisive role in the incurred meio-
faunal differences in both compared environmenis is
played by the very substrate endofraction of macroben-
thos {over 1 mm large organisms living on the bottom,
ie. bivalves, nemerteans, polychaets, oligochaets),
which in the critical summer hypoxia cannot survive in
the long run and is therefore hard to be found any
longer in the Skocjan lnlet. This directly means its loss
or absence as well as a reduced presence of “temporary”
meiofauna, i.e, juvenile stadia of the future macrofauna.

At the same time this indirectly means — due fo the con-
sequential loss of macrobenthic capillary network of
oxygenated burrows as oxygen lacunas within the top
Scm — a fatal reduction of the disposable life niches for
the remaining “permanent’ mefofauna, which is re-
flected not only in the diversity of species but also in
their abundance. In the meiofaunistic literature we have
not found an ecosystem that would be ecologically fully
comparable to the Skocjan Inlet. Some authors {e.g.
Coull, 1969; Sikora & Sikora, 1982), on the other hand,
are breaking down the biological processes of the sur-
face layer in the substrate of the shallow lageonar envi-
ronments also in the direction of the above mentioned
hypothesis.

The other objective of our research was to find an
answer to the question, whether there exists, in the Sko-
cian inlet and particularly on its margins, a specific and
to sulphuretted hydrogen adapted meiobenthic associa-
tion, the so-called “thiobioses®. Certain sources have
placed this {in the opinion of some researchers disput-
able) association in sulfide dependent chemocline
which presumably have an ecologic requirement for
sulfide (Powell et al., 1983). Thiobios communities no
fonger needs the necessary oxygen for its survival {Reise
& Ax, 1980; Meyers et al., 1988), in contrast to the nor-
mal meiobenthos, therefore, which is (at least in a long
run, e.g. a few weeks) certainly stilt dependant on sur-
face oxygen, also in deeper burrows within anaerobic
substrate, even though below a depth of 10 cm.

Of the four investigated localities we can immedi-
ately exclude the Inlet itseif, which does not fully meet
the searched conditions (for the major part of the year its
surface sediment is oxygenated), and the brackish mere
protected from the decaying aggregations of the organic
detritus by the railway embankment. The remaining two
localities, i.e. the discharge canals of the RiZana river
and the Badafevica streamn, are, on the other hand,
heavily stagnant and at the bottom burdened with the
earlier on defined characteristics of decaying nature
and, according to our measurements, with confirmed
high sulphide concentrations. This environment is ecol-
ogically thus fairly congruent with “thiobiosity", while
our faunistic data show somewhat mixed picture and
only partially correspond to the previously mentioned
specialist sources that classify such associations. Simi-
farity with them is shown mainly in the exceptionally
sparse harpacticoid copepods (Harpacticoida) and poly-
chaets {Polychaeta) of our samples — in such environ-
ments these groups are normally rare — but not in ostra-
cods (Ostracoda), which are even predominant in the
discharge canal of the RiZana river and the second most
common group in the Skocjan Inlet. The very multitude
of ostracods in our samples of this environment is a
faunistic peculiarity, discordant with thiobiotic associa~
tions, and for the time being difficult to explain. The
groups Turbellaria and Kinorhyncha, characteristic of
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decaying environments, were also missing in the two
canals.

At the moment, the present survey of these margins
of the Skocjan Inlet does not enable us a final judge-
ment, and an answer could only be given upon a more
extensive research.

Morska biolotka postaja, Nacionalni indtit

fuca. ngt.ovfﬁ smo, da so zdruzbe v Skocjanskem zatoku
faguni. Ugotovljene favnistiCne razlike pa so bile vendarle
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MEIOFAVNA DVEH ZAVAROVANIH MOKRISC SLOVENSKE OBALE: SKOCJANSKEGA
ZATOKA IN STRUNJANSKE LAGUNE

Borut VRISER
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POVZETEK

Pm:r‘m.-jva!i 51110 ﬁr‘ae:'ofavno dveh plitvih, zaprtih pricbalnifh lagun, obe s statusom naravovarstveno zasditenega
Qbmoc;a. Sf‘mqansk; zatok, ki je danes skoraf e zasut preostanek nekdanjega estuarija reke Rifane, je primer sk;‘ga—
jno ‘degradf':fanega in hidrodinamicno stagnantnega neritiCnega okolja, mocno ('}bremenjenegan z f;bjé;afnimf olet-
niiri anoksijami. Morski travnik tu ni ve< ohranjen. Povzrodajo jih razpadajoce agregacife maorske solate Uivg fac-

vistno in kolicinsko siroralnejie od zdruzb v Strunjanski
manjSe od pricakovanih in obcutno manjse od ekoloskih.

Mero_fe? vra dveh stranskih pr{tokcs_v zatoka, mocno zaznamovanih z gnijocim sedimentom, kaZe nekaj delnih znakov
specificnib, na sulfidno okolje prilagojenih tiobioznih zdruzb.

Klju¢ne besede: meiofavna, Skocjanski zatok, Strunjanska laguna, zavarovana mokriiéa
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ABSTRACT

?he European Union Water Framework Directive (WFD) is considered as a major contribution to the Furopean
environmental legisiation. It also provides important implications for the implementation of the EU directives for
nature coniservation, namely the "Birds" and the “Habitats" Directives which forms a legisiative framework for the
n‘etwork of protected areas, known as Natura 2000. The consequences for nature and especially wetland conserva-
tion in the framework of the Natura 2000 network after adoption of the WFD are analysed. A short description of

water management and wetland conservation planning and management is presented, together with a brief presen-
tation of the extent of wetland types in Slovenia.

Key words: water management, nature conservation, wetlands, Furopean Union, Water Framework Directive, Birds
Directive, Habitats Directive, Slovenia

GESTIONE E TUTELA DELLE ZONE UMIDE E DELLE RISORSE IDRICHE IN SLOVENIA
ALLA LUCE DELLA NUOVA LEGISLAZIONE EUROPEA

SINTESH

La direttiva sul patiimonio idrico defl’'Unione Europea *Water Framework Directive” (WFD) viene considerata il
;;;onmbu‘to piti importante c:zl'!a legislazione ambientale europea. I documento fornisce importanti implicazioni per

adempimento de'f'!e d;re;tt:vg EU per la tutela della natura, in particolare degli uccelli e degli habitat. Le direttive
formano una cornice legislativa per la rete delle aree protette, conosciuta come Natura 2000, Nelf articolo Vengono
analizzate le conseguenze per fa tutela della natura ed in particolare delfe zone umide nefla cornice della rete Na-
tira 2000 dopo V'adozione della WFD. Gif autori presentano inoltre una breve descrizione della gestione del patri-

mmz:o ;’dr{'co € de: pr’ogetu' di conservazione e gestione delle zone umide, con una concisa presentazione
dell’estensione dei tipi di zone umide in Slovenia.

- Parole chiave: gestione del patrimonio idrico, tutela della natura, zone umide, Unione Europea, direttiva sul patri-
: monio idrico, direttiva sugh uccelli, direttiva sugli habitat, Slovenia
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INTRODUCTION
Water Management in Slovenia

Slovenia s rich in water resources, with 80% of them
within the Danubian and 20% within the Adriatic water-
sheds. The country borders Italy, Austria, Hungary and
Croatia and consequently there are numerous trans-bor-
der river crossings. All water management issues {in-
cluding trans - border) are under the domain of the Min-
istry for the Environument, Spatial Planning and Energy.

The changes in water management policy that have
occurred since 1981 {when the previous Water Act has
been adopted) resulted in the recently adopted Water
Act (2002, These can be divided into two major groups:

- changes due to updating of the currency values
{dhuring the high rate of inftation period) and

- changes due to the new political system {changes
in institutional and other water management systerm),

The water management area, with its broad effect on
several sectors and individuals, intensively interacts with
other legislations. One of these is the Environmental
Protection Act, adopted in 1993, It was supposed to be
the general framework for all later environmental and
natural resource legislations, It is focused especially on
the improvement of water, soil and air quality. The re-
sult of this is the fact that the monitoring of emissions,
taxation for wastewater and air pollution taxation are al-
ready well under way,

The majority of water management related activities
are under competence of the Ministry of the Environment,
Spatiat Planning and Energy (IMOP). There are also seven
urtits working within the MOP. Within the Environmental
Agency of the Republic of Slovenia the Water Manage-
ment sector performs most water management activities.
It has eight regional offices close to the river basin scale,
which deal almost exclusively with these issues, At the
state level eight water management companies and one
company for torrent areas management pesform public
services — maintain watercourses and manage the state
owned water management infrastructure.

The MOP along with public services deal predomi-
nantly with the quantity of water resources, flood and
erosion control, and the quality of the water environ-
ment protection and wastewater emission taxations, as
well as monitoring responsibilities.

The respansibilities that are under the jurisdiction of
focal communities, according to the Water and the Envi-
ronmental Protection Act are:

- the management and maintenance of drinking wa-
ter supply facilities,

- the management and maintenance of wastewater
collection and freatment facilities,

- waste collection, treatment and disposal,

Local communities may join to form interest-based
associations in cases where systems for providing the

services mentioned above would involve several of
them. The provision of public services is controlled by
the Jocal community, the associations of users and the
state inspectorate. Public service providers also have to
perform the prescribed self-monitoring.

The most urgent and eritical Issue to be solved is
water management planning. The new Water Act pro-
vides legal basis specifically for this purpose. Recent
work in water management is catchment oriented.
Catchment rnanagement plans have already been pre-
pared for some catchments, j.e, for the Kokra, Dragonja,
Drava, ldrijca, Kolpa, Krka, BadaSevica and RiZana riv-
ers efc. These plans are an important step fowards
gaining experience how to prepare river basin charac-
teristics and river basin management plans, and espe-
cially how to invelve the public in this process.

These documents were prepared on the basis of Slo-
vepia’s international obligations as part of the pre-
accession activities to the European Union and on the
basi¢ of the EC Water Framework Directive,

Wetland Conservation in Slovenia

The Ministry of Environment, Physical Planning and
tnergy is responsible for nature conservation in Slove-
nia. its administrative and technical advisory body is the
institute of the Republic of Slovenia for Protection of
Nature, The seven regional units for protection of nature
act as technical supervisory bodies at the local level.

The Environmental Protection Act passed in 1993
represents the regulatory systers for both environmental
protection and nature conservation, A Nature Conserva-
tion Act was adopted in 1999, which, améng other pro-
visions, established a legal basis for integration of nature
conservation principles into other sectors,

National Biodiversity Strategy (ARSO, 2001} is con-
sidered as part of the obligations of the Republic of Slo-
venia to the implementation of the Convention of the
Biological Diversity {CBD), National Programme for En-
vironment and Nature Conservation Act and it is under
the auspices of the Stovenian Ministry of Environment,
Physical Planning and Energy. Preparation of the Na-
tional Wetland Conservation Strategy is understood as an
appropriate tool for effective wetland conservation in
Stovenia.

INVENTORY OF WETLANDS AND WETLAND CON-
SERVATION IN SLOVENIA

The inventory of wettands and rivers in Slovenia was
prepared in 2001 (Soving, 2001). The database contains
information on 3525 wetland sites, which are distributed
over 31 catchment areas,

The total area of recorded wetlands, including flood
zones is 98,758.93 ha for 4.87% of the territory of Slove-
nial. In Slovenia, there are 19 {of 40} types of wetland
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according to the classification of wetlands in the Ramsar
Convention (Fig. 1). The most common wetland 'type in
Slovenia are “ponds” which include characteristic Karst
waterholes; there are 1517 such wetlands, spread over
134.38 ha. "Excavations” (gravelfbrick/clay pits; borrow
pits, mining pools, efc.) are recorded in 584 sites with 2
total area of 363.438 ha. Then follows "Aquaculiure (e.g.
fishfshrimp} ponds® {312 sites, total 225.308 ha} “Season-
ally flooded agricultural fand® with 304 sites on
18,079,597 ha, which is also the largest extent of an in-
dividual type of wetland in Slovenia. Only in fifth place
by number of sites is the first type of "natural® welland
{the first four most frequent types are all “man-made
watlands®}: there are 279 recorded wetlands of *Perma-
nent freshwater marshes/pools; ponds {below 8 haj,
rarshes and swamps on inorganic soils; with emergent
vegetation water-logged for at least most of the growing
season” which cover 168.692 ha. '

NEW APPROACH IN WATER MANAGEMENT

The Water framework Directive (WFD), adopted by
the European Community on 23 October 2000, is con-

sidered as a major contribution to the European envi-
ronimental legislation, 1t is especially important for all
types of aquatic and wetland ecosysterns, as this is the
first time that the protection of these ecosystems is dealt
with by one legal instrument at the European level, In
addition, WFI hrings important implications for the im-
plementation of the Natura 2000 network, based on the
implementation of the EU Birds and Habiats Directives,

EU Directives constitute the basic legisiation for EU
member states. Once Slovenia becomes a member of
the furopean Union (20047), these Directives will be-
come obligatory and will be considered as the basis
legislative tood at the national level,

WED provides an obligation, but also an opportunity
for £1J member states to adopt a more global approach
to conservation by developing a programme of meas-
ures at the river basin level. Political or administrative
stages must be overlooked.

Member states must take the following steps to meet
the requirements of WFD:

- to assign the individual river basins to a river basin
district (RBD; going across the national borders if the
river crosses themy, '

Busfosll

?D ';‘:U =4{} 50 ke

Legenda
10 mokaste-poligon {2061/35.612ha)
20 mokride-tolka (1476)

Vodnogospedarski institut

Virr VGE Inventar slovenskih mokrisc 2000
C-806.Vodited nalogs: Andrej Sovine
Narolniic RS MOP UVN, Liubljans 2000,

Wir VG Vzpostavitew Furowaterneta v Slovenij
- 1086 Varfelica naloge: dr. Lidia Gilobevnik
Marodnik: RS MOP. Liubljang 2001

Fig. 1: Wetlands of Slovenia (Water Management Institute, 2001).
- 81 1: Stovenska mokviica (Vodnogospodarski in¥titut, 2001),
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- to identify the competent authority responsible for
the application and implementation of WFD,

-t collect information and categorise different water
bodies within each RED,

~ 1o undertake an analysis of the human impact on
water bodies,

- o prepare @ programme of measures, taking into
account the provisions of ali other EU Directives {110

imegrated approach to the water management issues
is vet to be established in Slovenia. 1t Is important to
emphasise that the new Water Act provides the legal ba-
sis for implementation of the Water Framework Direc-
tive,

Ornie of the most important tasks regarding the Water
Framework Directive and the tool for implementation of
the Natura 2000 network {see belowi is the preparation
of a management plan. This has to be produced for each
river basin district and it must cover the entire area. The
division into sub basin survey areas is also atlowed and
it is a matter for national authorities that share the con-
trof over a river basin. In accordance with Water
Framework Directive, Arlicle 3 (Directive 2000/60/EC)
alt the river basins have to be assigned 1o an individual
river basin district. It is also allowed that smaller river
basins may be combined with larger river basins or
joined with neighbouring small basins to form an indi-
vidual river basin district where appropriate. River ba-
sins exceeding national boundaries have to be assigned
to an international river basin district (Fig. 2}

in Slovenia, the Danube and Adriatic river basin dis-
tricts have been included in the new Water Act and de-
clared part of the international river basin district.

WATER MANAGEMENT AND
NATURE CONSERVATION

The EU's policy on nature conservation is made of
two Directives: Council Divective 79/409/EEC {the Birds
Directive} and Directive 92/43/£EC {the Habitats Direc-
tive),

Together, these Directives form a legislative frame-
work for the protection of Europe’s plants, animals and
habitats. The creation of the ecological network of pro-
tected areas - known as Natura 2000 - is emerging from:

- Special Protection Areas (SPAs) to conserve 182
bird species/sub-species {listed in Annex 1 to the Birds
Directive} and migratory birds, and

- Special Areas of Conservation (5ACs) to conserve
more than 250 habitat types, 200 animal and more than
430 plant species {listed in Annexes to the Habitats Di-
rective).

The purpose of Natura 2000 is to maintain or restore
the hahitats and species at a favourable conservation
status in their natural range.

WHAT ARE THE CONSEQUENCES FOR NATURE, AND
ESPECIALLY WETLAND CONSERVATION, AND THE
NATURA 2800 NETWORK AFTER ADOPTION OF THE
WFD?

- There is now a clear legal link established between
the EL} protected area legislation (Natura 2000} and
protection of river basins. The requirements of the birds
and the habitats directives have to be taken into consid-
eration when planning and implementing actions to im-
prove water guality.

- The diction of "good water status™ in the WFD pro-
vides opportunity for wetland restoration. If a restored
wetland will conttibute towards the enhancement of the
water status, this should be indicated in the programme
of actions at the river basin level.

- WFD established the link between the waters and
their ecological state in terms of blological diversity,
structure and function and special attention is put on the
fulfilment of the needs of the wetlands to maintain their
character.

- The listfinventory of Natura 2000 sites {and other
protected areas) have 1o be prepared and regularly up-
dated as required in the Aricle 6 of the WFD. In other
words, maintaining of the ecological character of Natura
2000 sites has to be stated as a clear aim when devising
actions at the river basin level. {n practice, this means
that the management plans for Natura 2000 sites should
form an integral part of the catchment planning process.

- All Natura 2000 sites have to be mapped out ithis is
also true for all other water bodies!) and these maps
should be incorporated into management plans.

- WFD also provides an opportunity to ensure effec-
tive monitoring of Natura 2000 locations, including
other wetland and water sites. WFD requires that A
pood water status® is fo be achieved in all European
community waters: inland surface waters, transitional
waters, coastal waters and groundwater). in the case of
surface waters, this state should be achieved through
measuring of "ecological status® (according to the qual-
ity of water ecosystems) and of "chemica/ status” by the
fevels of specific pollitants present) for ground waters,
the monitoring system is based both on core parameters
of water chemistry and on the "guantitative status® of
groundwater.

- As part of the monitoring requirements under the
WED, the impacts of pressures have to be assessed as
part of the human impact analyses.

- The requirement of the river basin management
plan is to undertake an economic analysis of water use,
Although this statement might appear tricky in some
cases (Article 4, No 4.a), Member States determine that
all necessary improvements in the status of bodies of
water cannot reasonably be achieved within the times-
cales set out in the paragraph for at least the following
reason: "completing the improvements within the time
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Fig. 2: Transboundary character of rivers in Slovenia (Water Management Institute, 2001},

51 2: Cezmejni znacaj sfovenskik rek ( Vodnogospodarski institut, 2001).

scale would be disproporticnately expensive®. it is how-

~ever hoped that economic arguments for restoring wet-

lands {(water purification, natural retention areas, recrea-

-tion..) will be considered as prevailing when assessing

cost effective solutions to obtain good water status.
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CONCLUSIONS

New approach 10 water and wetland conservation in
Sloventa is based on the implementation of the Euro-
pean Union Directives: the Water Framework Directive,
the Birds Directive and the Habitats Directive. Water
catchment approach is used 10 respond to the questions
of planning and management of water and wetland re-
sources. Efforts are made to adopt national legislation
and preparatory steps to correspond to the above FU
legislation, which will also become obligatory for Sfo-
venia, once it joins the Furopean Union.
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UPRAVLIANJE IN VARSTVO MOKRISC TER VODNIH VIROV V SLOVENHI
V OKVIRU NOVE EVROPSKE ZAKONODAJE

Andrej SOVINC
ingtitut 2a biodiverzitetne Studije, Znanstveno raziskovalne sredii€e republike Slovenije, Koper, S1-6000 Koper, Garibaldijeva 18
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POVZETEK

Smernice Fvropske zveze o skupni politiki do voda (Water Framework Directive] so pomemben prispevek k ev-
ropski okoljski zakonodaji. Posarmezna dolocila smernic vplivajo tudi na uresniCevanje naravavarstvenih smernic
Evropske zveze, tj. “pticjil* in *habitatnik smernic. Te so pravni okvir za razglasitev omreZja zavarovanih obmodij
v drZavah Evropske zveze, ki se imenuje Natura 2000.

V prispevku je opravijena primerjava posledic za varstvo narave, e posebej varstvo mokriSC v okviru omreZja
Natura 2000, po sprefemu smermnic Eviopske zveze o skupni politiki do voda:

Vizpostavijena je jasna povezava med naravovarstveno zakonodajo in predpisi s podrocja poredij.

Smernice Fvropske zveze o skupni politiki do voda (Water Framework Directive) povezuje tudi ekoloSke stanje
voda v pogledu biotske raznovrstnosti {in ne le kakovosti in vodnil kolicing.

Inventar obmodij v omreZju Natura 2000 in vzdrZevanje njihovega ekoloskega znadaja je predpogoj pri nadrto-
vanju ukrepov na ravni poredija.

Smernice Fvropske zveze o skupni politiki do voda zahtevajo utinkovito spremijanje stanfa v omreZju Natura
2000.

Zahteva smernic Fvropske zveze o skupni politiki do voda po “dobrem ekoloskem stanju voda® ponuja moZnosti
za ekoloske chnovo mokri3E (v smislu samodistilne sposobnosti mokri3¢ in moZnosti naravoega zadrZevanja voda),

Pri pripravi naCtta upravijanja poredja smernice Evropske zveze o skupni politiki do voda zaftevajo wdi eko-
nomske analize rabe vode; ta ukrep naf bi pripomoge! tudi k obnovi natavnih procesov v moktiscih, saj je to najbolj
ucinkovita reditev zagotavijanja "dobrega ekoloSkega stanja voda®.

V prispevku je podan tudi kratek opis organiziranosti vodnega gospodarstva in varstva mokrisc v Slovenifi, sku-
paj s kratkim pregledom obsega in tipov mokti$c.

Kljuéne besede: vodno gospodarstvo, varstvo narave, mokriSda, Evropska zveza, smemice Evropske zveze o skupni
politiki do voda, pticje smernice, habitatne smernice, Slovenija
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ABSTRACT
The distribution and biology of the European ascalaphid species Uibelloides macaronius {Scopoli} in Slovenia,

Croatian istria and Quarnero is presented. With the aim to investigate the diet of the owl-fly species, the digestive

fract contents were examined. Remains of aphids, bugs, cockroaches, beetles, neuropterans and dipterans were
found.

Key words: Libelloides macaronius, owl-flies, Newroptera, distribution, Slovenia, istria, Quarmero, phoresy, diet

ASCALAFO LIBELLOIDES MACARONIUS {SCOPOLL, 1763) IN SLOVENIA,
ISTRIA E QUARNERO (NEUROPTERA: ASCALAPHIDAE)

SINTESH
Larticolo presenta un resoconto di distribuzione e biologia deli’Ascalafide europeo Libetloides macaronius (Sco-
poli} in Slovenia, Istria e Quarnero. Gl ascalafi sono predatori polifagi che si nutrono di afidi, cimici, scarafaggi,

scarabef, neurotteri e ditteri. L'articolo include anche note sulla predazione di ascalafi e sulla foresi,

Parole chiave: Libelloides macaronius, ascalafi, Neuroptera, distribuzione, Slovenia, Istria, Quarnero, foresi,
alimentazione
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INTRODUCTION

Owl-flies (Ascalaphidae) are medium-sized to large
neuropterans, widely distributed in tropical and sub-
tropical regions. About 400 species in ca. 70 genera are
known (Aspock et al., 2001). In Europe, 16 species have
been recorded (Aspock et al., 2001). In the northwestern
part of the Balkan Peninsula, 3 species in 2 genera oc-
cur: Deleproctophylla australis (Fabricius, 1787), Libel-
loides lacteus (Brullé, 1832) (syn. Libelloides ottomanus
/Germar, 1839/) and Libelloides macaronius (Scopoli,
1763) (Aspock et al., 1980, 2001; Devetak, 1992, 1995,
1996).

Libelloides macaronius was described in Scopoli’s
Entomologia carniolica in 1763 as Papilio macaronius.
Later, the species was placed in the genus Ascalaphus
Fabricius, 1775, and in 1972, Tjeder placed the species
in the genus Libelloides Schiffer, 1763. Libelloides
macaronius is polycentric Ponto-Mediterranean element
known from Central, Eastern and Southern Europe and
from the Palearctic region of Asia (Aspock et al., 1980;
2001). In the Balkan countries, the species is widely
distributed (Devetak, 1992).

Adult and larval morphology of L. macaronius was
thoroughly investigated. According to the high variabil-

Italy

Croatia

Fig. 1: Distribution of L. macaronius in Slovenia, Istria
and Quarnero based on the owl-flies collected after
1950.
Sl. 1: Razsirjenost metuljénic L. macaronius v Sloveniji,
Istri in v Kvarnerju glede na primerke, zbrane po letu
1950.

ity in wing-coloration patterns, a few subspecies were
described but their taxonomic status is still uncertain
(Aspock et al., 1980, 2001). The larva of L. macaronius
was described by Pieper & Willmann (1980).

Owl-flies are diurnal predators able to fly at high
velocities in pursuit of small insects. They grasp their
prey in flight using strong legs, and mandibles enable
them to feed even on strongly sclerotised insects. From
the intestinal contents one can speculate on the food
supply of the animal investigated.

Since 1965 and 1967, when Gogala & Michieli
(1965) and Gogala (1967) published their papers on ul-
traviolet sensitivity of the ascalaphid superposition eyes,
a series of papers elucidating the mechanisms involved
in UV vision has been published (for review see Stusek
et al., 2000; Draglar & Wolfrum, 2001; Kral, 2002), This
unique sensitivity of the ascalaphid eyes is the reason
why the owl-fly species L. macaronius has become a
well-known experimental animal (Fig. 2).

In the Republic of Slovenia, L. macaronius is treated
as endangered species. The aim of our study is to pres-
ent information on the biology and distribution of the
owl-fly in Slovenia and in the northwestern part of
Croatia.

MATERIAL AND METHODS

Dried or in alcohol preserved adults from insect
collections in the following institutions were examined:
Natural History Museum of Slovenia (Ljubljana), Slove-
nian Academy of Science and Art (Ljubljana), Croatian
Natural History Museum (Zagreb) and D. Devetak’s
collection (Maribor). The owl-flies were collected by the
following persons: J. Ahtik (JA), J. Carnelutti (JC), A. Ce-
hi¢ (AC), D. Devetak (DD), M. Devetak (MD), M. Frank-
ovi¢ (MF), V. Furlan (VF), I. Hafner (IH), M. Hafner
(MH), F. JanZekovi¢ (F)), M. JeZ (M]), M. Kaligari¢ (MK),
K. Kirbi¢ (KK), B. Kmec! (BK), V. Lesjak (VL), I. Le3nik
(IL), B. Mencinger (BM), F. Perovic (FP), P. Pirs (PP), J.
Staudacher (JSta), ). Stussiner (JStu), A. §entjurc (AS), P.
Tonkli (PT) and M. Zavec (MZ).

The wings of the owl-flies from Petrinje and Pomjan
were measured and analysed using descriptive statistics.
The insects were collected in June and July 1996.

To investigate the digestive tract content, 25 adults
from Petrinje, preserved in 70% alcohol, were dissected
and the intestine was isolated. The masticated food re-
mains suspended in alcohol were mounted on glass
slides and examined microscopically. A few prepara-
tions were stained with methylene blue. The best results
were obtained without staining.

In the field, activity of the owl-flies was recorded
with the Sony video camera recorder CCD-TR750E. The
plant communities of the meadows near Petrinje were
documented: for terminology of the species see Mar-
tin¢ic et al. (1999).
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RESULTS

Distribution of L. macaronius in the northwestern part
of the Balkan Peninsula

Literature records: Kacirek (1998): the island of Krk:
Baska, Jurandvor, Malinska, Njivice, Omi3alj; Tdborsky
(1936): the island of Krk; Téborsky (1939): Smarna gora.

Material examined (for the abbreviations used see
Material and methods) (Fig.1):

Italy:
Trieste/Trst: Villa Opicina/Opcine, 26. VI. 1973 (PT).

Slovenia:

Ankaran, 27.-29. VII. 1982 (MZ); Bela krajina: Da-
melj, 4. VIIl. 1980 (DD); Bela krajina: Vinica, 5. VII.
1980 (DD); Cerknica, Menisija, 10. VII. 1966 (JC);

Fig. 2: Owl-fly Libelloides macaronius (Scopoli, 1763)
in copula. (Photo: T. Makovec)

SI. 2: Metulj¢nica Libelloides macaronius (Scopoli,
1763) med parjenjem. (Foto: T. Makovec)
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Dragonja, 17. VI. 1996 (DD, FJ, BM, PP); Goricko:
Cepinci, 28. VI. 1997 (DD); Haloze: Cirkulane, 29. VI.
1997 (DD); Izola, VI. 1982 (MK); Koper, Srmin, VII.
2002 (MD); Krim, Gornji lg, 7. VII. 1974 (PT); Kum, 2.
VIII. 1918 (MH); Kures&ek, Zapotok, 24. VII. 1921 (JStu);
the surroundings of Lasko, 30. VII. 1970 (IL); Lagko,
Govce, 6. VII. 1980 (IL); Lasko, Smohor, 11.-14. VII.
1990 (BK); Lisca, 10. VII. 1972 (JA); Ljubljana, along the
Sava banks, 18. VI. 1932 (IH); Ludranski vrh, Najevnik
(1000 m altitude), 27. VII. 1980 (M)); Medvode, Preska,
25. VI. 1910, 1. VII. 1923, 29. VI. 1929, 22. VI. 1930
(MH); Nanos, 24. VII. 1983 (AS); Petrinje, nad Crnim
Kalom, 12. VII. 1974 (DD), 14. VII. 1975 (DD), 16. VI.
1976 (DD), 26. VIII. 1980 (DD), 11. VII. 1982 (DD), 14.-
18. VI. 1996 (DD, FJ, BM, PP), 20. VII. 1996 (AC, KK,
PP); Pod Stolom, 27. VII. 1919 (MH); Polhograjski Do-
lomiti: Grmada, 25. VII. 1982 (VF); Polhograjski Dolo-
miti: Topol, 19. VI. 1932 (JSta); Pomjan, 17. VI. 1996
(DD, FJ, BM, PP); Sezana, 22. VII. 1981 (DD): SeZana:
Povir, 17. VIII. 1982 (DD); SeZana: §torje, 22. VII. 1981
(DD); Sorsko polje, Godeska Dobrava, 10. VI. 1923
(MH); Begunjscica, 10. VIII. 1919 (MH).

Croatia - Istria:

Kamenjak, 12.-15. VII. 1996 (DD); Limski kanal, 16.
VI. 1989 (DD); the island of Fenera, VII. 1996 (DD);
Pula, 10.-15. VI. 1979, 6.-8. VII. 1983 (BK, Ag); Rovinj,
4. V1. 1985 (DD); Rovinj, Valalta, 10. VI. 1988 (DD);
Vozili¢i, 27. VI. 1974 (FP).

Croatia - Quarnero:

The island of Cres: Punta KriZa, V1. 2002 (DD); the
island of Cres, Uvala Banja, 5. VII. 1987 (MF); the island
of Krk, Voz-Omisalj, 8. VI. 1938 (JSta); the island of
Losinj, VI. 1974 (VF), 7. VII. 1974 (PT); the island of
Lodinj, Cunski, VII. 1974 (VF, PT), VII. 1987 (VF); the
island of Loginj: Nerezine, VI. 1999, VI. 2001, VI. 2002
(DD); the island of Pag, Caska, 23. VI. 1956, 5. VII.
1960; the island of Pag, Kolansko Blato, 11. VI. 1958;
the island of Pag: Novalja, 29. VI. 1955; the island of
Pag, Pag, VII. 1960, 15. V1. 1979 (VL); the island of Pag,
Zaglav, VI. 1956; the island of Rab, Lopar, 21. VI. 1976
(DD); the island of Susak, 19. VI. 1962; the island of
Unije, 4.-7. VII. 1964.

Length and width of the wings from Petrinje and Pom-
jan (Slovenia)

Means and standard deviations of length and width
of the wings for both sexes and the results of F-test
(ANOVA) comparisons of means between sexes are
given in Table 1. Means of the males were found to be
significantly smaller than in the females.
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Tab. 1: Length and width of the wings of L. macaronius from Petrinje and Pomjan (in millimetres).

Tab. 1: DolZina in Sirina kril metuljcnic L. macaronius, ujetih v Petrinjah in Pomjanu (v mm).

ANNALES - Ser. hist. nat. - 12 - 2002 - 2

Petrinje Pomjan F-test
males n=53 | females n=40 males females Fra1z P
n=24 n=13
forewings length 20.5 £ 0.5 23.5:%71%0 21.5+1.0 23.0+1.0 204.23 <0.0001
width 6.5+0.5 7.5+ 0.5 7.0+0.5 7.5+ 0.5 161.88 <0.0001
hindwings length 175+ 0.5 19.5+1.0 18.0+1.0 19.5 1.0 146.30 <0.0001
width 6.5+0.5 2.5 Q5 7.0x£0.5 7.5:£0.5 159.81 <(.0001

Tab. 2: Insect fragments extracted from the digestive tract of L. macaronius.
Tab. 2: Delci ZuZelk iz prebavnega trakta metulj¢nic L. macaronius.

Insect order / suborder, family

structure / body part

Blattaria Legs

Homoptera: Aphidoidea

complete aphids, legs

Hemiptera: Heteroplera

compound eyes, legs

Neuroptera: Chrysopidae

Antennae

Diptera Legs

Coleoptera

antennae, mouthparts, chitinous plates

The digestive tract content

Well-chewed and partially digested insect fragments
were found in the digestive tract (Figs. 5-9). In most
cases it was impossible to determine the origin of the
rest. Fragments of various body parts of different insect
orders were found (Tab. 2). From two adults, fragments
of plant tissues were isolated (Fig.10).

Remarks on the habitats

L. macaronius occurs in meadows, pastures and
scrubs. In the Mediterranean part of Slovenia and Croa-
tia, the owl-fly is often found in steppe with Stipa as a
dominant grass genus.

In the surroundings of Petrinje (Karst edge/Kraski

Fig. 3: Meadows near Petrinje, June 1996.
SI. 3: Travniki v bliZini Petrinj, junij 1996.

rob), the adults were recorded in two habitats, in a scrub
community and in grassland (Fig. 3). In the scrub, the
dominant species were Juniperus communis and Stipa
pulcherrima, and in grassland the characteristic and
dominant species was Bromus erectus. Plant species oc-
curring in the grassland at Petrinje in June 1996 are
listed in Table 3. In the Petrinje habitats, insects of fif-
teen orders were recorded and most of them are a po-
tential prey to L. macaronius. In The Petrinje meadows
and scrubs, the following neuropteran species were also
collected from low vegetation: Semidalis aleyrodiformis
(Stephens), Hemerobius gilvus Stein, H. handschini
Tjeder, Chrysoperla lucasina (Lacroix), Chrysopa walkeri
Mclachlan, Ch. phyllochroma Wesmael, Ch. pallens
(Rambur), Dichochrysa abdominalis (Brauer) and D.
zelleri (Schneider).

Fig. 4: A nymph of a mite from the family Erytraeidae. Scale bar = 200 pm.

Sl. 4: Li¢inka prsice iz druZine Erytraeidae. Merilo = 200 pm.

Fig. 5: A cockroach'’s tarsus with the pectinate claw (order Blattaria). Scale bar = 200 pm.
Sl. 5: S¢urkov tarzus z glavnikastim krempljem (red Blattaria). Merilo = 200 pm.

Fig. 6: Remainder of an aphid (order Hemiptera, Homoptera). Scale bar = 200 pm.

Sl. 6: Ostanek listne usi (red Hemiptera, Homoptera). Merilo = 200 pm.

Fig. 7: A fragment of the antenna (? order Coleoptera). Scale bar = 200 pm.

Dusan DEVETAK et. al.: OWL-FLY LIBELLOIDES MACARONIUS (SCOPOL), 1763) IN SLOVENIA AND IN THE NORTHWESTERN PART OF CROATIA

SI. 7: Deléek tipalke (? red Coleoptera). Merilo = 200 pm.

Fig. 8: Dipteran tarsal segments; the claws, empodium and pulvilli are recognized (order Diptera). Scale bar = 200
pm. '

Sl. 8: Segmenti tarza dvokrilca, z dobro vidnimi kremplji, empodijem in pulvilli (red Diptera). Merilo = 200 pm.
Fig. 9: Corneal lenses of a bug’s compound eye (order Heteroptera). Scale bar = 200 pm.

Sl. 9: Kornealne lece stenic¢inega mreZastega ocesa (red Heteroptera). Merilo = 200 pm.

Fig. 10: Fragments of plant tissues. Scale bar = 100 pm.

Sl. 10: Delci rastlinskih tkiv. Merilo = 100 pm.
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Tab. 3: A fist of plant species in a meadow near Petrinje
{June 1996).

Tah. 3; Seznam rastlinskih vrst, zabeleZenih na travniku
pri Petrinjah (junij 1996},

Achiflea millefolium L.

Anacarnplis pyramidalis (L) LC. Rich.
Anthvllis vulneraria L.

Brachypaodium pinnatum (L) P. Beauv.
Bromus erectus Huds,

Buphthalmum salicitolium £,
Centaurea rupestris L.

Cotinus coggygria Scop.

Cynanchum vincetoxicum {L.) Pers.
Dorvenivm germanicum (Gremii) Rouy
Envirgium amethystinum L.

Euphorbia cyparissias L.

Fraximus ormus L.

Calium verum L.

Helleborus multifidus Vis,

Jumiperus communis L.,

Knautia illyrica Beck

Ligustram vulgare L.

Linum fenuifolium L.

Melica ciliata L.

Pinus nigra Arnold

Plantago argentea Chaix,

Polveala nicacensis Risso

Potentifla tommasiniana F, Schultz.
FPrunus mahaleb L.

Rhamnus saxatilis laca.

Rosa s,

Salvia pratensis ..

Sanguisorba minor SCop.

Stipa pulcherrima C. Koch

Teucrivm montanum L.

Teucrium chamaedrys 1.

Thvmus fongicaulis C. Presl,
Tragopogen tommasinii C.H. Schuitz,
Trinia glauca {1} Dum.

Notes on phoresy and spider predation

Phoresy was observed while collecting ascalaphids
at Petrinje in june 1996. in one female L. macaronius, a
nymph of a mite from the family Erytraeidae (Fig. 4} was
recorded, clung to the owl-fly’s hindleg.

Despite of the fact that the owl-flies are predators,
they can easily become prey especially when resting on
plants, In the field, they were observed while becorming
a prey to hirds and spiders. At Petrinje, an owl-fly male
became a victim in june 1996 of an unidentified jump-
ing spider (Salticidae),

DISCUSSION

Owi-fly Libelloides macaronius is widely distributed
in Istria and Quarnero, and occurs also in certain
warmer places in Slovenia. This ascalaphid prefers open
habitats - meadows, pastures and scrub communities
with fow bushes. Grassland is inhabited by a number of
insects from 15 orders that serve as potential prey of L.
macaronius.

Adults are polyphagous daytime active predators,
highly adapted for capturing prey in flight. Ascalaphids
are able ta prey upon sclerotised insects because of their
strong jaws. This ability is contrary to some green lace-
wings {Chrysopidae), which are specialised to feed on
soft-hodied insects such as aphids (Stelzl, 1991; Stelzl &
Devetak, 1999), but resembles the feeding habits of
adult antlions- (Myrmeleontidae) {Stelzl & Gepp, 1990;
Devetak, 1996, 1997). in the digestive tract of L. maca-
ronius, fragments of aphids, bugs, cockroaches, beetlas,
green lacewings and dipterans were recorded. These
findings resemble the prey-spectrum in closely related
species Libelfoides coccajus (Denis & Schiffermilier,
1763), where dipterans, coleopterans and hymenopter-
ans are predominant prey (Stelzl, 1991}, in both owlly
species, fragments of plant tissues were also found. This
plant material probably originated from the intestinal
content of the herbivorous insects captured by the as-
calaphids.

ACKNOWLEDGEMENTS

This study was supported by the Slovene Ministry of
the Environment and Spatial Planning and by the Minis-
try of Education, Science apd Sports. We are very
grateful to Prof. Dr. Kazimir Tarman (Ljubljana} for
identifying a mite and to Prof, Dr. Mitja Kaligari¢ (Uni-
versity of Mariber} for identifying the é)laﬂt species from
Petrinje. We are grateful to Dr. Sonja Skornik {University
of Maribor} for information on the occurrence of the
species at Cirkulane. Thanks to all the collectors for do-
nating the owl-fiies,

224

ANNALES - Ser, hist. nat. « 12 - 2002 . 2
Dusan DEVEAK et. 4l OWL-FLY LIBELLOIDES MACARONIUS (SCOPOLI, 17631 IN SLOVENIA AND i THE NORTLWESTERT FART 5F CROATIA

o 219226

METUL}CNECA LIBELLOIDES MACARONIUS (SCOPOLL, 1763) V SLOVENI
IN SEVEROZAHODNEM DELU HRVASKE (NEUROPTERA: ASCALAPHIDAE)

fhian DEVETAK
Oddelek za biclogiio, Univerza v Maribory, $1-2000 Maribor, Korogka 160
t-maik DusanDevetak@uni-mb.si

Petra PIRS
542204 MiklavZ na Dravskern polju, Tabornizka ufica 3, Skoke

_ Franc JANZEKOVIC
Oddelek za biologijo, Univerza v Mariboru, $-2000 Maribor, Korogka 160

POVZETEK

Za navadno metuljenico, Libelloides macaronius (Scopofi, 1763), navajamo podatke o biologiji in razsirjenosti v
Sloveniji in severozahodnem delu Hrvaske. Vista je v mediteranskem obmotju sploéno razsitjena, v celinskem dely
Slovenije pa Zivi ponekod v toplejsih travnatih in grmisénih habitatih. Metuljénica poseljuje travnike in grmiséa; v
mediteranskem obmodju je za fravnitke habitate znadilna trava iz rodu Stipa, Na osnovi vsebine prebavila s;no
sklepali o prehranskem spekiru viste. V preiskanih metulcnical smo nasli ostanke listnil ui, stenic, $¢urkov,
hroscev, mreZekrilcev in dvokrilcey. ZabeleZili smo primer forezife, ko se je priica iz druzine Erytraeidae tra*nsjmm‘i

rala na samici. Metuljcnice so plen ptic in pajkov.

Kljuéne besede: {ibelloides macaronius, metuljtnice, Neuroptera, razirfenost, Slavenija, Istra, Kvamer, forezija,
prehrana
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ABSTRACT

Some habitat determinants and related presence of amphibians in 7 karst ponds in Stovenian Istria and 10 ponds
on the Karst Plateau were surveyed from March to August 1999. The presence of different species of amphibians was
established by sampling according to standard methads for amphibians. 9 amphibian species were recorded in the
surveyed ponds. A canonical correspondence analysis was carried out to determine amphibian habitat preference. 6
species and 14 habitat determinants were included in the analysis. The type of terrestrial habitat near the ponds and
the vegetational cover of the water surface inn july seemed to be the most important habitat determinants. The pres-

ence of fish in ponds was important, too. The European Tree Frog and the Edible Frog turned out to be the most se-
lective species in terms of habitat preference,

Key words: amphibians, Amphibia, karst pond, habitat determinants, canonical correspondence analysis

SCELTA DELLO STAGNO NEGL! ANFIBI {AMPHIBIA) DEL CARSO
E DELLA COSTA SLOVENA

SINTESI

Da marzo ad agosto del 1999, l'autrice ha raccolto dati inerenti fa presenza di anfibi nonché i valori di determi-
nati fattori ambientali in sette stagni situati sulla costa slovena e dieci stagni carsici. L.a presenza di diverse specie dj
anfibi ¢ stata determinata con fa metodologia standard per if campionamento di anfibi. Negli stagni ricercati sono
state registrate nove specie di anfibi. Per determinare Je preferenze di habitat degli anfibi & stata usata V'Analisi Ca-
nonica delle Corrispondenze. Nell‘analisi sono state incluse sei specie e quattordici fattori ambientali. Le carat-
teristiche ambientali pilt importanti sona risultate if tipo di habitat terrestre in prossimita degli stagni e la copertura
vegetale sulla superficie dellacqua in luglio. Molto importante é risultata anche la presenza di pesci negli stagni.

Nella scelta dello stagno le pils selettive si sono dimostrate fa raganefla (Hyla arborea) e Je specie appartenenti al
gruppo delle rane verdi.

Parole chiave: anfibi, Amphibia, stagno carsico, fattori ambientali, Analisi Canonica delle Corrispondenze
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INTRODUCTION

Artificial water bodies, called karst ponds, were built
in the past in Slovenian Istria and on the Karst Plateau to
retain rainwater. They were used as water supply for the
cattle, for watering and washing and sometimes even for
obtaining the ice {Dolce et al, 1991; Lesnik er al,
2000). Today the fast natural succession of overgrowing
and drying out of the ponds is accelerated by human
destructive activity {Alberti, 1985}. Various authors (Polli
& Alberti, 1969; Alberti, 1985; Dolce e¢f af, 199%;
Crogel], 1993; Kalc, 1993; Vardjan, 1994; Bresst &
Stach, 1999; Poboljiaj & Kotarac, 1999, Lednik et al.,
2000} have written a number of articles about the sig-
nificance of karst ponds today and in the past, as well as
about the problem of their gradual disappearance.

in the environmenis where water bodies are scarce
or even nonexistent, karst ponds are important habitats
for aguatic plants and animals. One of the most endan-
gered {Vidic, 1992; Gregori, 1996) animal groups that
share this aquatic habitat are the amphibians. A lot of
biotic and abiotic factors influence the amphibian
choice of karst ponds as breeding sites and summer
habitats. Several authors (Beebee, 1985; Pavignano,
1988; Pavignano ef al, 1990; Hidos & Ancona, 1994)
studied these factors, attempting to establish how they
affect habitat preference. Beside basic requirements as
the living space, waler quality, food availability and
piotection from predators, some other more specific
conditions are needed for the existence of amphibian
species {(Mdham & Swan, 1997}

Factors that determine the suitability of a certain
water habitat are complex and diverse (Beebee, 1985;
Pavignano ef al., 1990). Some of the habitat determi-
nants as the presence of aquatic and marshy vegetation,
the type of terrestrial habitat near the pond, the age of
the pond and the rate of human impact can considera-
bly affect the success of amphibian breeding (Pavignano
et al., 1990},

Even species known as ecological generalists (e.g.
Edible Frog (Rana kI esculenta Linnaeus, 1758) and
Common Toad (Bufo bufo linnaeus, 1758), appear to be
selective in terms of breeding site choice (lidos & An-
cona, 1994). Nevertheless, according to some surveys,
the Edible Frog and the Common Toad are less de-
manding in terms of breeding habitat selection in com-
parison with the Agile Frog (Rana dalmatina Bonaparte,
1640), European Tree Frog (Hyla arborea Linnaeus,
1758}, Smooth MNewt (Triturus vulgaris meridionalis
Boulenger, 1882} and Ialian Crested Newt (T. carnifex

Laurenti, 1768}, which have more specific requirements.

{Pavignano et al., 1990}

Beebee (1985) established the importance of geo-
logical structure of the ground and type of terrestrial
habitat in the pond surroundings, while the type of

vegetation cover and overgrowing of the pond were set
out as the most important habitat features by Hdos &
Ancona (1994), Chemical and physical characteristics of
the water {e.g. pH, conductivity) seem not to be as hn-
portant for amphibians as other environmental charac-
ters {Beebee, 1985). Nevertheless, if these characteristics
appeared to be important, this was then due to the
aquatic vegetation conditions {fldos & Ancona, 1994).

On the ltalian side of the Karst Plateau, ponds are
being carefully studied and are subject of a certain de-
gree of protection andfor management {Bressi & Stoch,
1999), in the absence of similar studies in Slovenia, the
objective of the present study was to illuminate the im-
portance of these unigue water bodies as breeding
habitats for the survival of amphibians.

MATERIAL AND METHODS

in the period between March and August 1999, 7
ponds along the Slovenian coast and 10 ponds on the
Karst Plateau were surveyed in order to find habitat de-
terminants important for amphibians. The investigated
ponds were chosen on the basis of various criteria vi-
cinity of an urban area, vicinity of other ponds, shape
and structure of the ponds (e.g. bottom type, depth,
bank inclination and presence of rocky walls}, quantity
of aguatic vegetation and presence of fish, Geographic
positions of the investigated ponds as well as of other
karst ponds in the surveyed area are'shown in Figure 1.
The investigated ponds are labelled "I for Istria, K" for
Karst and numbered. The list of surveyed ponds is
shown in Table 1.

Ponds were visited once a week from March 11, in
the period of the initiation of spring migrations to
breeding sites, to August 18, when most amphibians
were already metamorphosed and when many ponds
had dried up. Data collected during the fieldwork and
used for successive analysis were as follows: pond area
(m%, depth (m) and botiom type, water transparency,
presence of fish, minimal and maximal bank inclination
), extent of aquatic vegetation cover in April and july
(%}, average distance from ruts, roads and houses {m),
percentage of grassland, wood, arable land and urban
area in the pond's surrounding (100 m). Most of these
parameters are numerical, while water transparency,
bottom type and presence of fish are attributive pa-
rameters that were evaluated as follows: 1 was used for
silt bottom, 2 for mixed silt and rocky bottom, 3 for
rocky bottom and 4 for concrete, In case fish were pres-
ent in the pond, No. 1 was used, while fishless ponds
were evaluated with 0. Water transparency was only es-
tirated and Nos, from 1 to 3 were used, 1 indicating
water transparency of a few centimetres, 2 medium
transparency, and 3 completely transparent water.
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Fig.1: Map of the surveyed area with presently recorded karst ponds from database by courtesy of the Centre for
Cartography of Fauna and Flora (CKFF). The surveyed ponds are indicated with larger circles and numbers.

S 1: Karia obmodja raziskave z do sedaj evidentiranimi kali iz podatkovne zbirke Centra za kartografijo favne in
flore (CKFF). Raziskani kali so oznadeni z veljimi krogi in Stevilkami.
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Tab. 1: Lisi of 17 surveyed pends in Slovenian Istria and on the Karst Plateau.
Tab, 1: Seznam 17 obravnavanih kalov v Slovenski Istri in na Krasu.

Ponds on the Karst Plateau
K1 {Pond "Na potoku” near Petrinje
K2 iPond *Globotaj" near Brestovica pri Povirju
Ponds in Slovenian Istria K3 |Pond "Kalu¥ca® near Brestovica pri Povirjy

11 Pond "Pri kalu® near Krkavie K4 [Pond at Tomaj
12 | Pond at Rojci K5 |TPond near Tomaj
13 |Pond "Pri Lokvi® near Mali Centur Ké | Pond at Divei near Komen
i4 | Pond near Hrib K7 {Pond in old nursery at Komen
I5 | Big pond near Poletidi K8 |Oldpondat Kobjeg!a\{a
16 | Smail pond near Poletidi K9 __|Renewed pond at Kobieglava
17 {Pond at Gracitka Vala K10 | Pond *Safarjev kal” at Storie

Tab. 2: Input data for the canonical correspondence analysis (CCA): presence, estimated a{mndance and .b'reedng;
success of amphibian species in ponds in Slovenian Istria and on the Karst Plateau. 0: species not present in pon ;(
1: presence of some adult individuals or in some cases of other developmental stages, 2: presence of individuals o
different developmental stages, mostly of adults and spawn or eggs, 3: presence of a middle number of Bdi:!ffs, eggs
or spawn and larvae, 4: presence of a high number of adulls, eggs or spawn (':lﬂd Ia:rvae, 5: presence of a high num-
ber of adults, eggs or spawn and larvae and/or confirmed metamorphosis in }uvemles.' o ] .
Tab. 2: Vhodni podatki za kanoni¢no koresponden¢no analizo: zastopanost, ocenjena Stevilénost in uspesnost
razmnoZevanja vist dvoZivk v kalih v Slovenski Istri in na Krasu. 0: vrsta ni zastopana, 1: zastopanost po-
sameznega odraslega osebka, v nekaterih primerih pa drugega razvojnega staifqa,- 2: posamezna zastopanost vel
razvojnih stadijev, najveckrat odraslih in mrestov, 3 zastopano.st s:re:dn;ega Stevila cdrashf‘:,' mmstov- oz. ;a;cr;:}
licink, 4: zastopanost velikega $tevila odrasiih, mrestov oz. jajc in licink, 5: zastopanost velikega Stevila odraslih,
mrestov oz. jajc in licink in/ali potrjena preobrazba v miadestne osebke.
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The presence and abundance of different species of
amphibians were established by sampling according to
standard methods for amphibians (Heyer et al,, 1994}
for the sampling of newts and adult frogs we used the
“Survey at breeding sites" method, while for the sam-
pling of tadpoles the *Quantitative sampling of amphib-

ian larvae® was applied. We used water net with the
straight side of 27 cm,

The amphibian species included in the analysis were
those commonly found in ponds: Smooth Newt, halian
Crested Newt, Commen Tead, furopean Tree Frog, Ag-
ile Frog and species from the Green Frog group (Rana
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esculents complex). The species were ranked into 6
classes according to the presence, estimated abundance
and reproduction success in specific ponds. Occur-
rence, abundance and breeding success of each ana-
lysed species in 17 ponds are shown in Table 2. A ca-
nonical corespondence analysis (CCA) {CANOCO
3.12, ter Braak, 1991) was carled out for the 6 am-
phibian species and 14 habitat determinants mentioned
above,

We performed the Monte Carlo permutation test to
establish the statistical significance of the effect of each
environmental variable, The test was run with 99 per-
mutations.

RESULTS

The canonical correspondence analysis (CCA) was
carried out on & amphibian species and 14 habitat de-
terminants frorm 17 ponds. The CCA method elucidates
the refationship between biological assemblages of spe-
cies and their environment and is used mainly in
aquatic ecology studies {ter Braak & Verdonschot,
1995). Several of studied ponds characteristics can be
seen from ordination diagram {Fig. 2. Ter Braak & Ver-
donschot {1995} report the interpretation mode of ordi-
nation diagram,

The Monte Carlo permutation test showed that the
first ordination axis explains the relationship between
species and environmental determinants at the 1% sig-
nificance level with the F value being 2.57, while for all
4 ordination axes significance was on limit at 5% level
{F=2.31, p=0.06, ns.). However, we can assume that
the ordination diagram, which shows only the first two
axes, explains the relationship and differences between
amphibian species, localities and environmental vari-
ables in a satisfactory manner. This assumption is con-
firmed by the fact that the ordination diagram displays a
high percentage of weighted variance in the abundance
of species ("inertia"=75%) and a high percentage of
variance in the weighted averages and class fotals of
species with respect to the environmental variahbles
{84%). The first two axes of the ordination diagram dis-

play 81.2% of variance of relationship between species
and environmental variables (Tab. 3). e
Species indicated in the ordination diagram by tri

gles are arranged according to their abundance and’ -

breeding success. Species being closer in the diagram
have higher similarity in the distribution than species
being more distant from each other. Thus, the Common
Toad and the Agile Frog have similar distribution and
rate of breeding success in ponds. In this regard, similar
distribution can be seen also for the two species of
newts as well as for the ltalian Crested Newt and the
European Tree Frog. The Green Frog group is the most
distant from other species in the diagram, as it was
found only in 3 ponds. The distance between the Com-
mon Toad and the European Tree Frog is also farge, re-
flecting the fact that they occurred in the same pond
only in two cases.

Ponds are indicated by circles in the ordination dia-
gram and are arranged according o the values they
have in relation to the first two axes. Ponds being closer
together are thus more similar in terms of amphibian
species composition and their breeding success, Karst
ponds (from K4 to K9) turned out to be very similar be-
tween each other, while most of the ponds in Slovenian
istria {except 11 and 15} are arranged on the opposite
side of the ordination diagram and are not so close to-
gether. Pond 14 is missing on the diagram, as none of
the amphibian species was present in it

The relative length of the line representing the de-
terminate environmental variable indicates the impor-
tance of this variable. Diagram shows that the most im-
portant environmental variables for the distribution of
species are those determining the terrestrial habitat in
pond vicinity (e.g. average distance from roads and
houses, presence of arable land and urban area) as weli
as the extent of the aquatic vegetation in july. Other im-
portant variables are water transparency, presence of
fish and maximal bank slope. Variables that according
to the line length appear to be less important are the
extent of aguatic vegetation in April, minimal bank
stope and presence of wood in the pond's immediate
surrounding. Some other authors (Beebee, 1985; Pavi-

Tab. 3: Some values displayed by the axes of the ordination diagram. The latter displays only the first two axes.
Tab. 3: Nekatere vrednosti, ki jil izkazujejo osi razvrstitvenega diagrama CCA. Razvrstitveni diagram prikazuje le

prvi dve osi.

Axes of ordination | Eigenvalises Correlation between | Cumulative percent-| Cumulative percentage of
diagram species occurrence | age of variance of variance of species-
and environmental species data environment relation
variables
1" axis 0.363 0.993 56.2 59.9
2™ axis 0.128 0.998 76.1 81.2
3" axis 0.054 0.913 84.5 . 90.1
4" axis 0.040 0.904 90.7 96.8
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gnano ef al., 1995; lidos & Ancona, 1994} found the
same importance of terrestrial habitat near breeding sites
and of the extent of aguatic vegetation for the habitat
selection amang amphibians. Beside this, RBeebee {1985)
also reports of the importance of geological structure of
the ground, the factor we did not include in the analysis.

The arrangement of environmental lines indicates
correlation  between environmental variables them-
selves, Correlation is shown by the projection of the free
end of the line on the other variable line. If the projec-
tion polnts in the same direction as the line, the correla-
tion is positive, if it points in the opposite direction, the
correlation is negative. The ordination diagram thus
shows some logical interdependencies. With growing
distance from the urban area, there is more grassland
and wood in the ponds’ vicinity, and ponds are tmore
overgrown with vegetation, On the other hand, when in
the vicinity of the populated area, ponds have more ar-
able land in the immediate surrounding and fish are
more common in the pond water. In the urban area,
ponds are being cleaned up regularly, thus the water in
these ponds tends to be deeper than in other ponds.
Water transparency has positive correlation with the
spread of vegetation in July, This is expected as the
aquatic vegetation depletes nutrients from water, which
consequently is clearer. The bottom type and the vicin-
ity of the urban area also show positive correlation, in
the evaluation of the bottomn type, the score was namely
growing from silt to concrete bottom. So, with de-
scending distance from the urban area, more ponds
have rocky or even concrete bottom.

The effect of a certain environmental parameter on
the occurrence of a species is illustrated by the projec-
ton of species point on the environmental line. The
farther the projection lies on the line to positive or
negative direction, the higher is the positive or the
negative correlation between parameters and species.
Environmental determinants thus do not have a substan-
tial impact on the species that are scattered around the
origin (0.0} of diagram {representing the mean value of
the environmental variable). In our case, such species
are the Agile Frog, Smooth Newt and Halian Crested
Newt, However, alt relationships between the species,
localities and environmental determinants are not ex-
pressed in a proper manner, since the diagram shows
only the first two ordination axes.

DISCUSSION

The Smooth Newt and the ftalian Crested New! show
low but positive correlation with parameters that indi-
cate ponds outside the populated area. Both newts are
therefore often found in ponds surrounded by grassland
and woods, which are considerably overgrown in july,
and appear to prefer shallow water. Similar preferences
are reported by Pavignano ef al. {1990). Nevertheless,

differences between the habitat preferences of the two
newt species do exist, as the ltallan Crested Newt is
known as a more demanding species, and in water
bodies it is not as common as the Smooth. Newt
{Pavignano, 1988), However, we found the WO newis
generally together in ponds and the same was shown by
an investigation in northwestern taly {Pavignano, 1988).

The ltalian Crested Newt's preference for deeper
ponds with open water and less aquatic vegetation
{Pavignano, 1988; Hidos & Ancona, 1994) can be also
seent from the ordination diagram. The ordination dia-
gram shows that the vicinity of populated area has a
negative impact on the presence of newts in the ponds,
as the highest abundance of aduit newts and their larvae
was found in the ponds far from villages. Results of other
studies {Hldos & Ancona, 1994} indicate, on the other
hand, that the Smooth Newt is abundant in water bodies
inside urban areas. Both species appear to be sensitive
to the presence of fish, Although adult riewts were also
observed in ponds inhabited by fish, they successfully
breed only in fishless ponds. Some other authors {fldos
& Ancona, 1994; Andrecne, 1998) report the same,
Pond i1, where we did not observe any amphibians in
1999, supported a large population of the halian Crested
Newt (Pobolj3aj, 1993) before the introduction of fish, A
factor that lldos & Ancona (1994) also repott to have
negative impact on the newt habitat choice is steep
banks. This is not clearly visible from the present study
results, which indicate that both species have positive
correlation with maximum bank slope. In the same time
it appears that newts prefer ponds with gently sloping
banks. This apparent nonsense can be explained with
the fact that the same pond often has partly steep and
partly gently sloping banks. 1t is thus more probable that
newts prefer gently sloping banks that allow them an
easy access 1o the water.

The European Tree Frog is known as a more selec-
tive species in terms of breeding site selection than its
sympatric species {Beebee, 1996). Pavignano et al
(1990) suggest that the typical European Tree Frog's
breeding site is a small pond with rich and heterogene-
ous vegetation. The ordination diagram shows that it has
similar requirernents as the two newts. Among all spe-
cies, the European Tree Frog exhibits the highest nega-
tive correlation with the presence of fish in the ponds.
As local people reported to us, the European Tree Frog's
population had bred in the pond K9 in Kobjeglava every
year before the introduction of gold fish. A similar case
is known from pond {1 near Krkav&e: Poboljiaj {1993}
reports about the presence of the European Tree Frog in
this pond. Bressi & Stoch {1999} also describe this spe-
cies as sensitive to fish presence. Among the studied
ponds, those surrounded by grassland with well
developed aquatic vegetation were usually preferred by
the European Tree Frog, Similar results were obtained
during the study by lldos & Ancona (1994). Surprisingy,
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the ordination diagram points out that woodland in the
pond’s vicinity has a negative impact on the presence of
the Eurcpean tree frog. Namely, trees and shrubs are
very important terresirial habitat features for this species,
and Sturpel (1999) reports that the European Tree Frog
is more sensitive to the suitability of terrestrial habitat,
that is to the guality of water body. However, only 100
m zone around the ponds was included in the analysis,
while woods and shrub could be present outside this
zone but st} within reach of the Luropean Tree Frog. |t
is also possible that on the arid Karst Plateau, the Euro-
pean Tree Frog spends most of the time in the pond’s
immediate surroundings on aquatic and marsh vegeta-
tion and does not migrate to the terrestrial habitat. With
regard to the pond area, the ordination diagram displays
that the European Tree Frog prefers small ponds with
shallow water, This seems 1o be a common preference
of the species since Beebee {1996} and Pavignano et al.
{1990) obtained the same results,

The present study shows that the species from the
Green Frog group are very selective as regards habitat
preference. We observed their presence only in 3 Karst
ponds. On the other hand, other authors (Pavignano et
al., 1990; Hdos & Ancona, 1994} describe Green Frogs
as non-selective and very adaptable animals. The only
apparent preferences of the Green Frogs are breeding
sites with rich aquatic vegetation on geologically older
ground (lidos & Ancona, 1994), The ordination diagram
indicates that Green Frogs are the only group of am-
phibians in this study, which show high positive corre-
lation with water body surface. This probably reflects
the fact that Green Frog tadpoles reached metamorpho-
sis only in the pond of Globodaj (K2), which is the larg-
est among al! surveyed ponds, The results indicating that
Green Frogs select ponds with rich aguatic vegetation
and wood in their surroundings reserble those reported
by lidos & Ancona {1994). Beside this, we found posi-
tive correlation between Green Frogs’ presence and
shaliow pond water, gently sloping banks and distance
from the urban area. Green Frogs exhibit positive corre-
lation with presence of fish as well, showing that fish do
not affect their reproduction cycle, as is the case with
the newts and the European Tree Frog. Bressi & Stoch
{1999) even discovered that in fishponds Green Frogs as
well as Common Toads become dominant among am-
phibians, Nevertheless, it is probable that fish have a
negative impact on the development of Green Frog tad-
poles. As Green Frog tadpotes could be observed in K1
pond only for a short period of time, it is likely that they
ended as fish prey before they reached metamorphosis,
A lot of diverse microhabitats with shallow water, where
tadpoles can find shelter from predators, allowed Green
Frogs' tadpoles to develop and reach metamorphosis in
the pond of Globotaj (K2} despite high fish abundance.
lidos & Ancona {(1994) even discovered that Green
Frogs did not breed at all in water bodies with fish.

The Common Toad is known to be a very adaptable
species, too (Giacoma, 1998; Bressi & Stoch, 1999
This has been corfirmed by our results as well, for we
found this species in a fairly high number of ponds {11).
The species was recorded mostly in ponds in or near the
urban areas (see the ordination diagram, Fig. 2). The
most important breeding habitat feature wrmed out to be
relatively deep water, while the most important terres-
trial habitat is arable land. Similar results about the
Common Toad's habitat preference are displayed by
Beebee (1985), Giacoma {1998} and others. Deep-water
bodies are not suitable for snakes and waterfowl! that are
the main predators of the Common Toad {lidos & An-
cona, 1994). As indicated by the ordination diagram,
Common Toad appears 1o be the only species that
showed negative correlation with the extent of aguatic
vegetation. However, a detailed examination of the oc-
currence of Coramon Toad in ponds revealed that this
species bred successfully in ponds with rich vegetation
as well as in ponds without it. This again confirms a
high adaptabitity of the Common Toad. Like Green
Frogs, Common Toad shows positive correlation with
the presence of fish in ponds. Simifar results are reported
by Beebee (1985). Commen Toad tadpoles are thought
to be a frequent fish prey only at the very beginning of
their development (Giacoma, 1998), while the produc-
tion of toxins that begins after few weeks make them in-
edible and therefore not sensitive to fish presence (Bee-
bee, 1986; Giacoma, 1998). Nevertheless, fish probably
do affect the development of Commen Toad tadpoles as
they reached metamorphosis only in two fishponds
while in others we did not observe any metamorphosed
juveniles. In any case, the ability of the Comimen Toad
1o adapt to different environments allows this species to
be less sensitive to habitat changes and to disappearing
of water bodies in comparison with other amphibian
species {Glacoma, 1998}

if we consider the high number of ponds, in which
the Agile Frog was present during our survey {14 ponds
of 17 examined), this species should be defined as the
most adaptable and less selective in terms of habitat
preference. Boano (1998}, too, describes this frog as one
of those adaptable amphibian species, which frequertly
choose small and often artificial ponds as their breeding
sites, as well as ponds that dry ot In the summer pe-
riod. Bresst & Stoch {1999) report that this brown frog
species is very common on the Hallan side of the Karst
Plateau. The central position of the point indicating the
Agile Frog on the diagram shows that it has a low cor-
relation with all habitat determinants. it is clear, how-
ever, that this frog is more common in ponds with less
aquatic vegetation and in those near or in the urban ar-
eas. The Agile Frog is relatively insensitive to the pres-
ence of fish. In contrast with owr expectation, the Agile
Frog tadpoles reached metamorphosis in almost all
ponds with fish. Such results would be more appropriate
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for the Common Toad whose tadpoles produce toxins
that deter predator fish (Giacoma, 1998). The expected
positive correlation with the occurrence of wood in the
ponds’ surroundings reported by Pavignano ef al. {1990}
was not found in the present study. Despite its adapt-
ability, the Agile Frog is a threatened species in some
parts of Europe (Bresst & Stoch, 1999

Chemical and physical parameters (e.g. oxygen con-
centration, pH, and water conductivity) were not in-
cluded in this analysis due to the fieldwork and material
restrictions, Other authors (Beebee, 1985; Pavignano et
al., 1990} report that these special parameters do not
affect the amphibian habitat choice in the extent envi-
ronmental parameters do. Nevertheless, chemical and
physical parameters should be included in the future
analysis in order to be able to compare ponds in this re-
gard as well. For a better comparability with results of

various other studies, the future research should contain
a hgher number of water bodies, and terrestrial habitat
features from a larger range around ponds should be
cgnsidered. Moreover, the correlation between the spe-
cies ocaurrence and environmental variables should be
tested with multivariate discriminant analysis. To test
whether both multivariate analyses (CCA and discrimi-
nant analysis} are comparable, the two analyses should
be carried out with the same data sets.
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E-mail: france@nib.si

POVZETEK

V‘ obdobju od marca do avgusta 1999 smo preucevali okoljske dejavnike in z nfimi povezano pojavijanje
dvoZivk v 7 kalih v Slovenski Istri in 10 kalih na Krasu. Kale smo obiskovali enkrat tedensko. 7 vzorderjem po stan-
dargfm‘h metodah za dvoZivke smo ugotavijali razli¢ne viste dvoZivk. Pogoste vrste, ki so se v obravnavanils i(affh
tuddi rauzmnofevaie, so bile: robati pupek (Triturus vulgaris meridionalis), veliki pupek (Triturus carnifex), navadna
krastala {Bufo bufo), zelena rega (Hyla arborea), rosnica (Rana dalmatina) in vrste iz skupine zelenih ?‘ai; {R. escu-
lenta complex). Izbiro kala smo analizirali s kanoni¢no korespondencno analizo. V analizo smo vk}juéﬂi 6 vrst
dvoZivk in 14 okoljskih dejavnikov. Korelacije med vrstami, okoljskimi dejavniki in kali prikazuje razvrstitveni dia-
gram. Najpomembnefsi pri izbiri kala so bili dejavniki, ki opredeljujejo terestricni habitat v okolici kala, ter zaraice-
nost vodr"ae povisine v juliju. Eden izmed pomembnih defavnikov so bile tudi ribe, ki imajo v kalih féréz:‘ro nega-
tiven vpilv na pojavijanje dvoZivk. Pri izbiri kala so bile najbolj selektivne zelena rega in vrste iz skupine zelenih
Zab. Kot najmanyj selektivne, zelo prilagodijive vrste pa diagram prikazuje obe vrsti pupkav i rosnico,

Kljutne besede: dvofivke, Amphibia, kal, okoljski dejavniki, kanoni¢na koresponden¢na analiza

235



ANNALES - Ser, hist, pat. - 12-2002- 2

janja FRAMNCE: POMO PREFERENCE BY AMPHIBLANS (AMPHIBIA} On THE KARST PLATEAL AME N SLOVERNTAN ISTRIA, 227-236

REFERENCES

Alberti, G. {1985): Notizie su alcunt stagni poco noti
della provincia di Trieste (ltalla nordorientale). At del
museo civico di storia naturale di Trieste, 37(2), 189-
205,

Andrecone, F, {1998); Tritone crestato italiano. Int Ane
dreone, F. & R. Sindaco (eds.): Erpetologia del Piemonte
e della Valle d'Aocsta. Atlante deglt Anfibi e dei Rettili,
Monografie XXVI, Museo Regionale di Scienze Naturali,
Torino, p. 164-165.

Beebee, T. J. €. (1985} Discriminant analysis of Am-
phibian habitat determinants in south-east England.
Araphibia — Reptilia, 6, 35-43.

Beebee, T. J. €. {1996} fcology and Conservation of
Amphibians. Chapman & Hall, London, 214 pp.

Boano, G. {1998): Rana dalmatina. in: Andreone, F. &
R. Sindaco teds.): Erpetologia del Piemonte e della Valle
d’Acsta. Atlante degli Anfibi e dei Retiili. Monografie
XXVI, Museo Regionale di Scienze Naturali, Torino, p.
180-181.

Bressi, N. & F. Stoch {1999); Karst ponds and pools:
history, biodiversity and conservation. in: Boothby, |
{ed.): Ponds & pond landscapes of Europe. Proceedings
of the International Conference of the Pond Lite Project.
30 August-2 September 1998, Maastricht, p. 32-50.
Dolee, S., F. Stoch & M, Palma (1991} Stagni carsicl,
Storia — flora — favna. Trieste, Lint, 65 pp.

Giacoma, K. (1998): Rospo comune. in: Andrecne, F. &
R. Sindaco leds.}: Erpetologia del Pieronte e della Valle
d’Aosta. Atlante degli Anfibi e del Rettill. Monografie
XXVI, Museo Regionale di Scienze Naturali, Toring, p.
174175,

Gregori, 1. (1996): OgroZenost in varstvo dvoZivk (Am-
phibia). Vi Gregori, J., A. Martin€i¢, K. Tarman, Q. Ur-
banc-Ber¢ig, D. Tome & M. Zupandic {ur.): Narava Slo-
venije, stanje in perspektive. Drustvo ekologov Slove-
nije, Liubljana, str. 362-367.

Groselj, A. {1993): Mokritca kot sestavni del zelenega
sisterna na Obali. Diplomska naloga. Univerza v Ljubl-
iani, Biotehnitka fakulteta, Oddelek za agronornijo, 132
str.

Heyer, W. R, M. A. Donnefly, R. W. McDiarmid, L.-A.
C. Hayek & M. S, Foster (Eds.) (1994): Measuring and
Monitoring Biological Diversity. Standard methods for
amphibians. Smithsonfan Institution Press, Washington
and London, 364 pp.

Hdos, A. 5. & N. Ancona (1994): Analysis of amphibian
habitat preferences in a farmland area {Po plain, north-
ern italy). Amphibia - Reptilia, 15, 307-316.

Kale, D. (1993): Kjer so regljale Zabe. V: KovadiC, K.
fur.k Ondile ¢ez Stari wrh. Bani: Zgodovina kratkega
naselja skozi stare katasirske mape, listine in pricevanja.
Stoversko kuliurno drudtvo Grad, Bane, Trst, p. 93-99.
Le¥nik, A., B. Hutinec Janev, V. Petrovi¢ & K. Poboljsaj
{2000): Karst ponds as a net of water biotopes (Final re-
port). Report for the Regional Environmental Centre for
Central and Fastern Europe, Center za kartografijo favne
in flore, MiklavZ na Dravskem polju, 58 str.

Ofdham, R S. & M. }. 5. Swan (1997): Pond loss and
arnphibians: historical perspectives. in: Boothby, 1. {ed.):
British pond landscapes — Action for protection and en-
hancement. Proceedings of the UK conference of the
Pond Life Project. 7-9 September 1997, Chester, p. 3-16.
Pavignano, 1. (1988): A multivariate analysis of habitat
determinants for Triturus vulgaris and Triturus carmnifex
in north western ftaly, Alytes, 7(3), 105-112.

Pavignane, k., C. Giacoma & S. Castellano (1990} A
rultivariate analysis of amphibian habitat determinanis
in north western lraly. Amphibia - Reptitia, 11, 311-324.
Pobolj$aj, K. (1993} DvozZivke {Amphibia) Slovenskega
Primorfa. Diplomska naloga. Univerza v Ljubljani, Bio-
tehnitka fakulteta, Oddelek za biologijo, 52 str.
PoboliZaj, K. & M. Kotarac (1999): Pond management
and thelr mportance for preserving biediversity in the
future Karst regional park in Slovenia. In: Boothby, J.
{ed.): Ponds & pond landscapes of Europe. Proceedings
of the International Conference of the Pond Life Project.
30 August - 2 September 1998, Maastricht, p. 191,
Polli, 5. & G. Alberti (1969): Gli stagni della provincia
di Trieste. Atti del museo civico di storia naturale di Tri-
este, 26{4), 81-127.

Stumpel, A. H. P. (1999): Pond diversity and pond man-
agement for amphibians in the Netherlands. In:
Boothby, | {ed.): Ponds & pond landscapes of Europe.
Proceedings of the International Conference of the Fond
Life Project. 30 August - 2 Septermnber 1998, Maastricht,
P 219-222.

Ter Braak, C. 1. E. & P. F. M. Verdonschot {1995): Ca-
norical correspondence analysis and related multivari-
ate methods in aquatic ecology. Aquatic Sciences,
57{3}), 255-28%.

Vardjan, F. {(1994): Kal - staredavni zbiralnik vode.
Kras, 3, 36-38.

Vidic, L. (1992): Pregled rde¢ih seznamov ogrozenih Zi-
valskih vist v Sloveniii. Varstvo narave, 17, 7-18.

236

OLJKARSTVO
OLIVOCULTURA

OLIVE GROWING



ANNALES - Ser. hist. nat. - 12 . 2007 . 2

review UDC 634.63:631.52{497.4-14)
received: 2002-11-15

GENETSKE RAZISKAVE OLJKE

Dunja BANDEL] MAVSAR
Indtitut za sredozemsko kmetijstvo in ofjkarstvo ZRS Koper, $1-6000 Koper, Garibaldijeva 18
E-mail: Dunja.Bandelj@zrs-kp si

Jenef JAKSE & Branka JAVORNIK
Center za rastiinsko biotehnologijo in ZHahtjenje, Oddelek za agronomijo, Biotehniska fakulteta, Univerza v Ljubjani,
5{-1000 Ljubljana, Jamnikarjeva 101

IZVILECEK

Oljka (Olea europaea L.} Ze tisocletja uspeva v Sredozemskem bazenu, kier je ena pomembnefSih gojenih sadnif
vist. K vse vecfernu povprafevanju in porabi olj¢nega olja prispeva spoznanje, da je ofjério offe vir zdravih mascob
v primerjavi z drugimi rastlinskimi mas¢obami, posledicno pa naraica potreba po vzgofi in Zlahtnjenju novil,
sodobnih sort. V tem pogledu je viednotenie obstojecih genskih virov ofjke zelo pomembno, saj so le ti vir lastrosti,
ki jilv lahko izkoristimo v programih izbolfSanja genetskega materiala oljke. V primerfavi z drugimi hortikulturmimi
rastfinarmi, kjer je bif narejen velik napredek v vzgoji novih sort z uporabo molekulsko genetskega znanja, so
raziskave te vrste pri oljki razmeroma skromne. V zadnjem dasu je zaslediti pomembne premike na tem podrodiu.
Namen prispevka je prikazati trenutno stanje genetskih preucevanj oljke po svetu, vkljucno z domacimi raz-
iskavami.

Kijutne besede: oljka, Olea europaea, molekulski markerji, genetska raznolikost

STUDE GENETICI SUGLE OLIVI
SINTES!

Da millenni I'olivo {Olea europaea L.} prospera nel bhacino Mediterraneo, dove viene considerato uno degli
alberi da frutta coltivati piti importanti. 1 sempre maggiori richiesta e consumo delf‘olio d'oliva sono dovuti alla
conoscenza del fatto che tale olio contiene grassi benefici, a differenza di altri grassi vegetall, 0§ conseguenza
cresce anche il bisogno di coltivare e nobilitare nuove sorte contemporanee. In guesto contesto risufta mofto
importante la valorizzazione delle fonti genetiche esistenti, in quanto uniche fonti di caratteristiche che POSSONO
venir adoperate nef programmi di miglioramento del materiale genetico dell'olivo. In confronto ad altre piante
orticulturali, per le quali & stato raggiunto un notevole progresso nella coltivazione di nuovi cultivar con Faiuto della
conoscenza genetica e molecolare, fali ricerche sono relativamente madeste per quanto riguarda Folivo. Negli
ultimi terpi si sono perd registrati importanti passi avanti in questo campo e scopo dell‘articolo & quello di ilustrare
fa presente situazione nel campo della ricerca genetica dell'olivo nel mondo e nef campo di ricerca sloveno,

Parole chiave: olive, Olea europaea, marcatori molecolari, diversita genetica
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UVOD

Glede na spoznanje, da je oskrba tradicionalnih
nasadov ekonomsko neutemeljena, se pridelovalci Ze
od sredine prejinjega stoletja ukvarjajo z vpradanjem,
kako povedati rodnost oljtnih nasadov in zniZati stroske
pridelovania oljk. Vpeljava novih gojitventh oblik v ofjc-
nike je med prvimi ukrepi, ki so bistveno pove€ali hek-
tarske pridelke oljk. Manjie sadilne razdalje so vplivale
na povedanje gosiote dreves na hektar in posleditno
widi vigino pridefka. izboljfana prehrana dreves z mak-
ro- in mikrohranili je pripomogla k rednejsi in boljii rod-
nosti. Z namakanjem oljk so se pridelki povetali za 40
do 70%. lzbira ustreznih sort, prilagojenih intenzivii
pridelavi, pa ostaja med pomembnejSimi dejavniki, ki
vplivajo ne same na vidino pridelka, temved tudi na
siegovo kakovost.

Poraba oljénega olja iz leta v leto narada, potrodniki
so glede kakovosti vse bolj zahtevni, zato je vedina raz-
iskav usierjena ravno v preuevanje lasinosti oliinega
olfa. Dosedanje raziskave so pokazale, da so sortne
znadiine kemidne in organoleptiéne lasthosti tste, ki s
tehniko predelave plodov vplivajo na kongno kakovost
olitnega olja. V procesih izboljSanja rastlinskega mate-
riala oljke so najvedja ovira pomanjkijivi in nezadovo-
ljivi podatki vrednotenja sort ali natangneje agronomskih
lastnosti sort in sorine znacilnosti oljénega olja. To je
tudi najpomembnefsi razlog, zakaj je sistematiCna
preutitev obstoje¢ih genskih virov oljke potrebna. Velika
genetska raznolikost olfke se kaZe v mnolici naj-
razli¢nejsih sort, klonov in diviih populacij, med kate-
rimi lahko odberemo genotipe z najprimernej$o kombi-
nacijo genov za intenzivno gojenje. Z namenom pre-
utevanja genetske raznolikosti olfke ter odkrivanja naj-
primerneféih genotipov, ki bodo poleg dobre prilago-
jenosti tehnologijam intenzivnega oljkarstva zagotovili
%e kakovosten pridelek, so v razlicnih drZavah ustanovili
kolekcijske nasade, v katerih so zbrane sorte z dolole-
nega obmotja. Primerjalna Studija med standardnimi in
prinetenimi sortami v kolekciji je najhitrejfa in najpri-
mermneja pot pri iskanju alternativ za nezadovoljivo
sortno strukturo nekega pridelovalnega obmodja. V ko-
fekcijskih nasadih poteka sistemati¢no vrednotenje agro-
nomsko zanimivih lastnosti in lastnosti olitnega olfa
posameznih sorl. Na osnovi vedletnih opazovan] se oce-
njuje genetski potencial dreves in izvrednoti vpliv okolja
na dolotene lastnosti, kar je nujno pred zadetkom ures-
ni¢evanja programov izbolianja rastlinskega materiala.
Agronomske lastnosti, ki se vrednotijo v kolekcijah, so
dolzina miadostnega obdobja, rodnost, bujnost dreves,
as cvetenja, odpornost na bolezni in Skodljivee ter tole-
rantnost na stresne dejavnike, kot so suls, nizke tem-
perature, slana tla, itd. Vsebnost olja v pledovih {olje-
vitost sorte} je skupaj z rodnostio pomembnefi para-
meter ocene neke sorte. TeZa plodu je prece] odvisna od
okolja, medtem ko je vsebnost olja, izraZena v suhi

B

snovi, zelo odvisna od posameznega genotipa 0. sorte,
Kakovost olja posameznih sort v kolekcijah dolocajo z
analitskimi in senzori€nimi analizami, ki v splofnem
vkljutujejo sestavo in razmerje masCobnih kislin ter
parametre stabifnosti olja. Pri tem se ocenjuje tako
komerciaina kot hranilna vrednost oija. O raziikah v
sestavi masdobnih kislin med sortami porocajo Stevilni
aviorjl. Minorne sestavine dajejo olju posebno vrednost,
med njimi so najpomembnejdi antioksidanti (hiofenoli in
tokoferali), Razlike v sestavi teh komponent v oljih so
posiedica razlienih ekstrakcijskih postopkov in vpliva
sorte, Pri preufevanju minomih sestavin bi bilo treba
dolotitl, v kolikdni meri na njihov nastanek vplivata
genotip in okolje,

Kijub termu da je oljka genetsko hogata, oljkarji Se
himajo na voljo sort, ki bi popolnoma ustrezale vsem
zahtevam intenzivnega oljkarstva. Vzrok so skromnejsi
programi izboliganja genetskega materiala oljke v pre-
teklosti. Selekeija sort in klonska selekcija sta bill glavni
dejavnosti, ki sta pripeljali do izboljfanja lastnosti ob-
stojecih sort. Do sedaj je bilo v nadnovanih programih
izholiganja vzgojenih le nekaj sort. V lzraelu so z ma-
sovno selekcijo vzgojili sorti ‘barnea’ in 'kadesh’, v ltahiji
so nave izholjsane sorte v fazi preizkuanja, v Spaniji pa
v programih izbolf$anja ni bila vzgojena e nobena nova
sorta {Railo, 1999). Cilj klonske selekcije je med vedjim
Stevilom osebkov neke sorte izbrati genetsko in zdrav-
stveno nafboljie. Klonska selekcija oljk se opravija v
razlicnih drfavah, o komercialni vrednosti konov po-
rotajo le v nekaj primerih. Tako so v Htaliji zad€idli dva
kiona (FS-17 in DA-12} {Fontanazza, 1996). V Spaniji so
odbrall 52 klonov sotte ‘manzanilla di Sevilla’ in 15
klonov sorte ‘arbequina’, ki so v fazi primerjalnih analiz
s standardi. Tudi v Tur&iji porofaje o prvih rezultatih
idonske selekcije avtohtonily sort, katerih kioni imajo
boljfe lastnosti v primetjavi s standardi {Fiorino & Rallo,
1999). Z genetskega staliéCa se slabost kionske selekcije
kaZe predvsem v zranjievanju genetske raznolikosti, saj
je gojenje omejeno le na dolotene genctipe.

Med pomembne strategije izboljfanja genetskega
matertala ofjke tvritamo tudi kriZanja, katerih cil je iz-
boljsati kakovost plodov {povedanje oljevitosti, izboljSa-
nje karakteristik plodov) in prilagojenost rasthin na in-
tenzivne pridelovalne okolid¢ine ter stresne razmere. V
ltaliji so leta 1971 kriZahi 17 razlitnih sort oljk, ki se
uporabljajo za viaganje in olje. Rezultati dolgoletnih
opazovanj agronomskih lastnosti potorncev so pokazali,
da lahko pri oljki s kriZanji vzgojimo nove, wZno
zanimive sorte, Na Kitajskem so sisternatitna kriZanja
sort oljk priceli feta 1980 z namenom vzgoje novih sor,
ki bodo bolje prifagojene na kilmatske in talne razmere
(Fontanazza, 1996). Z nacrtovanimi kriZanji lahko iz-
boljgamo splofne lastnosti sort, vnesemo pa tudi ne-
selene gene, ki fih moramo s Stevilnimi pevratnimi
kriZanil odstraniti. Majhen in podasnejdt napredek pri
vzgoji novih sort oljk s kriZanji v primerjavi z drugimi
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rastlinskimi vrstami je zagotovo posledica izredno dol-
gega miadostnega obdobja oljke. Rezultati dosedanjih
krizanj oljk sicer odpirajo nove poti in mofnosti k
ustvarjanju rZno zapimivih sort, vendar pa so infor
macije o dedovanju pomembnih lastnosti e vedno
omejene, saj so preuCene le na nivoju fenotipa.
specificnih raziskav glede povezave med genotipom in
fenotipskimi lastnostmi ni na voljo, posledica tega pa so
pormanikliivi selekcijski kriteriji.

Pregled, ali ti Inventarizacija obstojedih genskih
virov oljke torej sodi med prioritetne dejavnosti inten-
zivnega olikarstva, nam omogofa vpogled v genski
bazen udomadene oljke in njene divie sorodnike, ki so
Jahko nosilci zanimivih in nadvse koristnih agronomskih
lastnosti, kot so odpornost za bolezni, Skodljivee in
stres. Vse te fastnosti labko uporabimo v programih iz-
boljganja genetskega meteriala offke pri ustvarianju
novih sort,

Razvo] molekulskih metod je omogocil alternativne
pristope v Stevilnih genetskih raziskavah. Vsestranska
uporabnost molekulskih markerjev omogoda hitrejte
reSevanje problemov, ki se pojavijajo pri Zlahtnjenju
rastlin, identifikaciji sort in klonov, ugotavijanju sorod-
stveniht odnosov med osebki, vrednotenju genetskega
matertala in iskanju polimorfizma itd. Pri vzgofi novih
sort s krizanji lahko s pomodjo molekulskih markerjev
identificiramo potomce z Zelenimi lastnostmi, saj je
selekcijo sejancev mogote opraviti e v miadostnem
obdobju rastline, kar bistveno skrajia ¢as Zlahtnjenja.
Markerji so namre¢ v nekaterih primerih tesno vezani na
gene, ki kontrolirajo agronomsko zanimive lastnost,
zato jih fahko uporabljamo za sledenje lastnosti po
krizanju. Pormembno mesto med genetskimi raziskavami
z molekulskimi markerji imajo preuevanja genetske
raznolikosti oljke in Studije sortne strukiure obmodl,
kjer se uveljavlja za3cita geografskega porekla ofiénega
olja. Sorodstveni odnosi med sortami omogotajo rediti
tudi nekatere domneve, kot je npr. avichtonost sort,
Poznavanje geneiske variabiinosti oljke na nekem ob-
mocju nam lahko zagotovi koristne informacije o selek-
ciji, nastanku sort in geografskem izvoru. V zadnjem
Casu je bilo veliko raziskav namenjenih tudi rekon-
strukciji zgodovine udomaditve, izvoru in Sirjenju oljke.

Metode molekulske biologije so prispevale nekatere
novosti tudt v diagostiki, pri ugotavijanju okuZenosti
rastlinskega materiala z virusi. Spremijanje zdravstve-
nega stanja sadik je pomembno pri vzgoji certificiranega
materiala. Poleg klasicnih imunoloskih testov ELISA za
ugetavijanje virusov v rastlinah so na voljo tudi postopki,
ki temelfijo na uporabi polimerazne veriZne reakcije
{PCR). Metode PCR omogofajo hitro in zanesijivo
iderttifikacijo virusa, Molekulske metode za odkrivanie

virusov oljke se Ze uporabljajo v Spaniji in na Portugal-
skem (Raflo, 1999). Med pomembnejie raziskave sodijo
tudi poskusi vzgoje olik s thivnimi kulturami. Mikro-
propagacija {razmnoZevanje) in vitro je bistveno skraj-
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Sala Cas razmnoZevanja, ki je neodvisen od letriega Casa,
potfeg tega pa omogoda vzgojo vedjega Stevila rastlin na
majhnem prostoru, Preliminame rezultate vzgoje in raz-
mnoZevanja olike in vitro so predstavili v Italiji (Stan-
dardi ef al, 1998; Leva et al., 2000), Vzgoja odpornih
sort na bolezni in thodljivee ter stresne razmere sodi
med najpomembnejie cilje sodobnega kimetijstva. Raz-
voj genskega inZenirstva je omogocil vnadanje genov v
genom rastline z natanénim zapisom za doloceno last-
nost. 5 postopkom neposrednega vhiatanja Zelenih genoy
premostimo teZave, kakidna je npr. nekompatibilnost pri
krianju dveh genetsko oddaljenih vrst, izognemo se
vnosu neZelenih fastnost, itd. O prvem poskusu genet-
ske transformacife oljke poro€ajo v taliji {(Mencuccini et
al, 1998). Rezultati so spodbudni in perspektivni. Oljko
narred pridelovalci Zelijo gojiti v SirSem arealy, zato je
treba vzgojiti sorte, ki bodo dobro prenagale suo, tezka
tha in nizke temperature, Raziskave bodo v prihodnosti
usimerjene v iskanje in identifikacijo genov za odpornost
na biotski in ablotski stres. Zanimivi so tued geni, ki so
povezani s kakovostjo pridetka.

MOLEKULSKI MARKER]E V GENETSKIH STUDHAH

Rastline imajo tri avionomne genome. V jedru celice
je jedrna DNA, celi¢na organela (plastidal, kloroplast in
riitohondrif, ki sta v celiéni citoplazmi, pa vsebujeta
xloroplastno DNA {cpDNA) oz, mitohondrijske DNA
{mIDNAYL Za plastidni DNA Je znadiino nemendlovsko
ali citoplazmatsko dedovanje, kar pomeni, da se od
jedrne DNA neodvisno dedujeta, vefinoma po materi,
Vartabitnost v molekulskih markerjih in sekvencah ne-
katerth genov kloroplastnega genoma se uporablja za
karakterizaclo rastlinskih populacij ali divjih sorodni-
kov (Javornik, 1996). Raznolikost mitohondrijskega ge-
noma pri rastiinah je zanimiva za ugotavijanje pretoka
genov in strukture populacije. Rastline z enako mtDNA
imajo skupnega Zenskega prednika, saj se pri dedovaniju
materina mtDNA prenese na vse potomce, zato lahko
sledimo maternainem rodovniku. Ker se ne rekombinita,
se mutacije v njej akumulirajo hitreje, tako da je
rmtDNA bolj polimorfna v primerjavi z jedmo DNA.

Prvi markerji, ki so se uporabljali za vrednotenje
raznolikosti pri rastlinah, so bili fenotipski (morfologki),
Uporaba le-teh je bila povezana s #tevilnimi metodo-
lofkimi tezavami, kot so zamudno delo, omejeno devilo
razpoloZijivih markerjev, odvisnost markerjev od razvoj-
ne stopnje rastline in okolja ter subjektivni pristop pri
vrednotenju, Razvoj in uporaba izoencimskih markerjev
sta genetsko analizo vodila na molekulski nivo, vendar
je bila zaradi majhne Stevilénostt njlhova uporaba
omejena. Razvoj molekulskih markerjev je omogotil
revolucionaren pristop preucevanja genomov. Marker je
lahko katerokoli zaporedje DNA, ki ga lahko brez vecjih
teZav odkrijemo in spremijamo njegovo dedovanje. Da-
nes tmamo kar nekaj molekulskih markerjev, ki se



ANNALES - Ser. hist. nat. - 12 - 2002 - 2

DCranja BAMDELE MAVEAR of 2L GENETSKE RAZISKAVE GILIRE, 239-248

raztikujejo v svojih lastnostih, informativnosti, ceni raz-
voja markerskega sisterna in zahtevnosti tehnike. Glede
na namen preucevania organizma lahko izbiramo med
hibridizacijskimi {(RFLP marker}i} in PCR {RAPD, AFLF
markerji, mikrosateliti} tehnikami.

Prvi razvith markerski sistem, ki je omogoCit odkriva-
nje polimorfizma na nivoju DNA, so markerji RFLP {po-
limorfizem dolZin restrikcijskih fragmentov), Tehnologifa
RFLP temel}i na razrezu genomske DNA 7 restrikcijskimi
encimi, razrezani DNA fragmenti se nato elekiroforetsko
locijo in prenesejo na membrano, sledi odkrivanje spe-
cifienih fragmentov DNA s hibridizacijo z radioakiivho
oznateno sondo. Razlike med preufevanimi organizmi
opazujemo kot spremenjene vzorce DNA restrikcijskih
fragmentov. Pri Studijah genetske raznolikosti organiz-
mov se prednost tega markerskega sistema kaZe v tem,
da so rezultati dobro ponovljivi med razlicnimi labora-
toriji, med slabosti pa lahko uvrstimo tehni¢no zahtev-
nost metode. Markerje RFLP so raziskovalci v oljkarstvu
uporabili predvsem v Studijeh genetske raznolikost
kloroplastne in mitohondrijske DINA z namenom rekon-
strukeije Sirjenja oljk v Sredozemlju, ugotavijanju izvora
in sorodnostt diviih in kultiviranih oljk.

V zadnijilv nekaj letih so bili markerji RAPD naj-
pogosteje uporabljeni molekulski markerjt za preude-
vanje genoma oljke. Naklju¢no namnoZeno polimortno
DMNA (RAPD} so raziskovalci uporablli v obse?nih
Studijah genetske sorodnosti ol glede na geografski
izvor in uporabo plodov {Fabbri er af,, 1995; Claros et
al., 2000; Belaj et al., 2001, 2002; Besnard ef al., 2001;
Sanz-Cortés et al., 2001} in identifikaciji sort {Vergari et
al., 1998; Wiesman et al., 1998; Barrance ef al., 2000;
Bandelj et al., 2001} Markerji RAPD omogolajo odkri-
vanje in analizo polimorfizmov v celotnem genomu.
Metoda temelji na namnoZevanju neznanih predelov
DNA. Raziike med analiziranimi osebld preucujemo s
primerjave DNA odtisa {profilal posameznega organiz-
ma. Velika prednost tehnike RAPD je v nizki razvojni
ceni ter v njeni preprostosti, najvedii omejevalni dejav-
nik pa slaba ponovijivost rezultatov, kar preprefuje
mediaboratorijsko primerjavo.

Markerji AFLP {dolzinski polimorfizemn namnoZenih
fragmentov} ravno tako kot RAPD omogotajo odkri-
vanje polimorfizmov iz nakljuénih regij genoma. Ker
pokrivajo vetji del genoma, se pogosto uporabliajo v
razhitnih genetskih raziskavah, kot so genotipiziranje
DNA, identifikacija, kartiranje in preudevanje genetske
sorodnostt {Vos et al, 1995; Maughan et al, 1996;
Sharma et al., 1996; Cervera et al., 1998, Jakie ef al,
2001). Informaciie o uporabnostt markerjev AFLP v
genetskih raziskavah olike so omejene, saj je bila ob-
javijena le Studija Angiollilo er al. {1999), v kateri so
preucevali genetsko raznolikost znotraj in med popu-
lacijamd rodu Olea. _

Prvi mikrosatelitnt marker]i oljke so bili znani v fetu
2000 (Rallo ef af.,, 2000; Sefc et al., 2000). Informaciie o

karakterizaciji izoliranth mikrosatelitov oljke so za zdaj
fe prece] omejene. Mikrosatelit 2druZujejo lastnosti raz-
fignih markerjev, tako da jib v Hiteraturi veckral ome-
niajo kot idealen markerski sistem za genetske Studije.
Odlikujejo jih monost odkrivanja visoke stopnje poli-
morfizma in s tem velika informativnost (Morgante &
Oliviert, 1993; Powell ef al,, 1996),

PREGLED GENETSKIH RAZISKAV OLIKE
Studije izvora in domestikacije oljke

Arhealotke izkopanine dobro ohranjenih karbonizi-
ranih olj¢nih koiCic pricajo o izjemni starosti oljke,
Gcenjujejo, da se je oljka skupaj z Ziti, stroCnicami in
datijem pojavila v Palestini okrog 4000 let pred naSim
Stetiem, V srednji in pozni bronasti dobi sta bila olj-
karstvo in proizvednja olji¢nega olja dobro razvita na
Sirsem obmodju Sredozemija, od Palestine in Sirije do
Grélje, Kasneje, v obdobju kolonizacije, so oljko z BliZ-
njega vzhoda zanesh Se v druga sredozernska obmodia,
Olka pripada kompleksu O. europaea (Green &
Wickens, 1989}, ki je glede na morfoloske karakieristike
olik sestavijer iz 6 podvrst. Vsaka podvrsta je znadilna
za doloteno geografsko cbhmocje. O. europaea subsp.
europaea je poznana kot sredozemska oljka, €. e
subsp, maroccana (Greut. & Burd) je endemitna na
obmodju juZnega Marcoka, O, e, subsp. faperrinei (Batt.
& Trab.t} uspeva v Saharskem goroviy, O. e. subsp.
cerasiformis (Webb & Berth.) je endemicna na Madeira
otoku, O. e. subsp. guanchica je poznana na Kanarskih
ctokih, O. e. subsp. cuspidata (Wall.) pa je razlirjena v
juZni Afriki in na Kitajskem. Podvrsta cuspidata je se-
stavijena iz ve¢ morfolodko raziinih tipov, ki so
omejent 7 geografsiim obmodjern: Olea africana Mill
{od juZne do vzhodne Afrike), O. chrysophiyfia Lam. (od
vzhodne Afrike do Arabije) in O, cuspidata Wall. {od
irana do Kitajske} (Besnard et al,, 2002}

Domestikacija v danaSnjo kultivirano sredozemsko
oljko {Olea ewropaea L. subsp. europaea var, europacd)
je potekala s selekcijo na vecji plod in visjo vsebnost
olja, spremenila je wdi reproduktivno biclogijo drevesa,
Kultivirane oljke se razmnoZujejo nespolno {vegetativ-
no} s kloni, take da imajo fiksirane Zelene lastnosti.
Divie olike (oleastri} {Olea europaea L. subsp. eurcpaea
var. sylvestris (Mill} Lehr} uvricamo v dve skupini; divie
oblike, ki uspevajo v primarnih niah brez kultiviranja in
sredozemskih gozdovihy, ter podiviane tipe, ki so nastali
s sportanim krizanjem med ocleastri in sortami v
opuitenih nasadih (Zohary & Spiegel-Roy, 1975}, Divjih
{pravi oleastri) in podivianih oblik (feral) na osnovi mor-
folotkih znakov ni moC locitl, ker so si fenotipsko
izredno podobne, medtern ko so uspeino opravili iden-
tifikacijo oz. lo¢itev z molekulskimi markerji. Kulti-
virane, divie in podiviane oljke se lahko med seboj
neovirano kriZajo. KriZanja omogotajo vidjuditev genov
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iz diviih olik v kultivirane, kar se navsezadnje ka¥e v
veliki genetski raznolikosti danainjih oljk. Kompleksno
genetsko ozadie oljke je velik izziv za razliéne razisko-
valne skupine, ki poskuajo pojasniti njihov nastanek,
geografski izvor, genetsko sorodnost ter preuditi in re-
konstruirati zgodovino udomaditve oljke.

lzvor in domestikacijo kultivirane olike sta preude-
vala Besnard in Bervillé (2000). 7 raziskavo sta Zelela
ugotoviti, ali imajo kultivirane oljke in oleastri skupen
izvor v sredozemskem bazenu, zato sta v analize vklju-
Cila oljke, razdirjene v Aziji, Afriki in Evropi. Analizirala
sta 121 sort, 300 oleastrov, 27 populacij iz sredozem-
skega bazena in 74 dreves razli¢nih podwvrst iz Maroka
{Q. marcccanal, Alfirile {O. laperrines), Kanarskih oto-
kov (O. e. spp. cerasiformis), Kenije, Junoafriske re-
publike, Zimbabveja (O. africanal, Jemna (O. chryso-
phyllal, frana, Indije in Kitajske (O. cuspidatal. 7 mo-
tekulskimi markerji sta preutevala raznolikost jedme,
mitohondrijske in kloroplastne DNA. MNa osnovi rezul-
tatov citoplazmatskega DNA polimaorfizma sta naredila
rekonstrukcijo Siritve sort ter podala distribucijo tipov
citoplazme v lokalnth oleastrih, Oljke Q. africana, O.
chrysophylla i O. cuspidata imajo razli¢no kloro-
plastno DNA. Q. maroccana in O. e, spp. cerasiformis
imata tip kloroplasta, ki ga najdemo v vedini sort in
oleastrov. Vel polimorfizma so odkrili v mitohondrijski
DNA v primerjavi s kioroplastno DNA. V kompleksu O,
europaea sta odkrila 12 razlicnih tipov mitchondrijske
DNA (v nadaljevanju mitotip), vendar od teh le 4 take,
ki obstajajo v sredozemskih oljkah, Oleastri in sorte
vsebujejo mitotip MET, kar nakazuje, da so danainje
sorte nastale z domestikacijo oleastrov na BliZznjem
vzhodu. Na zahodu se pojavlja mitotip MCK, ki pripada
rodu Olea Iz terciame dobe. Mitotip MOM so odkrili v
oljkah iz Sahare in vzhodne Afrike, ME2 pa samo v
dolotenih sortah. Raznolikost jedre DNA oleastiov,
odkrite z markerji RAPD, je pokazala lo¢itev med
vzhodnimi in zahodnimi oljkami, pri sortah pa ni bilo
jasne meje, po vsej verjetnosti zaradi prenadanja rast-
linskega materiala iz kraja v kraj in regionalne selekcije
sort. V zakljuckih sta aviorja zapisala, da obstaja vee
obmotij izvora in da je izvor oljke bistveno kom-
pleksnejsi, kot so pricakovali.

Studije genetske variabilnosti divjih in kultiviranib oljk

Med prve raziskave genetske variahilnosti oljke sodi
delo Loukasa in Krimbasa (1983}, ki sta analizirala 25
sort s petnajstimi izoencimski sistemni. Na osnovi razno-
likosti izoencimskih sistemov sta ugotovila, da je veli-
kost plodov oljk pomembna pri ugotavijanju sorod-
nosthih odnosov med sortami. Vedjo genetsko sorodnost
je mozno odkriti pri sortah, ki so bile selekcionirane za
namizne oljke (veliki plodovi). Podobno genetsko sorod-
nost sta odkrila tudi v skupini sort s srednje velikimi
plodovi, ki se uporabljajo za olje.

V letu 1999 je bila objavijena prva obse/nefia &iu-
dija genetske variabilnosti znotraj in med populacijami
roch Olea z markerji AFLP. Angiolillo et al. {1999} so z
raziskavo Zeleli odgovoritt predvsem na dve vpraanjh:
iz katerih divjih oljk so se razvile danadnje kultivirane
oljke in katere populacije fahko v prihodnosti dodatno
izboljfajo kultivirano oljke. V analizo so vkljueili 43
sort, 30 divjih oljk in 9 oljk, ki po klasifikaciji Greena in
Wickensa (1989} ne pripadajo vrsti O. europaea. Obseg
polimorfizma je pokazal zelo jasno {ocitev kultiviranih
in diviih oljk v dve skupini. Avtorji so poskusali odkri
poveravo med veljo genetsko sorodnostjo sort glede na
geografski izvor, vendar so med sortami vedjo genetsko
sorodnost odkrili le pri ofjkah s Sicilije. Slednje ugo-
tovitve pofrjujejo  kompleksnost domestikacije oljke.
Kultivirane in divie oljke ter viste iz severnozahodne
Afrike so genetsko sorodnejfie v primerjavi z vrstami iz
vzhodne Afrike in Azije. Najvedja variabilnost je bila
odkrita pri vrstah z otokov Indijskega oceana in
Avstralije. Avtorfi so v nadaljevanju predvidévali, da sta
kultivirana in divia oljka razli¢ni obliki iste vrste O.
europaea, divjl vrsti iz Maroka (O. maroccana) in iz
AlZirije (0. laperrinei} pa sta verjetno vmesni obliki med
C. eurcpaea iny azijskimi vrstami.

Amane et al. (1999) so z markerji RFLP preucevali
polimorfizem kloroplastne DNA olik iz sredozemskega
bazena. Analizirali so 72 sort, 89 lokalnih, starib dreves
in 101 oleastrov. Z analizo potomcev kontroliranega
krizanja so dokazali dedovanje kloroplastne DNA po
materi. V celotni visti euvropaea so odkrili 5 razlicénih
klorotipov. Klorotip { je bil najpogostej§i v oleastrih in
kultivirani oljki, drugt Idorotipi (f, {1 in 1V} pa so bili
odkriti samo v oleastrih. Klorotip V so okarakterizirali s
tremi mutactjami, ki jih naiderne v razlicnih predelih
kloroplastne DINA (cpDNA), pojavit pa se je tako v
kultiviranih kot diviih oljkah, vendar le v moiko sterilnih
drevesih s specifitno anomalijo peloda. Predvidevajo,
da je Kklorotip V povezan z vedjo plodnostjo, ki je
navadno opaZena pri mosko sterilnih drevesih,

V Maroku so Amane et al (2000} preuciti poli-
morfizem markerjev RFLP kloroplastne DMNA kultiviranih
in diviih oljk. Z raziskavo so Zeleli ugotoviti sorodstvene
odnose med kultiviranimi in divjimi ofjkami v Maroku in
med visto O. europaea ter endemitno vrsto O. laper
rinei subsp, maroccana. Odkeili so 4 klorotipe: orotip
je previadoval v kultivirant (100%} in divil oljki (74%},
kar kaZe na tesno sorodstve po materi, klorotipa 1 in 1l
pa sta bila ugotovijena le v divjiih marotkih oljkah.
tzvirnost taksona O, maroccana maj bl dokaroval
klorotip 1V, saj se je pojavil le pri tej vrsti.

Besnard et al. {2001} so zbrali 102 genotipa iz
raz{iCnih obmodij Sredozemija ter z analizo poli-
morfizma jedrme in mitchondrijske DNA preucili so-
rodstvene povezave sort. 'V raziskavi so  uporabifi
markerje RAPD in RFLP. Na osnovi multivariatne
analize so izdelali dendrogram, v katerem so bile sorte
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razdeljene v 22 skupin, ki so se ujemale tako z regijo
gojenja kot z uporabo olfk {olje/fnamizne oijke). iz dob-
fjenih rezultatov so predpostavijali, da je selekcija sort
potekata v razii€nih regilah kot rezultat kolonizacije v
casu rimske dobe in prenafanja rasthinskega materiala z
vzhoda na zahod. Podobno so sklepali twdi iz poli-
morfizma mitohondrijske DNA. Mitotipa MOM in MUK
so odirili samo v zahodnih sortah, MET mitotip pa v
sortah iz Francije. Ker je ME1 mitotip znadilen tudi za
oleastre z vzhoda, menijo, da francoske sorte izhajajo
prav 2z vzhoda. Njihovi rezultati potrjujejo tudi dom-
neva, da je selekcija v zahodem genskem bazenu
potekala predvsem v smeri izbolfSanja oljevitosti oljk.

Preutevanje polimorfizma jedme in mitohondrijske
DNA ostaja med najpogosteSimi raziskavami domesti-
kaclje olike. Bronzini de Caraffa et al (2002} so z
molekulskimi markerfi RAPD in RFLP preudili poli-
motfizemn Jedme in mitohondrijske DNA kultiviranih in
divjih oljk na Korziki in Sardiniji. Korzika in Sardinija sta
zanimiv genski bazen oljk, saj v tem obmodju uspeva
veliko sort in oleastrov, Oleastre je moZno odkriti tudi v
gozdovih. Sorie so bile vecinoma prinefene iz lalije,
nekaj pa jih je nastalo z lokalno selekcijo. V opuicenih
nasadih uspevajo podivjane oljke, kriZanci oleastrov in
sort. Podiviane oljke so sicer fenotipsko podobne
oleastrom, vefjo genetsko sorodnost pa kaZejo s
sortami. Z raziskavo so Zeleli preuciti tudi vpliv vzhoda
{italije) in zahoda pri nastanku korzigkih in sardinijskin
oljk. V analizo so vkijudifi 32 sort in 99 oleastrov.
Polimorfizem mitohondrijske DNA je ravno tako kot pri
zgoraj navedenih Studijab pokazal obsto] 4 mitatipoy;
MET, ME2, K sta znadilna za vzhodne ollke, MOM in
MCK, karakteristi¢na za oljke iz zahodnega Sredozem-
skega bazena. Vedina sort s Korzike in Sardinije ima
vzhodni mitotip, kar potrjuje difuzijo sort z vzhoda prot
zahodu. Na Korziki so odkrili dve skupini sort. Ena je v
tesni sorodnosti 2 oleastri, druga pa je povezapa 7
italijanskimt in sardinijskimi sortami.

Raziskave genetske vatiabilnosti oljk potekajo tudi v
Avstraliji. V juZno Avstralijo so od leta 1836 prinesti na
stotine sort oljk. MNavzkriZzno opradevanje dreves v 160
let starih in opustenih nasadilhi se kaZe v nastanku
podivianih populacij dreves, ki uspevajo v vseh regijah
in so ekolodki problem zaradi konkuriranja z naravno
vegetacijo. Zaradi slednjega so ponekod lokalne oblasti
olitho dreve proglasile kot plevel m ga poskulale
zatreti. 7 namenom, da bi preucili dinamiko Sirjenja
podivianih vrst oljk, so Mekuria et al. {2002} z markerji
RAPD analizirali populacijo 45 dreves iz juine
Avstralije. Na osnovi vizualnib opazovani so drevesa
razdelili v tri skupine: sorte, domnevne potomice nekon-
troliranih kriZanj sort in podiviane oljke. Med seboj so
primerjali profile RAPD posameznih dreves. Znotraj
posamezne skupine oljk so odkrili velik polimorfizem,
pri primerjavi polimorfizma med skupinami pa ni bilo
vedjil odstopanj.

Belaj et al. (2002} so z markerji RAPD preucevali
genetsko raznolikost vecje skupine sort (103} iz genske
banke v Cordobi, Med glavne cilje raziskave so uvrstili:
opisati raznolikost sort v svetovni genski banki oljke z
markerji RAPD, izvrednotiti sorodnost med sortami
znotraj kolekcije, preuditi vzorec raznolikosti sort z
razlienim geografskim poreklom, uporabiti dobljene
informacije v Zlahiniteljskih programib ter podati stra-
tegijo vzortenja v kolekcijah genskih virov oijke. Zdru-
fevanje v sorodnostne skupine sort iz sosednjih geo-
grafskih obmodi} nakazuje, da imajo le te skupno ge-
netsko ozadje. Veliko genetsko sorodnost kaZejo fran-
coske sorte in sorte iz vzhodnega in osrednjega Sre-
dozemlja, kar pomeni, da imajo skupen izvor.

Maolekulska karalderizaciia in identifikacija kultivarjev

oljk

Vegetativo razmnoZevanje oljke je v preteklost
omegodilo intenzivno izmenjavo rastlinskega materiala
v dr7avah Sredozemlja, kar pa je povzrotilo nejasnost
glede imenovanja sort in klonov. Stevilne in zelo
razli¢ne sorte so nastale kot rezultat naravne selekcije
ter selekeije sort in klonov na regionainem nivoju. Ste-
vilo sort oljke je danes ocenjeno na 2000, vendar je
tahiko zaradi pojavijanja homonimov in sinonimov pre-
cenjeno ali podcenjeno, kar pa povzrota velje teZave
pri vrednotenju genetskega materiala oljke. Mnoge sorte
50 bile opisane ze v davni preteklosti, veliko pa je takih,
ki so e vedno neldasificirane ali celo neznane (Fon-
tanazza, 1996}, Na cbmodgjih, kjer je oljkarstve tradi-
cionalno in ni bilo vecjih tehnoloskih napredkov, fahko
te danes najdemo ekotipe, ki so poznani le na lokalnem
nivoju, Z namenom, da ochranijo genske vire oljke, so
leta 1971 v Cordobi {Spanija} ustanovili svetovno ge-
nsko banko oljke Olive World Germplasm  Bank
{OWGB). V genski banki je zbrano 328 sort iz razlicnih
drrav. Identifikacijska dela so pokazala, da je kar nekaj
zbranih sort zastopanih vetkrat, kar pa je posledica
sinonimov {Cabaltero & del Rio, 1999). Zaradi boliSega
lontroliranja rastlinskega materiala oljke v prometu in
pravilne identifikacije sadik v drevesnicah moramo
vzpostaviti sistemn nedvoumne identifikacije sort in klo-
nav, kar bo prispevalo tudi k hitrejiemy reevanju sino-
nimov in homonimov.

Prvi sistemi identifikacije oljk so temeljili na opisnih
lastnostih rastline: vejice, socvetja, ploda, lista in
endokarpa (Cifferri ef al.,, 1942). Primamo identifikacijo
so v sklopu mednarodnega projekta RESGEN-CT96/97,
ki ga financirata EU in Mednarodni svet za olj¢no olje,
zaceli opravijati v 10 drzavah z namenom ohranitve,
karakterizacije in zbiranja genskil virov oljke (Caballero
& del Rio, 1999}, Kvantitativii in kvalitativni deskriptorii
oljke {Gregoriou, 1996; Cantini ef afl,, 1999; LevaniC ef
al., 2000; Koprivpjak & Pribeti¢, 2000} pa niso redili
dejanskega problema identifikacije, saj so t znaki v
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veliki meri odvisni od vplivov ckolja, ekspresije genov,
specifitnosti analiziranega tkiva in razvojnega ohdobja
rastline. Podobno velia tudi za izoencimske markerje, s
katerimi so poskuSall lotiti razlicne sorie v Spaniji
(Trujilo et afl,, 1995) in Maroku {Ouazzani et al., 1996},
Z razvojern molekulskih markerjev se je sistem identi-
fikacije bistvenc sprernenil. Tradicionalno vrednotenie
in identifikacijo na osnovi morfolokih markerjev bi hilo
smiselno dopolnitt z molekulskimi markerfi, saj nam
bodo le slednfi dokonéno omogoCili rediti probleme
imenovania sort.

Markerii RAPD so bili do sedaj najpogesteje upo-
rabljeni pri razloevanju sort. V Spaniji so Belaj et al,
{2001} proucevali polimorfizem in sposobnost razloce-
vanja sort oljk iz genske banke v Cordobi. Analizirali so
51 reprezentativiih sort. Avtorji poro&ajo o markerskem
sisternu RAPD kot zelo uporabnem pri upravijanju ge-
nskih bank, saj omogota natanno in hitro identifikacijo
vecjega Stevila sort. Na osnovi multivariatne analize so
izdelall dendrogram, v katerem so bile sorte razvricene
v sorodnosine skupine glede na geografski izvor.

Za provinco Malaga {Andaluzija) v juZni Spantji so
znacilna obmodja, ki se modno razlikujejo v pedokli-
ratskih razmerah. Claros et al. {2000} so predpostav-
liali, da je v tern obmotju genetska variabiinost oljk kot
postedica adaptacij na okoljske razmere zelo velika.
Zaradi izjemne ekonomske pomembnosti oljke v An-
datuziji in zaradi nepoznavanja genetskega ozadja tam-
kafSnjih oljk so analizirali 56 soit iz razli¢énih oljénikov.
Pri ugotavijanju genetske sorodnostt s pomodio mar-
kerjev RAPD so odkrili 3 skupine, med katerimi je ena
viijucevala avtohtone andaluzijske oljke, kar nakazuje,
da so le-te nastale v cbmodju s selekcijo in imajo
skupno genetsko ozadje.

V Argentini uspevajo Stevilne sorte $panskega in ita-
lijanskega izvora. Cavagnaro et al. (2001) so pricakovali,
da obstaja moZnost napalnih irmenovanj sort, zato 50
preucili 10 najpogostefsili sort v Argentini, ki jih hranijo
v zhirki v Mendozi. V analizo RAPD so vklju¢ili tudi
nekatere istoimenske sorte iz genske banke v Cordobi,
Pri primerjavi profilov RAPD sedmib sort iz svetovne
kolekcije in kolekcije iz Argentine so odkrili, da ima le
sorfa ‘manzanilla de Carmona’ enak profil RAPD, vse
druge pa se v profilu RAPD razlikujejo (farga’, ‘em-
peltre’, “frantoio’, "manzanilla espanola’, ‘arbequina’,
‘arauco’). Najpved razlik v profilih RAPD so odkrili pri
sortah frantolo’ in "farga’. Razlike v profilih RAPD isto-
imenskih sort so lahko posledica napaénega poimeno-
vanja ali pa obstoja razliénih klonov znotraj sort.

Zaradi negotovosti glede identifikacije ter opaZenih
fenotipskib raztik znotraj nekaterih lokalnih sort so
Wiesman et al. {1998) v izraelu z markerji RAPD
ovrednotill tradicionalne in prinelene sorte. Ugotovili
50, da se slednje genetsko homogene. lLokalna sorta
souwri’ je prav tako homogena in dobro definirana sorta.
Znotra) sorte ‘nabali’ so odkrli polimorfizem, kar je

verjetno postedica spontanih kriZan] razlignib genotipoy
v preteklost. Molekulska karakterizacija je raziskoval-
cem omogodila pojasniti, kako in kje se je lokalni ma-
terial razmnoZeval ter 3iril med pridelovalci v izraelu,

V Franciji poteka revitalizacijski program oljkarstva,
katerega namen je narediti podatkovno bazo petdesetih
referentnih genotipov oljk, ki bo v pomot drevesnidar.
jem pri identifikaciji in certifikaciji sadilnega materiala.
Khadari et af. {2001) so z markerji RAPD opisali 32 sort.
Da bi dobili res pravi referencni profil sorte, so za vsako
sorto analizirall najmanj 3 drevesa iz raziiénih fokacij.
Pri 37 sortah so odkrili sortne specificen profit RAPD, 2
do 3 razlidne profile RAPD na sorto pa so odkrili pri 9
sortah, zato so kot referenéni profil za identifikactio
avtorji izbrali tistega, ki je bil znacilen za vedino dreves
analizirane sorte, Razlike v profilih RAPD znotraj sorie
pripisujejn napalnemu polmenovanju in oznafevanju
dreves. Pri analizi razlicnih klonov znotraj sort ‘grossane’
{13}, ‘cailletier’ {6) in ‘picholine’ (8) z markerji RAPD
niso odkrili razlik. Vsi kloni so imeli enak profil RAPD,
Podatkovno bazo referendnih genotipov oljk bodo v

- Franciji dopolnili Se z mikvosatelitnimi markerji.

V Sloveniji se je v zadnjih Stiridesetih letih sorina
struktura prece} spremenila, predvsem zaradi precep-
fjanja starih lokalnih sort s sorto istrska belica” in sa-
jenja sort, prinedenih iz lalije. Zaradi pomanjkijivih
informacij o sortni strukturi obmodia slovenske Istre smo
v lety 1999 prigeli z inventarizacijo sort s pomodjo
rednarodnih  deskriptorjev  (Levani® et al, 2000}
Morfolodko karakterizacijo smo v nadaljevanju dopolnili
z molekulsko. Poltmorfizem 10 prinedenih in § lokalnih
sort oljk, ki uspevajo v kolekciiskem nasadu, smo
preucii z markerfi RAPD {Bandelj ef al., 2001). Glede
na nivo odkritega polimorfizma lahko skiepamo, da
imarmo v Sloveniji veliko genetsko raznolikost sort, kar
je pricakovati glede na Stevilo son, prineSenih iz tujine.
Razvill smo sistern identifikacije sort z markerji RAPD
ter izdelali podatkovne bazo referenénih sortnih profilov
RAPD. Molekulska analiza dreves v kolekciji je potrdila
identiCnost genotipov znotraj trinajstih sort, pri dveh
sortah pa smo odkrill napalne oznaditev dreves, do
katere je po vsej verjetnosti prislo v Casu dosajevania.
Matkerji RAPD so uporabni pri upravijanju kolekcij, saj
nam omogodajo prevetjanie identitete sadik in s tem
zmanjianje napak pri postavitvi nasadov ali kolekcii.

Mikrosatelitni markerji in njthova uporaba v olfkarstvu

Y letu 2000 sta dve raziskovalni skupini poro€ali o
izodacijt prvib mikrosatelitnih markerjev oljke. Sefc et af.
{2000} so objavill identifikacijo 15 mikrosatelitnih lo-
kusov in predstavili njihovo karalderizacijo v izbranem
setu olik. Rallo et al {2000} so izofirall 5 novih
mikrosatetiinih markerjev oljke, preucili njihovo dedo-
vanje na krizancih druZine “leccino’ in ‘dolce agogia” ter
jih uporabili v identifikacijske namene. Velika informa-
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tivniost mikrosatefitnih markerjev je omogodila razlo-
Zevanje med 42 sortami od 46 analiziranih. Cipriani et
al. {2002} ter Carriere et al. (2002) so objavili najnovejia
dela o postopkih izolacije mikrosatelitnih markerjev
olfke. Med vsemi danes razpoloZljivimi markerji mikro-
sateliti najve¢ obetajo. Prednost tega markerskega siste-
ma je v dobri ponovljivosti rezultatov znotraj in med
laboratoriji ter moZnost izmenjave rezultatov med raz-
litnimi raziskovalnimi skupinami. Med slabosti uvrita-
mo viscke razvojne cenc tehnike ter dolgetrajen in
zahteven postopek izolacije mikrosatelitov. V zadnijih
dveh letih je razvoj mikrosatelitnih markerjev oljke Ze
omogodil nekaj aplikativnih raziskav, ki jih bomo v
nadaljevanju na kratko predstaviii.

V okolici Gardskega jezera obstajajo 3 geografsko
zaititena porekla ofj¢nega olja: Garda Bresciano, Garda
Crientale in Garda Trentine. Za vsako obmodie je na-
tantno doloCeno, katero sorto fahko pridelovalci gojijo
v oljtnikih in kolikina koli¢ina doloCene sorte, izraZena
v ndstotkih, sme biti zastopana v oljnem olju. Zato je
pomembno, da se sorta stuktura preugi, preden se
zakonsko dolodi, katera sorta sme biti v ofj¢nem olju
dolotenega geografskega porekia in katera ne. Nekatera
olja, ki so za¥¢itena z geografskim poreklom, smejo biti
pridelana le iz avtohtonth ali lokalnih sort, medtem ko
so [ahko prineiene sorte v olju zastopane v zelo majh-
nem deleZu. Sorta ‘casaliva’ naj bi bila lokalna in
znacilna za Gardo, vendar fenotipsko spominja na sorto
‘frantaio”, podobno velia za sortt les’ in ’leccino’.
Zaradi nejasnosti, ali gre za popolnoma razline sorte
ali sorle s sinonimi, so Testolin et al (2000} z
mikrosatelitnimi markerji opisali 8 lokalnih sort {'casa-
liva’, 'favarol’, fort’, ‘grignan’, “les’, 'raza’, ‘rossanel’,
‘trep’) ter nekaj Sirfe razdirjenih italijanskih  sort
‘corating’, ‘frantoio’, ‘leccing’, 'mauring’ in ‘pendoling’.
Opis DNA sort z mikrosatelitnimi markerji (genotipi-
ziranje DNA) je pokazal, da imajo rastline iste sorte, ki
uspevajo v razli¢nih olj¢nikih, vedinoma enak genotip.
Razlike, ki so jih odkiili znotraj nekaterih sort, pri-

pisujejo akumubiranju mutacij v daljiem Zasovnem ob-
dobju. Na osnovi primerjave genotipov sorte ‘casaliva’
in ‘frantoio’ menijo, da ‘casaliva’ pripada sortni popu-
faciji frantoio’, vendar gre za dve razliéni sorti. Enako
velja tudi za sorti ‘leccing’ in 'les’.

Sorta ‘oblonga’ izvira iz Kalifornije {Corning}, kjer so
jo kot spontani sejanec odirili okrog leta 1940. Glavna
lastnost sorte je dobra odpornost proti Verticiflium
dahliae. 1z Kalifornije so jo prinesli v gensko banke v
Cordobi, 'Frantoio’ je znana kot pomembnejia sorta v
osrednii ftaliji, kier jo gojijo Ze ved sto let. Zaradi izredne
kakovosti olicnega olja je hila prenelena v Stevilne
dr¥ave, vijuéno z Argentino, juZnoafritke republike,
Avstralijo in ZDA. V genski banki so odkrili, da sta sorti
‘oblonga’ in “frantoio’ fenotipsko identitni, zato so pre-
ucili njune morfoloske, agronomske lastnosti ter primer-
jali pjuno DNA z mikrosatelitnimi markerji in markerfi
RAPD. Sorti ‘oblonga’ in "frantoic’ imata enake profile
RAPD, enake alele na vseh mikrosatelitnih lokusih, razlik
niso odlaili tudi pri primerjavi 15 morfolodkih znakov
{list, plod, endokarp} in 8 agronomskih lastnosti, Na
osnovi molekulskih in morfolotkih analiz avtorji domne-
vajo, da gre za isto sorte (Barranco ef al., 2000).

V Sloveniii smo s predhodno izoliranimi mikrosate-
fitnimi markerji {Sefc et al., 2000} natanCneje preudili 19
sort iz kolekciiskega nasada. Visoka informativnest
rikrosatelitov je omogotila razlofevanje med vsemi
analiziranimi sortami. Pri primerjanju posameznih geno-
tipov sort smo odkrili dolodenc podobnost med slo-
venskimi in toskanskimi sortami, kar lahko nakarzuje, da
so slovenske sorte z [okalno selekcijo na regionalni ravni
nastale ravno iz italijanskih. Rezultati raziskave nam
bodo omogoili identifikacijo sort, kontrolo izvora vege-
tativno razmnozenega rastlinskega sateriala oljke in
sadik ter pripomogli k boljfemu poznavanju in nastanku
sortne strukture oljk v slovensli istel. Predstavijeno opi-
sovanje DNA sort z mikrosatelitnimi markerji je med
prvimi tovrstnimi Studifami na podrotju oljkarstva (Ban-
delj et af., 2002).
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increases its demand and consequently the need for more trait oriented breeding to develop new cu!t:'vars'-f e

respect, evaluation of olive germplasms has been recognized as very fmportant, since collected germplasms can be

a usefu! source of frfafts, not traditionally accounted for in olive selection in the past, but important for modern ofive -
growing. In comparison to other horticultural planis with which significant improvements have been achieved using IR

molecular genetic knowledge, refatively limited molecufar research has been carried out in ofives. Current genetic
research and future orientations in refation o germplasm evaluation, genetic diversity studies and cultivar typing,
- 4

including our own results, are discussed in this review,
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ABSTRACT

The lealy cutting propagation of olive under mist is well known, although all so far carried out experiments have
been based only on rooting resuits. The development of leafy cutting propagation method by woody plants has beer
made possﬁ"}:’e due to the development of the fog-systems in the last 15 years. Our experiment with the use of the
fog-syster in the propagation of ‘Istrska belica’ and ‘Leccino’ showed that the propagation of these olive cultivars in

such a system is possible. The cuttings formed up to 7 main roots in the propagation season and their sprouts grew
up to 20 cm.

Key words: olive, fog-system, leafy cutting propagation, rooting

L'USO DEL SISTEMA DI NEBULIZZAZIONE NELLA PROPACGAZIONE
PER TALEA SEMILEGNOSA DELL'OLIVO

SINTES!

' La propagazione dell‘olivo tramite talea semilegnosa sotta nebulizzazione & ben nota, benché da tali esperimenti
st siano avuti solamente risultati inerenti Ja radicazione. Neghi ultimii 15 anni lo svi!uppa del metodo della propaga-
zione tramite talea frondosa con piante legnose & fortemente collegato alla nascita ¢ allo sviluppo del sistema di
nebulizzazione. Dagli esperimenti, nef quali & stato usato tale sistema nella propagazione delle specie 8£an§é Istri-
ana e Leccino, risulta possibile fa propagazione di questi cultivar di ofivi con il sistema di nebulizzazione. Nella sta-

ggjrm della propagazione le talee hanno sviluppato fino a 7 radici principali e | loro germogli sono cresciuti fino a
centimnetri.

Parole chiave: olivo, nebulizzazione, propagazione per talea semilegnosa, radicazione
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INTRODUCTION

The olive propagation is carried out in the praxis
mostly with leafy cuttings. In the praxis the cuttings are
propagated on the moving tables under mist. As the cut-
ting bases have to be heated during propagation period,
the propagation costs are high. Using this system, the
cultivars ‘Istrska belica’ and ‘Leccino’, which are the
most important Slovenian cultivars, can be propagated
refatively well, too,

The good experience with the use of the fog-system
in the propagation of leafy cuttings with many woody
piant species (and difficuit-to-root species) in the fast
few years has enabled us to enhance the propagation
success with the olive as well. As this method requires
no heating of the cutting bases, it is much cheaper as
the propagation in the mist system.

The effects of the slow release fertilizer, added 10 the
rooting substrate, on the rooting and growth of cuttings
were tested in the experiment.

in the past, many experiments with olive leafy cut-
tings under mist have been carried out. Rocting success
depended strongly on the propagated cultivar. Vesel
{1999} reported that the rooting results of the cv. Istrska
helica’ were about 60%, while the resulis with the cv.
"Leccino’ were only about 30%. Contrary to such results
are the farmers’ findings: the rooting with the cv. ‘Lec-
cino’ is beiter than with the cv. “Istrska belica’. The out-
comes of several experiments showed that the rooting
success was only between 40% and 50% in various cul-
tivars (Celik ef al., 1994; Fernandes-Serrano et al., 2000}
Celik et al. {1994} were able to reach betier rooting re-
sults {up to 100%!) by using a different type of twnnel in
the cultivar ‘Gemlik'. A very wide rooting range was also
obtained by Ozkaya and Celik {1994) who roated culti-
vars ‘Gemlik’ and 'Domat’ with rooting rates between 20
and 57% and in other treatments up to 100%,

All these experiments are based only on rooting re-
sults, Such experiments can be very problematic, as
there are many other factors that can also dramatically
affect rooting or propagation success {plant growth in
the propagation season, over-wintering efc.), Spethmann
{1997} suggested observing cutting experiments widely,
not only through one parameter, such as rooting per-
centage. Many new experiments with numerous woody
species showed several important advantages of the fog-
system used in the cutting propagation. For the first
time, very important plant ars could be economically
rooted with the use of the fog-system: Acer, Quercus,
Hamarnelis, Prunus (Spethmann, 1986a, 1986b, 1997).

MATERIALS AND METHODS
The experiment was caried out in an unheated plas-

tic house under a fog system in the experimental field of
the Biotechnical Faculty in Liubljana in 2001, Four lev-

els {0, 0.2, 0.4 and 0.6g N/l substrate) of the slow re-
lease fertiizer "Osmocote-Plus 3-4M (15+11+1142)
were tested with two olive cultivars ‘Istrska belica’ and
‘Leccino’. The one-factor experiment with 4 replications
and 30 cuttings per replication was carried out. The cut-
tings were cut at the end of june in a private orchard in
Ankaran {Slovenia). Before being put in the rooting sub-
strate {peat/sand in a 311 ratio), the cuttings were treated
with (.5% IBA (with 10% Euparen on falcum basis},

Data were collected in November 2007, The rooting
results, the number and the length of the main roots and
the sprout length were stated. The data were evaluated
with ANOWVA, the differences were tested with the Dun-
can-test at p=0.05.

RESULTS AND DISCUSSION

The rooting results of this first experiment with olive
leafy cuttings in the fog system reached average values
in both cultivars ‘Istrska belica’ and ‘Leccino’, namely
up to 30%. The fertilizer variants showed highly varying
results depending on the cultivars. tn the case of “Istrska
belica’, the best variant was the lowest fertilizer variant
(0.2 g N/, in "Leccino’ both the cortrol variant and the
strongest fertilizer variant (0.6 g N/ gave the highest
rate of rooted cuttings (Tab. 1)

Tab. 1: Rooting results regarding different fertilization
variants of the substrate for two olive cultivars.

Tah. 1: Rezultati ukoreninjanja glede na fertilizacijske
razlicice substrata za dva oljéna kultivarja.

. Rooting (%)
Varfant Uslrska belica’ "Leccing'
Controf 10.0 24.2
.28 M 30.9 7.6
0.4 7 N 0.0 -
.6 ¢ N 5.0 23.4
Duncang g 1.5, B

- statistical analysts was not possible/statisticna analiza ni bila
mogota

These results cannot be accepted as positive when
compared with the results of other difficult-to-root woody
species propagated in the fog-system {Spethmann, 19864,
1986h; Osterc & Spethmann, 2000} Anyway, itshould be
mentioned that some other experiments with olive leafy
cuttings under mist, especially with ‘Leccino’, showed
similar rooting results (Vesel, 1999}, The control variant
{without fertilizer} had no negative effects on the rooting
process. This can be well explained with the fact that sub-
strate fertilizing shows its effect on cutting growth later in
the propagation season, when the roots have already
been formed {Spethmann, 1997}

The number of the main roots was the greatest at the
control variant in both ofive cultivars, while the length
of the roots was the greatest at the 0.2g N variant {Tab.
2, Fig. 1).
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Fig. 1: Very well developed root system of olive cul-
tings cv. “Istrska belica’ at the end of the propagation
season.

S'l. 1: Zelo dobro razvit koreninski sistem potaknjenca
“istrske belice” ob koncu razmnoZevaine sezone,

Tab. 2: Number and length of the main roots regarding
different fertilization variants of the substrate for two
ofive cultivars.

Tab. 2: Stevilo in dolZina glavnih korenin glede na fer-
tilizacijske razlicice substrata za dva oljcna kultivara.

Fig. 2: Very well developed root system enables strong
sprout growth of olive cuttings in the propagation sea-
son (cv. ‘Istrska belica’).

5l 2: Zelo debro razvit koreninski sistem omogoca
mocno rast poganikov olicnih potaknjencev v razmno-
Zevalni sezoni (cv. “istrska belica’).

It can be concluded yet again that substrate fertiliz-
ing showed its effect for first time when the rooting pro-
cess had already been finished. The positive effect of the
presence of the fertilizer can be seen in the phase of the
raot growth. This influence of the fertifizer has already
been described several times in the case of many woody
species in the new literature data (Spethrann, 1997;
Osterc & Spethmann, 2000). But there is a lack of simi-
lar experiments with olive cuttings. There have been no
literature reports in the last ten years on experiments
with the ofive leafy cuttings, which would include other
rooting parameters beside rooting percentage as well
{Celik et al,, 1994; Ozkaya & Celik, 1994; Vesel, 1999).

The strongest growth of the main sprout can be ob-
served with 7.0 ¢m at the 0.2 g N variant in ‘Istrska be-
lica” and with 5.4 am at the conirol variant in ‘Leccing’
{Tab. 3, Fig. 2},

Tab. 3: Sprout growth of the cuttings regarding differ-
ent fertilization variants of the substrate for two olive
cultivars.

Tab. 3: Rast poganjkov potaknjencev glede na fertili-
zacijske razliCice substrata za dva olji¢na kultivarja.

<% statistical analysis was not possible/statistitna analiza ni bila
mogoda
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Number Length (cmy) . Sprout growth {c

Variant “Istrska 1ec- "fetrska " ec- Variant ‘Istrska bpe!ica”g {’Ln;):cin{)’

belica’ cing’ belica’ cing’ Control 4.4 5.7
Control 5.4 5.3 14.7 13,6 028N 7.1 30
1.2 N 3.7 2.7 219 15,1 048N 0.7 -
0.4g N 4.0 - 5.7 - 0.6 8N 1.5 3.5
06g N 2.8 3.2 12.5 10.8 Duncanges n.s, -
Duncar, g n.s. K .5, = - statistical analysis was not possible/statistitna analiza ni bila

mogoda

The results with "istrska belica’ confirm that the fer-
tilizer in the substrate reacts in the propagation phase
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when the rooting process has already been completed,
The worse results with higher fertilizer concentration
(0.6 g N variant) showed that higher N concentrations in
the substrate could have negative effects on the cutting
growth process, Such results were obtained also in the
Prunus-cuttings (Osterc & Spethmann, 2000,

Although the propagation of ofive leafy cuttings
seems to be well developed, a number of experiments
have shown refatively fow rooting success, especially
with some olive cultivars {Leccino’). Additionally, many
new experiments with several woody species in the last
years have indicated a necessity to observe other propa-
gation parameters as well, such as the number and the
fength of the main roots and sprout growth, The aim of
owr experiment was to optimise the method of the
propagation of olive leafy cuttings, We used in our ex-

periment the well-developed fog-systemn, and not only
did the results deal with the rooting success but also
with other parameters of the roofing and sprout growth.
Some technical problems (insufficient fogging} caused
relatively low rooting success on average, although
sOme variants were more successful. However, it can be
concluded that the new concepts in the propagation of
leafy cuttings in various woody species {fog-system, time
of cutting, over-wintering) can be successfully used alsg
in the olive propagation process. The propagation
method based on the fog-system does not require heat-
ing of the cutting bases, so the propagation costs are in-
comparably lower as in the mist system. The axperi-
ments should be continued to accurately determine and
improve the steps of the process.

UPORABA SISTEMA MEGLENJA PRI RAZMNOZEVANJU ZELENIH POTAK NIENCEV OLIKE
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POVZETEK

Proces razmnoZevanja zelenih potaknjencev alike s

sistemorm préenja je dobro poznan. Vsi dosedanii rezultati

tereljijo fe na rezultatih koreninjenja. Razvoj metod razmnoZevanja zelenih potaknjencev pri lesnatih rastlinah v
zadnjib 15 letih je modno zaznamovan s pofavom in razvojem sistemov meglenja. Poskus razmnoZevanja refenih
potaknjencev sort “istrska belica’ in leccino’ z meglenjern je pokazal, da je takino razmnoZevanje mofno. Rastline
50 v razmnoZevaini sezoni razvile do 7 glavnih korenin ter pognale do 20 cm dolge poganjke.

Kljutne besede: oljka, sistem meglenja, razmnoZevanie zelenih potaknjencev, ukoreninjanje
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ABSTRACT

Red alga Polysiphonia sp. was tested for presence of hemolysins, antibiotics, acetylcholinesterase inhibitors and
hemagglutinins. Although we found no activity in this organism, the screening procedure developed in our labora-

tory praved suitable for rapid detection of other potentially interesting bioactive molecules from different source
material.

Key words: natural marine products, red algae, Polysiphonia, antibacterial activity, hemagglutination, hemaolysis,
acetylcholinesterase

RICERCA DELLE ATTIVITA BIOLOGICHE NELL'ALGA ROSSA POLYSIPHONIA SP.
DEL NORD ADRIATICO

SINTES]
l’alga rossa Polysiphonia sp. & stata analizzata per la presenza di emolisine. antibiotici, inibitori del-
Facetilcolinesterasi ed emagglutinine. Benché gli autori non abbiano trovato alcuna attivita in tale organismo, le
procedure di screening sviluppate nei loro laboratori si sono dimostrate appropriate per una identificazione rapida di

altre molecole bioattive potenzialmente interessanti, provenienti da fonti diverse di materiale.

Parole chiave: prodotti marint naturali, alghe rosse, Polysiphonia, attivita antibatterica, emagglutinazione, emolisi,
acetilcolinesterasi
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INTRODUCTION

About 30% of the current worldwide human thera-
peutics derive from nawral sources (Grabley &
Thiericke, 1999). Recent trends in drug discovery em-
phasize investigation of the marine environment, which
has already given some commercially known pharma-
ceuticals like Aracytine and Vidarabine from the sponge
Cryptotethya crypta, or Ziconotide from the mollusc
Conus magus. Marine organisms endow different de-
fense strategies to survive In the highly competitive ma-
rine environment, thus resulting in a remendous diver-
sity of highly active compounds affecting numerous tar-
gets involved in eukaryotic cell signaling processes.
However, toxic principles often dominate the spectrum
of biologically active metabolites, hence in the last 20
years none of the isolated compounds have reached the
pharmaceutical marketplace (Faulkner, 2000).

The aim of this study is to present a methodology
that has been developed in our laboratory for fast
screening of biolagically active molecules in marine or-
ganisms. it is composed of a hemolytic, an antibacteriai,
a hemagglutination and an anticholinesterase test. A
marine organism containing potential biclogically active
compounds usually has a clean surface, not fouled by
other micro- osfand macroorganisms. Another indication

Fig. 1: A large quantily of algal complex with predominating red algae Polysiphonia spp. in the sublittoral area of

of bivactivity may be the expansive growth of one spe-
cles over the others during the territorial competition.

In 1996, a large quantity of algal complex with pre-
dominating red algae Polysiphonia spp. was noted in
the sublittoral area of Cape Ostro {Northern Adriatic,
Croatia; Fig. 1). Monitoring of its growth for a period of
1 year revealed that in the summertime, when the water
temperature averaged about 23°C, the algal complex
covered 80% of the area being observed {Arko-Pijevac,
2000}, and dominated over different sessile marine or-
ganisms. A virtually black color of the sandy sediment
surface at a depth of 12.5 to 15 m suggested the pres-
ence of anoxic conditions below the algal layer.

Red algae have been already reported to possess
compounds  exerting  hemagglutinating (Hori et af,
1987; Okamoto et al., 1990), antibacterial (Mahasneh et
al., 1995; Etahiri et al,, 2001; Gao et al., 2001), neuro-
toxic (Freitas et al,, 1995), mitogenic (Hori ef al, 1987},
hemolytic {Freitas et al., 1995; Igarashi et al., 1998), an-
timutagenic (Okai et al, 1996}, ichthyotoxic {igarashi et
al, 1998}, antifungal and molluscicidal {Gao et al,
2001, antimalarial (Ftahiri et al., 2001), antiviral (Car-
lucei et al, 1997; Duarte et al, 2001}, anticoagulant
{Carlucci et al., 1997}, cytotoxic and antialgal (Kénig et
al, 1999), and fatty acid-oxidizing activity (Kajiwara et
al,, 20004,

Cape Osira, covering 80% of the area. ( Photo: M. Kovaéic)
81 1: Gosta previeka alg s previadujocimi vrstami iz rodu Polysiphonia v infralitoralu rta Ostro je prekrivala 80%

obravnavanega obmodja, (Fote: M. Kovadic)
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Concerning Polysiphonia, it has been shown that the
extracts from some species of this genus are antiviral
{Serkedjieva, 2000; Serkedjieva et al,, 2000), antibacte-
rial {De Rosa et al., 2001; Hellio et al.,, 2001), antifungat
and toxic to Artemia salina (De Rosa et al, 2001). To
examine if Northern Adriatic species of Polysiphonia
contains certain biologically active compounds, leading
to the observed overgrowth, we have tested its extracts
using a developed methodology.

MATERIAL AND METHODS
Algal material

The Polysiphonia samples were collected at Cape
Obtro {Northern Adriatic, Croatia) in 1998. They were
kept at a temperature of -20°C until the start of the ex-
periments,

Extraction procedure

fFrozen algal tissue was lyophilized and powdered.
Equal amounts (10 g each} of the obtained powder were
suspended in eight different solvents (150 mf each) that
would extract different substances contained in the plant
according to the level of their polarity. The used sol-
verits were water, methanol, absolute ethanol, acetone,
t-butanol, n-hexane, chioroform and aether-petrolei,
Samples were shaken for 24 hours on the orbital shaker
at 100 rpm and then filtered through a paper filter. The
obtained filtrates were concentrated under reduced
pressure. The dry weight of the concentrated extracis
was determined by evaporating the solvent from 1 mi of
the filtrate at 80°C.

Biological activity tests

For monitoring the possible presence of biologically
active molecules in Polysiphonia, we tested different al-
gal extracts for antibacterial, hemolytic, hemagglutinat-
ing and antiacetylcholinesterase activities, Pure solvents
were used as controls for all tests.

Evaluation of antibacterial activity

For detecting possible antibacterial activities, a stan-
dard agar diffusion test was applied. Two Gram negative
(Shigella sonnei, Escherichia colij and two Gram posi-
tive (Micrococcus luteus, Staphylococcus aureus) bacte-
rial strains were used. Bacteria were obtained from the
bacterial collection at the Department of Biology, Uni-
versity of Lijubljana. They were allowed to grow over-
night in Lauria Broth Base {Sigma, U.S.A.) and their con-
centrations were then determined. Bactertal cultures
were incorporated inte the agar-supplemented lauria
Broth that was cooled to 42°C beforehand, The final

concentration of bacteria was appmximatei'}.r_' 5510 of
colony-forming units per milliliter (CFU/mi). Twenty ml ~

of inoculated medium were poured into Petri dishes and .

kept at a temperature of 4°C, then circles (& =1 cm).of
agar were cut from the medium. Hundred pl of each ex-
tract or pure solvent were put into a circle of the Petri
dish with different types of bacteria, The systermn was
then kept overnight at 37°. Antibacterial activity was
evaluated by measuring the diameter of inhibition
zones.

Evaluation of hemolytic activity

Hemolysis was measured with a turbidimetric
methed according to Malek & Lebez (1981). Typically,
10-50 i of different Polysiphonia extracts or pure sol-
vents were added 1o a cuvetie containing 3 mi of bovine
erythrocyte suspension in 0,13 M NaCl, 0.02 M
TRIS/HCI, pht 7.4, having an apparent absorbance of 0.5
at 700 nm. The decrease of apparent absorbance, de-
riving from hemolysis, was recorded using a UV/VIS
spectrophotometer {Shimadzu 2100, japan). The sus-
pension in the cuvette was magnetically stirred. The ex-
perirment was performed at 25°C.

Evaluation of hemagglutination

Bovine erythrocytes were washed three times with
0.9% saline and twice with 0.14 M NaCl, 0.013 M
TRISMHCI, pH 7.4, Two-percent suspensions of washed
erythrocytes were prepared in the same buffer, and pi-
petted onto microtifer plates (Nunc, Denmark). To the
100 pl of erythrocyte suspension in each well, 50-10 pi
of different extracts or pure solvents were added. Fol-
lowing a 1-hr incubation at room temperature, hemag-
glutination was scored {Septi¢ et al,, 1997},

Determination of acetylcholinesterase inhibition

The inhibition of acetylcholinesterase (AChE) was
measured colorimetrically as described by Eliman et af.
{1961). Briefly, to 3 ml of 0.1 M phosphate buffer, pH
8.0, 20 pb of 0.075 M acetylthiocholine lodide was
added, followed by 100 uf of 0.1 M 5-5-dithio-
bisnizobenzoic acid, and usually 10-100 gl of the sam-
ple to be tested (different extracts or pure solvents). After
the absorption in reference and sample cuvettes had
been auto-zeroed, the reaction was started by the addi-
tion of 20 pl AChE from electric eel (5 U/ml, Sigma,
U.5.ALL The reaction was monitared for 10 minutes.

RESULTS AND DISCUSSION
Antibacterial test

Eight different extracts of red alga Polysiphonia sp.
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were tested against 4 strains of bacteria and no extract
showed antibacterial activity. Al bacterial strains
showed some growth inhibition by algal chioroform ex-
tract, which was proved as a solvent effect, The absence
of antibacterial activity was somehow surprising, as dif-
ferent Polysiphonia species had already been reported
to inhibit the bacterial growth. Organic extracts of two
Polysiphonia species, a widely spread P. denudata and
an endemic Black Sea species P. denudala f. fragilis
showed considerable antibacterial activity against
Staphytococcus aureus {De Rosa ef al., 2000). Hellio et
al. (2001) have recently demonstrated that the antibacte-
rial activity of marine algae is very selective. They tested
90 algal extracts against 35 strains of marine bacteria
and found that only 18 extracts showed some activity.
Among thern, there was also an organic extract from
Polysiphonia lanosa, exhibiting specific inhibitory activ-
ity against Gram positive marine bacteria.

Hemagglutination test

Compounds exerting hemagglutinating activities are
usually glycoproteins and are therefore expected in wa-
ter extracts, Although there are sorne reports on hemag-
glutination activities from marine red algae Carpopeltis
flabeliatz (Hori et al, 1987) and Gracilfaria bursa-
pastoris {Okamoto et al., 1990}, we did not detect any in
our Polysiphonia extracts.

Hemolytic activity

The testing of Polysiphonia extracts did not reveal
any presence of herolytic substances. This is not sur-
prising in view of very few reports of hemolytic activity
of red algae (Freitas et al,, 1995; {garashi et af., 1998).

Acetylcholinesterase inhibition

In this study, we also report on the testing for acetyl-
cholinesterase inhibition. If tested positive, it would in-
dicate the presence of a neurotoxin. Although the test
was negative, this is, as far as we know, the first attempt
to detect AChE inhibition in red algae. A sole other ex-
ample of a neurotoxic activity in red algae was found in
Liagora farinosa, whose polar extract induced a dose-
dependent inhibition of action potentials in the isolated
crustacean perve (Freitas et al., 1995}

CONCLUSIONS

The results of this study suggest that the extracts from
the Polysiphonia material collected in the Northern
Adriatic do not possess biological activities that could
be detected with the used tests. it is therefore possible
that the observed overgrowth of this alga is due to some
undetected activities, or rather to different environ-
mental effects {light, wrbidity, nutrients, temperaturel, It
is also possible that the anoxic conditions below the al-
gal layer had caused the mortality of other organisms
fiving there, or had simply prevented them to settle
there. Nevertheless, the presented screening procedure,
consisting of four rather economical biological tests, can
be further used for rapid (3-4 days) detection of other
potentially interesting bioactive molecules deriving from
different source material.
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POVZETEK

Morski organizmi so bogat vir strukturno Se nepoznanih in biolosko aktivnih molelul, V tef raziskavi so pred-
stavijene nekatere metode za detekcijo tak3nih spofin. Kot testni organizem je bifa izbrana rdeca afga Polysiphonia
sp. Leta 1996 se je ta alga zelo razrasla v sevetnem jadranu, kar bi lahko bil kazalec moZnit prisotnih bivaktivnih
spofin. HemolitiCna, protibakterijska, hemaglutinacifska in protifiolinesterazna aktivnost je bifa testirana na razlicnih
ekstraktih alge. Kljub temu da nobena od teh aktivnosti ni bila zaznana v preucevani algi, so se uporabliene metode
pokazale kot upotabne za hitro dolocitev potencialno zanimivih bioloskih molekul iz razlicnih virov. Se ved, proti-
holinesterazni test je bil v tef raziskavi prvi¢ uporabljen na rdecih algah.

Kljugne besede: naravni produkti iz morskih organizmov, rde¢e alge, Polysiphonia, protibakterijska aktivnost, he-
maglutinacija, hemoliza, acetilholinesteraza
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DELO NASIHH ZAVODOV IN DRUSTEV
ATTIVITA DEI NOSTRI ISTITUTI E DELLE
NOSTRE SOCIETA
ACTIVITIES BY OUR INSTITUTIONS
AND ASSOCIATIONS

Boris Kry3tufek & Mitja Kaligari<
INSTITUT ZA BIODIVERZITETNE STUDUE ZRS Koper

nstitut za biodiverzitetne Studije (18%) je bil ustanov-
ljen leta 2001, take da obstaja komaj dve leti. Z njegovo
ustanovitvijo smo doseghi ve&jo prepoznavnost bio-
diverzitetniht in ekoloskih raziskav, ki imajo na Znan-
stveno raziskovalnem sredis¢u RS Koper sicer e dalifo
tradicijo. Nova organizacijska oblika omogofa boljio
organiziranost in u€inkovitost biodiverzitetnih raziskav.

Pojem biodiverzitete se je iz uthenikov in preda-
vainic preselil v besediide politike in populamega tiska,
osvofili pa so ga tudi tudje na visokih poloZajih, ki
odlotajo, kaj se bo v prostoru dejansko zgodilo. To je
seveda dobro, prinada pa tudi nevarnosti zlorabe tega
pojma. Se posebej zato je pomembno, da nad bio-
diverzitetnimi raziskavami in odloditvami v prostoru, ki
S0 s tem povezane, bdijo strokovnjaki ~ biologi, ki jim ta
pojem ni znan od véeraj.

Biodiverzitetna kriza svetovne razseZnosti danes na
splodno velja za eno glavnih groZen} nadaljnjemu
obstoju cloveske civifizacije na Zemlji. Globalna erozta
biodiverzitete tako narekuje potrebo po novi varstveni
(ohranitveni) teoriji, z izvirmimi konceptualnimi in empi-
rAcnimi refitvami. Kljub hiremu razvoju v zadnijih
desetletjih na podrogjih ekologije, biogeografije, takso-
nomije, paleontologije in evolucijske biologije, pa 50
procesi, ki generirajo biodiverziteto na nafrazti¢nefih
nivojih, Se zmeraj slabo znani. Poleg tega se vse jasneje
zavedamo, da odgovori na §tevilne biodiverzitetne pro-
bleme presegajo tradicionalne znanstvene discipline. Ce
nic drugega, je treba tradicionalno "mikroskopske® eko-
sisternsko analizo nadgraditi z makroekologkim pristo-
pom. Klasi®no varstvo narave je pretirano usmerjeno k
ohranjanju biodiverzitete s pomotjo zakonskega varstva
vrst in prek rezervainega varstva. Dejanske pa je ahra-
njanje stanja ekosistema lahko samo prehodna, kratko-
roCna reditev. V dolgoroni perspektivi moramo poznati
procese, ki generirajo biodiverziteto,

Pomembni so obseg, kolitina in wista moten;j ter
odziv biodiverzitete nanje. Zato so pomembne tudi Sirke
ekolotke raziskave, veasih meritve mikro-obmocij, véa-
sih pa tudi sintezne biogeografske Studije, da pridemo
do Zelenih rezuitatov.

Biodiverziteta obsega Sirok spekter struktuenih in
procesnih elementov ter nivojev, ki odsevajo in vzdriu-
jejo raznolikost Zivega sveta. Zaradi njene kompleks-

nosti jo navadno razstavimo na posamezne strukturhe:
enote, ki izhajajo iz hierarhicne organizacije Zivijenja,
Ta koncept je izhodite organiziranosti temeline raz- -

iskovalne dejavnosti na 8S:

a) Vistna diverziteta

Biodiverziteto najlaZe prepoznamo na  vrstnem
nivoju. Pomanjkanje ekspertov taksonomeov je neredko
glavni dejavinik, ki oteZuje dokumentiranje biodiver-
zitetnih vzorcev. Vsak raziskovalec na 188 je zato iz-
vedenec faksonom/favnist/florist za dolodeno skupino.
Poseben poudarek je na kljuénih, indikatorsiih, krovnih
in ranljivih taksonth. Trenutno pokrivamo  sledeca
podrotia: sesalci (B. Krystufeld, ptice (A, Sovinc) in visie
rastline s praprotnicami (M. Kaligaric, S. Skornik).

b} Genetska diverziteta

Zaradi hitrega razvoja molekulare biologije na eni
strani in izjemnega pomena genetske variabilnosti za
varstvo viabilnih populacij je to podrogje zelo obetay-
no. IBS za zdaj za to podrodje nima usposobljenih kad-
oV,

¢} Ekosistemska diverziteta

1BS vidi ekosisteme kot dinamitne in odprte sisteme,
brez njim lastnega ravnoteZnostnega stanja. Zato ga
stanja zanimajo samo kot izseki, ki omogotajo prepo-
znavanje procesov, V okviru tega vidika nas zanimajo
struktura ekosisterna, njegova “naravnost' in dinamika.
Se posebej dinamiki se posveda skupina botanikov-
ekologov {(Kafigari¢, Skornik, sodelavci 2 Univerze na
Dunajul, saf je ta v nekaterih sekundarnih ekosistemih
po spremembi rabe zelo velika.

d} zobrazevanje in posredovanje Znanja

185 posreduje javnosti rezultate tecretiCnega 3tudija
in lastnih raziskav. To dosegamo prek publicisti¢pe
dejavnosti in v obliki predavanj na vseh nivojih, vidjue-
no z visokololskim.

Sodelavct 188 aktivno sodelujemo pri uresnidevanju
dodiplornskega in podiplomskega Studija na univerzah v
Liubljani in Mariboru ter novogorizki Politehniki.

185 ima kapacitete za posredovanje znanja in reditev
naravovarstveni operativi {priprava seznamov ogrefenih
vrst in akcijskih nacrtov za njihovo ohranjanje, iden-
tifikactja wrst, svetovanje pri posegih v prostor). B. Kry-
Stufek je Clan Sestih specialisti¢nih skupin za ohranjanje
vist pri Mednarodni zvezi za varstvo narave (Species
Survival Commission, International Union for the Con-
servation of Nature), strokovni vodja delovné skupine
Varstvo Zivalskih vrst in ex situ varstveni ukrepi v Zival-

INSTITUT 2za biodiverzitetne Stadije
ISTITUTG di studi di biodiversita
INSTITUTE for Biodiversity Studies
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skih vetovin® pri Sekretariatu za uresni¢evanje Konvenci-
je o biotski raznovrstnosti (Ministrstvo za okolje, prostor
in energijo), £lan Odbora za povezovanje R Slovenije v
Globalno informacijsko mrefo za podrofje biotske
raznovrsinosti, koordinator za vretendarje pri projekiu
Biodiverziteta Slovenije (Ministrstvo za okolje, prostor in
energijol, ¢lan medresorske Strokovne komisije za divjad
pri Ministrstvu za kmetijstvo, gozdarstvo in prehrano ter
¢lan Komistje za veliko diviad pri Lovski zvezi Slovenije.
Ma sestanku BD Global Biodiversity Facilities {Pariz 11.-
12. septembra) je bil vodja slovenske delegacije. M,
Kaligari¢ je strokovni koordinatar za sklop "Travis€a" pri
Sekretariatu za uresnifevanje Konvencije o biotski raz-
novrstnosti {Ministrstvo za okolje, prostor in energijol,
¢lan sveta Krajinskega parka Setoveljske soline in Na-
ravnega rezervata Skocjanski zatok, recenzent znanst-
venih projekiov na Ministrstvu za Solstvo, znanost in
sport (polje 16 — Biologijal. Andrej Sovinc se je spe-
cializiral za podrotje ekolotkega restavrirania, ki obsega
restavriranje, rehabilitacijo in nadomestitev izgubljenih
oz. degradiranih habitatov. Bojana Lipe} je usposobljena
za nekatere okoljske parametre in posege, predvsem z
varovanjem obalnega morja pred onesnazenjem.

V teku svojega obstoja je bil BS akiiven na vel pod-
rocjih. Najbolj odmevna je bila raziskovalna delavnica
"zorci in procesi v biodiverziteti Balkana®, ki je pote-
kala v #asu od 25. do 28. septembra 2001 v organizacifi
7RS RS Koper in Univerze Hull (UK) v Kopru. O njej smo
v Analih Ze govorili, saj so bili natisnjeni tudi izvietki
(23/°2001, seria historia naturalis 11 {suplement): 1-18}.
Programski in organizacijski odbor (doc. dr. Darko
Darovec, prof. dr. Boris Krystufek, dr. Huw L Griffiths
{4, doc. dr. Lovrenc Lipej) je povabil 23 raziskovalcev iz
Slovenije, Hrvaske, ZR Jugoslavije, Bolgarije, Grlije,
Nemdije, Cetke, Ukrajine in Velike Britanije.

Osnovni razlog za organizacijo stefanja je bila
potreba po tesnejfern povezovanju raziskovalcev, ki
preuéujejo balkansko biodiverziteto. Balkanski polotok
je namred eno glavnih Zard¢ evropske biodiverzilete,
kar je vsaj deloma odsev geoloske zgodovine, velikega
stevila endernitov, pomena polotoka kot ledencdobnega
zatoi¢a in njegove vioge pri izmenjavi elementov z
Malo Azijo. Delo je potekalo v petih tematskih sklopih:
(1)} izvor in starost elementov v balkanski favni, (2)
prispevek  balkanskega refugija h genomu severne
Evrope, (3} evolucijski prispevek balkansko-anatolskega
mostu, {4) varstveni status "vrotih tock" in "zbiralnikov",
ter (5) paleokiima, paleovegetacija in teorija speciacije.

Raziskovalni projekii

vV letu 2001 sma pridobili temeljnt raziskovalni pro-
jekt “Biodiverzitetni vzorci in procesi”, ki ga financira
Ministrstvo za $olstvo, znanost in $port {MSZS). Odob-
rena sredstva so bistvenc manjia od prediaganih, tako
da je bilo potrebno drastiéno kitenje zastavljenih raz-

iskav. V okviru projekta poteka delo v $tirih tematskih
sklopih.

a} Taksonomske revizije

V okviru takinih raziskav je iz8la v zbirki Annales
Majora knjiga o sesalcih Turcije in Cipra (KryStufek, 8.,
Vohralik, V., 2001, Mammals of Turkey and Cyprus.
Introduction, Checklist, Insectivora. KnjiZnica Annales
Majora, Koper, 140 sir.), ki obsega splosni del, popoln
taksonomski seznam vseh 141 vrst sesalcev in takso-
nomsko revizijo Zuzkojedov {Insectivora). [zid dela je
finanZno omogotilo M5ZS5. V teku so priprave na drug
del, ki bo obsegal glodalce (Radentia). Boris KryStufek si
je v zadnjih letih v ta namen Studijsko ogledal Stevilne
evropske zbirke in pripravil rezultate za to delo {npr.
muzeji v Bonnu, Frankiurtu in Londonu).

V okviru taksonomskib revizij so bile opravijene tudi
revizije beloprsega jeza Frinaceus concolor. Z dr.
Rainerjem Huttererjem sodelujemo pri ovrednotenju
taksonomskega poloZaja slabo znane rovke Crocidura
afexandrisi, ki je endemicna za Cirenajko v Libiji, po
nekaterih mnenjih pa le miaj3i sinonim Siroko razsirjene
palearktitne vrtne rovke Crocidura suaveolens. Revi-
dirali smo taksonomsko identiteto Stirih tipskih primer-
kov rodu Apodemus (Sylvaemus) iz vzhodnega Sredo-
zemlja in trana. Rezultati so bili objavijent v uglednih
mednarodnih revijah,

b} Biodiverzitetni vzorci

Potekalo je delo na pregledu prostorskih vzorcev v
gostoti in redkosti vrst evropskih glodalcev {KryStufek,
8., Criffiths, M. 1.0 Species richness and rarify in Euro-
pean rodents), za tisk je pripravljena analiza biodiver-
zitete sesalcev Balkana (KryStufek, B.: Assessment of the
Balkan marnmal diversity).

¢} Biodiverzitetni procesi

v srediiéy zanimanja so odnosi med biodiverziteto,
rastiinsko biomaso in nadinom gospodarjenja oziroma
opuicanja gospodarjenja. Procese preuCujemo na tra-
visEnih ekosistemih, z empiriCnimi opazovaniji, jemanju
fitocenolotkih popisov in na dveh eksperimentalnih po-
viginah (eksperimentaina ploskev Vremé&tica in eksperi-
mentalna ploskev Sv. Lovrenc pri Postojni).

Na Vremidict smo se v letu 2001 lotili poskusa, s
katerim Felimo ovrednotiti relacije med rabo tal, bio-
diverriteto in biomaso {podzemsko in nadzemsko} na
kratkem sekundamem painiku. Padnik je last Veter-
narske fakuitete, eksperiment pa poteka v sodelovanju s
kolegi z Oddelka za agronomijo Biotehnitke fakultete
Univerze v Ljubljani. Kot rabo tal imamo v eksperi-
mentu 3 razli¢ne nafine pale ovac in opuiceno plos-
kev, Vzorfenje poteka na tevilnih podploskvah, vzorc
se spirajo, susijo in tehtajo, za reprezentanthe vzorce
biomase pa dolo¢amo tudi kalorimetricno in energijsko
vrednost za podzemsko in nadzemsko biomaso. Prvi
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rezultali kaZejo, da v okolju z bogatim fondom wvrst
{species pool) tudi z intenzivhejSo rabo diverziteta flore
bistveno ne pade, na ekstenzivno rabljenih ploskvah pa
je podobna kot na (8 let) opuicenih ploskvah. Glede na
Zivijeniske oblike rastlin variira kalorimetriéna vrednost
podzemske biomase, kar kaZe na posebne strategije
fitocenoze, prilagojene poletni sudi.

Z eksperimentom na eksperimentalni ploskvi Sv,
Lovrenc i Postojni Zelimo spoznati mehanizme za-
raftanja travnikov. Velika povriina v 60-ih letih opu-
§Cenih wavnikov nam zagotavlja primerno eksperi-
mentalno fokacijo, kjer smo dolotili ved poskusnib
ploskev in transektov, Ugotoviti Zelimo, kakina je pri
tem vioga velikih kobulnic fasempitium siler, Grafia
golakal, ki na teh twavnikih absolutno dominirajo.
Poglavitna vprafanja, na katera i¥Cemo odgovore, so
predvsem: (1) ali kobulnice zavirajo alt pospeiujejo za-
rasanje, in (2) all imajo kobulnice alelopatske ucinke.
Ce jih imajo, na katere rastline in katere vrste pri tem
najveC pridobijo oz. izgubijo. Delo poteka v treh
smereh, Po eni strani Zelimo ugotoviti natanéne abiotske
parametre, ki viadajo v tleh in v krodnii kobulnic kakor
tudi zunaj njil, biomaso po transekth in odnose med
biomaso in biodiverziteto. Po drugi strani smo zastavili
dolgorolnefdi eksperiment na zasencenih, nezasen-
Cenih, koBenih in selektivno kalenih ploskvah. Tretji
segment dela poteka ex situ: v laboratorijy Jelimo do-
gnati alelopaiske udinke obeh kobulnic; prvi rezulati so
spodbudni, saj smo udinke dokazali pri obeh vrstah,
Nadaljujemo z eksperimentorn v naravi, kjer izofirane
alelopatske substance apliciramo na rastline in sity, da
bi dokazovali njthovo samoodpornost na te substance.

d} Biodiverziteta "rodih todk”

Skupaj z dr. Rodom Baxtrom {(Univerza Fort Hare,
Alice, juZna Afrika) in dr. Wernerjem Haberlom je dr.
KrySiifek Ze leta 2000 pripravil grob nadnt raziskav
biodiverzitetnih vzorcev v Vzhodni kapski provindi,
huZna Afrtka, Modelna skupina so mali terestri¢ni sesalci
{insectivora, Rodentia). Februarja 2001 smo intenzivno
delali v rezervatu Double Drift. Osnovni cifj raziskav je
bil vzpostaviti monitoring za biodiverziteto traviée, ki so
v razmeroma majhnem zavarovanem in izoliranem
obmodju (40.000 ha) z obiljem rastiincjedibh sesalcev
{velike antilope, Erni nosorog, svinje bradavidarke) brez
ustreznib plenilcev potencialno izpostavijena prepadi in
posledicni degradaciji. V letu 2002 je potekalo delo v
pogoriu Amathole. Obe obmod)i veljata v svetovnem
merilu za "vrodl toeki®,

e) Cilini raziskovaini projekti

Na javni razpis za izbiro raziskovalno-razvoinih pro-
jektov Ciljnega raziskovalnega programa *Konkurenc-
nost Slovenije 2001-2006" smo prijavili predlog projekta
"Dolgorodni monitoring dveh kijuc¢nih vrst v gozdnem
ekosistermu®. Predlog projekta je MSZS zavmilo.
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#} Program LIFE Hi-Nature

Na razpis EU v okviru programa LIFE H-Nature smo
dobili projekt "Ohranitev in varstvo ogroZenih habitatov
in vrst na obmodju nacriovanega Kratkega regijskega
parka®. Na projektu delata predvsem koordinatorja
Andrej Sovinc in Bojana Lipej. Projekt, ki ga bomo na
obmotju nafrtovanega Kratkega regijskega parka
uresnicili v reh letih, obsega naslednje glavne sklope:
{dentifikacija pornembnih habitatov in vrst {poudarek na
rastlinskih vrstah, dvoZivkah in metuljib} z dodatkom k
Direltivi o varstvu habitatov in vrst. Locirali in opisali
naj bi 100 takinih lokacij. Med habitati bo poudarek
predvsern na suhih traviscih in kalih. Za 10 izmed
omenjenih sto lokacl] naj bi Ze vnapre] sklenili do-
govore 7 lastniki zemifBE, da so pripravijeni — v zameno
za dolofeno finanfno odikednine — upravijati/gos-
podariti s temi lokacijami na nacin, kot bo predpisal v
posebej za posamezno lokacijo nmapisan “upravijalski
nacrt. Poleg teh 10 lokacii naj bi takine dogovore
skienifi §e za dodatnih 20 lokacij, ki bodo identificirane
v okviru projekta (lokacija, opis habitata in vist, uprav-
ljalske smernice). Za 3e nadaljnjih 70 lokacif pa bi
pripravili le upravijalske nacrie. Na omenjenih lokacijah
{na 30 izmed njik) naj bt nastali £.i. "mikrg-rezervati®, ki
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so nova varstvena kategorija v slovenskem sistemy za-
varovanih obmodl, saj temeljijo na zasebnem lastniStvu
in zavezanosti lastnika zemljif¢a, da je {proti odskod-
nini} pripravijen upravijati/gospodariti z zemljifem na
nacin, kot bo predpisan v "upravijaiskem naériu®. Gre za
obmodja, ki v okviry varstvenega reZima, kot ga ponuja
Regijski park {ITUCN kategorija zavarovanega obmodja
V.}, zahteva e poseben naCin upravijanja za ohranitev
dolotenih habitatov infali vrst. Projekt bo spremljala
tudi kampanja za osved¢anje javnosti o pomenu "mikro-
rezervatov” (video film, zgibanke, informativni prispevki
in ¢lanki ipd.), posebni informativni sestanki/delavnice,
urejen pa naj bi bi tudi preprost "center za obiskovalce®
s stalno razstave o mikro-rezervatih. V okvirue projekta
bo dana tudi moZnost odprija novih delovnih mest za
tolkalno prebivalstvo.

Projekt naj bi postal model razvoja mreZe mikro-
rezervatov Za celotno Sloventio, _

V prihodnosti nartujemo delo na vseh Ze zadetih
projektih, prijavijali pa smo tudi nove nacionalne
projekte in izrazili interes za sodelovanje v 6. evrop-
skem okvimem programu za projekt "Hydro-Carbo-
Mont", ki se koordinira iz Innsbrucka; k preucevanju
ekoloskih parametrov, predvsem lroZenju oglika,
vodnega reZima, upravijanja in biodiverzitete traviS¢ v
evropskih goroviih smo k $tevilnim evropskim goroviem
dodali Dinaride z naSim SneZnikom.

Transekt od morja do SneZnika je raziskovaino ob-
modje novega projekia, kjer bi zasledovall razligne
parametre biodiverzitetnih vzorcev in dinamike na
izbranem altitudinainern gradientu, ki dosega naravno
gozdno mejo na SneZniku.

V aplikativhem delu tega projekia bi se radi posvetili
tudi nekaterim prostorskira problemom na  obmoéju
obéine lzola {prehod morje-kopno, koncept "umetnega
otoka®, varovanje in vzdrZevanje tradicionaine kultume
krajine, izraba in varovanje chalnega pasu ipd.),

Vizije in naéri 1BS so veliki, saj izzivov ni treba
iskati daled; v biogeografsko tako enkratnem prostoru je
dovel] nerefenth znanstvenih problemov, naravovarst-
venih izzivov in klicev po konkretnih aplikacijah v
prostory, pri katerih IBS lahko in mora dati ustrezne
strokovne resitvel

Carlo Heip & Alenka Malej

THE FURCPEAN MARINE RESEARCH STATIONS AND
BIODIVERSITY RESEARCH

Europe has the ltongest coastline of all continents
refative to its surface and over half of the EU citizens
live close to the coast. The oceans cover 70 % of the
Earth's surface and to a large extent determine the way
in which our planet functions and supports life, parti-

cularly human. The oceans determine our weather and
climate, and society relies on the seas for transpor,
energy, food and mineral resources, waste freatment
and, especially in Europe, leisure,

Marine Research Stations: a unique part of Europe's
scientific patrimonium

When Charles Darwin published the Origin of
Species, public and scientific interest in biology soared.
This led to the creation of a number of laboratories with
facilities to study marine life in many European coun-
tries during the last part of the nineteenth century. Some
of the earliest and best known are the Stazione Zoo-
logica in Maples, the stations of Villefranche, Banyuls
and Roscoff in France, the Marine Biclogical Associ-
ation’s laboratory in Plymouth and the Biclogische
Anstalt Helgoland in Germany, to name just a few.

Over more than a century these marine research
institutes have been the main cenires were scientists,
students and laymen alike could have a direct access to
the sea and to the laboratories where marine plants and
animals could be studied alive. Many Nobel prices
honouring fundamental discoveries in physiology and
biochemistry have been earned through work in the
marine stations, and tens of thousands of biclogists,
physiologists, ecologists and scientists from many other
disciplines in Europe received their basic traiping in
marine sciences at one of the numerous marine stations.

The MARS network

At the meeting held in 1996 in Paris, directors of
more than 40 marine research stations decided to create
a foundation to coordinate their interests at the
furopean tevel and to make a better use of the facilities
at the stations: oceanographic research vessels, spe-
cialized experimental laboratories, libraries and col-
lections, and access to specific biological communities
in the seas. These forty-odd marine research stations
cover all the coasts of Europe, from the high Arctic in
Svalbard in the north, o the Canary Islands and the
Azoves in the south, and to Turkey and lsrael in the
eastern Mediterranean.

Besides making facilities accessible at the European
level, the MARS network also started a scientific re-
search initiative that would build on the unique cha-
racteristics of the marine institutes, In 2000 in Venice,
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NR STRUNJAN & NM CAPE Conservation
MADONA, SLOVENIA L status
Slovenia Te fr o K

Nature Reserve Strunjan, Slovenia. Photo L. Lipe

Co-ordinates: 45°32' N 13°35-37"W

Description of site:

Mature Reserve Strunjan and Natwral Monument Cape Madona are two marine
flysch cliffs. Both sites are characterized by a variety of habitats and specific a
the high biodiversity of the area.

protected areas beneath typical
biotic conditions which reflects

Habitats present:
Description of fauna and flora;
The intensive mapping and monitoring of the :
faqraa and flora of the Slovenian coastal sea in tittoral
going on from 1998. Up to date at least 1,700 Sublittoral
species of animals were recorded for the area.
Seagrass beds

Human impach
The proposed sites are facing some anthropogenic fmpacts such as nautic traffic, angling and bathing. Despite

the protected status of both sites, the illegal harvesting of protected mussels is still ongoing.
Facilities;

All facilities are available in the nearby Marine Biology Station, which is equipped for alf

. . . - oo aspects of biodiversit
research {labs, SCUBA diving facilities, research equipment, boats and vessels), i Y

Available database and website:

The inventory of faupa gnd flora is held at the Marine Biology Station [NIB). The websites regarding both marine
protected areas are available at hitpi/projects.msp.nib.si/Tunis 2000/ and http://drazonia.nib.si.

Commitment and ongoing research:

The Marine Bio!ogy Station Piran (National institute of Biology} is undertaking the biodiversity research in the
proposed sites and in other parts of the Guif of Trieste (northern Adriatic).
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snarine biodiversity was chosen as the first priority issue.
The reasons are obvious. Fisheries are in crisis. Marine
species in general are disappearing at a rate never
observed since life began on Earth. The extinction crisis
ranks, together with global climate change, as the
greatest threat to the integrity of the biosphere in the 21"
century. Species extinction is not just an aesthetic or
moral problem. Marine organisms play a crucial role in
almost all biogeochemical processes that sustain the
biosphere, and provide a variety of products (goods) and
functions {services) that are essential to mankind's well-
being, including the production of food and natural
substances, the assimilation of waste, the reminerali-
sation of organic matter and the regulation of the
world’s climate,

MARS and the Furopean Research Area

The scale of the research efforts needed to obtain
adequate knowledge for exploration, conservation and
restoration of marine biodiversity demands furopean-
scale collaboration. The European Commission came
out with its initiatives as early as 1995 and began 1o
cooperate on this issue with the Marine Board of the
European Science Foundation and MARS that led o a
sertes of marine policy documents (http/iwww.est.org/)
cutminating in 2000 in the concerted action BIOMARE
{hitp:/fwww.biomareweb.orgl. The objectives of BIO-
MARE are to establish a network of research sites and a
series of indicators for biodiversity as the basis for long-
term and large-scale marine biodiversity research in
furope. Through the three global initiatives, fe. the In-
ternational Biodiversity Observation Year IBOY, DIVER-
SITAS and the Census of Marine Life CoML, BIOMARE
has attracted attention worldwide as a major effort to
coordinate biodiversity research at the European scale
and beyond,

Within the Fifth Framework Programme another
inportant networking effort MARBENA will run il 2004
{hitp:/fwww.vliz.be/marbena/). This project specifically
extends the previous actions to the Newly Associated
States and will feed directly into EU policy via a series
of electronic conferences linked with the European
Platform for Biodiversity Research and Strategy {EPBRS).

Finally, within the Sixth Framework Programme the
issue of biodiversity and ecosystems has grown to

become one of the main research actions, with well
received expressions of interest for networks and pro-
jects in marine biodiversity, marine genomics and
marine biogeochemistry issued from the MARS member
stations. [t shows that in the European Research Area,
which is now taking shape, the role of the marine
research stations will continue to be important and that
these stations will remain an important asset of Europe
to fulfil its role as a world leader in the study of the seas
and oceans.

The Piran Marine Biology Station (MBS) of the
National Institute of Biology, which represents Slovenia
in MARS, is one of its founding members. MBS is one of
the partners involved in the Concerted Action BiO-
MARE, which has brought together European expertise
in marine biodiversity. The main results of BIOMARE
are: 1} a network of European Marine Biodiversity Focal
Sites as a basis for longderm and large-scale marine
biodiversity research in Europe; 2) a set of measures and
appropriate indicators of biodiversity; 3} setting up of
marine biodiversity research in Europe website and a
biannual printed newsletter. One of the Focal Shes in
the Mediterranean, proposed by MBS, is located in the
Gulf of Trieste and comprises two marine protected
areas: the Cape Madona Natural Monument and the
Strunjan Nature Reserve {see box on previous page).
MBS is also a partner of a follow-up project MARBENA,
which will assist further development and imple-
mentation of biodiversity knowledge obtained through
BIOMARE. MARBENA aims al establishing a pan-
Furopean network of excellence including marine
scientists as well as other stakeholders in marine
biodiversity issues and at enlarging the transparency of
marine biodiversity research in Europe. And finally,
MBP participates in the BioPlatform network, which is
developing the Ffuropean platform for Biodiversity
Research and Strategy that in 2002 extended to inciude
NAS countries (Newly Associated Countries to EU).

For further information you are kindly invited to
consult the MARS web page: www.marsnetwork. org or
to get in contact with Prof. Carfo Heip, President of
MARS, c.o. Netherlands Institute of fcology, P.O. Box
140, 4400 AC Yerseke, The Netherlands {e-mail:
c.heip@nioo.knaw.nl.) or Prof. Alenka Malej, MBS NIB,
Fornade 41, 6330 Piran, Slovenia {malej@nib.si), and
MBS web page http:/Awww.msp.nib.si.
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OCENE IN POROCHA
RECENSIONI E RELAZIONI -
REVIEWS AND REPORTS

Alessandro De Maddalena: SQUALI DELLE ACQUE
FTALIANE, GUIDA SINTETICA AL RICOMNOSCIMENTO.
IRECO, Formello, 2001, 72 pp.

Alessandro De Maddalena, the Jtalian shark specia-
fist, had a key to identification of sharks in the ltalian
seas published in 2001, In a neatly designed booklet,
supplemented by superb author's drawings, he pre-
sented all shark species occurring in Halian waters. The
main objective of the booklet is a quick identification of
sharks. Initially, the author acquaints us with some basic
details about the anatomy and morphology of sharks,
and eveniually presents the booklet’s major part, the
identification key. The author did not opt for a classical
dichotornous key, but offers several possibilities of
elimination at the same time. FHere it should be stressed
that the key is intended for a wide range of readers, who
are immediately advised to reach for specialist works if
more thorough knowledge is required,

Although a dichotomous key would no doubt be
more appropriate, the author's unusual approach is very
transparent and indeed fulfils its purpose - a quick
identification of a selected shark species. The most
extensive part of the booklet is dedicated to a detailed
description of separate species. Fach of them is pre-
sented with an accurate drawing and, helow the picture,
with its basic morphological characteristics, calour
features and size. There follow details about its habitat,
reproduction and dietaty characteristics. Fach de-
scription is concluded with a few words about the
species’s significance for fisheries and danger to
humans. After describing all sharks occurring in the
italian seas, the author presents a form to be filled i we
wish 1o cooperate with  professional  organisations
dealing with shasks. This is followed by photographs
which, however, may be superfluoys, considering that
they more or less depict sharks” cadavers, which are of
course of no patticular use to the readers. The con-
cluding chapter deals with the used bibliography and
index of terms.

The manual is certainly an important contribution to
the Halian ichthyological literature. The simple, nicely
designed and not too extensive booklet serves as a
perfect basis for the identification of sharks. And its
greatest quality are indubitably the author's drawings.

Lovrenc Lipej

Giovanni Nikiforos: FAUNA DEL MEDITERRANEC -
GUIDA COMPLETA. Giunti Gruppo Editoriale, Firenze,
tuglio 2002, 366 pp.

Appassionato come sono del monde maring, re-
centemente ho avuto modo di acquistare un libro fresco
di stampa, ossia una nuova guida alla conoscenza della
fauna marina del Mediterraneo. Il volume & un’opera
esaustiva che comprende pils di 3.500 specie di animali
che popolane if Mar Mediterraneo.

Purtroppo non sono riuscito a trovare alcuna infor-
mazione sull’autore di quest’opera, al quale bisogna
riconoscere i merfto di aver fatto una guida veramente
facile da consuliare anche per gli appasionati del-
Fambiente marino meno esperti, grazie anche al fatto
che la descrizione di ogni singola specie viene ac-
compagnata da un'illustrazione a colori.
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Nella prima parte del libro troviamo una sintesi della
storia e delle caratteristiche fisiche del Mediterraneo,
nonché la descrizione del piani e delle zone in cul
viene suddiviso I'ambiente marino. |’autore ha inserito
anche le descrizioni dei gruppi in cui vengone suddivisi
ghi organismi marini e dei varl tipi di fondale e ha in
breve spiegato i concetti di catena e di piramide ali-
mentare. La seconda parte del libro & invece incentrata
sulle principali caratieristiche morfologiche dei phylum
che appartengono al regno animale e sull’inquadra-
mento sistematico,

Di seguito troviamo le tavole illustrate che si di-
stinguono per la loro organizzazione estremamente
pratica e percid di facile consultazione .anche per le
persone prive di alcuna nozione di biologia. Gl orga-
nismi, infatti, non vengono suddivisi seguendo Pordine
sistematico ma in base alla loro morfologla. Per esem-
pio, esistono delle tavole che trattanc gli animall con
corpo vermiforme molluschi, vermi, echinodermt) op-
pure git animali di aspetto inconsueto {spugne, tunicati,
cnidari). Un‘altra caratieristica positiva delle tavole @ il
fatio che la descrizione delle specie si trova sempre
sulla pagina sinistra {pari} mentre Villustrazione cortis-
pondente & sulla destra {pagina dispari). Le illustrazion
possonc apparire a prima vista un po’ semplicistiche,
ma in realta riproducono molto bene le caratieristiche

motfologiche e cromatiche principali dell’organtsmo
descritto. Nel volume st possono comungue trovare del-
le inesatiezze o degli errori ai quali faranno proba-
bilmente caso soltanto { pily esperti del campo, ma la
guida rappresenta senz’altro un’ottimo punto di par-
tenza per una mighore classificazione delle specie os-
servate in mare. Talvolta si rendera comungue neces-
sario Vutilizzo di altre chiavi di determinazione.

te illustraziont a colort di ogni specie descritta rap-
presentano davvero un grande vantaggio per il leftore.
Personalmente sono rimasto molto colpito dal gran
numero di opistobranchi trattati nefla guida.

Nell‘uitima parte del libro troviamo delle tavole in
cui vengono fatti dei confronti dimensionali e una
proposta delf’autore per la preparazione di un elenco
dei nomi volgari dei pesci ossei del Mediterraneo.
immancabili il glossario e la bibliografia.

Per concludere, la guida assomiglia in parte al
volume "Fauna und Flora der Adria® di R. Riedel (Paul
Parey Verlag, 1963}, ma & basata su un diverso con-
cetto. Innanzi tutto comprende solo ta fauna marina, le
itlustrazioni sono $1 a colori ma per questo meno precise
di- quelle del Riedl, e per finire include anche specie
nuove, scoperte da poco {ad esemnplio Gobius kolom-
batovici). 11 volume inoltre menziona anche i migrant
fessepsiant, e non solo fra i pesci. All'autore va pertanio
riconosciuto il merito di stare al passo con le novita
tassonomiche e faunistiche del Mediterraneo, dote che
non dovrebbe mancare a nessun autore che voglia
preparare un buon lbro.

Samo Alajbegovid

Alessandro De Maddalena: LO SQUALO BIANCO NEI
MAR} DITALIA. IRECO, Formello, 2002, 144 pp.

Alessandro De Maddalena is a devoted researcher
into the biclogy of sharks, particularly the infamous
Great White Shark. His latest book is in fact the
fulfilment of the project entitled “Banca Dati ltaliani
Squalo Bianco", in which he gathered numerous data on
the occurrence of the Great White Shark (Carcharodon
carcharias} in ltalian waters,

On this occasion | must stress that Alessandro is far
from a sensationalist dealing with this shark merely for
the fact that it is the most dangerous shark species in the
world in general. | would sooner characterise him as an
attentive researcher who has decided to break the
stereotypes about this man-eater, as referred 1o in some
places. It could be said, in fact, that he deals with the
Great White Shark as with one of the victims of man,
who has greatly decimated it in the last few years.

On the basis of data and pictorial material collected
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in the last six vyears, Alessandro made 402 records
dealing with 436 individuals of the Great White Shark in
the Mediterranean. The book is no doubt the most
complete work about the Great White Shark in the
htalian seas. The numerous photographs speak of the fact
that this shark is a reality we simply must be confronted
with. To certain cases the avthor devoted as much of his
attention as there were data available to him. in fact, he
carried out a precise work of a chronicler.

The book is divided into six chapters dealing first of
all with descriptions of the Great White Shark,
encounters with it in Hallan waters, analysis of its
presence in the Halian seas, possibilities of cooperation
in the collection of the shark’s data, conclusions, and
bibliography. In the introductory part we get well
acquainted with the sharks of the family Lamnidae, their
diagnostic characteristics, basic features with regard to
their anatomy, morphology, size, diet, geographical
distribution, and relations with humans. A very special
feature of this chapter are the author’s exceptional
drawings. The most atiractive is certainly the second
chapter, for in it the author described, with the accuracy
of a chronicler, all the available data on the Great White
Shark’s encounters with humans, with references even
to the year 1666. The author present the data of this
species per separate seas and larger islands (Sicily,
Sardinia, Ligurian, Tyrrhenian, lonic and Adriatic Seas).
Most often, these encounters did not end well for the
shark, as demonstrated by the author's rich photo-
graphical material, while in some of the accounts the
author describes dangerous encounters with the Great
White Shark under the water, which in some cases
ended most tragically. | would also like to stress that
Alessandro presents in his book several excellent shots
of the shark made especially in the last few years by
eyewitnesses. For these shots speak that in spite of the
terrible decimation of the species in the last century, the
Great White Shark is still an inhabitant of the Adratic
Sea.

In the next chapter, an analysis of the occurrence of
the Great White Shark in the Ralian seas is presented.
Most of the details originate from the Tyrrhenian Sea
and coastal waters of Sicily, which is quite under-
standable considering that tuna fishing is still practised
there. We also get to know that the Great White Shark
appeared most frequently in the summer months,
usually preying on big fish like tuna or swordfish and
dolphins, it may be interesting to note that the author
states some cases of these sharks feeding on carrion;
they were taken by surprise when gorging on dead
spermwhales and finwhales,

271

o

£y
-633—,

=
i
7

.

s

The conclusions and indeed extensive references are
followed by a survey of all documenied cases dealing
with the Great White Shark. The reader can be here
acquainted with an impressive data collection, which is
in fact a basis of this work,

The book about the Great White Shark in lalian
waters is a comprehensive presentation of this shark

‘both from the aspect of its occurrence and ecology in

the area of the Central Mediterranean and from the
aspect that speaks of its interaction with man, which
almost always ends tragically for the shark. Although the
book is indubitably of great professional value, it will be
welcomed by all those biologists, divers, fovers of the
sea and nature in general who are simply enraptured by
super predators. And the fact is that the Great White
Shark plays a very similar role as the fon on the
savanna or the tiger in the jungle,

Lovrenc Lipej
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Anton Brancelj {ur.): VISOKOGORSKA JEZERA YV
VZHODNEM DELU JULISKIH ALP. lzdala in zaloZila:
Nacionalni ingtitut za biologijo in zaloZba ZRC, ZRC
SAZU. Ljubljana 2002,

Leto 2002 je med drugim tudi mednarodno leto Alp.
In prav v tem letu je v Sloveniji lu¢ dneva zagledala
kniiga, ki presenatljivo podrobno in Sircke obenem ob-
ravnava problematiko Stirinajstih jezer, katerih skupna
znacilnost je ta, da vsa leZijo v slovenskem delu julijskih
Alp in tudi krepko prek 1000 m nad morsko gladino.

Knjiga je aviorsko delo 18 raziskovalcev iz razlicnih
ingtituc, ki so v organizaciji Nacionalnega indtituta za
biologijo okroglih 10 let raziskovali alpska jezera.
Natisnjena je na 268 straneh, opremljena s Stevilnimi
barvnimi fotografijami, vegje kolitine podatkov so smi-
selno in pregledno urejene v tabelah in grafih. Sestavija
jo 13 poglavij in vsako izmed njih obravnava te eks-
tremne vodne ekosisteme s svojega lastnega zomega ko-
ta. Pred bralca razgrnejo vse, od sociolosko-gospadar-
skega vidika, prek geografskih, fizikalno-kemijskih os-
nov in zanimivosti do biolotkih danosti. Posebno vred-
nost daje prispevkom ¢etrta dimenzija - podrobna in
dolgoroCna casovna dinamika procesov. Besedila so
podana z dovolj $irine, da s poznavanjem osnovnih
naravostovnih zakonitost brez vedjih teZav stedimo po-
vezanostt in soodvisnosti dogodkov, predstavijenih v

razlicnih poglaviih. Drugate izobraZeni fahko preplete-
nost spoznajo v zadnjem, tirinajstem poglavju, zakijuc-
ku, ki na enem mestu poljudno poveZe vsa nova spo-
znanja v knjigi. Besedilo je natisnjeno dvojezicno, slo-
vensko in angletko - tematika in izsledid pa€ presegajo
jezikovno zadriane meje znotraj Evrope.

Po uvodnih besedah in predstavitvi kratke zgodovine
dosedaniil raziskav na obmotju Alp v drugem poglaviu
zvemo vse o kiimatskih razmerah raziskanega obmotja z
zaledjem — znadilnosti iz Casa raziskav so zelo natantno
opisane s pomotjo podatkov, zbranih s sodobnimi me-
rilnimi inStrumenti, ved kot 100 let stara vremenska do-
gajanja pa s pomodjo zapisov v drevesnih letnicah.

Poglavie o triglavskem ledeniku na prvi pogled mor-
da ne sodi v knjigo, ki je posvedena jezerom, pa vendar.
LeZi v njthovi neposredni bliZini, rezultati desetleti
raziskav vefnega ledu (poglavie sicer daje temu izrazu
za triglavski ledenik precej posmehljiv ton) pa poleg
drugega dodatno opisujejo in pojasnjujejo zgodovinski
presek klimatskih sprememb v visokegorju, ki so po-
membno vplivale tudi na jezera. In ne nazadnje, eno
izmed naslednijil poglavij, poglavie o hidroloskih pod-
zeminth povezavah med nekaterimi jezerl, nam postrefe
s Stevilnimi presenedenji, tako da bo povezava stopljene
ledeniske vode z niZe lezelimi visokogorskimi jezeri, ki
jo bodo morda neko¢ odkrilt, te eno izmed mnogih pre-
senefeni v vrsil,

R R EAINE

it

o e
-
L

ANNALES - Ser. hist. nat. - 12 - 20602 . 2

GCENE IN POROCILA/RECENEION] E RELAZIONIYREVIEWS AND REPOHTS, 269-3273

Visokogorski jezerski ekosistemi so v primerjavi z
niZzinskimi dokaj revni s hranili, Organska masa na
ckoliskih vidacih je majhna, tako da je s spiranjem v
vodno telo ne pride kaj dosti. V poglaviu o mine-
ralizaciji izvemo, da to Se posebno velja za jezera, ki so
odmaknjena od planfarij. V vodah je zato toliko bolj
pomembna primarna produkcifa, ki pa je seveda od-
visna od svetlobe. Koliko sonfevega obsevania je de-
leZno vsako izmed jezer, je v poglavju o legi in opisu
jezer zelo nazorno predstavijeno s preprosto skico,
dodani pa so tudi osnovni podaiki o nadmorski vigint,
globini, obsegu jezer ipd. ter iz&rpni opisi jezerske pod-
tage, dinamike in drugih posebnosti. Zelo podrobna je
tudi predstavitev fizikalno-kemijskih  lastnosti  vode,
vkljutno s trajanjem ledenega pokrova. Kar polovico
leta imajo zamrznjeno gladino najniZe lezeta jezera,
najvitje leZetie Krisko jezero pa celo tr Zetrtine leta. In
kar je verjetno 3e bolj zanimivo, je dejstvo, da kijub
vsemu v jezerih obstaja bujno Zivijenje — planktonske,
bentotke alge, makrofit, planktonske ter bentogke Ziva-
lt, tudi ribe. Vsaki izmed skupin je posveceno posebno
poglavie.

Predzadniji sklop, v katerem so fri poglavia, je prava
detektivska zgodba v malem. Predstavijajte si, da ste
sredi HiZno pospravijene, Ze dolgo casa zapuicene sobe,
ugotoviti pa morate, kaj se je v niej dogajalo pred 100
feti. Avtorji poglavi] — naravoslovni detektivi - so Li.
paleorazmere preucili s pomodjo podatkov, ki so jih
iztrgalt globoko iz jezerskih sedimeniov. PoskuZali so
ugotoviti, katere vrste Zivali in katere alge so hile nekoé
pogoste, ugotavijali so tudi vzroke sprememb. Na
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zatoZni klopt so se znale, ramo obh rami, mogodine
naravie sile, kot so plazovi, potresi, klimatske spre-
membe in tudi clovek — njegovo slabotno, a vzirajno
spodjedanje naravnega ravnovesja je bilo razpoznano
kot najvelji krivec za spremembe v zadnjih nekaj sto
letih. Prav pregledu Clovekovih posegov v visokogorski
svet in s tem tudi v jezera je namenjeno zadnje po-
glavie.

V Sloveniji ni male knjig, posvecenih Alpam. V ta
svet nas vodijo peresa, pisanja vestih alpinistov in
peresa v planine zaljubljenih fiteratov. Stevilne so tudi
knjige fotografij, in Ze le tem priftejemo $e po nekaj
planinskih koledarjev na leto, planinske vodnike ter
zemljevide, lahko mime dule zatrdimo, da je publi-
cistiCna dejavnost s teratiko Alp pri nas zelo plodna. Pa
vendar je knjiga o alpskih jezerih zaorala globoko
ledino: med "alpskimi* publikacijami, ker nam ta svet
predstavija na povsem sve? na&in, in tudi med do-
macimi naravostovno-znanstvenimi publikacijami, pred-
vsemn zaradi $irine raziskovalnega pristopa. Ce sodite
med tiste, ki Zelite od naravoslovne knjige nekaj veé kot
samo pocitek za ofi ali podstavek za projekior, jo boste
z uZitkom prelistali in marsikatero poglavie 7 zani-
manjera tudi prebrali. Ne tako redki pa se boste ob
fotografijah v knjigi tudi spormnili, da ste pred leti ob
poti na Triglav pravzaprav res srecali nenavadne pla-
nince z vesli in £olnom v nahrbiniku.

Vet o knjigi na www.zrc-sazu.sifzalozba/jezera.

Davarin Tome
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SHIKA NA NASLOVNICE Metulienici {Libelluloides macaronius) med kopulo na prisojnem travniku na robu vasi
Abitanti v Slovenski Istri ffotor T, Makovec).

$1. 1: Razgibani, terasasti svet Slovenske Istre zagotavija zanimive #ivljenjske nise za mnoge toploljubne Zivali, med
drugim tudi za metulj¢nico (Libefiuloides macaronius} (foto: D. Podgornik),

Sk 2: Rjavi skarpot (Scorpaena porcus) pogosto prikrito Zdi na dnu in prezi na plen (foto: T. Makovec).

Sl. 3: Dolgonosi morski konjicek (Hippocampus guttulatus) je ogrozena vrsta obreinih rib, ki naseljuje morske
wravnike tfoto: T, Makovec).

§1. 4: Intenzivnost poljedelske pridelave ima mocan vpliv na plevelno floro in vegetacijo dolotenega obmodja (foto:
D. Podgornik).

S, 5: Oljka (Olea europaea) 7e tisocletja uspeva v sredozemskem bazenu, kjer je ena najpomembnejsih gojenih
sadnih vrst (Foto: D. Podgornik).

St 6: V inventarju slovenskih mokriS¢ je popisanih 3525 mokrise, ki pokrivajo slabth 5% povrdine Slovenije (foto: L.
Lipej).
Si. 7: Rosnica (Rana dalmatinal je najpogostejSa vrsta rjavih Zab v kragkih kalih (foto: T. Makovec).

St. 8: Ogenj je v sredozemskem ekosisternu pomembernt ekolotki dejavnik, ki spreminja habitatne tipe (fotor D.
Podgornik.

INDEX TO PICTURES ON THE COVER

FRONT COVER: Owi Flies {Libelluloides macaronius) in copula on a sunward grasstand along the village of Abitant]
in Stovene Istria (photo: T. Makovec).

Fig. 1: The multiform, terraced countryside of Slovene Istria provides some interesting life niches for a number of
thermophitous animals, including the Owl Fly (Libelluloides macaronius) {photo: D. Podgornik).

Fig. 2: Black Scorpionfish (Scorpaena porcus) often lurks at the bottom of the sea, waiting for prey {photor T.
Makovec).

Fig. 3: Long-snouted Seahorse {Hippocampus guttulatus) is an endangered coastal fish species, inhabiting sea
meadows (photo: T. Makovec).

Fig. 4: intensive farming has a strong impact on the weed flora and vegetation of a certain area {photo: D.
Podgornil.

Fig. 5: Olive {Olea europaea) has been thriving in the Mediterranean basin for millennia and has always been one of
the most important cultivated fruit species in the region {photo: D. Podgornik).

Fig. 62 In the inventory of Slovene wetlands, 3,525 wetlands are listed, covering a little less than 5% of the entire
surface area of Slovenia (photo: L, Liped,

Fig. 7: Agile Frog (Rana dalmatina) is the most cormon karst pond brown frog (photo: T. Makovec).

Fig. 8: In the Mediterranean ecosystem, fire is an important ecological factor, changing the habitat types (photo: D.
Podgomik).
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NAVODILA AVTOR)EM

1. ANNALES: Anali za istrske In mediteranske Studije
~ Annali df Studi istriani e mediterranei - Annals for
Istran and Mediterranean Studies (do 5. Stevilke: Analf
Koprskega primorfa in bliZnjih pokrajin - Annali del
Litorale capodistriano e delle regioni vicine - Annals of
the Koper Littoral and Neighbouring Regions) e znan-
stvena in strokovna interdisciplinara revija humani-
sticnih, druzbostovnih in naravostovnih vsebin v pod-
naslovu opredeljenega geografskega obmodia.

2. Sprejemamo prispevke v slovenskem, italijan-
skem, hrvaskem in angletkem jezilu. Urednidtvo ima
pravico prispevke jezikovno lektorirati.

3. Prispevki naj chsegajo najve¢ 24 enostransko tip-
kanih strani s po 30 vrsticami. Ma levi pustite 3 do 4 cm
sirok rob. Zazeljeno je tudi {originalno) slikovno gra-
dive, se posebno pa oddaja prispevka na racunalnitki
disketi v programih za PC {osebne) racunainike.

4. MNaslovna stran tipkopisa naj vsebuje naslov in
podnasiov prispevka, ime in priimek avtorja, avterjeve
nazive in akademske naslove, ime in naslov indtitucije,
kier je zaposlen, oz. domadi naslov vidjuno s postno
Stevitko in morebitnim naslovom elektronske poste.

Urednistvo razvri¢a prispevke v naslednje kate-
gorije:

fzvirni znanstveni ¢lanki vsebujejo izvirme rezultate
lastnih raziskav, ki & niso bili objaviieni. Dela potlje
urednistvo v recenzijo. Avtor se ohveruje, da prispevka
ne bo objavil drugje.

Pregledni clanki imajo znacaj izvimih del. To so
ratanéni in kriticni pregledi literature iz stamezmh Za-
nimivih strokovnih podrocij.

Predhodno sporocile in Cradiva imajo ravno tako
znacaj izvimih del.

Strokovni ¢lanki prikazujejo rezultate strokovnih
raziskav. Tudi te prispevke uredniftvo podlje v recenzijo
in avior se obveZe, da prispevka ne bo objavil drugje.

Porocifa vsebujejo krajie znanstvene informacije o
zakljucenih raziskovanjih ali kratek opis strokovnih in
znanstvenih knjig ali sre€anf. Taki prispevki ne smejo
presegati 5 strant.

Mladinske raziskovalne naloge morajo biti urejene
kot strokovna dela.

Komentarji so namenieni aktualnostim s strokovnega
podrocja. Ne smejo presegali 7 strani.

Obvestila so namenjena drustvenemu Zivijenju. Ob-
segajo 1 stran.

5. Prispevek mora vsebovati povzetek in izviecek.
izviecek je krajsi {cca. 10 vrstic) od povzetka (cca. 30
vrstic) in v nasprotju s povzetkom tudi ne vsebuje ko-
mentarjev in priporocil.

V izviecku na kratko opisemo namen, metode dela in
rezultate. Navedemo, Cemu smo delo opravili all na-
pisali dokument. Na ze objavljeno gradivo se sklicujemo

le, ¢e je to glavni motiv dela. Na kratko opisemo metode
in tehnike dela - kolikor je potrebno za razumevanje.
Nove tehnike opisemo le, kier se razlikujejo od Ze
znanih. Ce v delu ne opisujemo eksperimentalnega aki
prakiiCnega dela, opifemo vire informaci]. Rezultate in
zakljucke lahko zdruzimo. Kar se da informativno na-
vedemo le, kaj smo ugotovill oziroma odkril,

Povzelek zaCnemo s stavkom, ki vsebuje glavno spo-
ro¢o dela. Stavki naj bodo popolni in ne predolgi.
Pisemo v tretji osebi, le izjemoma uporabimo glagole v
neosebni obliki. Uporabljameo pravilni strokovni jezik in
se izogibamo slabie znanim kraticam. Chraniti moramo
osnovno informacijo in poudarke iz glavnega besedila.
V povzetku ne sme biti nicesar, ¢esar glavne besedilo
ne vsebuje.

6. Avtorfi so dolzni definirati in pripisati ustrezne
kljuéne besede (pod izvieckom) clanka, Zazeljent so
tudi angletki (ali slovenski) prevodi idjuenih besed,
podnapisov k slikovnemu in tabelarnemu gradivu. Pri-
porotamo se $e za angleSki {ali slovenski) prevod
povzetka, sicer bo za to poskrbelo urednistve.

7. V besedilu se po moznosti drzimo nastedniih
poglavij:
1. Uvod.

2. Pregled dosedanjih objav.

3. Materiafi in metode {Dokazni postopek).
4. Rezultati.

5. Razprava ali diskusija.

6. Zakljucek (Sklepi).

7. Zahvala - e avtor zeli.

8. Priloge - ¢e je potrebno.

9. Literatura (Viri, Bibliografija).
10. Povzetek (Summary).

1. Izviecek.

12. Klju¢ne besede {(neohvezno).

8. Lo¢imo vsebinske in bibliegrafske opombe. Vse-
binske opombe besedilo se podrobneje razlagajo ali po-
jasnjujeio, postavimo jih pad crio. Z bibliografsko
opombo pa mislimao na citat - torej sklicevanie na tocno
doloceni del besedila iz neke druge publikacije (nave-
demo tudi to¢no stran, kjer je citat objavijen) ali na
publikacijo {¢lanek} kot celoto {tocne strani, kier smo
hesedilo prevzeli, ne navajamoy.

Bibliografsko opombo sestavijajo nasledn;ji podatki:

Avtor, leto izida in - le e citiramo tocno doioéem
del besedila - tudi navedba strani.

Celotni bibliografski podatki citiranth in uporabljenih
virov so navedeni v poglaviju Literatura (Viri, Biblio-
grafija).

Primer citata med besedilom:

{Grafenauer, 1993, 11).

Primer navajanja vira kot celote, brez citiranja:
{Grafenauver, 1993},
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Popoini podatki o tem viru v poglaviu Literatura pa
s glasijo:

Grafenaver, B, {1993} Miti o "Istri" In resnica istr-
skega polotoka. V: Acta Histriae |. Koper, Zgodovinsko
drudtvo za juzno Primorsko, 9-52. :

Ce citiramo ved del istega aviorja iz istega leta, po-
feg priimka in kratice imena napidemo e Crke po abe-
cednem vrstnem redu, tako da se viri med seboj
razlikujejo. Primer:

(Grafenauer, 1993a); (Grafenauer, 1993b).

Bibliografska opomba je lahko twdi del vsebinske
apombe in jo zapisujemo na enak nacin.

Posamezna dela ali navedbe virov v isti opombi
locimo s podpicjem. Primer:

(Gomba¢, 1996; Grafenauer, 1993b).

9. Pri citiranju arhivskih virov navedemo najprej ar-
hiv, nate ime fonda ali zbirke in signaturo. V Clanku
navajamo kratico arhivskega vira v oklepaju med bese-
dilom. Kratico pa razlozimo v poglaviu o virth na koncu
prispevka.

Primer navajanja arhivskega vira v oklepaju med
besedilom: (PAK. RAG, 1}

Primer navajanja arhivskega vira v poglavju o virih:
PAK. RAG - Pokrajinski arhiv Koper, Rodbinski arhiv
Gravisi, a. e. {arhivska enota) 1.

Podobno poskusamo ravnati pri uporabi casopisnih
virov.

10. Poglavie o literaturi in virih je obvezno. Biblio-
grafske podatke navajamo takole:

- Opis zakljucene publikacije kot celote - knjige:

Avior {eto izida): Naslov. Zbirka. Kraj, ZaloZba,
Mpr.:

Verginella, M., Volk, A., Colja, K. (1995): Ljudje v
vojni. Druga svetovna vojna v Trstu in na Primorskem.
Knjiznica Annales 9. Koper, Zgodovinsko drudtvo za
juzno Primorsko.

V zgomjem primery, Kjer je aviorjev ved kot dva, i@
korekten tudi citat:

(Verginella et al., 1995)

Ce navajamo dolo¢eni del iz zakljucene publikacije,
zgornjemy opisu dodamo e Stevilke strani, od koder
smo navedbo prevzeli.

- Opis prispevka v zakljuceni publikaciji - npr. pri-
spevka v zborniku:

Avtor (lelo izida): Naslov prispevka. V: Avtor knjige:
Naslov knjige. 1zdaja. Kraj, ZaloZba, strani od-da. Pri-
mer:

Verginella, M. (1995): PoraZeni zmagovalci. Sloven-
ska pricevania o osvobodilnem gibanju na Trzatkem. V:
Verginella, M. et al: Ljudie v veopni. Druga svetovna
vojna v Trstu in na Primorskem. KnjiZnica Annales 9.
Koper, Zgodovinsko drustvo za juzno Primorsko, 13-51.

- Opis ¢lanka v reviji:

Avior {leto izida): Naslov ¢lanka. Naslov revije, ste-
vitka. Kraj, Zalozba, strani od-do. Primer:

Gombac, B. (1996): Osvobaoditev Trsta maja 1945,
Annales 896, Koper, Zgadovinsko drugtve za juZno Pri-
morsko - Znanstveno-raziskovalne srediste Republike
Slovenije Koper, 141-150.

- Opis ustnega vira:

informator (leto izporocila); Ime in pritmek informa-
torja, leto rojstva, vioga, funkcija ali poloZaj. Nacin
pri¢evanja. Oblika in kraj nahajanja zapisa. Primer:

Baf, A. {1998): Alojzije Baf, r. 1930, zupnik v Vizi-
nadi. Ustno izporocilo. Magnetofonski zapis pri aviorju.

- opis vira iz internetnih spletnih strani:

www. home page ustanove (leto-rmesec izpisal celo-
ten naslov podstrani. Primer:

www.zrs-kp.si {2000-97):

hitp/fwww.slo-istra.com/koper/zrs/zrs. itmd

Clanki so razvrideni po abecednem redu priimkov
avtorjev ter po letu izdaje, v primeru da gre za ved
citatov istega-istih aviorjev.

11. Tiskarski znaki za poudarke naj bodo:

podértano za potkrepko,

valoviio podérano za feZede.

Racunalniski zapis naj vkljuduje ustrezne oznake za
bold in ftalics.

12. Kratice v besedifu moramo razresiti v oklepaju,
ko se prvi¢ pojavijo. Clanku lahko dodamo tudi seznam
uporablienih kratic.

13. Pri ocenah publikacij navedemo v naslovu pri-
spevka avtorja publikacije, naslov, kraj, zalozbo, leto
izida in gtevilo strani (oziroma ustrezen opis iz tocke 10).

14. Prvi odtis prispevkov uredniitvo potlie avtorjem
v korekturo. Aviorii so dolzni popravijeno gradive vrniti
v treh (3) dneh. Besedilo popravijamo s korelturnimd
znamenji, ki jih najdemo na koncu Slovenskega pra-
vopisa (1962), Ljubljana, ali v: Slovenski pravopis 1.
Pravila {1990}, Ljubliana, SAZLU-DZS, 13-14.

Sirjenje obsega besedila ob korekturah ni dovoljeno.
Druge korekture opravi urednistvo.

15. Urednistvo prosi aviorie, naj navodila vedno
upostevajo. Ob vseh nejasnostih je urednistvo na voljo
za vsa pojasnila.

UREDNISTVO
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1. ANNALES: Annals for Istran and Mediterranean
Studies - Anali za istrske in mediteranske studije {up to
Na. 5 Annals of the Koper Littoral and Neighbouring
Regions - Anali Koprskega primorja in bliznjih pokeajin)
is a scientific and research interdisciplinary review cove-
ring the humanities, sociology and natural science in the
area as stated in the review's subtitle.

2. Articles {papers) written in Slovene, falian, Cro-
atian and English languages will be accepted. The Edito-
rial Board reserves the right to have them linguistically
revised and corrected.

3. Articles should be written on max. 24 pages with
double spacing and on one side of the sheet only. On the
left side of each page, a 3-4 em wide margin is to be left,
Original photographs, drawings and tables are wel-
comed, as well as diskettes containing the texts, together
with reference to the programme used.

4. Title page of typescript is to include title and subti-
tle of the article (paper), author's name, any {academic)
titles and name of institution by which employed or per-
sonal address with eventual F-mail addrass.

Articles are arranged in the following eight categories:

Original  sclemtific  papers containing not  yet
published results of the author's own research. Such
warks will be reviewed by scientists chosen by the
Editorial Board. Authors oblige themselves not to offer
their material to any other journal or magazine.

Review articles bearing the character of original
works. These are critical and detailed reviews of literature
from various interesting fields of research.

Prefiminary communication and Materials also
bearing the character of original works.

Professional  papers presenting  results  obtained
through research, They oo will be reviewed, and authors
oblige themselves not to publish them elsewhere.

Reports include short scientific information on inte-
agral research work or a short description of scientific or
specialist books or meetings of experts. Such articles are
not to exceed 5 pages.

Youth research compositions are to be presented in
the same was as research works,

Explanatory comments include topical issues from
vartous fields of research and are not to excesd 2 pages.

Naotices include news from various associations and
should not exceed 1 page.

5. Articles should include both summary and ab-
stract,

Abstract is the shorter of the two (with up to 10 lines)
and does not include, in contrast to summary {with up to
30 lines), explanatory comments and recommendations.

Abstract is to contain a short description of the pur-
pose and methods of the work and its results. Author
should also state why the work has been carried out and
why a document has been written about it. References to
the already published material are made only if this is the

main purpose of the work. Methods: if necessary, work
methods and techniques are to be briefly described (new
techniques are to be stated only i differing from the al-
ready known ones). if no experimental or practical work
is described, sources of information are to be given. Re-
sults and conclusions may be incorporated. Findings are
0 be presented as briefly as possible.

At the beginning of summary the essential points of
the carried out work are 1o be presented. Sentences
should be concise and not too long. The text is to be
written in the third person; verbs may be used in imper
sonal form only exceptionally. The not so well known
abbreviations are o be avaided. Summary is to retain the
basic information from the main part of the text, and
should not contain anything that does not appear in the
main text itself,

6. Authors are obliged to define and state key words
thelow abstract) in their articles. English (or Slovene)
transfation of key words, texts accompanying figures and
tables are welcomed, as well as English {(or Slovene)
transtation of abstracts; # this is not convenient, the Board
of Editars will provide for it.

7. Texts should include, if at alf possible, the follow-
ing chapters:
1. Introduction
2. Works published to date
3. Matertal and methods
4, Results
5. Discussion
6. Conclusions
7. Acknowledgements (if desired by author)
8. Supplements {if necessary}
9. References (Sources, Bibliography)
10. Sumimary
11. Abstract
12. Key words

8. Two kinds of notes are distinguished: those regard-
ing the contents of the text, and those referring 1o bibli-
ography. The first elucidate the text in even greater detail
and are to appear at the bottom of the page (under linel.
Bibliographical notes, which are to appear in brackets in
the text itseff, deal with quotations and refer to a precisely
stipulated part of the text from some other publication
(the page on which quotation appears is ta be therefore
stated as well) or 0 a publication (article) as a whole {in
this case no page from which the text has been taken is to
be staled).

Bibliographical notes are made up of the following
details:

Author, vear of its publication, and page (hutonly if a
precisely stipulated part of the text is quoted).

The entire bibliographical data of the quoted and
used sources are to be stated under References (Sources,
BibHography).

Example of guotation referring to a precisely stipu-
lated part of the text: {(Sommerville, 1995, 11).
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Example of source quotation as a whale, with no ci-
tation: (Sommerville, 1995},

The entire data of this source are 1o bhe stated in the
references and sources chapter as follows:

Sommerville, M. R. {1995): Sex and Subjection. Atti-
tudes to Women in Early-Madern Sociely. London-New
York-Sydney-Auckland, Amold.

If a number of works by the same author from the
same year are quoted, letters in alphabetical order are to
be stated apart from the author's surmame and abbrevia-
tion of his first name, in order that the sources are clearly
divided between each other. Example:

(Sommerville, 1986a); (Sommerville, 1986h).

Bibliographical note can also be a part of the note
referring to the contents and is to be written in the same
way, i.e. in brackets within the note referring to the con-
{ents.

Separate works or source gquatations under the sare
note are to be separated with semicolon. Example:
(Sommerville, 1986b; Caunce, 1994,

9, When quoting archive sources, the archive is to be
stated first, then the name of the fund or collection and
shelfrnark., The abbrevation of archive source is to be
stated in brackets in the text of the article. The abbreva-
tian is to be explained in the references chapter at the end
of the article.

Example of citing archive source in brackets in the
text itself: {ASY. CSM, 240}

Example of citing archive source in the reference
chapter: ASV, CSM - Archivio di Stato di Venezia. Cinque
Savi alla Mercanzia, fasc. 240,

Review sources are 1o be stated in the same way.

10. The references and sources chapter is compul-
sary. Bibliographical data are to be stated as follows:

- Description of integral publication:

Author {year when published): Title. Volume - Col-
lection. Place of publication, published by. Example:

Caunce, S, {1994): Oral History and the Local Histo-
rian. Approaches to local history. London and New York,
Longman. .

if there are more than two authors, the work can be
also cited as:

{(Matthews et al., 1290, 35}

i a specific part from an integral publication is
quoted, the page numbers from which the quotation has
been taken are to be added to the above description.

- Description of the article (paper) in integral publi-
cation - e.g text in a collection of scientific papers:
Author {year of its publication): Tide of the paper. In:
Author of the book: Title of the book, Volume - Collec-
tion. Place of publication, published by, pages from - to.
Example:

Matthews, R., Anderson, D)., Chen, R. 5., Webb, T,
{1990): Global Climate and the Origins of Agriculture. in:
Newman, L. F. {ed.): Munger in History. Food Shortage,
Poverty, and Deprivation. Oxford-Cambridge, Blackwell,
27-55,

- Description of article in certain review: Author (year
of its publication): Title of article. Name of review, ils
number. Place of publication, published by, pages from -
0.

Example:

Shuga, G. {1996): Identity and Revolution: The History
of the "Forty Days" of May 1945, Annales 8/96. Koper,
Zgodovinsko drudtvo za juzno Primorsko - Znanstveno-
raziskovalno srediice Republike Slovenije Koper, 125-
140,

- description of personal communication:

Informant {year when communication was givenh
Name and surname of informer, vear of birth, function or
position held. Manner of the testimony's presentation.
Form and place where record was made. Example:

Baf, A. (1998): Alojzije Baf, 1930, priest at Vizinada.
Personal communication. Tape recording at author's
place.

- description of source from the Internat websites:

www. home page of institution {year-month when
registered): full address of sub- page. Example:

www.zrs-kp.si (2000-07):

hitpAwww slo-istra.com/koper/zrs/zrs himil

If the same authotfs) is fare} cited a number of times,
the articles are o appear in alphabetical order of the
authors' surnames and year of publication.

11. Printer's marks for acéentuations are to be as fol-
fows:

underlined for semi-bold,

undulatory Hine for italics,

Computer notation is to include suitable marks for
bold and itafics.

12. Abbreviations in the texts are to he explained in
brackets when appearing for the first time. A list of used
abbreviations can be added to the article.

13. When assessing a publication, its author, title,
place, publishing house, year of publication and page
numbers {or appropriate description from ltem 10) are to
be stated in the title of the article.

14, First copies of printed articles will be sent to
authors for proof-reading. Authors are obliged to return
them in three {3} days. No new sentences are allowed to
be added during proof-reading. The second (printing)
proofs will be read by the Editorial Board.

15. Authors are kindly requested 10 consider these
instructions at all times. In case of any indistinctness,
please do not hesitate to contact the review's Editorial
Board.

EDITORIAL BOARD
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