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HISTORICAL AND CONTEMPORARY RECORDS OF SHARKS
FROM THE SEA OF MARMARA, TURKEY

Hakan KABASAKAL
ichthyological Research Society, Atatirk Mahallesi, Mentesolu Caddesi, idil apt., No 30, D 4, TR-34764 Umraniye, {stanbul
E-mail: hakankabasakal@hotmail.com

ABSTRACT

Tweniy species of sharks, with either confirmed ar questionable presence in the Sea of Marmara, cormprise nearly
the 8 % of the total ichthyofauna of Marmaric waters. Regarding their species numbers, squaliform and carcharhini-
form sharks, each represenited by 7 species, dominated the species composition of sharks in Marmaric waters.
Squaliform sharks, scyliorhinid Galeus melastomus, and adult individuals of Hexanchus griseus, have been mostly
captured over the deeper parts of shelf and upper slope on the northern side, whife Mustelus asterias and M. muste-
lus, and scyliorhinids, Scyliorhinus canicula and S. stellaris, as well as the young individuals of H. griseus, and
Squatina squatina fiave been mostly captured in the southern part of Marmara. Alopias vulpinus is the only pelagic
species recorded in the present research. The current presence of 5 species, Carcharodon carcharias, Lamna nasus,
Galeorhinus galeus, Prionace glauca and Echinorhinus brucus, is questionalile, and for the time heing it is not possi-
ble to say whether their Mediterranean distribution still extends to Marmaric waters. Southemn part of the Sea of
Marmara appears a sultable shark nursery, in particular for scyliorhinid and triakid species.

Key words: sharks, distribution, shark bycatches, shark nurseries, Sea of Marmara

SEGNALAZION] STORICHE E CONTEMPORANEE DI SQUAL! NEL MAR
DI MARMARA, TURCHIA

SINTES!

Venti specie di squali, sia che la loro presenza sia confermata o dubbia nel Mar di Marmara, costituiscono quasi
Potto percento dell’ittiofauna totale di tali acque. Per quanio riguarda squali squaliformi e carcariniformi, ognuno di
essi rappresemtato da sette specie, essi dominanc la cormposizione di specie di squali in acque marmariche. Squali
squaliformi, if boccanera Galeus melastomus, e individui adulii detlo squalo capopiatto Hexanchus griseus, sono
stati catturati principalmente nelle parti pilt profonde def piano e del pendio superiore nella parte settentrionale,
mentre Mustelus asterias e M. musteius, gfi scifforinidi Scyliorhinus canicula e S. stellaris, giovani individui di H.
griseus, nonché Squatina squatina, sono stati catturati principalmente nefla parte meridionale di Marmara. Alopias
vulpinus & 'unica specie pelagica riscontraia nefla presente ricerca, La presenza di § specie, Carcharodon car-
charias, Lamna nasus, Galeorhinus galeus, Prionace glauca e Echinorhinus brucus, risulta dubbia, pertanto non & per
il momento possibile ipotizzare un ampliamento defla loro distribuzione mediterranea anche al Mar di Marmara. La
parte meridionale del Mar di Marmara appare idonea alla funzione di nursery, soprattutto per sciliorinidi e triachidi.

Parole chiave: squali, distribuzione, catture di squali, nursery per squali, Mar di Marmatra
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INTRODUCTION

Althaugh the origin of the ichthyological studies in
the Sea of Marmara dates back to nearly a century {see
Bilecenoglu et al., 2002, for review}), very few specific
studies on sharks of this unique inland sea have been
produced to date. Our knowledge about sharks of the
Sea of Marmara is limited to the general ichthyological
works (Ninnj, 1923 lin Bilecenoglu et al, 2002]; De-
vedjian, 1926; Ayash, 1937; Erazi, 1942; Aksiray, 1987,
Bauchot, 1987; Kocatas et al., 1993; Merig, 1995; Mater
& Merig, 1996), or to a few specific studies on sharks of

this sea {Benli et al,, 1993; Okus et al, 1996, Uysal el

al., 1996; Kabasakal, 1998). According to the most re-
cent list of elasmobranch species of the seas of Turkey,
15 confirmed and one questionable species of sharks
are present in the Sea of Manmara (Kabasakal, 2002),
while the presence of another 4 species of sharks,
Galeorhinus  galeus, Prionace glauca, fchinarhinus
brucus and Squating ocufata, fromm Marmaric waters
have also been reported in some pioneering works and
in a single recent ichthyological work dealing with

Turkish seas (MNinni, 1923 iBilecenoglu et al, 2002}
Devedjian, 1926; Avasl, 1937, Mertic, 1994 [in Bile-
cenoglu et al., 20021}, With the exception of S. oculata,
whose presence was described in a recent report {Merig,
1994 {Bilecenofify et al, 2002]}, the status of the re-
maining 3 species, G. galeus, P. glauca and E. Drucus, is
uncertain and regarding their presence in the Sea of
Marmara (Ninni, 1923 [Bilecenoglu et al, 20G2]; De-
vedjian, 1926; Ayash, 1937}, it would be proper to con-
sider them as "doubtful species®.

The main objective of the present work is to provide
information on the basis of a number of historical and
contemporary shark records from the Sea of Marmara,
and to update the species list with the addition of new
data.

MATERIAL AND METHODS

The area encompassed by the present research is a
subunit of the Mediterranean Sea and known as the Sea
of Marmara (Fig. 1). It is connected with the Mediterra-
nean Sea via the Dardanelles and with the Black Sea
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Fig. 1: Map of the study area; circled numbers indicate the sampling locations; % indicates the stranding site of
Carcharodon carcharias in the Bosphorus Strait in February 1881.

$1. 1: Zemljevid preucevanega obmodja; obkroZene Stevilke oznacujejo posamezna vzor&isca; * ponazarja mesto v
Bosporski oZini, kjer je februaria 1881 nasedel beli morski volk Carcharodon carcharias.
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through the Bosporus Strait. While Marmara’s surface
waters are affected by the Black Sea, its deeper layers
remain under the influence of the Mediterranean (Kao-
catag et al., 1993). According to Oztirk & Ozitirk
{1296}, the Sea of Marmara is an ecological barrier, a
rransition zone or an acclimatisation area, influencing
the dispersal of species between the Mediterranean and
Black Seas.

An extensive fleld survey was carried out between
1991 and 1999 along the coast of Sea of Marmara {Fig.
1) to collect or examine sharks. Whenever possible, the
author joined fishermen (mostly purse-seiners, gill-
netters and bottom fong-liners) 1o collect shark samples.
Sharks delivered to the Istanbul Fish Market were also
analysed for the purpose of this research. Furthenmore,
the available ichthyological literature on the Sea of
Marmara was critically reviewed. The following data
were recorded for each species: total length (TOT) in
cm, sex of the animal, date and location of the capture.
Total length of the specimens was measured with the
caudat fin in the depressed position. Whenever passible,
teeth and skin samples were also collected, now kept in
the author's personal collection. Capture locations of
the examined specimens, as well as those of recent rec-
ords are shown in circled numbers in figure 1. Dashed
lines in figure 1 indicate northern and southern bordess
of the bycatch area of C. carcharias, L. nasus, A. vul-
pinus and P. glauca, repotted by Devedjian {1926),
Ayasht (1937), Gimey (1974), Uner (1984) and Aksiray
(1987) from the Sea of Manmara.

for an easter understanding, status of occurrence of
sharks recorded from the Sea of Marmara was classified
under the following categories: {A) species examined in
the present study; and (B} species cited by other re-

searchers but not examined in the present study. Status:

of occurrence of each species is denoted in parentheses
after #s scientific name. The absence of a species in the
recent catch records or in the recent general ichthy-
ological lists, caoncerning exclusively the fish fauna of
the Sea of Marmara, at {east for the last 25 years, was
used as the criteria for considering the species as "ques-
tionable®, :

identification of the spacies follows Whitehead et al.
{1984) and Compagno {1984a, b). Taxcnomic nomen-
clature follows Luropean Register of Marine Species,
Chondricthyes  brief checklist thtp:/ferms.biol.soton.
ac.uk/lists/). Al photographs (Fig 2-9) were taken by the
author.

RESULTS AND DISCUSSION

Field surveys and review of the available fiterature
have revealed the presence, either confirmed or ques-
- tionable, of 20 shark species, representing 11 families in

- the Sea of Marmara. Relevant details about these species

o are given below.,

Order Hexanchiformes
Famify Hexanchidae
1. Hexanchus griseus {Bonnalerre, 1788} (A}

Previous recordings: Ninni {1923, [Bilecenoghu et af.,
20021}, Devedjian {1926, as Notidanus griseus), Uner
{1984), Meric {1993), Kabasakal (1998, 20023,

Material exammined: 1 4 {TOT 250 ¢m) captured on
February 20, 1997, off the coast of Sarkdy {(40°09'50" N,
27°18°40" £} at a depth of 50 m (Kabasakal, 1598) (Fig.
1, stat. 1); 1 @ {TOT 125 cm), captured in March 1997
off the coast of Sarkdy (same focation as the previous
specimen, Fig. 1, st. 13; 2 ¢ {TOT 380 and 450 cm, re-
spectively) captured off the coast of Tuzla, at a depth of
200 m (Fig. 1, st. 2), second spectmen is shown in figure
2; 1 Q (TOT 420 cm) captured in December 1999 off
the coast of Yassiada at a depth of 220 m {Fig. 1, st. 3),

According to Uner (1984), bluntnose sixgili shark is
one of the common and largest sharks of the Sea of
Marmara. Meric (1995) recorded this species from the
catches at depths between 120 to 350 m by gill-natting
over the northern continental slope, describing it as a
rare bycatch by demersal fishing gear.

Order Lamniformes
Family Lamnidae
2. Carcharodon carcharias {Linnaeus, 1758} (B}

Previous recordings: Devedjian (1926, as Carcharo-
don Rondeletii), Guney (1974), Uner (1984), Aksiray
{1987), Fergusson (1996), Bilecenoflu et af. (2002).

Devedjian (1926} repotted an a great white shark
{TOT 400 cmy captured in the Sea of Marmara, and
added that its stomach content included a number of
bonitos. According (o Giiney (1974) and Uner (1984}, C.
carcharias is present in the Sea of Marmara in all sea-
sons and it approaches Marmaric entrance of the
Bosporus Strait especially in winter. Ore of the common
points stated by these three authors was that the great
white shark was usually a common bycaich by tuna
handliners in the Sea of Marmara, and this one was
captured incidentally as a result of chasing schools of
tunas and honitos. Uner (1984) also reported that most
of the great white shark captures were made between
December and late March, and that most of the indi-
viduals were captured arcund the Prince Islands (Fig. 1)
and near the Bosporus Strait. Accarding to Akgwray
{1987), C. carcharias inhabits the Sea of Marmara and
rarely occurs near the Pontic entrance of the Bosparus
Strait. Fergusson (1996} reported the capture of three in-
dividuals of C. carcharias in the Sea of Marmara. These
are: one stranded individual (TOT 391 cm) near Beyler-


http://erms.biol.soton
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beyi coast {Bosporus Strait) in February 1881 {% in Fig.
1) 1 @ {TOT 470 cm, W 1500 kg), captured on Novem-
ber 17, 1881, and 1 8 (TOT 500+ cm, W 3750 kg,
captured in February 1962. Fergusson (1996) stated that
the weight of the last individual was no doubt an error.
No contemporary record of C. carcharias is available,
and no individual of this species was captured or even
sighted during the field surveys. Although the presence
of C. carcharias in the Sea of Marmara has been re-
ported by Bilecenogtu et al. (2002) in the Checklist of
the marine fishes of Turkey, the information given here-
with is probably based on previous recordings. There-
fore, its current presence in Marmaric waters is "ques-
tionable” and requires confirmation.

3. Lamna nasus (Bonnaterre, 1788) (8)

Previous recordings: Ninni {1923, [Bilecenoflu el al.,
2002]), Devedjian (1926, as Lamna cornubical, Giiney
(1974), Uner (1984), Aksiray (1987), Bauchot (1987),
Mater & Merig (1996}, Bilecenogiu et al. {2002), Kaba-
sakal {2002},

Although no capture information on L. nasus indi-
viduals is avaitable, porbeagle is, according to Deved-
jian (1926), Guney (1974), Uner (1984) and Aksway
{1987), yet another common lamnoid shark of the Sea of
Marmara, with most of its captures made around the
Prince islands and near the Marmaric entrance to the
Bosporus Strait (Fig. 1). Gliney {1974) and Uner (1984)
also reported that, as for C. carcharias, bycatches of L.
nasus by tuna fishing gear occurred mostly in the winter,
as a result of chasing schools of tunas and bonitos. The

recording of L. nasus by Kabasakal (2002} from the Sea
of Marmara is based on previous recordings of this spe-
cies by other researchers. Although the presence of L.
nasus in the Sea of Marmara has been reported by Bite-
cenogiu et al. (2002}, the information given herewith is
probably based on previous recordings. No individual of
this species was captured or even sighted during the
field surveys. Therefore, its current presence in Mar-
maric waters is “guestionable” and requires confirma-
tion.

Family Aloptidae
4. Alopias vuipinus (Bonnaterre, 1788} (A)

Previous recordings: Ninni (1923, [Bilecenoglu et al.,
2002]), Devedjian (1926, as Alopias vulpes), frazi
{1942, as Alopias vulpes), Uner (1984), Kocatas et al.
{1993}, Kabasakat (2002}

Material examined: 1 & (TOT 190 cm) captured on
Aprit 12, 1997, ofi the coast of Silivri (Fig. 1, st. 4}

Devedjian {1926} reported onh some enormous A.
vufpinus individuals ending at the Istanbul Fish Market,
without giving information on their size or biology. is
presence in the Sea of Marmara was possibly the result
of chasing the pelagic fish schools. As A, vulpinus is a
highty migratory shark (Compagne, 1984a), it is neces-
sary 10 investigate its movements in detail to figure out
whether its presence in the Sea of Marmara is regular or
just incidental. Despite this uncertainty, A. vuipinus is
the only confirmed pelagic shark species recorded in
Marmaric waters during the present research.

Fig. 2: Hexanchus griseus (Bonnaterre, 1788) (3, TOT 450 ém) displayed at a fish market in Istanbul,
SI. 2: Hexanchus griseus (Bonnaterre, 1788) {9, TOT 450 cm), postavijen na ogled na istanbulski ribji trZnici.
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fig. 3/SL 3: Caleus melastonius Rafinesque, 1810 (7, TOT 22 amn).

Order Carcharhiniformes
Family Scyliorhinidae
5. Galeus melastomus Rafinesque, 1810 (A)

Previous recordings: Aksiray {1987}, Bauchot (1987},
Kocatag et al. (1993}, Meric {1985), Mater & Meric
{1996), Uysal et al. (1996), Kabasakal (2002).

Material examined: 2 & (TOT 22 and 30 cm, respec-
tively; first specimen shown in Fig. 3), captured on Oc-
tober 20, 1996, off the coast of Silivri (40°57°00" N,
28°16'15" E) (Fig. 1, st. 5) at a depth of 350 m.

Meric (1995) reported a bycatch of G. mefastomus in
bottom set gill-nets over the northern continental slope
between depths of 120 to 350 m. According to Uysal et
al. {1996}, G. mefastomus is a rare shark in the Sea of
Marmara, captured at depths greater than 200 m.

6. Scyliorhinus canicufa (Linnaeus, 1758} (A)

Previous recordings: Devedjian (1926, as Scyflium
canfcula), Ayash (1937), frazi (1942, as Scyllium
canicula), Akstray (1987), Bauchot (1987), Kocatas et al.
11993}, Meric; (1995), Mater & Meric {1996}, Okus et al,
{1996}, Kabasakal (2002).
.- Material examined: 2 & {TOT 20.5 and 40.7 cm, re-
~spectively); first specimen shown in Fig. 4) and 12 ¢
- {(TOT 20 to 38 cm) captured in june 1991 off the west-
e coast of Ekinlik Island at a depth of 47 m (Fig. 1, st
- 6); 6 & (TOY 20 to 36 cm) and 2 ¢ {TOT 30 and 30.2

Fig. 4/5l. 4: Scyliorhinus canicula (Linnaeus, 1758} (3, TOT 20.5 cm).

cm, rtespectively} captured in October 1994 off the
northern coast of Yassiada at depth of 87 m (Fig. 1, st.
7). Many egg capsules, attached to the gorgonians and
black corals, were observed at Ekinlik station (Fig. 1, st.
6).

Smallspotted catshark is the most common scylio-
rhinid species in the Sea of Marmara and most of its by-
catches were made in the south-western part of this sea
(Ckus et af., 1996). It has also been caught in bottom set
gill-nets over the northern continental stope, although in
insignificant numbers {Meric, 1995).

7. Scyfiochinus steflaris (Linnaeus, 1758) (A)

Previous recordings: Ninni (1923, {Bilecenoglu er al.,
20021), Aksiray (1987), Bauchot {1987), Kocatas et al,
(1993), Mater & Meric (1996), Kabasakal (2002).

Material examined: 1 £ (TOT 83 cm, Fig. 5) cap-
tured in March 1997 off the southern coast of Ekinlik Is-
fand at a depth of 47 m {Fig. 1, st. 6}; one egg capsule
was observed in each uteri; jaws preserved.

5. stellaris is a rare scyliorhinid shark in the Sea of
Marmara and its records are generally confined to the
south-western part of this sea.

Farmily Triakidae
8. Galeorhinus galeus (Linnaeus, 1758} (B)

Previous recordings: Ninnt (1923, [Bilecenoglu et al.,
20024}, Devedjian (1926, as Galeus canis,
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Although the presence of G. galeus in the Sea of
Maimara has been reported by Bilecenoglu et al. (2002),
the information given herewith is probakly based on pre-
vious recordings. In his monumental work, Akgiray
{1967) placed G. galeus and other tiakids in Car-
charhinidae, but while reporting on the presence of tope
shark in Turkish seas, the author gave no specific infor-
rnation whether it was still present in the Sea of Marmara.
Furthermore, no contemporary records of €. galeus from
this sea are available. No individual of this species was
captured or even sighted during the field surveys.
Therefore, the current presence of G. galeus in Marmaric
waters seems "questionable® and requires confirmation.

9. Mustelus asterias Cloguet, 1821 (A

Previous recordings: Meri¢ (1995), Mater & Merig
{1996), Kabasakal (2002).

Material examined: T § (TOT 125 am; Fig. 6} cap-
tred in November 1997 off the northern coast of Mar-
mara Island at a depth of 100 m (Fig. 1, st. 8); embryos
carrying yolk sacs were observed in uteri.

Merig (1995} reported M. asterfas from siope waters
of the northern Marmara. Compated with the {ollowing
congeneric species, it is quite rare in the Sea of Mar-
mara.

10. Mustelus mustelus (Linnaeus, 1758} {(A)

Previous recordings: Devedijian (1926, as Mustelus
vulgarisy, Erazi (1942, as Mustelus vulgaris), Kocatas et
al. (1993}, Meri¢ (1995}, Mater & Meri¢ (1996), Okus et
al. {1996}, Kabasakal (2002).

Material examined: 1 @ {TOT 120 om) captured in
the winter of 1995 off the northern coast of Marmara Is-
land at a depth of 90 m {Fig. 1, st. 9), jaws of this speci-
men preserved; 1 ¢ (TOT 36 cm) captured in June 1999
off the northern coast of Yassiada at a depth of 80 m
{Fig. 1, st. 10}; unhealed umbilical scar observed on this
specimen. o

Meric (1995) reported on M. miustelus from slope
waters of the northern Marmara. According to Okus et
al. {(1996), distribution of this shark is prevalent i the
south-western part of the Sea of Marmara.

Fig. 5/81. 5: Scyliorhinus stelfaris (Linnaeus, 1758) (¢, TOT 83 ¢m).

Fig. 6/51. 6: Mustelus asterias Cia(jiret, 1821 (Q, TOT 125 cm).
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Family Carcharhinidae
11. Prionace glauca {Linnacus, 1758) (B)

Previous recordings: Ninni (1923, [Bilecenogtu et al,
20021), Devedjian (1926, as Caccharias glaucus), Ayasli
{1937, as Carcharias glaucus), Guney (1974), Uner
{1984), Bilecenoghu et al. (2002).

Record of an enormous blue shark (TO1 800 cm)
delivered to the Istanbul Fish Market tAyash, 1937). The
author stated that the stomach content of this individual
included remains of tuna fish and dolphin. However, re-
-garding the maximum confirmed size (383 cml of the
‘blue shark and the unconfirmed reports on larger 480 to
650 cm long individuals (Compagno, 1984b), the size of
this individual reported by Ayash (1937) seems "unrea-
sonable", Furthermore, we could hypothesize that by
considering the size (TOT 800 am) and stomach contents
{tuna fish and dolphin), Pricnace glauca reported by
Avash {1937} was actually a Carcharodon carcharias. No
photographs or parts of this individual have been pre-
served. Giney (1974) and Uner {1984) reported that, as
far as famnoid sharks are concerned, bycatches of P.
glauca in tuna fishing gear mostly accurred around the
Prince Islands and near the Marmaric entrance to the
Bosporus Strait. No individual of P. glauca was captured
© or even sighted during the field surveys, and no contemn-
porary record of this shark from this sea is available. Al-
_ though the preserice of F. glauca in the Sea of Marmara
"+ has been reported by Bitecenogiu et al. {2002}, the in-
. formation given herewith is probably based on previous
- o recordings. its current presence in the Sea of Marmara
. _Seéms "questionabde” and requires confirmation.
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Fig. 7/5l. 7: Oxynotus cenirina (Linnaeus, 1758) (¢, TOT 40 cm).

Order Squaliformes
Family Dalatiidae
12. Oxynotus centrina (Linnaeus, 1758) (A)

Previous recordings: Erazi (1942, as Squalus cen-
trina), Mater & Merig (1996), Kabasakal (2002},

Material examined: 1 ¢ (TOT 40 cm, Fig. 7) captured
in Novermher 1994 off the northern coast of Yassiada at a
depth of 90 m (Fig. 1, st. 11 2 & (TOT 35 to 41 cm, re-
spectively) captured in February 1996 off the western
coast of Ekinlik Istand at a depth of 60 m (Fig. 1, st. 12},

Q. centrina is a rare bycatch by bottom set gilk-nets
and long-lines in the Sea of Marmara.

13. Dalatias licha (Bonnaterre, 1788) (B)

Previous recordings: Meric (1995}, Kabasakal (2002},

Meri¢ (1995) reported on a single male (TOT 34.5
om) captured on July 5, 1991, off the coast of
Buytkgekmece {Fig. 1, st. 13) at a depth of 270 m. No
D, licha individual was captured during the field sur-
veys. [Lis very rare in the Sea of Maymara, and no in-
formation is available on its distribution in the Sea of
Marmnara.

Family Centrophoridae

14, Centrophorus granulosus (Bloch & Schneider,
1801} (B)

Previous recordings: Benli et al (1993), Merig
{1995), Mater & Merig (1996), Kabasakai (2002},
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C. granulosus has been recorded for the first time in
the Sea of Marmara by Benli et al (1993); the record is
based on 5 specimens captured in the autumn of 1992
at a depth of 400 m (40°36°05" N, 28°36703" £) (Fig. 1,
st 14). Merig (1995) reported that gulper sharks were
rarely captured by bottom set gill-nets between depths
of 120 to 350 m over the northern continental stope of
the Sea of Marmara, No individual of C. granufosus was
captured during the field surveys. It is very rare in the
Sea of Marmara, and no information is available on s
distribution in the Sea of Marmara.

15. Centrophorus uyato (Rafinesque, 1810) (B}

Previous recordings: Meric (19951, Kabasakal (2002},

Meric (1995) reported on a female (TOT 44.2 cm}
captured on May 19, 1989, off the coast of Yesilkoy
{Fig. 1, st. 15) at a depth of 150 m and on a male {TOT
45.3 em) captured on August 11, 1997, off the coast of
Biyiikcekmece (Fig. 1, st. 13) at a depth of 270 m. No
individual of C. uyato was captured during the field sur-
veys. It is very rare in the Sea of Marmara, and no in-
formation is available on its” Marmaric distribution.

Fig. 8/81. 8: Squalus acanthias Linnaeus, 1758 {3, TOT 45 cm).

Fig. 8/81. 9: Squatina squatina (Linnaeus, 1758) (%, TOT 87 cm).

Family Squalidae
16. Squalus acanthias Linnaeus, 1758 {A)

Previcus recordings: Ninni {1923, {Bilecenoflu et al,,
2002]), Devedjian (1926, as Acanthias vulgaris), Erazi
{1942), Bauchot (1987), Meric (1995), Mater & Meric
{1996), Kabasakal (2002).

Material examined: 1 & (TOT 45 cm) captured in
September 1994 in the Bay of Beykoz at a depth of 50
m (Fig. 1, st. 16}, specimen shown in Fig. 8; 1 ¢ {TOT
105 cm) captured in October 1995 off the eastern coast
of Buyiikada at a depth of 65 m {Fig. 1, st. 17); 1 & (TOT
85 cm) captured in june 1999 off the northern coast of
Yasstacla at a depth of 80 m (Fig. 1, st. 10},

Spiny dogfish is one of the well-known sharks of the
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Sea of Marmara and a common bycatch by bottom set
gill-nets and tong-lines. In terms of sea fishery in the Sea
of Marmara, Kocatas et al. {1993] considered this spe-
cies a commercially important dernersal fish. Merig
{1995} reported it as common over the northern conti-
nental slope.

17, Squalus blainviilei (Rissa, 1826} (A)

Previous recordings: Devedjian (1926, as Acanthias
blainvillif), trazi {1942), Bauchot (1987}, Kocatas et al.
(1993), Meri¢ (1995), Mater & Meric (1996), Okus et al,
(1996), Kabasakal (2002},

Material examined: 2 { (TOT 65 and 73 am, respec-
tively! captured in June 1399 off the northern coast of
Yassiada at a depth of 80 m (Fig. t, st. 1OL

Meri¢ (1995} reported S, Blainvillei from slope wa-
ters of the northern Marmara. (2002}, According to Okus
et al. {1996}, it is distributed mostly in the south-western
part of this sea. In comparison with the preceding con-
generic species, Kocatag et afl. (2002) consider it an
economically important species, but its occutrence in
Marmaric waters is quite rare.

Family Echinorhinidae
18. Echinorhinus brucus {Bonnaterre, 1788) (B)

Previcus recordings: Ninni (1923, {Bilecenoflu et al.,
20021}, Devedjian {1926, as Fchinorhinus spinosus).

According to Devedjian {1926), £. brucus is a com-
mon shark in Marmaric waters. Although the bramble
shark's presence in the Sea of Marmara has been re-
ported by Bilecenoglu et al. (2002), the infermation
given herewith is probably based on previous record-
ings. Although Aksiray (1987} claims that £ brucus is
present in Turkish seas, the author has not given any
specific information whether it is still present in the Sea
of Marmara. Furthermore, no contemporary recording
tndicating the bramble shark’s presence in this sea is
available, and neither was any individual of this species
captured or even sighted during the field surveys.
Therefore, the current presence of E. brucus in the Sea
of Marmara seems "questionable” and requires confir-
mation.

Order Squatiniformes

Family Squatinidae

19. Squatina oculata Bonaparte, 1840 (B}

Previous recordings: Slastenenko {1955-1956, {Bile-
cenollu et al, 2002}, Meri¢ (1994, |cited in Bilece-

noglu et af,, 20021}
While ne S. oculata individual was captured or

sighted during the field surveys, its presence in the Sea
of Marmara is based on a recent report by Merig (1994).
No current information, however, is available on its dis-
tribution in the Sea of Marmara.

20. Squatina squatina {Linnaeus, 1758) (A)

Previous recordings: Ninni (1923, {Bilecenoglu et al.,
2002]), Devediian (1926, as Rhina squatina), Erazi
{1942), Roux {1984}, Kocatas et al. {1993), Mater &
Merig (1996), Kabasakal {2002).

Material examined: 1 @ (fOT 87 cm; Fig. 9) cap-
tured in Novernher 1995 off the coast of Karabiga at a
depth of 50 m (Fig. 1, st. 18).

it is a quite common and econom:cal!y impartant
demersal shark in the Sea of Marmara.

CONCLUSIONS

Twenty species of sharks, with either confirmed or
questionable presence in the Sea of Marmara, comprise
nearly 8% of the total ichthyofauna (a total of 249 spe-
cies, reported by Bilecenoglu et al,, 2002} of Marmaric
waters, Regarding their species nurabers, squaliform and
carcharhiniform sharks, each represented by 7 species,
dorninated the shark species composition in Marmaric
waters.

in the Sea of Marmara, the continental shelf on the
southern side is wide and extends nearly to the centre of
the sea, while on the northern side the shelf is narrow,
with the siope’s depth exceeding 1000 m {1335 m at its
deepest point) with a steep inclination (Kocatas et al.,
1993). The topographic structure of the Sea of Marmara
has no doubt influenced the distribution of demersal
sharks in this sea. With the exception of £. brucus, a
species not recorded in this research, the remaining
squaliform sharks, scyliothinid G. melfastornus, and the
adult individuals of H. griseus, have been mostly cap-
tured over the deeper parts of the shelf and upper slope
on the northern side. Squaliform sharks, recorded in thus
research, mostly prefer to live over the continentat shelf
and the upper slope. Maximum range of the depth dis-
triibution of C. granufosus, C. uyato and D, licha ex-
ceeds 1000 m (Compagne, 1984a). furthermore, it is
known that, while . griseus lives at depths from the
surface down to 1800 m, adults prefer waters deeper
than 100 m (Compagno, 1984a), and G. melastomus
fives at depths between 55 and 1000 m, with preference
to deeper parts of the shelf and the upper slope (Com-
pagno, 1984b}. Regarding depth distribution of the
above mentioned species, the northern stope of the Sea

of Marmara thus offers a suitable habitat for them,. On.~ & 07
the other hand, triakids, M. asterias and M. mustelus, .=
and scyliorhinids, S. canicula and §. stellaris, as well.as™ ..
the young individuals of H. griseus and S. squatina have:. "~

been mostly captured in the southern pari of Marmara
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Although maximum range of depth distribution of 5.
canicula and M. mustetus can exceed 200 m, both
scyliorhinids and triakids as well as squatinids prefer
moderate depths over the continental slope (Compagno,
1984a,b). Moreover, young individuals of H. griseus
mostly occur in shallow waters (Compagno, 1984a).
Therefore, the exiended continental shelf on the south-
ern pant offers a suitable habitat for the mentioned spe-
cies. Okus et al. {1996) also reported that the distribu-
tion of scyliorhinids and triakids prevatlied along the
southern coast of the Sea of Marmara.

One of the special characteristics of the southern
Marmara is the presence of areas occupied by rich
growth of gorgonians and black corals (Oziirk & Bow-
guet, 1990), These sedentary organisms offer suitable
spawning grounds for oviparous sharks, such as scylio-
rhinids. Many egg cases attached to gorgonians or biack
corals, as well as juveniles of S. canicula, and a gravid
female of S. stellaris, were ohserved in the southern
Marmara, mastly along the coasts of the southem Mar-
mara islands (Fig. 1) during the field surveys, and these
findings indicate a nursery ground of scyliorhinid sharks
irt the southern part of this sea. This area may also be a
nursery ground for H. griseus and M. asterfas, as some
young sixgill sharks and a gravid female of M. asterias
were also captured here. The capture of a newborn in-
dividual of M. mustelus, bearing an unhealed umbilical
scar, off the northern coast of Yassiada (Fig. 1, st. 10} in-
dicate the presence of another nursery ground for the
triakids in the northern Marmara. The current fisheries
act prohibits any fishery action for the black corals,
which is no doubt a beneficial limitation regarding the
conservation of shark nurseries in the Sea of Marmara.
However, extensive investigations are needed for the
exact mapping of shark nurseries in this sea.

The actual status of pelagic sharks in the Sea of
Marmara has always been a point of discussion. Al-
though some previous records of pelagic sharks are at

10

hand, their contemporary records froni Marmaric waters
are scarce. A, vuipinus is the anly pelagic species re-
corded during the present research. According to the
available data. bycach of pelagic sharks in the Sea of
Marmara has been paralleled with tana fishery in the
past. However, due to the drastic decline in the bluefin
tuna populations and other pelagic bony fishes, the fish-
ety of this commercially important species in Martnaric
walers has almost ended since the 1980°s (Karakulak &
Qray, 1994}, and the latest records of pelagic shark
captures fromt Marmara correspond with these vears
{Uner, 1984). This drastic decline in pelagic teleosts has
certainly resulted in the Joss of important food source of
these apex predalors in Marmaric waters, the same as
the end of the mentioned tuna fishery resulted in the
loss of bycatch possibility as far as pelagic sharks are
concerned. The capture of a young A. vulpinus individ-
val on April 12, 1997, off the coast of Silivri (Fig. 1, st.
4} is probably the only confirmed pelegic shark record
from the Sea of Marmara in the last 20 years.

Consequently, among the 20 shark species recorded
in the Sea of Marmara, the current presence of 5 spe-
cies, i.e. C. carcharias, L. nasus, G. galeus, P. glauca
and £ brucus, is questionable, and for the time being it
is not possible to say whether their Mediterranean distri-
bution stilt extends to Marmaric waters, Although the
occurrence of O. centrina, D. licha, C. granulosus, C.
uyato and S. ocufata was not considered guestionable in
the present study, they should be considered rare sharks,
since each of the species has been recorded either by
the author of this contribution or by other researchers
only orice or twice in the Sea of Marmara during the {ast
decade.

ACKNOWLEDGEMENTS

The author wishes to thank alf the fishermen for their
help during the carried out field surveys.




ANNALES - Ser. hist. nat. - 13 - 2003 - 1

Hakan KARASAKAL: FISTORICAL AND CONTEMPORARY RECORDS OF SHARKS FROA THE SEA OF MARMARA, TURKEY, {12

STARESSHIN NOVE)SI PODATKI O POJAVLIANJU MORSKIH PSOV
V MARMARSKEM MORJU, TURCHA

Flakan KABASAKAL
Ichthwological Research Society, Atatirk Mahallesi, Mentesoglu Caddesi, tdil apt., No 30, D 4, TR-34764 Umraniye, istanbul
E-mail: hakaskabasakal@hotmail.com

POVZETEK

Dwajset vrst morskib psov, katerih pojavijanje v Marmarskem moiju je bodisi potrjeno bodisi vprasljiva, obsega
skaraj 8% celotne marmarske ibticfavne. Kar zadeva Stevifo vist teh psov, so v teh vadah previadovali trneZi in vrste
iz diuzine Carcharhinidae, oboji s po 7 vrstami. Trezi, morska madka Galeus melastomus in odrash osebki
sesteroskrgarja Hexanchus griseus so bili vedinoma wujeti nad globljimi deli morske police i gornjim pobadjem na
severni strani Marmarskega morja, pegasti morski pes Mustelus asterias, navadni morski pes M. mustelus, morski
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ABSTRACT

In the present paper, the authors list a number of records on historical and recent captures of Cetorhinus maxi-
mus off the Maglirebine shore (Algerian and Tunisian coasts) and compare them with similar data concerning other
. Mediterranean areas. They discuss and comment on the cccurrence of the basking shark popultation in the Mediter-

“ranean Sea.

Key words: Chondrichthyes, Cetorhinidae, Cetorhinus maximus, Maghrebin shore, Algeria, Tunisia,
Mediterranean Sea

SEGNALAZIONI DI SQUALO ELEFANTE, CETORHINUS MAXIMUS (GUNNERUS, 1765)
{CHONDRICHTHYES: CETORHINIDAE) DI FRONTE ALLA COSTA MAGREBINA
{(MEDITERRANEQO MERIDIONALE): INDAGINE

SINTESI
Nell’articolo gl autori espongono minuzicsamente dati storici e recenti di catture di Cetorhinus maximus di

fronte alla costa magrehma (algerina e tunisinal, e i confrontano con dati simili provenienti da altre aree del
Mediterranec. Gli autori inoltre discutono e commentano la presenza della popolazione di squalo elefante nef mar

- Mediterraneo.

Parale chiave: Chondrichthyes, Cetorhinidae, Cetorhinus maximus, costa magrebina, Algeria, Tumsra, R
mare Mediterraneo R
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INTRODUCTION

Out of the fourteen large migratory sharks reported
oif the Maghrebin shore (Quignard & Capapé, 1971,
1472; Capapé, 1987, 1989; Hemida, 1998; Bradai,
2000; Hemida & Labidi, 2001; Hemida & Capapé, 2002,
2003; Hemida et &1, 2002a, b), only three species, the
sandbar shark, Carcharhinus plumbeus, the spinner
shark, C. brevipinna, and the blue shark, Prionace
glauca, reproduce and develop in the area (Capapé,
1984, 1989; Hemida & Capapé, 2003). The other mi-
gratory sharks are occasionally captured in the area, In
the last ten years, records of basking sharks from the wa-
ters off the Maghrebin shore have been more frequent
(Braday, 2000} than those reported earlier on by other
authors (Dieuzeide et afl., 1953; Quignard & Capapé,
1971; Capapé, 1975; Capapé et al., 1975). In this paper,
the authors present historical and recent records of C.
maximus off the Maghrebine shore and compatre its oc-
currence with those in other Mediterranean areas, such
as the Tyrrhenian and Ligurian Seas and the eastern
Adriatic, from where similar observations have been re-
ported by Serena et al. (2000) and Soldo & Jardas (2002).

MATERIAL AND METHODS

Records of basking sharks off the Maghrebine shore
were collected from literature data concerning the area
and observalions at fishing sites located along the Alge-
rian and Tunisian coasts (Fig. 1). The former is divided
into western, central and eastern areas and the latter in
northern, central and southern areas.

Table 1 presents details of each record, sex {when

possibiel, total length {lo the nearest mm}, mass {to the
nearest gram), capture depth (in metres), fishing gear,
fishing site and the area eithec in Algerian or Tunisian
walters, fishing date and reference. Fishing sites are
plotted in figure 1 for Algerian records and in figure 2
for Tunisian records, the latter showing the captures
made in the Gabbs Guif. Some body meastrements
were made on two specimens caught off the Algerian
coast. They are detailed in Table 2. Body measurements
pro parte follow Compagno (1984) and clasper lenpth
was measured on the inner edge of the clasper from the
pelvic girdle to tip of clasper according to Collenot
{(1969).

RESULTS AND BISCUSSION

Altogether, 21 records are presented in Table 1, 20
from the period between 1966 and 2002, and 12 since
1998. Record No. 21 is also presented in figure 3. Ch-
servations of fishes from both Algerian and Tunisian
coastal waters began at the end of the 19" century ac-
cording to the literature review inciuded in Hureau &
Monod (1973). Furthermore, research focusing exclu-
sively on elasmobranch species was conducted thirty
vears ago off the Tunisian coast {(Quignard & Capapé,
1971, 1972) and recently off the Algerian coast
(Hemida, 1998; Memida & Labidi, 2001). Since 1960,
39 specimens were reported by Serena et al. (2000) from
the Tyrrhenian and Ligurian Seas, and 13 specimens by
Soldo & Jardas (2002) from the eastern Adriatic.

In our case, males outnumbered females; sixteen
specimens were males and only five were females (F/M=
3.2:1. On the other hand, of the 24 specimens
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Fig. 1: Map of the Maghrebin shore showing the Cetorhinus maximus fishing sites where a single specimen (small
black stars} or twa or more specimens (large black stars) were captured.

Sl 1: Zemijevid maghrebskega obreinega morfa, kjer so bili ujeti morski psi orjaki Cetorhinus maximus: eden na
lokalitetah, oznacenih z majhnimi Crnimi zvezdicami ter dva ali veé na lokaliteti, oznaceni z vedjo ¢rna zvezdico.
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{among 47) sexed by Serena et al. (2000}, 11 were
males and 13 females (F/M = 1:1.18), while among 27
specimens, Soldo & fardas (2002) reported the sex of
four specimens, two males and two females.

in Table 1, total length ranged from 2700 to 7350
tnem, but of the 14 measured specimens ten were over
4000 mm. Most of the measured specimens reported by
“Serena et al, (2000} and Sotdo & Jardlas (2002) were over
4000 mm long. They are large specimens and most of
“them weze aduit.

All the specimens from the Maghrebin coastal waters
‘were captured by pelagic fishing gear at depths of max.
30 m. According to Serena et al. (2000), only three
specimens were found at depths between 70 and 200 m,

Twelve individuals were caught between March and
'August, and one in winter. information provided by Al
‘gerian fishermen revealed that in the waters off Annaba
{eastern Algeria, Fig. 1}, basking sharks were exception-
ally caught in spring and sumimer. These capture periods
‘agree with those presented by Serena et al. {2000} for
“Tysrhentan and Ligurian Seas and Soldo & Jardas (2002)
for the Adriatic. Serena et al. (2000} suggested that the
‘gecurrence of basking sharks was probably due to the
increase in primary production and to the higher pro-
duction of zooplankion. Soldo & jordas {2002} added
that this opinion requires a further and thorough investi-
gation in the Adriatic Sea.

Nine specimens were caught off the Algerian coast
and twelve off the Tunisian coast. All the fishing sites
were in inshore waters, generally in more or less pro-
. tected areas, such as Bays of Quahran and Annaba along

- the Algerian coast. Decades ago, Dieuzeide ef al. (1953)
- reported on the capture of a juvenile male with atypi-
_cally curved nose at the end of 1929 and added that C.
~maximus was rather commen off the coast of Algeria.
After more than 70 years it appears that in spite of the
great anthropogenic fishing pressures basking sharks are
stilt caught in the area, ahnowh only as bycatch species.
-7 Serena et al. (2000} suggcsled that the basl\mﬁ shark
gpopualmn inhabiting Tyrrhenian and Ligurian waters is
“an appropriate hypothesr:;. With regard to the previous
‘papm and their own obsetvations, Soldo & fardas
{2002) noied that ‘the basking shark is a relatively rare
‘but constant species in the Adriatic’,
- Serena et al. (2000) added that the Mediterranean
ea could be also an important reproductive area for C.
maximus, atthough they did not exclude the possibility
that - Atlantic  migrants entered the Mediterranean
through the Straits of Gibraltar. They emphasized that C.
aximus was relatively more abundant in the eastern
Atantic Ocean than in the Mediterranean Sea. Barrull &
~Mate (1996, 2002) wrote that the hasking shark was
- more often reported from the western Mediterranean
~thar from i1s eastern part.

Christizn CAFAPE ef al: RECORDS Of BASKING SHARKS, CETORMINGS MANMUS (GUNNERUS, 1764) (CHONDRICH THYES: CFTCORRINIDAE .
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Fig. 2: Map of the Tunisian coast showing the Cetorhi-
nus maximus fishing sites where a single specimen
{small black stars) or two or more specimens (large
black stars) were captured.

S1. 2: Zemijevid tunizijskih obalnih voda, v katerih so
rihici ujeli morske pse orjake Cetorhinus maxinius:
enega na lokalitetah, oznacenih z majhnimi crnimi
2vezdicami ter dva ali ve& na lokalitetah, oznacenih z
vedfimi Crnimi zvezdicami.

Among the specimens recorded along the Maghre
bine shore, only the two reported from the western Alge-
rian area could he considered Atlantic migrants. The
ather records were made in the region located between
central Algerian and southern Tumsian coasts. Lipej et
al. (2000) reported on the occurrence of C. maxinus in
the Gulf of Trieste, off Pitan (northern Adriatic). The
hasking shark has also been recorded in the Levantin
Basin {Golani, 1996} and, quite recently, in Turkish
coastal waters i the Mediterranean by Kabasakal
{2002), who wrote that " is not clear whether the occur-
rence of the basking in the seas of Turkey is incidental
or exhibits a seasonal regidarity’,

Our present observations speak in favour of the
opinion presented by Soldo & Jardas (2002). Migrations
from the eastern Atlantic certainly need 1o be confirmed.
On the other hand it is difficuft to state, at present, o
whether the basking shark population develops and re- .
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Tab, 1: Historical and recent records of Cetorhinus maximus off the Maghrebin shore.
Tab. 1: Starejsi in novej$i podatki 0 morskem psu orjaku Cetorhinus imaximus iz obreZnih maghrebskih voda.

Record| Sex | TOT {Mass |Depth|Capture method Fishing site Area Fishing date Reference
fmm) | ke) | ()

1 Male { 37501 ¢ ? Giil-pets {7) Ras falcon western Algeria | 27/12/1923 ] Dieuzeide ef al. {1953}

2 Male 7 3 ? ? Tunis Gulf northein Tunisia 1964 Chakroun {1966}

3 Male ? ? ? ? Tunts Gulf northetny Tunisia 1965 Chakroun (1966}

4 Male {5340 | 2 1307 ] Polagic rawl Kuriate islangds central Tunisia | 03/1976 Capapé et al (3975)

5 Male {6000 | 7 ¢ { Tunis Galf northern Tunisia 1979 Najar {1380}

6 Male | 2700) 7 ? ? Tutis Gulf norihern Tunisia 1960 Najai (1980)

7 Femnale] 62701 7 110(}] Pelapic rawl Off Monastir centrat Tunisia 1981 unpubl. data

8 Male 13500) 3321 5 Gill-nets Ras Fartas (Tunis Guif) | northern Tuntsia | 68/1981 unpubl. data

g Fernale] 7100 | 7 12 [Pelagic gill-nets JOff Skhira (Gabes Gulf}} southemn Tunisia 1992 Bradat & Ghorbel] {1992}

10 female}] ? ? 5 [Pelagic gill-nets OIf Annaba eastern Algeria | 19/04/1998 unpubl. data

1] Male § 2 ? 5 {Pelagic gill-nets Ofif Beni-Saf western Algeria | 08/05/1998 unpubl. dala

12 Male | 2 ? 2 {Pelagic gill-nets Off Annaba eastern Afzeria | 10/05/1998 unpubl. data

13 Male § 7150 7 H Gill-nets Ras Jebe! (Tunis Gulf) § nosthemn Tunisia 1998 Rais & Baccar (1998)

14 Male 173701 ? 3 Gill-nets Gabes Gulf southesn Tunisia | 29/1 /1999 unpubl. data

15 Mafe | 2 { ¥ : Off Salakta central Tunisia | 23/03/2000 unpubl, data

16 Male [ 4900 { 546 | 5 Pelagic trawl Off Bou-Haroun central Algeria | 31/03/2000 unpubl. data

17 Femalel 3300176 | & Pedagic trawi Off Annaba sastern Algeria | 03/04/2000 unpubl. data

18 Male |>6000{1000] & Pelagic trawet Ras Toukauch eastern Algeria | 18/05/2000 unpubl. data

19 Female; 7 ! 5 Pelagic trawt Kas Toukouch eastern Algeda_ | 18/05/2000 unpubl, data

20 Male | 4250 ¢ ? Purse seine Gabes Gult southern Tunisia | 24/04/2001 vnpubl. data

21 Male |>7000{1500) ? Pelagic trawl Off Annaba eastern Aleeria | 28/03/2002 unpubl. data

Tab. 2: Body measurements made on two Cetorhinus
maximus caught off the Algerian coast.

Tab. 2: Telesne mere dveh morskih psov orjakov Ceto-
rhinus maximus, ujetih v tunizijskib obreZnih vodah.

Measurements (mm) Record 16 | Record 17
Total length 4800 3200
Snout to first dorsal fin 2020 1700
Snout to second dorsal fin 3600 2220
First dorsal height 520 350
Second dorsal height 150 100
Pectoral fin length 620 510
Pelvic fin length 390 260
Caudal fin length 1050 770
Snout to nostril 90 60
Mouth width 680 430
Internostril space 140 90
Snout to mouth 310 185
Clasper length 390 -

produces off the Maghrebin shore or whether it only
feeds in the area. However, as captures of basking
sharks increased during the last ten years, both feeding
and reproducing cannot be excluded in the area but
need further observaticns.

Nevertheless, the belief that the Mediterranean Sea
can be considered a potential reproductive area has
been given a boost by records of the second Mediterya-

nean filter feeding species, the devil ray Mobulz mobular

reported by Capapé & Zaouali {1976), Bradat & Capapé
{2001) and Hemida et al. {2002a). Moreover, the ray is
even considered a Mediterranean endemic species {Ne-
tarbartolo di Sciarra & Bianchi, 1998). In this area, these
two species probably found sufficient resources to repro-
duce as well as to develop, just as other pelagic weleost
fishes (Kartas, 1981; Chavance er al, 1986; Bradal,
2000).

Fig. 3: Mead of a male shark caught off Annaba, Alge-
rian coast (for details see record 271 in Table 1). (Photo:
F. Hemida)
Si. 3: Glava samca, ujetega v bliZini Annabe ob alZirski
obali (o podrobnostih glej zapis st. 21 v tabeli 1). (Foto:
F. Hemida)
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ON THE RECORD OF MADEIRA ROCKFISH SCORPAENA MADURENSIS
VALENCIENNES, 1833, IN THE EASTERN ADRIATIC

jakov QULCIC. Armin PALLAORO & Sanja MATIC
Institute of Qceanography and Fisheries, HR-21000 Split, P.O.BOX 508
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ABSTRACT

A Madeira rockfish, Scorpaena madurensis Valenciennes, 1833, was caught near the isfand of {Jaksa {Dubrovnik)
- in March 2003, As far as the Madeira rockfish is concerned, this is, to our best knowledge, second record of this
" species for the eastern Adriatic. The presented morphometric and meristic data are the first for this species from the
caster Adriatic,

Key words: Scorpaena madurensis, second record, eastern Adriatic

- TESTIMONIANZA D! SCORFANOTTO DI MADEIRA SCORPAENA MADURENSIS VALEN-
‘ CIHENNES, 1833 N ADRIATICO ORIENTALE

SINTES!

Un esemplare di scorfanotto di Madeira, Scorpaena madurensis Valenciennes, 1833, & stato catturato vicino al-
I'isola di Daksa (Ragusa} nel marzo det 2003. Secondo le conoscenze degli autori, si tratta della seconda testimoni-
-anza della presenza dello scorfanotta di Madeira nell’Adriatico orientale. Larticolo riporta i pripi dati morfometrici
" e meristici per questa specie in Adriatico orientale.

Parole chiave: Scorpaena madurensis, Adriatico orientale, seconda segnalazione
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INTRODUCTION

Some 430 fish species and subspecies (Cyclostomata
not included) have been observed in the Adriatic Sea
{Lipej & Dulgic, in press), and this number can be so far
regarded as correct and complete for several reasons. Of
this number, the very rare and rare fishes make up al-
most a quarter {24.2%). The Madeira rockfish Scorpaena
madurensis betongs to the very rare species in the Adri-
atic Sea (Jardas, 1985, 1996}, It is a small demersal fish
found in shallow coastal waters at depths ranging from
20 1o 40 m (Schneider, 1990} It occurs in the eastern
Atlantic {Azores, Madeita, and Morocco to the Canaries,
Cape Verde and Senegal) and at several localities in the
Mediterranean Sea (Schneider, 1990).

The records on biology and ecology of this species
in the areas of distribution and in the Adriatic Sea are
scarce in the literature. Hureau & Lilvinenko (1986}
noted that the Madeira rockfish feeds on crustaceans
and small fishes. Vacchi et af. (1999) presented data
about the occurrence and habitat of juveniles and adults
at Ustica Island (Mediterranean Sea), while Morato et al.
(2001) reported the pararneters of length-weight rela-
tionship of this species for the Azores archipelago. There
are no data for the Adriatic Sea, except the notation of
the first record for the eastern Adriatic (Kolembatovic,
1904).

The main goal of this paper is to present first data on
morphometric and meristic characteristics of this species
and to register its second record for the eastern Adriatic.

MATERIAL AND METHODS

The Madeira rockfish was caught on March 15"
2003 near the island of Daksa {(near Dubrovnik) (Fig. 1)
by trammel bottom net {mesh size 28 mm) at a depth of
24 m {on the fittoral rocky bottom). The specimen (ju-
venile stage, female) (Fig. 2} was identified according to
jardas (1996). It is deposited and registered in the tch-
thyological Coilection of the institute of Oceanagraphy
and Fisheries in Sphit, Croatia. The specirmen was pre-
served in 4% buffered formaldehyde immediately after
capture, subsequently measured to nearest 0.01 mm,
and weighed to the nearest 0.01 g. Meristic characteris-
tics considered were: dorsal, anal, pectoral, ventral and
caudal fins.

RESULTS AND DISCUSSION

The record of the Madeira rockfish near Daksa fsland
{Dubrovnik} is the second record of this species in the
eastern Adriatic. Kolombatovi¢ (1904) recorded 5.
madurensis (he identified the specimen as Sebastes
maderensis Lowe) {total tength TL = 130 mm} for the first
time on August 3 near the island of Lastovo (open
Central Adriatic} in 1902, The same authot mentioned
that some specimens had already been found near
Malaga (Spain), Beirut (Lebanon) and along the coast of
Syria. S. madurensis is a poorly known species distrib-
uted on the littoral rocky bottorms of some areas of the
Mediterranean Sea, such as southeastern Spain, Sicily,

Daksa 5
e
420N K«

onir?

18°30°E

Fig. 1: Scorpaena madurensis. Geographic location of the record in the South Adriatic area (SW-S Daksa islet).
Si. 1: Lokacija v fadranu, kjer je bila ujeta Scorpaena madurensis (J2- otocek Daksa).
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Greece {lonian and South Aegean) and tebanon {Tor-
torese, 1975; Kaspiris, 1976; EFconomidis & Daoulas,
1981; Lanfranco, 1993). Hureav & Litvinenko (1986)
reforred to several localities in the Mediterrancan where
the Madeira rockfish occurs: southeastern coast of
Spain, Strait of Messina, Syracuse and coast of Lebanon.
It is very interesting that they excluded the Adriatic Sea
as its distribution area.

" Tab. 1: Scorpaena madurensis. Morphometric (in cm)
and meristic data (Daksa lsland, Dubrovnik, March
2003).
Tab. 1: Scorpacna madurensis. Morfometriéni (v em) in
meristicni podatki (otedek Daksa, Dubrovnik, marec
2003).

Measurements (cm) ¢ juy,
Total length (TL) 1.3
Standard length (5L} 8.72
Head tength (Hi) 3.71
Orbital diameter (O} 0.91
Interorbital width (I} 0.43
Preorbital length (PROL) 0.85
Postorbital length (POOL) 1.95
Predorsal distance (PDD} 2.55
Preventral distance (PVD) 3.75
Preanal distance (PAD) 6.49
Prepectoral distance (PPD) 3.07
Dorsal fin tength {DL) 5.16
Anal fin length (AL) 1.04
Venual fin length (Vi) 2.71
Pectoral fin length (PL) 2.51
Caudal fin {ength (CL) 2,56
Maximum height (Hmax) 3.03
Caudal peduncul height (Hmin) 0.89
Dorsal ray (D) XY10
Anal ray (A) HITE
Pectoral ray (P) 15
Ventrai ray (V} /5
Caudal ray () i0-11-1

21

In Table 1, the main morphometric and meristic data
are presented and are the first for this species from the
Adriatic Sea. They are in agreement with those pre-
sented by Hureau & Litvinenko {1986} and lardas
(1996). Kolombatovic (1904} reported the length of 130
ram of the caught Madeira rockfish at the Lastovo (s-
land, and this has been, until now, the only reported
length of this species caught in the eastern Adriatic. Bini
{1968} pointed that this species attains a maximum size
of 14 am, while Morato et al. {2001} gave length range
for the specimens caught at the Azares from 5.4 to 17.8
cm dmales: from 8.4 to 17, cm; females: from 6.9t 15.6
cml

The specimen caught near Daksa was caught on the
fittoral rocky bottom together with photuphilic algae,
which is very much in line with the findings of Vacchi et
al, (1999). They obseived specimens on hard substrate,
both on racky bottoms with photophilic algae, rich in
crevices and with different slope, and, to a lesser extert,
on bard bottom with pebbles characterised by gentle
slope (Ustica tsland, Northern coast of Sicily). Mareaver,
they also found that both young and adults seemed to
require the same habilat featlures. Riera et al. {1995) re-
ported that fittoral crevices and cavities along the shal-
fow waters (0.8-15 m depth) represent the prefened
habitat of this species. As for the bottorm slope, il does
not scem to affect the distribution of specimens and, in
terms of ecological requirements, no difference between
young and adults has been found (Riera et al., 1995).
Bini (1968) considered it preferentially inhabits the
rocky coasts of the islands between 20 and 40 m depth.

Fig. 2/51. 2: Scompaena madutensis Valenciennes, 1833.
(Photo/Fato: A. Paflaoro).
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O VRSTI SCORPAENA MADURENSIS VALENCIENNES, 1833,
UIETHV VZHODNEM JADRANU

Jakov DULCIC, Armin PALLAORO & Sanja MATIC
indtitut za oceanagrafijo in ribistve, HR-21600 Split, P.O.BOX 500

POVZETEK

Marca 2003 je bila v blizini ofocka Daksa pri Dubrovniku ujeta Scorpaena madurensis Valenciennes, 1832. Po
razpoloZljivi literaturi je to 3ele drugi podatek za to vrsto v vzhodnem Jadranskern morju. Predstavijeni morfome-
tricni in meristiCni podatki so prvi za to vesta iz vzhodnega fadrana.

Klju¢ne besede: Scorpaena madurensis, drugi podatek, vzhodni Jadran
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ABSTRACT

This paper deals with the application of a carrying capacity madel, designed to evaluale the suitability of ten
coastal inlets situated on islands in the upper Adriatic Sea for mussel productian, and to estimate a polential produc-
tion quantity. This approach allowed the estimation of a2 potential carrying capacity of the researched stations and
suggestions for a possibile launch of mussel production in these areas. The results of this study are considered to be
usaful for the management of coastal areas suilable for hivalve faoming, especially in this particular case of istand
‘development. It has been established that the mode! was suitable for evaluation and that all selected stations have
‘good conditions and carrying capacity for mussel production. Mussel farming could, therefore, imprave the island
‘economy.

Key words: carrying capacity, mussel farming, dimensioning of mussel farms, istand development, Croatia

VALUTAZIONE DI AREE COSTALI POTENZIALMENTE IDONEE ALLA MITILICOLTURA
‘ NEL NORD ADRIATICO, CROAZIA

SINTES?

Larticolo watta Papplicazione del modello di capacita portatite destinato alla valutazione dell’idoneita alla mi#-
tilicolura di dieci insenature costali situate su isole del Nord Adriatico e alfa stima della quantita di produzione po-
tenziale. {approccio permette fa valutazione della capacita portante potenziale delfe stazioni studiate, noochi fa
formuiazione di proposte per un possibile lancio della mitilicoltura in tali aree. | risultati def presente studio ven-
gone considerati vantaggiosi per la gestione defle aree costali idonee alla coltura di bivalvi, in particolare
nellambite dello sviluppo insulare. Il modelto si & rivelato adatto alla valutazione e tutte fe stazioni prescelte hanna
dimestrato di avere condizioni e capacita portanti favorevoli alla mitilicoltura. La coltura di mitili pertanto potrebbe
‘ngliorare {economia insulare.

Parole chiave: capacita portante, mitilicoltura, dimensionamento di mitilicolture, sviluppe insulare, Croazia
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INTRODUCTION

The coast of Croatia and especially its islands have a
number of areas pot (‘ntlaiiy suitable for sea organism
farming. Seashell farming has a long tradition on the
eastern Adviatic coast, probably dating from the Roman
period, but the first written documents originating from
the 16™ century describe Mali ston Bay. In the 20"
century, seafood farming intensified on over 30 locali-
ties from Slovenian coast down to Boka Kotorska Bay
{Basicli, 1981} Fonmer seafood production (during the
Austro-Hungarian Empire) was much higher than today.
The Austrian Fishery and Mariculture Society used sev-
eral locations on the coast and islands for oyster and
blue mussel culture (Quinto Congresso generale delia
Societa Austriaca di Pesca e piscicoltura marina, 1893),
One of the main social and economical problems in
Croatia today is maintaining the population on the is-
fands and revitalising the economy. Aquaculiwe could
be one of the main economy branches on the islands
and on the coast in general.

Aguaculture is characterised by great dependence
on the quality and productivity of the environment. its
development also bears a risk of negative environmental
impact, such as pollution, landscape maodification, or
biodiversity change. Aquaculture development needs Lo
follow the rules for use and conservation of naturaf re-
sources in aguatic ecosystems (Bussani, 1983). Aguac-
ulture as a renewable resource is a capital that must en.
sure a sustainable flow of benefits 10 users.

Coastal zones are always subjects of different con-
flicting nieeds, which include recreational and tourist re-
quirements, navigational access and taditional com-
mercial fishing rights. Optimisation of available space is
consequently a challenge that also faces the developing
aquaculture industry.

Few mussel species are farmed all around the world.
The world production in 2000 exceeded 1.5 million.
Maore than 20 countries bave significant production, al-
though only two of them dominate the market, Je.
China with 40% of the total world praduction and Spain
with 20%.

On the eastern Adriatic coast, the majority of shell
production is located in Mali ston Bay (90% of total
production), with other larger farms situated in Lim Bay,
Pirans Bay, mouth of the river Krka, and Budava Bay
(Hrs-Brenko, 1985). in 1984, 300 t of mussels, 40 t of
oysters and 260 t of blue mussels were produced in Mali
ston Bay (Benowid, 1980, 1997}, Considering the natural
features of our coast, it could be said that the seafood
production is stili far from possible and satisfactory.

The most farmed mussels are those belonging 1o the
~genus Mytitus (M. edulis - blue mussed), while the genus
Pema (former green mussel) is farmed in waymer waters,
-as arourid Thailand, China or New Zealand.

. The capacity at the Gulf scale depends on primary
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production, trophic relationships, and modification of
bio-geochemical cycles and community structure in the
vicinity of culture sites (Foster-Smith, 1975; Frechette &
Bourget, 1985; Frechette er al, 1991, 1992).

On a smaller scale, however, the possibility of local
food depletion should be considered. In many coastal
ecosystems, bivalve suspension feeders, such as mus-
sels, oysters and clams, occur in high densities. Feeding
is performed by pumping and filtering large volumes of
water through gills. Due 1o the filtration activity by bi-
valves, uEepieuon of organic matter, bacterta and phyto-
plankton in the overlying water has been observed in
various  ecosystems  (Méhlenberg & Riisgard, 1979;
Wright et af, 1982; Mantoura & Llewellyn, 1983; Fre-
chette & Bourget, 1985). Indeed, dense arrays of long
lines are likely to fead to a depletion of seston (Loo &
Rosenberg, 1989), which could affect the optimal size of
growing sites, a problem that has been considered by
tncze et al. {1961} In addition, focal depletion of seston
raises the issue of determining the optimal distance be-
tween the sites, as they should be positioned in such a
way to enable water replenishment by mixing and
plarkion growth before reaching next downstream site.

Farly attempts to assess the impact of shellfish
acuaculture focused on the issue of carrying capacity, or
the ability of the system to support shellfish production
were made (Incze et al, 1981; Loo & Rosenberg, 19894
More recently, the emphasis has been on modelling the
impact of shellfish {(Rodhouse & Roden, 1987).

A carrying capacity model has been tested by ap-
plying {t to ten island bays in the upper Adriatic. The
nwdel is based on particle and not on energy flow. The
main objective was to test the moded, and to apply it in
specific conditions of the chosen bays.

A three-season field programme was undertaken to
assess the spatial and periodical distribution of total and
organic seston and transport mechanisms of water and
seston in the vicinity of a site, These terms of the seston
hudget were used to determine the dominant processes
involved, and thus 1o evaluate the possibility of launch.
ing mussel farming.

MATERIALS AND METHODS
Location

The study was carried out in the upper Adriatic Sea,
on four Croatian islands. Ten potentially suitable sta-
tions for mussel farming were mvestigated {Fig. 1)

Cres lsiand: Pogana Bay (st. 1),

Krle Island: Puntarska draga (s1. 2

Soline Bay (st. 3),

Rab Island: St Eufemija Bay (st 4), Kamporska draga
{st. 3), Lopar Bay (st. &) and Supetar Bay (st. 7},

Pag lsland: Caska Bay {st. 8), Stara Novalja Bay (st.
9}, and Stara Povijana Bay (st. 10).

Yand
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of blue mussel filtation rates are presented. Flnaliy,
used the average filtration rate for the blue mussel:

Foord supply is a function of water movement and -~

quantity of particles in the water, whereas food demand.
i5 a function of filtration rate and food concentration.

Carrying capacity is calculated by dividing food supply -
with food demand, '

Tab. 1: Data of mussel filtration rate from bib!iography.
Tah. 1: Podatki iz bibliografife o hitrosti filtracije skoljk.

Mussel fiftration rate (I/h} Bibliographic source

2.06 Foster-Smith {1975}

0.33-1.25(0.79) Foster-Smith {1975}

0.35-1.05 {(0.7) Foster-Sinith (1975)

Fig. 1: Yen investigated stations along Croatian islands
potentially suitable for mussel farming.
Sl. 1; Deset raziskanih vzordise vadol? hrvaskif otokov,
polencialno primernih za 3koljkarstvo.

Sampling

- Sampling teok place in the winter (February) of
1998, and in the summer (July} and autumn (December)
of 1999. Three replicates of water samples were taken at
0,5 and 10 m using a 5 1 Niskin bottle. Currents were
measured by a pseudo-eulerian method using Andria’s
cross {Mosetti, 1979). Compass recorded the direction.

Methods

~ Total patticulate matter or seston {TPM) and particu-
late organic matter (POM) was determined as triplicates
in the Zoology Department of the Faculty of Science.
Samples for seston analysis in trtpiu,ates of 250 mf
were filtrated on combusted and pre-weighted Whatman
 GFfF filters. The filters were transferred to a 60°C drying
~oven for 24 hours. On the following day, filters were
weighted to obtain values of TPM and combusted at 450
to 500°C for 24 h and re-weighted to estimate particu-
late inorganic matter (PIM) and POM (Magazzii, 1984).
We used standard statistic equations {(standard deviation
and ttest),
- Filtration rate is defined as the rate of removal of par-
ficles from a suspension in which the animals feed, or a
measure of the equivalent volume of water that must
have been filtered to account for the rate of removal
{Coughlan, 1969; Foster-Smith, 1975; Meyhofer, 1985;
Prins et al,, 1994; Riisgard, 2001). We used hterature
data for ca?( ulating the filtration rate. In Table 1, values

1.54 Faster-Smith (1975}
1.47 Foster-Sinith (1975)
1.2-3.442.3}) Schulte (19753

0.5-2.0(1.25) Mahlenberg & Riisgard {1979)

1-2.5{1.75) Widdows et al. {1979}

2.50 Martindic¢ {1998)

1.60 average value

The modelling approach itself has shown certain
weaknesses, including sensitivity 1o a restricted set of
undetlying assumptions and insensitivity to a potentially
wide array of unspecified parameters. Despite these
numerous limitations, approximations of carrying ca-
pacities for intensive cultivation remain of interest. The
salient feature of both models is that it is based on parti-
cle flow, and not on energy flow. Clearly, the limitations
of the modelling approach are not eliminated by these
simplifications. This model is offered as an approach,
and not as a unique solution.

The model is based on water movements and on the
seston quantity in the area. A biological concept of the
carrying capacity can be defined as the stock density at
which production levels are maximized, without a
negative environmental impact. The carrying capacity
mocsei studied here is based on balance between mussel
mutritive needs and food supply within the systerm. The
estimation of the carrying capacity of bivalves in open
systems is rendered difficult due to several factors: 1)
seasoial and size-refated changes in the energy de-
mands of the cultured organisms;.2) seasonat changes in
the abundance and nature of potential food substrates
found in natural waters; 3} general lack of knowledge
concerning the degree to which bivaives utilize various
particles in the seston, and 4) difficulties of quantifying
mixing and tlow through most culture areas.

The modet of Carver & Mallet {1990) was developed
in Canada {Nova Scotia). Authors used a somewhat
simplistic but practical approach to determine estimates
of carrying capacity for a mussel operation in a semi-
closed coastal infet on the Atlantic coast. Rather than

we
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relying on aboratory-derived values, authors obtained
extensive field data on water exchange, food fevels and
in situ mussel filtration rates, The volume of the Basin
was estimated as well as the volume of water flowing in
and out of the system in each fidal cycle. Data of sus-
pended particulate matter was used in order to calculate
food levels (food supply and food demand). Finally, car-
rying capacity was obtained dividing food supply by
food demand. Equations are presented in Table 4.

RESULTS AND DiSCUSSION
Environmental study

Current velocities are shown in Table 2. As ex-
pected, the strongest currents were measured in winter
as a consequence of metearological conditions, We did
not find significant differences between stations.

Measurements of the currents gave us results compa-
rable with other authors (Princi et al,, 1980; Stravisi &
Battista, 1992). Two current types are usually present in
the Adriatic {(Mosetti, 1966). On a large scale, there is a
constant slow current below 10 m depth, parallel to the
coast in the northern direction. On a small scale, cur-
rents are influenced by wind, tide and morphological
circumstances. It is important for good water guality in
mussel farms to have fast water exchange and currents
able to replenish the water yuite frequently.

The biggest bay is Caska on Pag Island, while the
smallest is Pogana on Cres Island. As far as the bay vol-
ume is concerned, the largest goes to S, Povljana Bay on
Pag, and the smallest to Punat Bay on Krk. In Table 4, all
hydrologic data about bays is presented (water tidal os-
cillations, water surface and volurne, water exchange).

Water exchange in all examined bays showed good
results {from 5-30% of water exchange/day). For exam-
ple, the Gulf of Trieste that is known for its high number
of mussel farms (MartinCic, 1998) has an average water
excharge of only 7%. The bay studied by Carver &
Matlet (1990) had a water exchange of approx. 50%.
This is particularly important for water replenishment
that depends not only on tidal currents but also on per-
manent currents and alse imports from the fand,

Temperature, salinity and oxygen are paramecters
closely linked with each other and connected with ex-
ternal meteorological and hydrological conditions. Their
variations are mostly of temporal character. During win-
ter, the water column is homeogeneous due to strong wa-
ter mixing, while in spring it is possible to observe water
stratification, which continues inte and through the en-
tire summer (Marchetti & Cotta Ramusino, 1992), Strati-
fication s present both for temperature {presence of
thermaoctine} and salinity (picnocline). in spring, superfi-
cial water in fact heats up, and due to the freshwater in-
come from the land the salinity varies greatly between
the sea’s surface and floor.

28
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Tab. 2: Current velocities at sampling stations.
Tab. 2: Hitrosti tokov na vzordigcih.

:_Stations Winter Summer Autumin
1 3.5 15.2 .07
2 0.6 i2.5 19.0
3 5.9 0.9 0.9
4 8.0 14.7 8.3
5 12.8 16.7 0.1
6 26.3 16.7 8.3
7 10.2 9.5 10.5
8 12,5 7.3 14.9
9 15.0 8.3 8.3
10 0.3 0.3 0.3

Analysis of TPM showed a maximum concentration
of particulate matter in summer {Tab, 3}, Considering the
fow depth of water at most stations, high TPM values are
probably a consequence of botlom resuspension. The
obtained data were not significantly different between
stations.

The relatively high standard deviations can be ex-
plained with the fact that these values are calculated as
an average of three depths {0, 5 and 10 m). These are
depths at which mussels are farmed and although differ-
ent they were not statistically significant, For further cal-
culations, we thus decided to waork with average data.

The lowest POM concentration was recorded in
winter, the highest in autumn. Differences between
winter and suminer as well as between winter and
autumn are statistically significant (t-test = 0.000828,
test = 0.002804), while those between summer and
autumn are not significant {t-lest = 0.285358), All the
exarnined stations had a good qguantity of POM, ranging
between 1.2 mg/l (Lopar and St. Novalja Bays) and 4.2
mgfl in St. Povijana Bay.

TPM is refated to land contributions and also to
phytoplankton production (Schulte, 1975; Valli, 1980,
Fonda Umani & Ghirardelli, 1988; Williams & Claustre,
1991). Suspended matter is usually composed of inor-
ganic detritus, especially close to the shore or in shallow
waters. Even by taking this into consideration, we found
some relatively high concentrations of organic matter,
with values ranging from 14% (winter} 1o 77% fautumn)
of POM. Bayne & Widdows {1978} recorded, for the
coastal area of Spain, values from 3 to 100 mg/l of TPM,
with only 5-30 % of organic components. Qur results
can be well compared (o data measured in the Gull of
Trieste {Adriatic Sea). Authors measured from 0.7 to 4
g/l of TPM, with 25 to 31% of organic matter (Fonda
Umani & Ghirardelli, 1988).

Since the organic component is formed by tlive
planktonic organisms and organic products of biode-
position, it is normal that we found the lowest concen-
tration of organic matter in winter, when no planktonic
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Tab. 3: Mean values (+s.d.) of total particulate matler (TPM) and particulate organic matter (POM) during three
seasons af ten sampling stations. Relative contribution of POM as % of TPM is also showa.

. Tab. 3: Srednje vrednosti (+s.d.) celotne 5uspeud:rane soovi (TPM) in partikulatne organske snovi (POM) v treh se-
- zonah pa desetih preucevanih vzorc¢iscih. Prikazan je tudi relativni prispevek POM kot % TPM.

Winter Summer Autumn
TPM (mg/DIPOM (mg/t)l  POM ™M POM POM TPM POM POM
Station (% of TPM) {% of TPM) (% of TPM)
1 330100 | 0403 14001194 4307 1 2608 16800207 35609 { 2.00.%) {60.0011.0)
2 3.4(14) | 0.9(0.1) 128708101 3.3(1.0) | 2.2(05) 169.07.5) 1 3.8(1.7) | 1.5(0.9) {39.7(15.6)
3 3.9(08) | 1201 1310028 | 6.3(3.3) | 3.0(1.2) 148.0(22.3)1 3.5(1.1) { 1.3(5.7) (37.0(15.5)
4 17.8(20.53 L7001 (1800105 7.402.0) 1 16409 1253(12.9] 3.001.8) | 2.1(0.7 175.3(15.9)
5 3.0(1.6) | 0500.3) 173042 | 4.3(2.9) | 1.9(0.6) {497(13.7)] 2.6{(1.0) | 2.000.7) | 76.7(4.2)
6 48045 | 0700 12100318 4103 | 1.70.7) {47.30153)] 7.065.8) | 1.2{0.5 | 223{3.1
7 38014 | 0.80.4) 12200691 43(1.9) | 1.8{0.3) 44701701 2.6(0.6) | 1.20.2 148.3(19.5)
8 6.8(4.8) { 1.600.8) 1250560 ] 71{a.0) | 2.9(1.1) 6200171} 3.41.1) | 1.7{0.6) | 50.3(4.5)
9 3.000.7) § 1.1{0.3) 135,708 1 26(0.3) | 1.3(0.4) 150.3(19.8)} 2.9{0.4) 1{0.4) | 36.7(7.5)
10 23060 | 0500 (2200781180651 4201.3) 123008 28¢1.3) | ({86.0) [640(25.3)

“hlooms are present, and the highest percentage in
autumn due to the active planktonic bloom or scenes-
cent phase of the bloom (Marchetti & Cotta Ramusino,
- 1932).

Carrying capacity model

There is an abundance of data in literature on the in-
fluence of water flow on the particles or food concen-
tration {Dame et al., 1980; Incze et afl., 1981; Cloemn,
1982; frechette & Bourget, 1985; Loo & Rosenberg,
1989).

In estuaries, the sesten movement is dominated by
“the river outilow, while in the coastal inlets it is primar-
-ily determined by tidal cumrents, which are often very
weak, Food supply in the water depends not only on the
-water flow but also on the quantity and quality of parti-
“cles present in it (Zentilin & Pellizzato, 1996).

- Variations in food supply are in relation to tidal os-
“cillations and thus to tidal volume, as well as to POM
“oscillations in the water. We abserved that maximum
POM levels at our stations were comparable to the val-
- ues reported in other mussel studies {(Bayne & Widdows,
1978; Widdows ef al, 1979; wildish & Kristmanson,
1984; Carver & Mallet, 1990). Values lower than 1 mg/l
are common along the Atlantic coast, while higher val-
-ues are generally characteristic of estuaries and coastal
Jinlets (Carver & Mallet, 1990). The lowest food supply
“was noted for the wintertime, as a result of the Jow pri-
~mary production.

- Among the stations, we calculated the highest quan-
ity of food supply in Caska and St. Povljana Bays on
‘Pag 1sland,

Rodhouso & Roden {1987} found that zooplankion
‘Compete with cultured mussels for food particles and

aestitpated that herbivorous zooplankion consume 29%
of the annual phytoplankton production in Killary Hac-
bour, trefand. On the other hand, recent evidence sug-
gests that mussels can significantly reduce microzoo-
plankton levels (Incze et al., 1981), thereby effectively
decreasing faod competition. Given that increasing
stock densities have a positive effect on primary pro-
duction, our estimates of food supply should eventually
include not only the POM delivered to the system, but
also locally produced POM.

Food demand was calculated with estimates on fil-
tration rate and food concentration. At our sites, there
were atways enough particles present in the water {o
satisfy the average filtration needs by mussels. Mussels
consume tive and inorganic particles in the water
{plankton and detritus).

Since we did not find significant differences in car-
rying capacities measured in winter, summer and
autumn, average data is presented (Tab. 4). [n the end,
we concentrated an potential differences between sta-
tiens,

Relatively large water volumes and high POM con-
centrations gave high carrying capacities. St. Novalja
and St. Povljana Bays had a carrying capacity higher
than 2000 1. The lowest carrying capacity was calcu-
lated for Pogana {about 600 1).

In estimating the carrying capacity, we assumed that
the mussels had access to 100% of the available tood
supply. This approach does not alfow factors such as in-
complete mixing of particles in the Gulf, loss of particles
in the outflow, and contaminaticn of “new" particle-rich
water by “old" particle-depleted water from the previous
tidal cycle. A positive effect of musset stock densities on
nutrient regeneration, which can enhance local primary
production, should also be considered.
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Tab. 4: Carrying capacity equations and hydrological data for the ten sampling stations.
Tab. 4: Enache za izraCun nosifnosti okolja in hidroloski podatki za deset vzorcisc,

P ) Ecuation Cres Krk Krk Rab Rab Rab Rab Pag Pag Pag

a fer -

rame 4 st | 1.2 | st.3 | st4 | st.5 | st6 | st.7 | .8 | st.9 | st 10

a E\C‘!’}f}rage ebb tide 322 | 322 | 322 | 322 | 322 | 322 | o322 szz | o322 | 322

b f:;‘::.}”'g" high tide 303 | 303 | 203§ 303 | 303 § 303 | 303 | 303 | 302 | 303

c ?‘“!}y escilations (abyx2 | vzs | r2s | o125 § oaas | oies foazs | ot2s bo1zs | o1as | o12s
Cm

d |Tidal volume per cxi 201 | 377 | a0 | 320 | 463 | 27t 1 se0 | 1398 | e7s | 1030
day (x 16" m’)

o |T1dal volume per dx7 1407 | 2644 | 3016 | 2246 | 3244 | 1903 | 3920 | eves | avmr | 7217
week (x 107 m7)

¢ |Bay volume in ebb j-d/2 1217 | s7e | 1106 | 23a4 | 9732 | 2426 | 6274 | 11487 | 10683 | 15714
tide (x 10" m”)

g {Pay volumeinhigh | o) 1418 | 1255 | 1537 | 2665 110196 | 2697 | 6834 | 12886 | 13359 | 16745
tide {x 10" m°}
Water exchange per o

h . d/g 14 30 | 28 12 5 10 8 i1 6 6
day (%)

i fj‘j‘ﬁg’ suriace 16093001302420034491 23{2569200(3710500|21 7680044825001 1 194100{5410100{8245700

10§

i ?;2’ :_i'“”‘e Vi x 1318 | 1067 | 1322 | 2505 | 9964 | 2562 | 6554 | 12187 | 11021 | 16230

k [POM tme/t 17 | 26 | 24 | 19 | 15 | 12 | 13 2.4 1.2 |42
Food supply (x 10° .

I > ' x k 234 | 604 | 724 | 420 | 476 | 234 | 494 | 2332 | 550 | 2021
2 POM/Aweek) ex ’
Food demand (g k/1600 x 1.6

m [POM/kg mus- x24hx7x | 372 | 573 | 535 | a1e | 327 | w5 | 23 | 525 | 260 | ens
selsiweek) 82
Carrying capacity Hm 629 1193 | 1353 | 1010 § 1456 851 1746 4359 2119 | 3234
(tons of mussels)

All the sites have shown to be suitable for mussel
praduction. Carrying capacities higher than 500 t can be
considered as high. The lowest recorded canying ca-
pacity was in Pogana Bay on the island of Cres (600 b).
Generally, the best island for mussel production should
be Pag, where ali three bays showed very high carrying
capacities (higher than 2000 t).

CONCLUSIONS

it can be conciuded that all the examined sites on
Croatian islands are suitable for mussel fanming. The
present study only confirmed this statement already
known to national experts. Mariculture could be an ad-

30

ditional motive and way of eamning money for these is-
land populations, as well as incentive for new people
settling there.

Amang 10 sites, the best are those on the island of
Pag, but none trmed out to be non-suitable for mussel
farming. Simitar study should be performed on other is-
lands and new locations for this economic activity sug-
gested,
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OCENJEVANJE NOSILNOSTI OKOLJA V SEVERNOJADRANSKIH OBALNIH OBMOCIH,
POTENCIALNO PRIMERNIH ZA VZGOJO SKOLJK

Barbara SLADON/A
Institute for Agriculture and Tourism, HR-52440 Pored, P.O. Box 31
E-matl: barbara@iptpo.he

Radovan ERBEN., fvana MAGUIRE, Goran KLOBUCAR & fasna LAJTNER
Department of Zoology, Faculty of Science, University of Zagreb, HR-10000 Zagreb, Rooseveltov trg 6

POVZETEK

‘ V desetih manjsih zalivih ob S(’Vé‘f‘ﬂ()j&df&ﬂsklh atokil jo bil uporabljen model za ugotavljanje nosilnosti tam-
" kajSnjega morskega okolja. Studija, katere namen je bil ugotowtf primernost teh voda za gojenje skoljk, je slonela na
-~ terenskih podatkih o izinenjavi vode in koliini hrane v njej, dobljenil med vzorCenjem pozimi, poleti in jeseni leta
©1998.

Rezultati so pekazali, da so vse preucevane lokalitete primeme za $koljkarstvo. NajniZfa nosilnost okolja je bila
" ugotovljena v zalivu Pogana na Cresu, sicer pa je bila izmenjava vode zadostna v vseh preucevanih zalivih fod 5-
30% na dan).

- Dobljene rezultate bi lahko uporabili za upravijanje obalnih obmodij, primeraili za vzgojo Skoljk, pasebno v
f.pr:menh nacitovanega otoskega razvoja. Skoljkarstvo bi lahko seveda mocno izhaljsalo otoske gospodarstvo.
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ABSTRACT

_The articie presents an integral systematic review of meiobenthic fauna twithout the already presented Copepoda
arpacucmda) arranged on the basis of extensive material gathered int the course of numerous investigations during
the last 30 years in the southern part of the Gulf of Trieste. The emphasis is on a systematic survey, which includes a
fotal of 30 higher taxa with nearly 180 species, although still 2 minar part of all expected but undiscovered species
of the area.

Key words: meiofauna, list of taxa, Gulf of Trieste, Slovenia

FAUNA MEIOBENTONICA (ESCLUSI GLI ARPACTICOID) DELLA PARTE MERIDIONALE
DEL GOLFO DI TRIESTE, SLOVENIA: LISTA DEl TAXA

SINTES

articolo presenta una revisione sistematica integrale deila fauna meiobentonica (esclusi | copepodi arpacticoidi
A presentati), preparata in base al vasto materiale raccolto durante le numerose ricerche effettuate negli ultimi 30
nni nefla parte meridionale del Golfo di Trieste. Posta in rilievo F'indagine sistematica che include 30 taxa superiori
on quasi 180 specie, benché queste rappresentine s0lo una piccola parte di tutle le specie attese ma ancoia
onoscitite dell’area.

Parole chiave: meiofauna, lista dei taxa, Golfa di Trieste, Slovenia
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INTRODUCTION

The paper presents meiofauna of the southern part of
Gulf of Trieste, Copepoda excluded. The present work is
a continuation of the survey of meiobenthos in the Slo-
vene sea (initiated several years ago), witht an emphasis
on its species structure and spatial distribution. In the
first two articles (Vriser, 2000a, b, the systematics and
ecology of harpacticoid copepods (Copepoda, Harpac-
ticoida} as one of the most dominant groups were pre-
sented, while the aim of this paper is to outline the
taxonomic struciure of the remaining meiofauna.

Meiobenthos of the southern part of Gulf of Trieste
has so far not been researched at such level as already
mentioned harpacticoid copepods. The extent of more
complete taxonomic determinations is here incompara-
bly poorer. Amongst the causes for such state of affairs
we must highlight, apart from a truly exceptional butk of
the material itself, mainly the following very specific
and excusable reasons:

1. in many groups, particularly in those that are
sparse or with more delicate body structure, taxonoinic
study would require some very special and to them
adapted sampling technigues and substantiaily greater
number of paraiie samples, as well as often repeated
seasonal sainpling;

2. even today, many groups remain poorly re-
searched, with insufficient, cutdated or hardly accessi-
ble literature;

3. lack of suitable specialists or taxonomic consult-
ants;

4. predominantly juvenile character of several
groups {lernporary meiofauna, i.e. juvenile stages of the
future macrofauna), which greatly \ggravams precise
ldentihcatwn of species;

5. damaged body structures of the more delicate, es-
pecially "worm-like® groups owing to the use of routine
methods of fauna exiraction from the substrate, which
are more or less unsuitable for these particular groups;

6. incompatibility of the necessary (stated) specific
methodological approaches with simultaneous demands
of general ecological studies of the great spanal or tem-
poral frequency span.

In spite of it all, a fairly clear structural and ecologi-
cal picture has crystallised from the research lasting for
more than thirty years, which in many groups reached a
notable degree of a systematic rounding up. The re-
search into some methodologically exceptionally de-
manding taxa unfortunately remained at its initial stage
{e.g. Nemertinea, Nematoda, Oligochaeta, if mentioning
only the most abundant ones) and is still waiting to be
continued.

We believe that in spite of the above-mentioned
gaps, fauna other than copepod, too, would deserve its
first presentation of a clearer although for the time being
still unavoidably preliminary systematic survey.
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MATERIAL AND METHODS

Most of our samplings were implemented with grav-
ity care sampler (Meischner & Rumobr, 1974); only in
lagoonar conditions they were also carried out manu-
ally, always with three parallel samples in the surface
sediment of 10 cm?, 5-10 ¢ deep. Meiofauna was ex-
tracted with the sieving-decantation technigue accord-
ing to Wieser {1960} on 1 mm, 0.125 mm, and 0.050
mm sieves, preserved (4% formalin with seawater),
sorted out, counted and, if at all possible, identified o
its species,

Only a minor part of the meiofauna groups was
taxonomically analysed by specialisis:  Foraminifera
(Franc Cimertman, Slovenian Museum of Natural His-
tory, Liubljana), Polychaeta (Andrej Avein, Marine Bio-
fogy Station Piran, National Institute of Biology, Ljub-
fana), Tanaidacea (Dulan Zavodnik, Centre for Marine
Research, Rudjer Bogkovid Institute, Rovinj}, Insecta
flgnac Sivec, Slovenian Museum of Natural History,
Liubljara), Bryozoa (Brian M. Marcotte, Clark Univer-
sity, Worcester, USA).

For taxonomic determination, authentication and
classification of all remaining groups stated in brackets
betow, the author used the following important refer-
ences:

Bartsch & Hiffe, 1985 (Acarina); Bonaduce et al,
1975 (Ostracoda); Bouillon & Grohmann, 1990 (Hydm—
zoal;, Chevreux & Fage, 1925 {(Amphipoda); De Min &
Vio, 1997 {Gastropada, Bivalvial;.Gruner, 1965 (lso-
podal, Higgins, 1977 (Kinorhyncha);, Hulings, 1971
(Hydrozoa, Kinorhiynchal;, Kararman, 1972, 1973, (Am-
phipoda); Klie, 1938 {Ostracoda); Nordsieck, 1968,
1972 {Gastropedal, 1969 (Bivalvia) Plait & Warwick,
1983, 1988 (Nematoda); Ried!, 1956 ({Turbellaria), 1983
{Anthozoa, Cirripedia, Decapoda, Cwmacea, lLep-
tostraca, Sipunculida, Chaetognatha, Holothurioidea,
Asteroidea, Ophiuroidea, Echinoidea, Ascidiacea, Ne-
mertinea); Rieger, 1971 (Turbellaria); Salvini-Plawen,
1966 {HMydrozoa); Sars, 1896 {lsopoda).

ECOLOGICAL CHARACTERISTICS
OF THE RESEARCHED ENVIRONMENT

The so far carried out research into the meiofatna of
southern Gulf of Trieste has dealt with the entire depth
span of these waters: from 0.3-5 m in coastal studies, 1o
the samplings in the Gulf's open waters (19-30 m
depth). Meiofauna of the four coastal sampling profiles
{(1-15 m} in the Bays of Koper, Strunjan and Piran was
comparatively researched in the summer and winter
months, while the meicfauna of deeper areas was stud-
ied only in the summer.

Thermic conditions of the entire area range from 9-
21 °C, with average salintty of 37.5 psu, oxygen content
in the span of 55-96% saluration, except in the very rare
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periods of hypoxia crisis, when the values can fall be-
tow 40%.

Wwith the exception of some nwarginal coastal tocali-
ties (Koper and Firan Bays], which were at the time of
sampling still under a great impact of organic pollution
of urban origin, all the remaining meiofauna dealt with
in this paper belonged to a clean and unburdened envi-
ronment.

The substrate of the investigated area consists of
clayey silt {10-20% clay), which aleng the coast gradu-
ally turns into silty clays (up to 25% of clay) and, to-
wards the open sea, into fine sands (Ogorelec ef al.,
1991).

TAXONOMIC EXTENT OF RESEARCH INTO THE
MEIOFAUNA OF SOUTHERN GULF OF TRIESTE

Taxoromic structure of meiofauna of the selected re-
search arca has in fact never been studied purposely
~{with the exception of harpacticoid copepods!, at least
“not exclusively with this aim, for the emphasis was
largely on the ecological complexities and typology of
~its associations. Although subordinate, it still was a
" component part of these investigations, whose selection,
arranged according to the thematic criterion, is here
preserted only in a condensed form,

in Sloverda, the first ecological meiobenthic research
was initiated by Marcotte & Coull (1974} on the coastal
" profile of Piran Bay. This research was followed by the
author's investigations in the experimemal basins of
~Strunjan (VriSer, 1979, 1982), on the coastat proiiles of
-the Bays of Koper, Strunjan and Piran (Vriser, 1983-84,
1986), in the open waters of Culf of Trieste (Vrider,
1989, 1991, 1992}, in the Bays of Steunjan and lzola
JVriSer, 1999, 2001), and in coastal fagoons (Vriger,
- 2002).
o Atfirst, Le. until the mid-1980s, the investigations
were stilt directed at uiterly ecologicat objectives, deal-
ng primarily with the impacts of potlution on the meio-
- fauna’s associations. Nonetheless, these works contrib-
‘wted most of the taxonomic data presented herewith. To
. a smaller extent they were supplemented by the long-
Sterm studies of seasonal dynamics and meiofauna’s
long-term osciliations in the centre of Gulf of Trieste
AVrizer, 1996, 1997 Vriser & Vukovi¢, 1999), as well as
of its recolenisation characteristics {Vriter, 1998; Vrifer
- & Vukovic, 2000).
- There are unfortunately no other studies that would
- have contributed to a clearer picture of the systematic
Structure of the meiofauna in the southern part of Gulf of
Trieste, but let us mention numerous investigations of
‘separate groups of this fauna on at least three sites in the
~immediate vicinity of our waters, which are due to their
~closeness of a considerable significance for as well.

The first such site is situated close to Trieste (ltalyl: it
s in fact the site of the former marine biology station,
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where the first melobenthic determinations were made
in the early 20 century - e.g. Griinspan {1908) with the
group Gastrotricha.

The second such site is the area around Rovinj
(Croatia), where numerous investigations were made in
the 1950s and 1960s by a number of taxonomists, such
as Riedi (1956} (group Turbellaria), Sterrer (1965, 1967)
{group Gnathostomulida), Schrom (1966a) (group Cas-
trotricha) and Salvini-Plawen {1966, 1968} (groups Cni-
daria, Kamptozoa, Aculifera).

The third interesting site is the area around Venice,
where much research was carried out by Schrom
{1966b, ¢}, Hummon et al. (1990) and Evans et al.
{1993), all concengrating on the group Gastrotricha, and
by Rieger (1971) (group Turbellaria).

Here follows a survey of all 31 registered higher taxa
of the researched meiofauna, arranged in systematic
succession {Riedi, 1983). Only some of the groups and
species from the list are plankionic, all the rest being
henthic.

For each group, an approximate estimate of their oc-
currence in our sea is stated, i.¢. their quantitative rep-
resentativeness (% relative abundance within  total
meiofauna, hereinatter referred to as rel. ab.) and an es-
timate of their systematic covering, ie. of the supposi-
tional and actually established number of species in the
area researched. All estimates about the probable num-
ber of species stated in further text thus refer exclusively
to meiofauna. For within the sarne groups the number of
macrobenthic species can be here and therc not only
higher but afso lowet than in the meiofauna, i.e. by spa-
tiatly variable share (number of species) of that particu-
far meiofauna’s component, which in contrast to the ju-
venile macrofauna does not surpass, not even in the
adult siage, the size of 1mm {permanent meiofauna).
However, the precise number of these species in the
majority of dominant groups of our meiofauna is stilf not
known.

FORAMINIFERA

Foraminifera, which are no doubt part of meiofauna,
are by most meiofaunists omitted from their research for
methodologicat reasons. Namely, with the standard
methods of colouring, suitable for the remaining fauna,
it is not possible to distinguish between live and dead
foraminiferous individuals. Foraminifera can thus be
subject of only specialised sampling technigues, extrac-
tion, colouring, separation and particularly identifica-
tion,

Occurrence: massive, If taken into account, fora-
minifera would be ane of the first three dominant groups
of meiofauna. Number of species: no actual data at
hand. Al 13 determined species from our fist are from
the Strunjan lagoon,
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HYDROZOA

Occurrence: rare, more common only here and
there, generally below 0.1% rel. ab. Number of species:
unknown, perhaps up to 10 species. 5 species deter-
mined partially.

ANTHOZOA

Occurrence: only a few fragments of juvenile indi-
viduals were registered, presumably from the group of
Anthipatharia. Number of species: unknown.

TURBELLARIA

Occurrence: mass group in rnost samples, 1% rel.
ab. Number of species: presumably up to 50, almost all
of them permanently meiobenthic. 7 species determined
partiatly.

NEMERTINEA

Occurrence: rare, below 0.2% rel. ab. Number of
species: unknown, no determinations.

NEMATODA

Occurrence: most abundant, dominant group (70%
rel. ab.} throughout in all samples! Number of species:
unknown, possibly up to 100, almost exclusively per-
manent meiobenthic species. Only 4 less common spe-
cies determined.

KINORHYNCHA

Occurrence: common group, 0.25% rel. ab. Num-
ber of species: about 10 species of permanent meio-
fauna, 8 partial determinations.

POLYCHAETA

Occurrence: third most abundant group (8% rel.
ab.). Number of species: unknown, perhaps up to 100
species, to a great exlent of temporary character (juve-
nile macrofauna), 38 species registered and in most
cases determined.

CLIGOCHAETA

Occurrence: very abundant group (2% rel. ab.).
Number of species: unknown, perhaps few dozen spe-
cies. No species detersined.

OSTRACODA

Occurrence: common group, mostly with low abun-

dances 10.25% rel. ab.). Number of species: unknown,
perhaps over 50 species. 16 species registered and par-
tiatly determined in our samples.

CIRRIPEDIA

Only two coincidentally caught javenile individuals,

DECAPODA

Occurrence: rare, generally below 0.1% rel. ah.
Number of species: perhaps up to 20 species, 10 more
common species partially identified.

AMPHIPODA

Occurrence: modest, in places somewhat more
commaon, generally below (.1% rel. ab. Number of spe-
cies: perhaps up to 30 species, 14 more common spe-
cies partially identified.

ISOPODA

Occurrence: rare individuals, generally below 0.1%
rel. ab. Number of species: unknown, 13 species par-
tially determined.

MYSIDACEA

Occurrence: rare, mostly occurring individually, al-
together below 0.1% rel. ab. Number of species: un-
known, 4 species partially identified,

CUMACEA

Qccurrence: rare, mostly occurring individuafly, al-
together below 0.1% rel. ab. Number of species: per-
haps above 10 species, 4 only partially determined,

TANAIDACEA

Occurrence: rare, mostly accurring  individually,
generally below 0.1% rel. ab. Number of species: 4,
with 3 of them identified.

LEPTOSTRACA

Asingle identified individual.

ACARINA

Occurrence: rare, mostly occurring  individually,
generally below 0.1% rel. ab. Number of species: per-

haps up to 10 species, with 4 of them identified only
partially.
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INSECTA

Some rare and in only at two localities found dipteral
“ larvae {family Chironomidae) of unknown number of
- species.

SIPUNCULIDA

A single and only partially determined individual.

GASTROPCODA

Occurrence: common, afthough not massive, usu-
~ally with a few individuals per sample. Altogether
© 0.30% rel. ab. Number of species: unknown, possibly
- aver 100 species. Only 10 species partially identified,

BIVALVIA

Occurrence: massive, even with a few dozen indi-
viduals per sample. Altogether 0.25% rel. ab. Number
of species: unknown, possibly over 100 species, with
only 9 partially determined.
BRYOZOA

Some rare individuals, T partially identified species.

CHAETOGNATHA

. Two coincidentally caught planktonic individuals of
the same species.

HOLGTHURIOIDEA

. Some rare juvenile individuals, 3 partially identified
species.

ASTEROIDEA
Some rare juvenile individuals, 1 identified species,
OPRIVROIDEA

Occurrence: all over the research area. Individual
~_juveniles, only 1 species determined.

ECHINOIDEA
Some rare individual larvae of unknown number of
~_species.

ASCIDIACEA

Some rare {arvae.
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At the end of taxonomic survey of our meiofauna, a
guestion might be raised, where to place, in view of its
species diversity, the area researched, if locking at po-
tentially similar parts of the near and far neighbourhood.
No comparable surveys can unfortunately be traced,
while any serious diversity evaluation of our data is ren-
dered very difficuit by at this moment still highly inade-
quate systematic extent of research into the dominant,
abundant and species-rich groups, such as Nematoda,
Oligochaeta, Nemertinea, Polychaeta, Gastropoda and
Bivalvia. Much work is thus still waiting for the future
laxonomists, for the species determinations carried so
far have probably reached less than a third of their pre-
sumed total number.

In spite of the stated taxonomic gaps, we could
venture a judgment — on the very basis of the existing
facts — that along with harpacticoid capepods {130 spe-
cies} the fatina presented in this paper {180 species) also
significantly contributes to the high diversity of our
coastal watess.

LIST OF SPECIES

With the exception of harpacticoid copepods, the Jist
presents all till now registered taxonomic groups of meio-
fauna in the area researched. They are arranged accord-
ing to the already mentioned system, i.e. in compliance
with the available degree of their systematic analysis.
This, however, can be only at the level of the higher taxa
{e.g. ordo, classis, subclassis, familial, or it is determined
down to the level of genus and species. The dilferent
species within the same taxon are either indicated as un-
determined number of species (spp.) or are differentiated
and numhered (genus sp. 1, sp. 2, etc.). Complete spe-
cies determinations were given where at all possible.

FORAMINIFERA

Ammonia beccarii (1..) - smooth
Ammonia beccarii {L.) — ornamented
Ammonia sp. 1

Critroelphidium sp. 1

Eggerella advena Cushman
Elphidium crispun (1..)

Elphidium sp. 1

Mifionelia sp. 1

Quingueloculina sp. 1

Rosalina globularis d'Orbigny
Sigmeilina cf. costata Schiumberger
Trilocufina faevigata d'Orbigny
Trochammina intlata (Montagu)

HYDROZOA

Siphonohydra sp. 1
Halammohydra sp. 1
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Malammohydra sp. 2
Pinushydra sp. 1
Psamrmohydra sp. 1

ANTHOZOA
Anthipatharia gen. spp.
TURBELLARIA

Alfostoma sp. 1

Convoluta convoluta Abild
Nemertoderma spp.
Diopisthoporus spp.
Mecynostomum spp.
Paraphanostoma spp.
Plagiostomum sp.1

NEMERTINEA

Heteronemertint gen. spp.
Hoplonemertini gen. spp.

NEMATODA

Cyatholaimus sp. 1
Desmoscolex sp. 1

Encplus sp. 1

fuchromadora striata (Eberth)

KINORHYNCHA

Echincderes sp. 1
Echinoderes sp. 2
Neocentrophyes sp. 1
Pycnophyes sp. 1
Pycnophyes sp. 2
Pycnophyes sp. 3
Trachydemus sp. 1
Trachydemus sp. 2

POLYCHAETA

Aonides oxycephala (Sars)
Aricidea spp.

Brada villosa (Rathlke)
Capitefla capitata (Fabricius)
Capitellidae gen. spp.
Cirratulus filiformis (Keferstein)
Cossura soyeri Laubier
Dorvillea sp. 1

Euclymene palermitana (Grube}
tunice vittata (delle Chiaje)
Hesionidae gen. spp.
Hyalinoecia brementi Fauvel
Lumbrineris gracilis (Ehlers)

Lumbrineris spp.

Magelona sp. 1

Maldane glebifex Gruve
Micronephtys sp. 1

Nereidae gen. sp. 1

MNereidae gen. sp. 2
Notomastus sp. 1

Notornastus sp. 2

Onuphis sp. 1

Owenia fusitormis defle Chiaje
Faraonis lyra Southern
Proxillefla sp. 1

Proxitlella sp. 2

Proxiflelfa sp. 3

Prioniospio cirrifera Wiren
Frionospio malmgreni Claparede
Sabellidae gen. spp.
Scolefepis fuliginosa {Claparede)
Sphaerosyllis sp. 1

Spionidae gen. spp.
Spirorbinae gen, spp.

Syllidae gen. sp. 1

Syltidae gen. sp. 2

Syliidae gen. sp. 3

Terebellides stroemi Sars

OLICOCHAETA
Enhytraeidae gen. spp.
OSTRACODA

Callistocythere adriatica Masoli
Callistocythere sp. 1
Callistocythere sp. 2

Costa edwardsi (Roermer)

Costa batei (Brady)

Cythere antiguata Baird
Cythereita adriatica Ruggeri
Cytheridea neapolitana Kolmann
Hiltermannicythere wirbida (G.W.Mlier)
Loxoconha sp. 1

Loxoconcha sp. 2
Neocytherideis sp. 1
Neocytherideis sp. 2
Pterygocythereis jonesi (Baird)
Semicythetura sp.
Semicythettra sp. 2

CIRRIPEDIA
Chthamalus sp. 1
DECAPODA

Callianassa stebbingi Borra
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Carcinus sp. 3

Crangon sp. 1

Fthusa mascarone Herbst
Galathea sp. 1

Hippolyte sp. 1

Macropodia longirestris (Fabricius)
Palaemon sp. 1

Processa canaliculata {Leach)
Sicyonia sp.

AMPHIPODA

Ampelisca typica (Bate)
Ampelisca spinnipes Boeck
Amipelisca sp. 1
Ampelisca sp. 2
Caprefla sp. 1
Dexamine sp. 1
Garmmarus locusta (L.}
Canmunarus sp.
Gammarus sp. 2
Lepidepecreun sp. 1
Lysianassa sp.
teucothoe sp, 1
Phtisica marina Slabber
Pseudoprotelia sp. 1

ISOPODA

Anilocra physodes {L.}
Arcitrus sp. T

Bopyrus squitfarum Latr.
. Cirolana borealis Lill.
Cyathura carinata (Kr.)
“Cymodoce truncata (Mont.)
Dynamene sp. 1

. Gnathia sp. 1

~idatea baltica (Patl.)
~Ligia italica Fabr.
Limnoria sp. |

. Nerociffa sp. 1
Synisoma sp. 1

MYSIDACEA

Diamysis sp. 1
“Mysis sp. 1

Siriella clausi G. Sars
 Siriella sp. 1

CUMACEA

TANAIDACEA

Apseudes latreillei (Milne Fdw) o
Leptochelia savignyi (Krdyer)
Tanais cavalinii Milne Edw.

LEPTOSTRACA
Nebalia bipes Fabr,
ACARINA

Agauopsis brevipalpus Trousseart
Agauopsis sp. 1

Copidognathus sp. 1
Copidagnathus sp. 2

INSECTA
Chironomidae gen. spp.
SIPUNCULIDA
Phascolosoma sp. 1
GASTROPODA

Bittitm reticufaturm Da Caosta
Cerithiurm vulgatum Bruguiere
Conts sp. 1

Gibhula spp.

Haminea hydatis (1)
Monadonia spp.

Nassa spp.

Opistobranchia spp.
Polynices sp. 1

Rissoa spp.

BIVALVIA

Aloidis gibba (Olivi}
Cardioidea spp.

Chlamys sp. 1

Gastrana fragitis (L)
Loripes lacteus {1..)
Macoma sp. |

Nuctifa sulcata (Bronn}
Tellina pulchelfa Lamarck
Venerupis sp. 1

BRYOZOA
Aetidae gen. spp.

Bicellardiidae gen. spp.
Moncabryozoon gen. sp. 1
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CHAETOGNATHA

Spadelia caphaloptera (Busch)
HOLOTHURIOIDEA
Holothuria sp. 1

Labidoplax sp. 1
Trachythyone sp. 1
ASTEROIDEA

Asterina gibbosa (Pennant)
Astropecten sp. 1

OFPHIUROIDEA

Amphipholis squamata (Delle Chiaje}
Amphitira spp.
Ophiothrix spp.

ECHINGIDEA
Echinopluteus - larvae
ASCIIACEA

Perophora ~ larvae
Clavelinidae — larvae

MEIOSENTOEVEK/V\ FAVNA (BREZ HARPAKTIKOIDQV) JUZNEGA DELA
TRZASKEGA ZALIVA: SEZNAM TAKSONOV

Borut VRISER
Nacionalni indtitut za biclogijo, Morska bioloska postaja, $I-6330 Piran, Fornace 41
E-mait: vriser@mbss.org

POVZETEK

Prispevek je doslej prvi poskus celovitejSega sistemalskega pregleda bentaske meiofavne ‘lizvzeti so Ze pred-
stavljeni Harpacticoida), pripravijenega na osnovi obseZnega gradiva, zbranega med Stevilnimi raziskavami v
zadnjif tridesetil fet na obmodju juinega dela TrZatkega zaliva, ki danes pripada teritorialnim vodam republike
Stovenije. Poudarek dela je na taksonomskern seznamu, ki obsega 30 vecjih skupin s 180 popolnoma ali le delfno

determiniranimi vistami.

Kljutne besede: meicfavna, seznam vrst, TrZaski zaliv, Slovenija
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ABSTRACT

A genetic comparison of stipper lobsters, Scyltarides tatus, from different areas in Sicify was carried out, electro-
phatetically checking 22 enzymatic activity zones. The analysis has shown a low degree of variabifity among the
specimers; therefore, non-local breeders might be used for restocking without harming the biadiversity.

Key words: Crustacea, Decapoda, Scyllaridae, Scyllarides, genetics, electrophoresis

VARIABILITA ENZIMATICA NELLA MAGNOSA MEDITERRANEA, SCYLLARIDES LATUS,
DI ACQUE SICILANE

SINTES!

» L’articolo preserta il confronto genetica tra magnose Scyllarides taius) provenienti da diverse aree siciliane,

confronto effettuato con il controflo elettrotoretico di 22 zone df attivitd enzimatica. L’anafisi ha evidenziato un
basso grado di variabilita tra gli individui, pertanto gli autori jpotizzaro che esemplari allevat in altre focalita po-
trebberc venir usati nef ripopolamento, evitando effetti negativi sulla biodiversita,

Parale chiave: Crustacea, Decapoda, Scyllaridae, Scyflarides, genetica, elettroforesi
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INTRODUCTION

On the Sicilian coasts, restocking of the now rare
Mediterranean slipper lobster, Scytlarides latus, could
achieve stable resuits, since the decline of the resource
seems due to a shortage in recruitment, not o environ-
mental degradation {Bianchini et al,, 1998). Of course, a
sound enhancement program should operate without
disrupting the existing equilibrium.

To preserve the biological diversity, and to reduce
the risks related to the introduction in the genetic pool
of characteristics different from the local ones, it is nec-
essary to make sure that brooders and seeding animals
belong to the autochthonous population, ar that their
origin is genetically similar. With this in mind, morpho-
logical (Bianchini ef al., 1996) and karyological {Dejana
et al, 1997) studies may be used for screening, together
with genetic analyses, based on PCR methods cr on
electrophoretic lechnigues.

This last approach is based on the notion that pro-
teins under the effect of an electric field migrate along
the medium in accordance to their net charge and their
motecular weight; utilizing this phenomenaon, the elec-
trophoresis displays molecular differences due to ami-
noacidic substitutions or deletions. in fact, these differ-
ences arise from nucleotide mutations at DNA level of
the structural gene, which produce isozymes (Hunter &
Markent, 1957) migrating at differenl velocities. The iso-
zymes, i.e. the multiple forms that an enzyme could as-

sume, may depend on the presence of more than one
focus codifying the enzyme (aliozymes, following Fra-
kash et al., 1969), or on the effect of post-translational
modifications on the formed polypeptic chairs {Richard-
son et al, 1986); a locus is considered polymorphic
when the frequency of the most conumon allele is lower
than 95%.

The fast step in the analysis of enzymatic polymor-
phisms is the imerpretation of the observed electropho-
retic pattern, which requires special care in case of spe-
cies not extensively studied (Richardson ef al,, 1986).

MATERIALS AND METHODS

Thirty-three  Mediterranean slipper [obsters, Scyl-
larides latus, coming from different Sicilian areas (Fig. 1)
were examined; their morphometric data are given in
Table 1.

The electrophoretic runs were commissioned to an
external University laboratory, using funds provided by
a national program on slipper fobster restocking {8 tri-
ennial plan of the former Ministry of Merchant Marine),

Pereiopod muscles were used; samples were trans-
ported in Hauid N, to the laboratory, where they were
manually homogenized i water, centrifuged at 3060
rpra for 30 min, and stored at =70 "C,

The methodology used to study the Scyllarides fatus
poptdation was the electropharetic analysis of the en-
zymatic polymorphisms.
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. Fig. 1: Areas of collection (crosses) of the Sicilian ‘population” of slipper lobster (Scyliarides latus).
3 S Fig. 1: Obmocja zbiranja tkriZci) sicilijanske "populacije” velikega nagajivca (Scyllarides latus).
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Cellogel (cellulose acetate] was used as suppart; the
electrophoretic runs were performed in Chermetron tanks
~filled with 250 mi of bridge buffer, holding 3 celloge
stripes (5.7x¥4 ), pre-soaked for 15 min in a gel
. buffer equal to that of the run Feontinuous buffer'), Each
-~ cellogel strip carried 5 samples; to allow comparison,
the fast sample of each strip was repeated on the next
one.

At the end of the run, every strip was coloured with
techniques specific for each enzyme, using buffered
. solutions with substrates, coenzymes andfor coupled
enzymes and colours that bond with the final products,
- A theriostat was used for the enzymatic reaction; onee
_ the colour appeared, the reaction was stopped immers-
ing the cellogel stripes in acetic acid (10%), and the
stripes were sealed and kept at 4.°C.

Twenty enzymatic sets, accounting for 22 independ-
ently variable activity zones, i.e. accounted as the prod-
uct of 22 loci, were examined. Table 2 reports the tested
enzymes, their abbreviations, and the number of inter-
preted loci; the allele designation follows the numeric
system based on the relative gel mobility of isozymes,

Table 3 reports, for each tested enzyme, the run
conditions {buffers, timmes, applied tension in Volt, elec-
trical fnput in mA, depending on the buffer ionic
strength} and the colouring techniques, as well as the re-
spective bibliographic references.

Tah. 1: Morphometric characteristics af the slipper lob-
sters (Scyllarides latus) analysed electrophoreticaily by
sex (F = female, M = male).

Tab. 1: Moarfometricne znadilnosti velikih nagajivcev
{Scyllarides latus), analizirane elektroforeticne po spolu
{F = moski, M = Zenske).

F M
number 13 20
weight {(g)
mean 440.6 361.7
SD 191.0 76.7
min 258.0 237.0
max 240.0 523.0

carapace length (mm)

mean 100.4 94.8
SD 13.2 7.0

mifn 58.6 81.7
max 132.2 106.7

RESULTS

The Sicilian slipper lobsters show a very modest
electrophorelic variability in the 22 examined loci (Tab.
-4} 20 loci are completely, or almost completely, fixed
- in the same allele, and the polymorphism is low in the
- other 2 loci {IDH and MDH-2) too.

farco L. BIANCHIN e al.: FNZYMATIC VARIABILITY OF MEDITERRANCAM SUPFER LOGSTERS, 5CVELARIDES LATIG, TROM SICILIAN WATIRS 43750

Table 5 reports the estimates of the populational ge-

netic variability, expressed as mean number of alleles .
per tocus (N,), percent of polymorphic toci (), observed

(Mg} and expected {H,) heterozygosity (Nei, 1978). The '
studied population presents jow values of polymor- .
phism, with M,=0.020, H,=0.019, mean number of al-
fetes per lacus equal to 1.2 and percent of polymorphic
foci equal to 9.1.

Moreaver, the observed genotypic frequencies were
compared with the expected frequencies, to display
possible divergences lrom the Hardy-Weinberg equilib-
riumn, per population and per locus (Tab, 6). Using the x*
analysis, the studied Sicilian population of S. fatus re-
sults in substantial equilibrium in ali the examined toci.

Tah. 2: Enzymatic systems analysed electrophoreticaily
in the slipper {ohster (Scyliarides latus).

Tab. 2: Elektroforeticno analizirani encimatski sistemi
velikega nagajivca {(Scyllarides latus),

enzyme (Enzyme Commission abbre- | No. of
number) viation | loci
Alcohol dehydrogenase {1.1.1.1) ADH 1
Adenilate chinase (2.7.4.3) ADK 1
Aldolase (4.1.2.13) ALDO 1
Creatine chinase (2.7.3.2} CK 1
Esterase (3.1.1.1) EST 1
Fructose-1,6-diphosphatase FDP i
(3.1.3.11)

Fumarase (4.2.1.2) FlM 2
Glyceraldehyde-3-phosphate dehy- § GAPD i
drogenase (1.2.1.12)

Glucose~-phosphate isomerase GPI 1
5.3.1.9

Esochinase (2.7.1.1) HK 1
Isocitrate dehiydropenase (1,1.1.42) | IDH 1
Lactate dehydrogenase {1.1.1.27) LDH 1
Malate dehydropenase {1.1.1.37) MDH 2
Malic enzyme (1.1.1.40) ME 1
Mannose-phosphate isomerase MPI ]
(5.3.1.8)

Amino-peptidase {3.4.11) PEP 1
6-Phosphogluconate dehydrogenase| 6PGD ]
(1.1.1.44)

Phosphoglucomutase (2.7.5.1) PGM ]
Trioso-phosphate isomerase TPt 1
(5.3.1.0 '

Xantine dehydrogenase (1.2.1.37)

XDk 1

Total number of analyzed enzymes = 20
Total number of interpreted loci = 22
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Tab. 3: Electrophoretic methods used for separation of the slipper lobster (Scylfarides latus) samples.
Tab. 3: Elektroforeticne metode, uporabljene za locevanje primerkav velikega nagajivca (Scyllarides fatus).

enzyme buffer {conc.) Volt/hour/mA coloring technique {reference)
ADH C{I%) 160/2:00/10 Richardson et al., 1986
ADK B {2 x) 160/2:30/18 Richardson ef al., 1986
ALDO TEC 0.075 {1x) 160/2:00/14 Harris & Hopkinson, 1976
CK C (2%} 160/2:00/18 Richardson et al, 1986
EST G (Ix) 160/1:00/18 Richardson et al., 1986
FbP B {ix) 160/2:00/10 Richardson et al, 1986
FUM A (2%) 160/1:30/8 Richardson et al., 1986
CAPD C (1x) 160/2:00/10 Richardson et af., 1986
GP} C{1x) 160/2:00/10 Richardson ef af., 1986
HK C(1x) 160/1:15/10 Richardson et al., 1986
1DH A{lx) 160/1:45/10 Avala etal., 1972

t DH B {1x) 160/1:45/10 Selander et af., 1971
MDH C (1% 160/1:30/10 Richardson et af., 1986
ME B(1x) 160/1:30/10 Richardson et al., 1986
MP} B{1x) 160/1:00/10 Richarrdson et al., 1986
PEP A {2x) 160/1:45/8 Richardson et al., 1986
6PGD B{Ix) 160/1:30/10 Richardson ei af., 1986
PGM C{x) 160/1:45/8 Richardson ef al., 1986
TP} B {ix) 160/2:00/10 Richardson et al., 1986
XDH F{x) 160/1:45/18 Richardson et al., 1986

Bibliographic references for the buffers:
A, B, C, F, G: Richardson et al., 1986
TEC 0.075: Meera Khan, 1971

DISCUSSICN

The electrophoretic analysis of the enzymatic poly-
morphisms has shown low levels of variability in the Si-
cilian population of Scyflarides {atus. This result should
not be interpreted as a boltleneck effect of the numerical
scarcity of the Sicilian population, but may be structural
to the taxon (Hardwick & Cline, 1984, 1985, 1986). In
fact, preliminary unpublished results on two other
populations, from israel and from the Agores, seem to
confirrm a minimal heterozygosity. Moreover, this lack
of genetic diversity is in substantial agreement with the
pattern observed in other species of large-size decapod
crustaceans {(Hedgecock, 1987).

On the other hand, the apparent resemblance of the
stipper lobster sarmples could be tinked to pecultiar vari-
ability patterns of the gene-enzyrne systems hitherto
tested; other kind of {oci might display higher levels of
variation.

The genetic analyses have shown a high similitude
among the studied animals, coming from distant geo-
graphical locations: this fact suggests that non-local
specimens could be used, as breeders or seeding stuff,
in restocking and stock enhancement programs in im-

- poverished areas, without exorbitant risks of genetic

46

contamination and biodiversity reduction,

Nevertheless, the seemingly genetic homogeneity of
the Mediterranean slipper lobsters needs further testing,
perhaps with more sophisticated techniques (e.g. the
analysis of microsatellite loci), before the actual intro-
duction of allochthonous material,

CONCLUSIONS

On the Sicilian coasts, restocking of the now rare
Mediterranean slipper lobster, Scyllarides fatus, could
achieve stable results, since the decline of the resource
seems die to a shortage in recruitment, not to environ-
mental degradation. To preserve the biodiversity, and to
reduce the risis related to the introduction in the genetic
piool of characteristics different frorm the local ones, it s
necessary to rake sure that brooders and seeding ani-
mals beleng to the autochthonous population, or that
their origin is genetically similar.

With this in mind, a genetic comparisen of slipper
lobsters, Scyliarides fatus, from different areas in Sicily
was carried out, electrophoretically checking 22 enzy-
matic activity zones {ADH, ADK, ALDO, CK, CST, FDP,
FUM-T, FUM-2, GAFPD, GPI, HK, IDH, tDH, MDH-1,
MDH-2, ME, MP1, PEP-2, 6PGD, PCM, TP, XDH),
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. Tab. 4: Frequencies of alleles for 22 loci in the Sicifian population of slipper lobster (Scyllarides latus). Legend: N =
 pumber of specimens; A = mast common/only allele; B = second allele.

" Tab. #: Frekvence alel za 22 lokacij sicifijanske populacije velikega nagajivca (Scyllarides latus). Legenda: N = &t
primerkov; A = najpogostejSi/edini alel; 8 = drugi alel.

Tocus locus
faDH iDH
™ 29 N 29
A 1.000 A 0.948
“ TADK B 0.052
N 24 LDH
n 1.000 N 29
ALDO A 1.000
N 29 MBPH-1
A 1.000 N 29
€K A 0.983
N 24 B 0.017
A 1.000 MDH-2
£ST N 29
N 29 A 0.879
A 3.983 B 0.121
8 0,017 ME
FDP N 29
N 27 A 1.000
A 1.000 MM
FUM-1 N 29
N 29 A 1.000
A 1.000 PEP-2
FiM-2 N 29
N 29 A 1.000
A 3.983 6PGD
B 2.017 N 29
GAPD A 1.000
N 29 PGM
A 1.000 N 29
GPl A 1.000
N 29 TP}
A 1,000 N 25
HK A 1.000
N 29 XDH
A 1.000 N 29
A 1.000

Tab. 5: Genelic variability estimates (+ standard etror) for 22 loci in the Sicilian population of slipper lobster
- (Scyllarides latus).
- Tab. 5: Ocene genetske variabilnosti (+ standardna napaka) za 22 lokacij sicilijanske populacije velikega nagajivca
- (Scyllarides latus).

mean No. mean No. al- % polymorphic mean heterozygosis {+ SD)
ind./populat. (= leles/locus {N,) Jaci (p} observed (H,) expected (H,)
SD)
28.5 (0.3) 1.20.1) 9.1 0.020 {0.012) 0.019{0.011)
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Tab. 6: ) test for the rejection of the Hardy-Weinberg equilibrium in the Sicilian population of slipper lobster

{Scyllarides fatus).

Tah. 6: Test ¥’ za zavrnitev Hardy-Weinbergovega ravnovesja v sicifijanski populaciji velikega nagajivca (Scyl-

larides fatus).

2

locus/class observed expected X d.o.f. P
EST 0.000 1 1.000
A-A 283 28.000

A-B t 1.000

B-B O 0.000

FUM-2 0.000 1 1.000
A-A 28 28.000

A-B 1 1.000

B-B Q 0.000

10H 0.057 1 0.612
A-A 26 26.053

A-B 3 2.895

B-B £} 0.053

MDH-1 (.000 1 1.000
A-A 28 28.000

A-B 1 1.000

8-B 0 0.000

MDH-2 0.461 1 0.497
A-A 22 22.368

A-B 7 6.263

B3-B G 0.268

The Sicilian slipper lobsters show 2 very modest
electrophoretic variability in the examined loci. 20 loci
are completely, or almost completely, fixec i the same
allele, and the polymorphism is low in the other 2 loci
{1DH and MDH-2) 100. The observed heterozygosity (H,)
eguals 0.020, and the expected heterozygosily (H,)
equals 0.019, the mean number of alleles per locus (N,)
is 1.2 and the percent of polymorphic loct is 9.1.
Moreover, using the y° analysis, the studied Sicilian
population of 5. fatus resuits in substantial equilibrium
inn all the examined loci.
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In fact, this lack of genetic diversity Is in substantial
agreement with the pattern observed in other species of
large-size decapod crustaceans. The genetic analyses
have shown a high similitude among the studied anj-
mals, coming from distant geographical locations: this
result suggests that non-local specimens could be used,
as breeders or seeding stuff, in restocking and stock en-
hancement programs in tmpoverished areas, without
exotbitant risks of genetic contamination and biodiver-
sity reduction.
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ENCIMATSKA VARIABILNOST VELIKEGA NAGAJIVCA, SCYLLARIDES LATUS,
V SICILJANSKIH VODAR
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POVZETEK

L Vsicilijanskih obafnift vodah bi z v{agc:n,rcm zdaj redkega velikega nagafivca, Scyllarides latus, dosegli brzkone
dobre rezultate, saj vse kafe, da upadanja njegove populacije ne gte pripisali degradaciji tega morskega okolja.
Toda da bi chranili biodiverziteto v teh vodah in hkrati zmanjiali tveganja, povezana 2 viaganjem osebkov v genet-
ki "poolt z znadiinostmi, ki se razlikujejo od lokalnih, bi bito treba zagotoviti, da osebki za razplod teh “akov
-~ pripadajo avtohtoni populaciji, ali pa da je njihov izvor genetsko podoben fokalnema.

© YV ta namen smo opravili genetske primerfave med velikimi nagajivci, Scyltasides latus, iz razficnih obmocif si-
ilijanskih obalnik voda z elektroforeticnim pregledovanjem 22 encitatskih con aktivaosti (ADH, ADK, ALDO, (K,
L EST, FDP, FUM-1, FUM-2, GAPL, GFi, HK, 1DH, LDH, MDH-1, MDH-2, ME, MPI, PCP-2, 6PGL, PGM, TP, XDH}
Na raziskanih lokalitetah je bila ugatovijena zelo skromna elektroforeticna variabilnost velikih nagajivcev. 20
“lokalitet je docela, ali skoraj docefa, ustaffenih v istem alelu, polimorfizem pa je nizek tudi v dveh preostalih fo-
“kacijah (IDH in MDH-2). Opazovana heterozigotnost (H,) je bila 0,020, pricakovana heterozigotnost (-, ) 0,019,
“ srednje Stevilo alel na lokaliteto (N,) 1,2 in odstotek polimorficne lokalitere 9,1, Poleg tega smo z analizo ' ugolo-
ik, da je preucevana sicilijanska populacija velikega nagajivca v precejinjem ravnovesju na vseh pregledanih fo-
-+ kacifah.

. Pravzaprav se to pornanjkanje genetske pestrosti v precejsnji meri ujema z vzorcern, opaZenim pri drugih vrstah
* velikih dekapodnih rakov. Genetske analize so pokarale veliko podabnost med preucevanimi Zivalmi z oddatjenih
- geagrafskil lokacij, kar daje misliti, da bi za razplod in povecanje populacije v teh osiromasenih vodah lahko upo-
*rabili osebke iz drugih voda, in 1o brez vedjil tveganj za genetsko "kontaminacijo® in zmanjSano biodiverziteto v si-
ifijanskif obafnih vodah.

Klju¢ne besede: Crusiacea, Decapoda, Scyllaridae, Scyllarides, genetika, elektroforeza
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ABSTRACT

Only five records of humpback whale Megaptera novaeangliae (Borowski, 1781) have been reported from the
* entire Mediterranean Sea, but nione from the Adriatic. Here we report onr & 30-minute sighting of a 9-10 m long
specimen in the central Adriatic in August 2002,

Key words: Megaptera novaeangfiac, humpback whale, first record, Adriatic Sea

PRIMA SEGNALAZIONE Dt MEGATTERA MEGAPTERA NOVAEANGLIAE
(BOROWSKI, 1781) IN MARE ADRIATICO

SINTES!
Per il mare Mediterraneo sono note solo cinque segnalazioni di megattera Megaptera novaeangliae (Borowski,
L 1781), fino ad oggi nessuna defle quali in Adriatice. L'articolo riparta Pavvistamento durate aovanta minuti di un

" esemplare di megattera di 9-10 metri, in Adriatice centrale.

Parole chiave: Megaptera navaeangliae, megattera, primo avvistamenio, mare Adriatico
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INTRODUCTION

Humpback whales Megaptera novaeang/iae (Borow-
ski, 1781} are distributedt in ali oceans, ranging from
tropical wintering grounds along the islands and conti-
nental coasts to the edges of polar ice zones in summer.
in the eastern North Atlantic they overwinter around the
Cape Verde lslands and off northwest Africa. These
stocks spend summer from New England to southeastern
Baffin island, along the western coast of Greenland,
north to Disko Bay, around iceland and around Norway.

The sumner migration of the Cape Verde population
northward is still poorly documented (Leatherwood &
Reeves, 1983).

Humpback whales are seen around Cape Verde Is-
lands fromn December until june. if the migration from
Cape Verde northward really exists, it should stherefore
start from May (Jann & Wenzel, 2007; Jann et afl, in
press). The refationships between the animals in Cape
Verde and those wintering in the West Indies remain
unknown. But the analysis of humpback songs from the
Cape Verde Isiands and the West Indies suggests & pos-
sible exchange of animals between these feeding
grounds (Winn & Winn, 1978).

No documented population of humpback whales
exists in the Mediterranean, where the specimens ob-
served were certainly vagrants from the eastern North
Atlantic population,

Oniy five records have been reported for the entire
Mediterranean Sea: a young specimen captured near
Toulon (France) in 1885; two specimens sighted and
photographed in 1986 north of Minorca (Balearic |s-
{ands, Spain); a juvenile in the Gulf of Gabes (Tunisia) in
1992, and a young specimen incidentaily captured near
Cavalaire (France) in 1993 {Notarbartolo di Sciara,
2002). in April 2001, a humpback whale, measuring
about 10-11 m in length and seemingly in good health,
was seen breaching in the Argolic Gulf near Tolos
{Greece), about 55 miles southwest of Athens. Video
footage was presented during the 15 European Ceta-
cean Society Meeting held in Rome in May 2001. Addi-
tional records are currently in press by Frantzis and
colleagues (Frantzis et al., in press).

tn this paper we report the first record of Megaptera
novaeangliae in the Adriatic Sea and the ftalian waters.

MATERIALS AND METHODS

The Adriatic basin is part of the Mediterranean Sea,
Jinked to its central pan through the Strait of Otranto.
The bottom is mainly sandy or muddy, It is a warm sea
with a mean temperaiure atmost always above 11-12°C,
The shallow northern basin s cooler in winter, reaching
6-8 "C, and warmer in summer, when the surface tem-
perature can reach 26-28 "C. The salinity shows great
oscillations and the coastal water can be greenish due to
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Fig. 1: The humpback whale’s back appeared skinny,
with veriebra protruding. (Photo: G. Stanzani)

Sk 1: Osebkov hrbet se je zdel mrsav z mocno poudar-
jenimi hrbteni¢nimi vretenci. (Foto: G. Stanzani)

the high concentration of phytoplankion. After heavy
rains it can take on a yellow color {Bullan & Zore-
Armanda, 1976).

As part of the national network of Centro Studi Ceta-
cei, Fondazione Cetacea is working on marine mammails
in the northern Adriatic Sea. Within this framework, the
Fondazione Cetacea began, in 1993, the *Onde dal
Mare” (Waves from the sea) project, whase purpose is to
increase the awareness about cetacean species living in
Italian waters. This is done through education and active
participation of all persons either working at sea (fisher-
men or sailors) or vacationing there. The project consists
of a network of “calling centers” usually located in ma-
tine protected areas, aquaria or other facilities able to
contact a large number of people.

RESULTS AND DISCUSSION

On 4 August, 2002, at 12:00 h, the Pesaro Coast
Guard reported a sighting of a "big cetacean® off the
Fano coast {43°30" N, 13702’ E). Three hours [ater, the
specimen was sighted again by a sports boat, only 150
meters off the coast of Senigallia (43'45° N, 1315’ Eb
The fondazione Cetacea group reached the animal,
with the help of Protezione Civile Numana and Monte
Conero diving center of Numana, at about 18:00 h. In
the meantime it had moved about 2 miles off. The very
long, almost completely white flippers and the typical
knobss on the head and on the leading edge of the flip-
pers allowed us to identify it as a humpback whale. it
was about 9-10 m in total length.

We followed the specimen for about 1.5 brs, in good
sea, wind and visibility conditions. During the entire
sighting, the humpback whale was moving steadily
southward without notable deviation. Many photo-
graphs and a video were taken {(Figs. 1 and 2).
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The specimen seemed to be in distress and very
weakened as confirmed by the photographs and video
observation. The back, normally much sroother in an
animal in good health, displayed strange indentations
and "bumps*. When the visual contact with the animal
was Jost, it was swirmming south, We received no further
news in the following days, either from the Coast Guard
or from fishenmen, so we can only assume that it feft the
Adriatic basin,
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Fig. 2: The very long and white flippers are amongst the
most recognizable features of the humpback whale.
(Photo: G. Stanzani)

Fig. 2: Zelo dolge, bele prsne plavuti so med najbolj
opaznimi znacifnostmi kita grbavca. (Foto: G. Stanzani)

PRVI ZAPIS O KITU GRBAVCU MEGAPTERA NOVAEANGLIAE (BOROWSKI, 1781)
IN THE ADRIATIC SEA

Marco AFFRONTE, Leandro Augusto STANZANI & Giacomo STANZANI
Fondazione Cetacea Onlus, [-47838 Riccione (RN}, Via Milano 63
E-mail: ambientemare@fondazionecetacea.org

POVZETEK

Kit grbavec Megaptera novaeangliae (Borowski, 1781) je bil v Sredozemskem muorju doslej zabefeZen le petkrat,
a Se nikoli v fadranskem morju. Najstarefsi zapis je znan iz leta 1885, ko so v blizini Toulona v Franciji ujefi
mladega grbavca. Nadalje sledifjo s fotografijami dokumentirano opazovanje dveh grbavcev v vodah okoli Menorce
(Baleari} iz leta 1986, zapis ¢ tniadem osebku v zalivu Gabes (Tunizija} iz leta 1992 ter zapis o nesreno ujetem
Mladicu pri Cavalairu v Franciji leta 1993. Nekaj sveZih podatkov ¢ pojavijanju grbavca v grskih vodah pa Se caka
objavo. V pricujocem zapisu avtorji obravnavajo 90 minut dolgo opazovanje kita grbavca 4. avgusta 2002 v vodah
blizu Sennigalic (43'45° N, 13157 £).

KljuCne besede: Megaptera novaeangliae, kit grbavec, prvi zapis, Jadransko morje
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SPRING PHENOLOGICAL TRENDS IN SLOVENIA
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ABSTRACT

The long-term phytophenological and meteorological data set for the 1955-2000 period was analysed lo assess
e impact of increased winter and spring temperatures on the plant development in Slovenia. The 46-year secies of
e leaf unfolding and flowering were studied for 11 plants thetbaceous plants, shrubs and trees) at eight sefected
bservation points. The mean linear trends in phenophases appearance were negative, ranging from -1.4 days per
écacle for feaf unfolding, -2.2 days per decade for late-spring flowering, and -3.1 days per decade for early-spring
owering. This resulfted in earlier feaf unfolding of 6 days and eatlier flowering of 10-14 days ot the discussed pe-
od. A 10-day shift to earlier spring in Slovenia corresponded well with changes in early-spring temperatures from

Key words: phenology, growing season, trends, air temperature changes, Slovenia

TENDENZE FENOLOGICHE PRIMAVERILI IN SLOVENIA
SINTESI

L'atticolo riporta "analisi di tna serie pluriennale di dati fitofenologici e meteoralogici per il periodo 1955-2000,
flettuata allo scopo di valutare Vimpatio deil‘innaizamento delle temperature invernali e primaverili sullo sviluppo
elle piante in Slovenia. La serie studiata comprende dati inerenti la schiusa delle gemme e a fioritura per 11 piante
rbacee, arbusti ed alberi) in otto postazioni d’osservazione per un periodo di 46 anni. Le tendenze lineari medie
delle fenofasi sono risuliate negative, variando tra -1.4 giorni per decennio per la schiusa delle gemme, -2.2 giomi
per decennio per la fioritura tardo-primaverite, e -3.1 giormi per decennio per la fioritura all‘inizio defla primavera.
Considerando Vintero periodo di osservazione, le autrici concludono che s schiusa delle gemme si & verificata
nell‘ultimo decennio con un anticipo medio di é giorni, mentre hanno calcolato un anticipo di 10-14 giorni per la
oritura rispetto alla prima decade di osservazione, Le variazioni osservate in Slovenia, ossia un anticipo dfi 10
giornj nella comparsa della primavera, corrispondone alle variazioni della temperatura dell’aria all‘inizio det perio-
do primaverile, da febbraio ad aprile.

Parole chiave: fenologia, stagione di crescita, tendenze, variazioni della terperatura deli‘aria, Slovenia
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INTRODUCTION

Phytophenatogy deals with the recurring growth and
development phenomena of plants in thelr annual
rhythm (Lieth, 1974). The occumrence times of charac-
teristic vegetation stages {phenophases) are in close re-
fation to the climate of the observation site and current
weather. Inter-annual chianges in spring plant phenology
may be the most sensitive and observable indicators of
the plant response to climate change (Beaubien & Free-
tand, 2000). There are significant differences between
the way different plants species respond to climate
change. Even small differences in phenology between
species can lead to rather farge changes in growth when
they grow in mixed stands, and conseyuently also to a
significant change of selection pressure (Kramer et af.,
2000).

Earlier spring development is occurring in different
padts of Furope. The earliest flowering species in the
growing season show more variability in bloom time
over the years than later-flowering species (Fitter ef al,

1995). Ahas (1999) reported that springtime has ack
vanced 8§ days on average over the last 80-year period;
the last 40-year period has warmed even faster. Pheno-
logical data of the hiternational Phenological gardens for
the period 1969-1998 showed that the average begin-
ning of growing season across Europe advanced by 8
days {Chmielewski & Rotzer, 2002). The investigation
showed (Chrrielewski & Rotzer, 2001) that a warming in
the early spring {February-April) by 1 °C causes an ad-
vance in the beginning of growing season of 7 days.
Study by Defila & Clot (2007) showed a clear trend to-
wards earlier appearance dates in spring in Switzerfand.
For Hungary, Walkovszky  {1998) iﬂvealigared the
changes in phcnology of the locust tree: a rise in tem-
perature by 1 °C led to a week eardier f{owersng Trends
in tining of phenolog;cal events have been described for
England by Fitter et al. {1995) and Sparks et al. (2000).
Earlier spring plant development has been reported also
for North America (Beaubierr & Freeland, 2000):
movement forwards by 8 days in the timing of spring de-
velopment was noticed in the Edmonton area {Alber-
ta/Canada) over the last six decades. The chserved trends
in the onset of spring corresponded well with changes in
air temperatures and circulation (North Atlantic Oscilla-
tion) in Europe (Chmielewski & Rotzer, 2001; Crepingek
et al,, 2002) respectively with Southera Oscillation over
western Canada (Beaubien & freeland, 2000}

Besides being influenced by temperature and the
length of day, phenological dates are mainly induced by
weather during the actual vegetation period, the past
vegetation period and the dormancy period (Defila &
Clot, 2001). Marrinduced changes are thought to be
among the causes of global warming, and higher tem-
peratres in late winter and early spring induce growing
season to becorne earlier (Bergant et al, 2002). This
study analyses long-term phenological fite sertes 1o as-
sess the impact of air temperature changes on selected
plants in Slovenia.

MATERIAL AND METHODS

For the long-term phenological analyses only the
hest quatity pher‘oiogicai data, that over at least 30
vears, were selected. The study is based on eleven
common plants at eight different observation points
{Tab. 1}, These phenological data-series were extracted
fram the historical phenological data set of the Envi-
ronmental Agency of Slovenia. Spring phenophases (leaf
unfoiding, flowering} were selected for study as the ef.
fect of climate change is more propounced in early
spring in Slovenia and owing to the availability of qual-
ity data set. First, fogical and critical controt of the data
was performed including plotting of all phenclogical
data. No data were added or corrected because filling in
the gaps could change the wends of complete records.
For this study, the phenological dates of eleven species
were combined in an annual leaf unfolding index, early-
spring flowering index and late-spring flowering index to
determine the changes at the beginning of the growing
season in Slovenia for the 1955-2000 period {Tab. 1)
Combining species phenophases to derive an index
value has the advantage of sumimarizing plant responses
to weather conditions over extended period or region
{Castonguay & Dube, 1985; Beaubien & Freeland, 2000;
Chmiclewski & Rétzer, 2001}, Such phenological infor-
mation, combined from several stations, obtain 2 com-
mon but more reliable data {Schaber, 2002). For the
study of phenological and mean monthly air tempera-
fure time series, the linear trend analysis was used. For
statistical analysis, the STATGRAPHICS Plus 4.0 and
EXCEL 2002 standard modules were applied. Correla-
tions were calculated between phenological data and
mean monthly air temperatures for 46 years {1355-
2000).
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“Tab. 1: Phenological data: phenophases, indicator plants, phenologicaf indexes and Ioaatmns;
" 7ab. 1: Fenolodki podatki: fenofaze, indikatorske rastline, fenoloski indeksi, lokacije.

PHENOPHASES
- First leaf unfolding date
{lowering date

INDICATOR PLANTS

beech Fagus sylvatica L.

black locust Robinia pseudacacia |..

common elder Sambucus nigra L.

< cormmon klac Syringa vulgaris L.

- comwon sitver birch Betufa pendula Roth.

dandelion Taraxacum officinafe \Weber/Wiggers
- goat willow Salix caprea ..

hazel Corylus avellana L,

horse-chestnut Aesculus hippocastanum L,
- large-leaved lime Tifia platyphytios Scop.
snowdrop Galanthus nivalis L.

PHENOLOGICAL INDEXES
Phenclogical data set was used to calcutate four phenclogical indexes:
1 Leaf unfolding index - LI
Leaf unfolding index is determined as the annual mean of the leaf unfolding dates for beech, camman silver birch,
large-leaved lime and horse-chestrut.
Early-spring flowering index - F4l
| Early-pring-flowering index is determined as the anpual mean of the flowering dates for common silver birch,
dandelion, goat willow, hazel and snowdrop.
| Late-spring flowering index - F,l
‘| Late-spring flowering index is determined as the annual mean of the flowering dates for black locust, commen el-
{ der, common llac and large-leaved lime,
| Growing season index - GSI
"§ Growing season tndex is the mean value of the three phenological indexes (LI, F;i, F31) for eleven species at eight
dlocations: GS = {L1 + F;l + Fab3/3

LOCATIONS
Celje 46°15'N, 15715°E, 242 m as L.
- ilirska Bistrica 45°34'N, 14°15°F, 414 m as.l.

- Lesce 46°22°N, 14°1VE, 515 mas.h
- Ljubljana 46"D4'N, 14°31°E, 299 m as.b
- Maribor 46°32MN, 15°39°F, 275 m a.s.l.
- Murska Sobota 46°39'N, 15°12°E, 190 m a.s.b

- Nove mesto 45°48'N, 15°11'E, 220 m a.s.h.
- Ratete 46°30'N, 13°43°F, 864 m a.s.l.

RESULTS mainly driven by environmental factors, particularly by
temperatuse. As a long-term average (1955-2000), the
Growing season index and its variability beginning of growing season {defined as growing season

index - GSH} in Slovenia starts on 24 April, Standard de-
The beginning of growing season is an important  viation of growing season index is 6.7 days and varia-
feature in agriculture and forestry. Ms variability is  tion interval 30 days. Between 1988 and 2000, 11 out of
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13 years showed an earlier onset of spring comparing
long-term average {Fig. 1). Five earliest springs were no-
ticed in 1994, 1990, 1989, 2000 and 1998. The begin-
ning of growing season was extremely eaily in 1994 {10
Aprib), and extremely late in 1956 (8 May).
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Fig. 1: Long-term trend in growing season index. The
Julian days are shown as deviations from the mean
growing season index for all data.

81 1: Dolgoletni trend indeksa rastne sezone. Julijanski
dnevi so prikazani kot odidoni od povprecnega indeksa
rastne sezone za vse podatke,

Trends

The wends of all phenological phases {each phe-
nological phase is average for eight locations) are given
in Table 2. Al but one of the trends of the spring records
were significantly negative {38% al the 0.01 level, 31%
at the 0.05 level, 23% at the 0.10 level; 8% were not
significant). Negative trends indicate an earlier onset of
leaf unfolding and flowering during the past decades.
The mean linear trends {days/decade) ranged from -1.4
for leaf unfolding, -2.2 for late-spring flowering, and -3.1
for early-spring flowering. This means a movement for-
ward by 6 days in the timing of leafing and of 10-14
days in the timing of flowering. The growing season in-
dex showed a significant negative trend of -2.2 days per
decade, corresponding to 10 days earlier beginning of
growing season over the last five decades.

There are differences among the spring trends of dif-
ferent phenophases observed, the higher trends being
found for early-spring flowering of Coryllus, Salix and
Galanthus, indicating that changes of events occurring
i the early spring are more distinct and related to con-
siderable change in late-winter and early-spring tem-
peratures {Fig. 3). Changes are more distinct for pheno-
phases of flowering, indicating that these phenophases
are more sensitive 1o air temperatures.

Tab, 2: Long-term frends of spring phenological phases in Slovenia for the 1955-2000 period, Significant trends are

marked as follows: " p<0.01, " p<0.05, " p<0.10.

Tab. 2: Dolgoletni trendi pomladanskih fenofaz v Sloveniji za obdobje 1955-2000. Znacilni trendi so oznaceni:

" p<0.01, " p<0.05, " p<0.10.

Phenalogical phase ( days%}’;?ndg:ca de) Regression R’
Flowering of black locust 2.6 -D.27 0.21
Flowering of common elder -2.6 -0.25 0.217
Flowering of common lilac -2.2 -0.21 0.16
Flowering of common silver birch -1.3 -0.14 6.06
Flowering of dandelion -1.7 -0.18 0.07°
Flowering of goat willow 4.6 -0.45 0.24
Flowering of haze -4.3 -0.44 0.13"
Flowering of large-leaved lime <1.3 -0.14 0.08
Flowering of snowdrop -3.7 -0.37 0.17
Leaf unfolding of beech -1.1 -0.11 0.10"
Leaf unfolding of common silver birch -2.0 -0.19 0.137
Leaf unfolding of horse-chestnut -1.7 -0.18 0.14"
Leaf unfolding of large-leaved lime -0.6 -0.07 0.03
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-~ Fig. 2: Leaf unfolding index and air temperatures with
deviations from the fong-term means (1955-2000). Ver-
-tical bars represent the annual leaf unfolding indexes
{the mean of first leaf unfolding dates for: Fagus syiva-
‘tica, Betula pendulfa, Aesculus hippocastanum and Tifia
‘platyphyllos) expressed as deviations in days from the
mean value. The line represents the annual deviations
of temperature £C) from the spting mean temperature
- (February-April).

Sk 2: Indeks olistanja in temperature zraka z odidoni
‘od dolgoietnega povpredja (1955-2000). Navpicni stol-
pci ponazarjajo letne indekse olistanfa (povpredje da-
fumov ofistanja za Ffagus sylvatica, Betula pendula,
Aesculus hippocastanurn in Tilia platyphyilos), izraZene
kot odklon (tevile dni} od povpredja. Krivulja
ponazarja letni odklon temperature zraka (°C) od
povprecja temperature pomladnih mesecev (februar-
aptif).

Refations to air temperatures

The annual fiming of spring phenophases is largely a
response 1o temperature and reflects thermal conditions
of the current year and location. From Fehruary to April,
significant negative correlation coefficients between GSI
and temperature were found, meaning that higher tem-
peratures in early spring promate earlier flowering and
leaf unfolding (Fig. 4). Annual monthly temperatures for
eight locations for February, March and April were aver-
- aged for each year. These temperatures and GSI corre-
lated at high significant correlation coefficient (R =
0901 A comparison with the simpler relationship with
the one-month temperatures confirmed that relation-
ships wore tighter when the temperatures of many
_months were dealt with together, The later beginning of
-growing season was associated well with lower than av-
_erage temperatures {Figs. 1 & 2). According to the re.
. gression equation, a warming of 1 °C promotes begin-
- ning of growing season by 4.1 days in Slovenia (Fig, 4),
A trend analysis of air temperature was carried out in
~order to investigate the cause of spring phenological
trends, Mean temperatures for the months of February,
-~ March and April were averaged for each year for eight
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selected locations. We found positive trend in air tem-
perature {+ 1.6 °C) for months from February to April in
the last 46 years, which explicated the observed trend at
the beginning of growing season {Fig. 5}
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Fig. 3: Farly-spring flowering index and air tempera-
tures with deviations from the long-term means (1955-
2000). Vertical bars represent the annual early-spring
indexes (the mean of flowering dates for: Betula pen-
dula, Taraxacum officinale, Salix caprea, Corylus avel-
fana and Calanthus nivalis) expressed as deviations in
days from the mean value. The line represents the an-
nual deviations of tempetature (°C) from the spring
mean temperature (February-April).

SI. 3: Indeks cvetenja v zgodnji pomladi in temperature
zraka z odkloni od dolgolctnega povprecja (7955-
2000). Navpicni stolpci ponazarjajo fetne indekse
cvetenja (povpredje datumov cvetenja za: Betula pen-
dula, Taraxacum officinale, Salix caprea, Corylus avel-
lana in Galamhus nivalis), izraZene kot odklon (Stevilo
dni} od povprecja. Krivulja ponazarja letni odklon tem-
perature zraka (°C} od povpredja temperature pomiad-
nih mesecev (februar-april).

DISCUSSION

Our investigation has shown that there has been a
trend to earier leaf unfolding and flowering over the last
46 vears in Slovenia. The obtained results concerning
the regional trend in the beginning of growing season in
Stovenia agreed with those for Europe-wide trends of
Chmielewski & Rétzer (2002) and Menzel (2000). Spring
phenological trends correspond well with changes in air
temperatare of early spring (February-April). The results
of owr analysis confirm the findings of others authors
concering the influence of air temperature on the tim-
ing of spring events (Chmjelewski & Rétzer, 2001), The
resull that an IncCrease in mean spring temperaiure of 1
°C is associated with an advanced beginning of growing
season by 4 days coincide with the findings of Fitter et
al. (1995) and Sparks et al. (2000).
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Fig. 4: Relationship between mean spring temperature
Tearapr (February 1o April} and growing season index
(GS).” A warming of 1 °C in Tryap Means approxi-
matefy 4 days earlier beginning of growing season in
Slovenia.

Sl 4: Povezava med temperaturo pomladnifh mesecev
Teeb.apr (februar-april) in indeksom rasine sezone (GSI).
Otoplitev za 1 °C glede na Trepsp. pomeni priblizno 4
dni zgodneji zaletek rastne sezone v Sloveniji.

There is no doubt that the global warming led to an
earlier beginning of growing season. What are implica-
tions of this trend to earlier development for plant spe-
cies? Plants have different sensitivities to climatic oscil-
lations; this could lead to changes in the population dy-
namics. Differences in phenological response may affect
competition between plant species (Kramer et af,, 2000}
and promote those with better adaptive response.
Changes in species distribution and abundance are the
expected results of climate change, which may have
positive or negative effects. New crop varieties can be-
come more productive for certain regions and on the
other hand new pests, diseases or weediness risk can
turn up. We would expect that flowering will remain in
approximate synchrony with the pollinating species, but
implications of trends in phenological responses need to
te examined for all {evels of system plant-environment
systern (Beaubien, 1996). An increasing frequency of
warmer winters and springs may result in intensified
damage because of late spring frosts in agrenomy or for-
estry resulted in the year's seed production lost or de-
creasing forest community composition following early
promoted growth,

Tl’-‘eh*ﬂpr (EC)
@
|

R
oA

0

r e up

1045 1960 496% fO70 1975 19RO 1985 188D 1935 2000

Year

Fig. 5: Long-term trend in mean air temperature from
February to April (Trpsp) in Slovenia for the 71955-
2000 period.

SI. 5: Dolgoletni trend povprecne temperature zraka od
februarja do aprila (Teusy) v Slovenifi za obdobje
1955-2000.

If the predicted winter and spring warming over the
next decades is carried into effect, then we must expect
a continued trend to earlier development, but a linear
extrapoiation of the statistical trends, found in our or in
other investigations, is of course not adequate. The
fower himit for a spring phenophases date is probably
best determined by examining species phenology at the
southern limit of their distribution (Sparks et af,, 2000).
The early spring phenophases provides the best timing
predictor for subsequent plant events and thus phe-
nological data and trends over time could assist us in
adapting to climate change and varlability.

CONCLUSIONS

The most important results of this study can be
summed up as follows: :

1. Spring phenological data for the 1955-2000 pe-
riod were combined in an annual feaf unfolding index, .
early spring flowering index and late spring flowering -
index to determine the changes at the beginning of
growing season in Slovenia,

2. in the last five decades, the average beginning of
growing season in Stovenia has advanced by 10 days,
whereby the extrerne early dates were observed in the
last decade. _

3. There were significant differences among the -
trends of different phenophases in spring: the mean lin-
ear trends ranged from -1.4 day per decade for leaf un-
folding; -2.2 days per decade for late spring flowering,
and -3.1 days per decade for early spring flowering.

4. The leaf ynfolding was 6 days earlier and flower-
ing 10-14 days earlier over the 46 years studied.



ANNALES - Ser. hist, nat. - 13- 2003 - 1

Zalka CREPINSEX & Latka KASFEZ-BOGATAS: SPRING PRENOLOGICAL 1RENDS 14 SLOVENIA, 57-64
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TREND{ POMLADANSKIH FENOGFAZ V SLOVENII

Zalika CREPINSEK & Lucka KAJFEZ-BOGATAS
Biatehnizka fakuftata, Univerza v Ljubljani, SI-1000 Ljubljana, Jarnnikarjeva 101
E-mail: zalika.crepinsek@bf uni-lj.si

POVZETEK

Avtorici pricufoCega prispevia sta tia osnovi doigoletnih fenoloskih in meteoroloskih podatkov za obdobje 1955-
<2000 analizirali vpliv naraséajolith temperatur zimskih in porfadnilt mesecev na fencioski razvoj rastlin v Sloveniji.
Na osmih izbranih fokacijak sta analizirali 46-letni niz podatkov za fenofazo olistanja pri bukvi, navadni brezi, na-
Vadni fipi in diviem kostanju ter za fenofazo cvetenja pri navadni brezi, regratu, ivi, feski, zvoncku, robiniji, rmem
‘bezgu, Spanskem bezgu in navadni lipi. [Ja bi ugotovili spremembe ob zaletku rastne sezone, sta fenoloske podatke
zdruZili v letnem indeksu ofistanja, indeksu cvetenja v zgodnji pomladi in indeksu cvetenja v pozni pomladi. Trendy
sporladanskih fenofaz raziicnih tastlin so se med sabo statisticno znaciino razlikovali. Srednji linearni trends {dnevi
na dekado) sa se gibali med -1,4 za fenofazo ofistanja, -2,2 za fenofaza cvetenja v pozni pomladi in -3,1 za feno-
fazo cvetenja v zgodnji pornfadi. V preucevanem obdobju fe ofistanfe nastopilo v zadnji dekadi v povprecju 6 dni
zgodnefe, cvelenje pa 10-14 dni zgodneje glede na zacetno dekado. Ugotovijene spremembe (10-dnevni zgodnejsi
nastop pomiadi} v povpreénem zacetku rastne sezone v Sloveniji so se ujemale s spremembami temperatute zraka
zgodaj spomiadi (med februarjem in aprilom). Raziskave so pokazale, da je otoplitev za 1 °C zgodaj spomladi po-
spesila zacetek rastne sezone za 4 dni.

Kljuine besede: fenologija, rastna sezona, trendi, spremembe temnperature zraka, Slovenija
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SUHA IN MOKRA LETA V SUBMEDITERANSKI SLOVENI)l
OD 14, DO SREDE 19. STOLET)A |

Darko OGRIN
Oddelek za grografijo, Filozofska fakulteta, Univerza v Ljubljani, 51-1000 Ljubljana, Askerdeva 2
E-mail: Darko.Ogrin@ff.uni-tj.si

[ZVLECEK

 V prispevky je prikazan poskus rekonstrukcife suhih in mokein let v éasu med 14. in sredo 19. stoletja v
primorskent delu Slovenije. Podatke simo vedinoma Crpali iz sekundanih in terciarnib zgodovinskih virov, predvsem
“kronik. Podnebje slovenskega Primarja je subinediteransko, z razmeroma pogostimi susami v poletnih mesecil, ki
- 50 na Krasu tudi posledica njegovib petrografskil znadilnosti. Izdelana kronologija susnih in nadpovprecnoe mokrih
fet ne omogoca popolne kiimatske rekonstrukcife, ker je podatkov premalo. Kljub temu pa labko izlocimo tri
- ohdobja s pogostejsimi sufami: 1540 do 1662, piva polovica 18. stoletfa in prva polovica 19, stoletja.

Kljucne besede: sua, variiranje podnebja, klimatologija, Submediteranska Slovenija, Slovenija

ANNI DI SICCITA ED ANNI DI PIOGGE NELLA SLOVENIA SUBMEDITERRANEA
DAL 14° ALLA META DEL 19° SECOLO

SINTES!

Nelfarticolo viene presenitato i temtativo di ricostruzione dell’andamento degli anni di siccita e quelli di piogge
-nel periodo compreso tra il 14 e fa metd dei 19 secolo nel litorale slovenao. 1 dati provengono principalmente da
- fonti stariche secondarie e terziarie, soprattutio croniche. il clima def litorale sloveno & submediterraneo, con una
" frequenza relativamente aha di periodi di siceita nei mesi estivi, dovuti anche a fattori parzialmente petrografici sul
Carso. La cronologia ottenuta per gl anni di siccita e per quelli di piogge non ha portato ad una ricostruzione
-climatica completa, a causa di un’insufficienza di dati. Nonostante c¢it, Fautore evidenzia tre periodi di siccita
frequente: dal 15490 al 1662, la prima meta del 18 secolo e la prima meta del 19 secolo.

Parale chiave: siccita, varazioni climatiche, climatologia, Slovenia submediterranea, Slovenia
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VoD

Stovenija ima povprelno okoli 1500 mm padavin
fetno, kar jo uvr¢a med najbol] namocene predele
Evrope in tudi sveta, Najved jih pade na alpsko-dinarski
pregradi, v 120 do 130 padavinskih dnevih tudi vec kot
3000 mm. Od lod se namogenoest zmanjiuje proti mor-
iy, kier zsbeleZijo kakih 1000 mun padavin v okoli 100
padavinskih dneby in proti V oziroma SV, kKjer iih v
Prekmurju pade od 800 do 900 mm (Ogrin, 2002;
Vrhovec, 2002).

Razporeditev padavin prek celotnega leta je razme-
roma enakomerna, zato obi¢ajno ni daljgih in izrazitih
susnih ali namodcenih obdobij. Posledica dobre namo-
cenosti in zmernih temperatur je viaZnostni suficit, saj v
Sloveniji ni pokrajine, kjer bi potencialna evapo-
transpiracija glede na dolgoletna povprecja presegla
koli¢ino padavin. Dolocen primanjkljaj se pojavlja sa-
mo v poletnth mesecih v Primorju in Prekmuriu, kjer pa
je obifajno vendarle dovolj padavin za normaino rast
vegetacije.

Neugodna znacilnost padavin v Sloveniji je njihova
velika variabilnost. V povpredju znasa okoli 30%, v
posameznih letih pa je pri mesednih vsotah dolgoletno
povprecje lahko preseZeno za ved kot 100% ali pa
padavin praktiCno ni, in to ne glede na letni cas. Po-
stedica tega so lahko suse in poplave. Problem akiualnib
suS, Se posebej v kmetijstvu, je dobro poznan in v
strokovni literaturi ustrezno predstavijen (npr. Natek,
1987; Dolinar-Lesnik, 1989; Matajc, 1991, 1995, 1996,
2002; Garns, 1999). Se bolj pere¢ pa bi utegnil postati
problern pomanijkanja viage v rastni sezoni z vidika
napovedanih  podnebnih  sprememb, kar  nakazuje
zadnje desetletje, ko lemperature naradtajo in so sude
pogostejse. Po nekaterih napovedih {KajfeZ-Bogataj,

1998; Anonymous, 2001) naj bi se temperature v
Sloveniji do srede tega stoletja povelale za okoli 2 °C,
koli¢ina padavin pa zmanjlala za 10 do 20%. To bi
pomenilo razsiritev zaradi suSe potencialno ogroZenih
obmacij in vedjo pogostost in intenziviiost su§ v po-
krajinah, ki so jih suSe ogroZale tudi doslej, med njimi
tudi dela Slovenije s submediteranskim podnebjern. Pri
teh napovedih pa je pogosto zanemarjeno dejstvo, da se
je podnebje spreminjalo wdi v preteklostt in da smo Ze
imeli obdobja, ko so bile tudi suse pogostejie. Po-
znavanje preteklega podnebija in njegovih postedic pa je
lahko dobra osnova za oceno razmer in ogroZenosti v
prihodnije.
. Vprispevku smo se omejili na problem osvetlitve suj
v predinstrumentalnem obdobju, 1o je pred letom 1841,
ko je zaZela delovati meteoralotka postaja v Trstu.
.. TrZadka postaja je namrel dober reprezentant klimatskih
. razmer v Submediteranski Sloveniji, $¢ posebej obal-
- nega dela, njeni kontinuirani podatki pa dajejo dobro
osnovo za Swdi} variacij podnebia od srede 19. stoletja
do. danasnjih dni. Za zdaj pa tmamo zelo skromno
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podatkovno bazo za Studij razmer v Casu pred zatetkom
defovanija le postaje.

PODNEBNE ZNACILNOSTI SUBMEDITERANSKE
SLOVENYE

Z imenom Submediteranska Slovenija oznadujemo
niZzji JZ del Slovenije, ki je relieino odprt proti
TeZaskemu zalivu ozivoma Jadranskemu morju in ima
zato milejSe klimatske poteze v primerjavi s pokrajinami
v notranjosti Slovenije.  Orografska pregrada  juZnih
julijskih Alp in do 1500 m visokih dinarskih planot
{(Banjice, Trnovski gozd, Nanos, Hrusica, lavorniki,
Vrem3tica in SneZniid razmejuje pokrajine, v katerih e
previadujejo poteze mediteranskega podnebja, od pre-
ostale Slovenije, ki ima zmerno kontinentalno oziroma
gorsko podnebje {8 1), Znadilnosti mediteranskega
podnebjs se prepletajo z vplivi celinskega in gorskega
podnebja, kar se kaze v nekoliko nizjih temperaturah ter
ved padavinah kot pri pravem mediteranskem podnebju
in modificiranem padavinskem rezimu. V geografski in
klimatoloski literaturi (npr. Ogrin, 1996; Gams, 1998)
zato to podnebje oznadujemo za omiljeno mediteransko
oziroma submediteransko, predel Slovenije, ki ima to
podnebje, pa Submediteranska Slovenija.

Zanj so znadilne pozitivhe povprefne januarske
ternperature, julijske temperature nad 20 °C in 2000 do
2400 ur s soncem na leto, kar je najved v Sloveniji.
Zaradi zadrZevalnega utinka morja so jesenske tem-
perature visje od spormladanskih. Padavin je od 1000
mm ob obali, do 1700 mm ob vznozju reliefnih pregrad,
kjer so razmeroma enakomerno razpoiejene prek ce-
lotnega leta. Kljub ternu pa sta opazna dva vigka in dva
nizka padavip, ki sta posledica prepletanja medite-
ranskib in celinskih podnebnih zeadilnosti, Obidajno
pade najved padavin jesen], novembra ali okiobra,
sekundarni videk je junija na prehodu pormladi v poletje.
Najmanj padavin je na prehodu zime v pomlad (januar,
februar, marec) ter v juliju in avgustu {Ogrin, 1996). V
letnern povprecju potencialna evapotranspiracija ne
presega kolidine padavin, a se v topli polovici leta
zaradi visokih ternperatur pojavija viaZnostni deficit, in
to kljub temu da v povprecju pade tudi v poletnih
mesecih od 80 do 100 nun padavin {(Pristov, 1994),
Primanjidjaj, ki je najvedji v obalnih predelih, kjer imajo
2 do 4 °C vigje temperature in prejmejo manj padavin,
waja od maja do avgusta. ViaZnostni deficit je manj§i in
ohdobje z njim teoretitno krajie v visjem in bliZe
reliefni pregradi leZeCern Siréem zaledju TrZzaSkega
zaliva. Tocdla dejanski ucinek suse je v kratkern zaledju
kljub pagostejgim padavinam in nekoliko niZjim tem-
peraturam zaradi tanke odeje prsti in njene slabe spo-
sobnosti za zadrZevanje vlage prav tako velik kakor v
fli¥ni pokrajini ob morju. Zato so te pokrajine zaradi
sude enako ogroZene kakor priobalni predefi.
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Darka OGRING SUFIA 1N MOKRA LETA V SUBMEDITFRANSKI SLOVENIE QD 14, QG SREDE 18, STOLEHA. 5574

SUSE V SUBMEDITERANSKI SLOVENIJI V
PREDINSTRUMENTAENEM OBDOBJU

Metodologija

Suse in mode v Submediteranski Sloveniji v pred-
instrumentalnem obdobju smo vsaj delno poskusili re-
konstruirati s pomocjo kronike izrednili vremenskih
dogodkov za Submediteransko Siovenijo {Ogrin, 19494,
1995), ki smec jo sestavili vecCinoma na podlagi se-
kundarniby in terciarnih zgodovinskih virov, za prvo
polovico 19, stoletja pa tudi s pomodjo primarnih viroy
o proizvodnji soli v Piranskih solinah {PAK, enota Piran).
Kronika zajema predvsem dogodke v istri, Trstu ter
ozjem in Sirsem zaledju Trzadkega zaliva, vkljucno s
Krasom in Gorisko. 1zhodisCe za oblikovanje nafe kro-
nologije je bila kronika vremenskih dogodkov, ki jo je
za Trst, Istro in vzhodne Furlanijo sestavil Braun {1934),
Njegovi glavni viri so bilt anali Jennerja za Trst do leta
1846, kronologija Gorive Della Bonne do leta 1500,
Trzadki anali Scusse do feta 1695 in Kandlerja od 1695
do 1848, zgodovina Trsta lrenea della Croceja od leta
1000 do leta 1702, trzatka kronika Mainatija od 11.
stoletja do zadetka 19. stoletja, anali Di Manzana za
furlanijo, kronika Rovinja Biancinija od leta 1760 do
1806 in Kertov vremenski dnevnik za Trst od leta 1815
do 1858.

Braunove kronike (Braun, 1934) sino dopolnili z vin,
ki jih avtor ni upoiteval, npr. s kroniko Schiavuzzija
(1889) in "Fasti Istriani®, kroniko dogodkov, ki je
izhajala v casopisu “L'istria” {1846-1852). Crpali smo
tudi iz Dolnicarjeve ljubljanske kronike 1660-1718
{Pucnik, 1980) in Valvasorjeve "Slave Vojvodine Kranj-
ske" (Valvasor, 1984).

Kronika izrednih vremenskib dogodkov za Submedi-

Tab. 1: Zapisi o susah v obdobju 1540-1562. _
Tab. 1: Records of droughts in the 1540-1562 period.

teranske Slovenijo vsebuje predvsem podatke o hidro-
loskih u¢inkih vremena (poplave, presthanje studencev
in vodnjakov), o posledicah za kmetijstvo {dobre in
slabe letine, zgodnje in zapoznelo cvetenje ali zorenje),
o ekonomskil uginkih (pemanjkania, spreminjanje cen,
lakote) in o nepostednih vremenskih ucinkih {zmrzali,
suge, moce, viharji ipd). Podatkov za ohdobje do 16.
stoletja je man} in so tudi manj zanesljivi. Ve¢ jih je za
17. in 18. stoletje, ko se po dveh ali ved neodvisnili
virih tudi pokrivajo, kar poveduje njihava zanesljivost.

Kronologija sus in mo¢ od 14. do srede 19. stoletja

Kronika izrednih vremenskih dogodkov za Subme-
diteransko Slovenijo je bila narejena za obdobje od 7.
stoletia naprej, vendar prvi zapis o sudl izvira Sele iz
prve polovice 14. stoletja {1324}, Di Manzanove pore-
¢ilo govori, da je v tem letu od marca do konca julija
vladala sufa, z izjemo obilnega deZevia v zaletku
junija, in da ni padic skoraj ni¢ deZja od 22. junija do
boZita. Zgostitevy porocil o sudi beleZimo od srede 16.
stoletja naprej, Na splodno velja, da je zapisov o susah -
oziroma moknh letih neprimerpe manj kot npr. zapisov
o zmrzalih, kijub temu pa vet kot porocil o milih zimah
in neurjih. Vesti o sudah se nanalajo predvsem ba
poletje in zimsko-spomladanski as, kar kaZe na iden-
ti¢nost padavinskega reZima v primerfavi s sedanjostjo.

Glede ra koncentracijo dogodkov lahko iziotimo i
obdobja s pogostimi suami. Prvo je bilo med 1540 in
1562, ko imamo 3est porocil (1540, 1546, 1548, 1559,
1561 in 1562). iz zapisov je razvidno, da je Slo v dveh
primerih za suo v vegetacijski dobi, ki je povzrocila
veliko teZav v vsakdanjem Zivijenju (Tab. 1), enkrat pa :
za sulo v zimsko-spornladanskem ¢asu. V treh primerih
pa tetni ¢as ni eksplicitno naveden,

Leto / Year Opis pojava / Descripfion of phenomena Vir / Source
1540 Tudi v tem letu je bila na Kranjskem izredno velika vrocina in soncna Vaivasor {1984), Kert {v
pripeka, da se je od suSe ne le zemlja ko kamen strdila, temved se je dosti | Braun, 1934)
gozdov vnelo. Od novembra 1539 do aprila 1540 ni ne deZevalo ne
snelilo,
1546 Huda susa, zaradi katere je v nekaterih predetih istre odmilo sadno drevie [ Schiavuzzi (1889)
in bila uniCena letina. Sudi je sledilo veliko pomanikanie in lakota.
1548 Huda susa v istri. Schiavuzzi (1889)
1559 Huda susa v Istri. Susilo se je sadno drevie, unicena je bifa letina. Velika | Schiavuzzi (1889), Di
sufa v Furlaniji, poletje je bilo skoraj brez padavin. Bilo je leto velikega | Manzano (v Braun,
» pomanjkania. 1934)
. 1561 Huda suSa v istri. Schiavuzzi (1889)
. 1562 Huda susa v Istri. Schiavuzzi (1889)
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V17, stoletju so bila napravljena Stiri porocila o
sudah. Leta 1616 je po Fastih Istrianib Istro zajela velika
wocina s sudo, da je Zivina poginjala in so ljudje
zholevali, Za leto 1644 vel virov (lreneo, Mainati,
Scussal) (v Braun, 1934) govori o hudi viotini z izredno
suio, ki je unicila vse poljske pridelke v trzaski okolici.
Omenjajo tudi, da so se pojavile kobilice, ki so pojedle
vse, kar ni unicila suga, celo figove liste. Mainati za leto
1660 poroca o sudt pomladi, poleti in jeseni in o
velikem pomanikanju vode, Irenec pa ¢ susi med 22,
septembrom in 24, novernbrom 1691, zaradi katere je v
Trstu in okolici primanjkovalo vade za pitje, v Zaveljski
- dolint pa za mietje, Jesenski suéi 1660 in 1691 sta prvi
porocili 0 sust v letnem Casu, ko imamo obiajno visek
padavin.

. Pogosteje so se sude ponovno pojavijale v prvi
polovici 18. sioletja. Pet navedb se nanasa na sue v
vegetacijski dobe (3704, 1717, 1718, 1735 in 1747), i
(1734, 1737 tn 1745) pa na suso v zimsko-spomla-
danskih mesecih (Tab. 2} Leta 1748 pa je suSa razsajala
tako poleti kot pozimi in spomiadi.

.. Iz druge polovice 18. stoletja imamo tri porocila o
susah. Leta 1784 ni po Blanciniju deZevala od 30. aprila
do 8. septembra. Po istemn viru je bifa zelo huda susa,
zaradi katere v istri pralti€ne ni bilo pitne vode, v prvi
polovici leta 1794 in tudi spomladi feta 1795, Na
sploino je bilo leto 1795 leto vremenskih katastrof, saj
fe bila zima zelo ostra in so pomrznile oljke. Ostri zimi
je sledila suha pomfad. Poleti pa so bili hudi nalivi, ki so
uni¢tli Zitno fetino. Marasle vode so preplavile Seco-

‘Tab. 2: Zapisi o susah iz prve polovice 18. stoletja.

Gacko QGRIN: SUTA N MOERA LETA V SUBMEDITERANSK SLOVENIS O 14, DD SREDE 19, 5IOLET]A, 63.74

veljske soline, svoj tok je spremenila tudi Dragonia.

Po Stevilu porodit o suSah (14} bode v ofi tudi prva
polovica 19, stofetja, zlasti obdobje od leta 1820 do
1848, v kateremn so kronisti zebeleZili kar 12 lot 5 qug-
nimi poletji, kar pomeni, da je bilo vsako druge do tretje
polelje suho (Tab. 3} Pri sklepanju o nadpovpreeni
susnosti poletij v prvi polovici 19, stoletja moramo v
priterjavi s prejsnjimi stoletji upostevati dejstva, da se
je v 19. stoletiu zelo povedalo Stevilo pisnik virov, V
nadern primery predvsem po zasiugi Kerta {v Braun,
1934), ki je sisternatiCino vodil vremenski donevnik za
Trst. Leta 1834 ponovno srecamo tudi porocilo o susi
oktobra in novemnbra.

Primerjava Kertovih zabeleZk o susah v 40. tih letih
19. stoletja s podatki meteoroloske postaje Trst, ki je
zacela delovati leta 1841, je pokazala, da moramo biti
pri uporabi tovrstnih podatkov previdni oziroma da je
problem definicije suse zelo kompleksen. Kert otmenja
hude suse poleti 1841, 1842 in 1848 ter "abicajno” sudo
1843, Ceprav susa ni odvisna samo od kolicine padavin
in tevifa pacavinskih dni, je primerjava s klimatskimi
podatki pokazala, da je v primeru sus leta 1841, 1843 io
1848 dejanske padlo v suinih mesecih le 50 do 60%
stoletnega povprecia padavine v pol manj padavinskih
dnevih. Ob Kertovi omembi hude suse avgusta in
septernbra 1842 pa je v teh dveh mesecih padlo celo za
23% ved padavin od povpredja v povprecnem Stevifu
padavinskih dni. Podrobneji pregled podatkov pa je
zato pokazal, da je pred tem v juniju in juliju padla le
okoli tretjina obicajnih padavin.

Tab. 2: Records of droughts from the first half of the 18™ century.

fLeta / Year

Opis pojava / Description of phenomena

Vir / Source

1704 Dolnicar (v Pucnik, 1980),

Di Manzano (v Braun, 1934}

Nenavadno suhe leto. Bilo je veliko {vina) dolenjca, vipavea malo, a
dabrega. Na Goritkem je bila poleti, 3e zlasti avgusta, velika susa,
vendar je bilo obilo vina, toda primanjkovalo je vseh vist Zit,

Trgatev je bila na Gorigkem zelo skromna, izjemni pa sta bill vrocina
in susa,

Suho, vrofe in zdravo feto. Zita je bilo dovoli, razen ob morju, kier je
bilo pomanjkanje. Sudnio vreme e uni¢ilo kimetijske pridelke, grozdje
in olive, kar ie zelo prizadelo piranske meséane.

Velika suda v prvih treh mesecih v Trstu, do 26. in 27. marca je padio
le nekaj kapelj deZja.

Do 24, in 25, septembra ni v Trstu deZevalo dva meseca.

Do 18. fabruarja je v dveh mesecih padio le male dezja in vode v
vodniakih je zelo malo.

Od 5. januarja do 11, februarja hud mraz in sudza, da fe zmanikovala
vode v nekaterih trzagkih vodnjakih.

Poleti veotina in sua.

Od 1. novembra 1747 do avgusta 1748 je zelo redko deZevalo,
Spomladi in poleti je bila v Trstu velika viogina.

Di Manzano {v Braun, 1934}

Dolniar {v Puénik, 1980),
PAK Piran

Di Manzana {v Braun, 1934)

Scussa (v Braun, 1934)
Scussa {v Braun, 1934}

Scussa fv Braun, 1934)

Scussa {v Braun, 1934)
Scussa {v Braun, 1934)
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Tab. 3: Sude v prvi polovici 19. stoletja.
Tab. 3: Droughts in the first half of the 19" century.

Leto / Year | Opis pojava / Description of phenomena Vir / Source
1802 Trdovratna susa v prvi pelovici pomladi in vse poletje. Ljudje so trpeli zaradi velike|  Mainati*
vrocine, pridelki so bili poZgani. V Trstu je primanjkovalo vode.
1820 Od avpusta do septembra susa. Kert*
1822 V marctt in aprilu ter od junija do avgusta je bila suga. Kert*
1828 fulija in avgusta huda su$a v Trstu. Kent*
1830 V jultiju in avgustu velika vroCina in susa. Kert*
1832 Avpusla e bita huda susa. Kert*
1833 Januarja in julija je bila susa. Kert*
1634 Cd aprila do avpusta in v oktobru in novembru ie bila v Trstu suga, Kert*
1835 Sua od junija do avgusta. Kert*
1839 V juliju in avpusti je bila suéa. Kert*
1641 Cd julija do septembra huda sua v Trstu. Keri*
1642 Avgusta in septembra huda susa. Kert*
1643 Avgusta in septembra je bila susa. Kert®
1848 Avpusta in septembra huda sua, Kerr*

* vsi v Braun (1934)

Porotil o deZevnih letih (letnih casihl je razmeroma
malo, le devet (Tab. 4). Pet se jih nanasa na konec 17.
in zaCetek 18. stoletja. Zatetek 18. stoletja lahko opre-
delimo kot nadpovpreéno namoden, saj viri omenjajo
leta 1703, 1706, 1711 in 1715 kot nenavadno mokra.
Porocili za leti 1691 in 1827 govorita 0 neobicajnih
deZevith v Zasu viskov padavin v submediteranskem
podnebju, prvo v Casu primarega viska v jesenskem

Tab. 4: Nadpovprecno namocena leta in letni ¢asi.
Tab. 4: Extraordinary wet years and seasons.

¢asu, drugo pa v Casu sekundarnega viska junije. Po-
rotilo za leto 1801/02 pa govori o zelo viaZni zimi.
Neprimerno ved je v kroniki porogil o deZevnib
wimah s toco in motnim vetrom v pasarnezniby dnevih
in posledicah teh defevij, iz katerih pa ne moremo
sklepati o namocenosti posameznih dalih €asovnih
obdobij. Po teh dogedkih zbujata pozorost zlasti 17.
stoletje {12 zapisov) in sredina 18. stoletja {5 zapisov).

Leto / Year Opis pojava / Description of phenomena Vir / Seurce

1304 izredno leto po kolicini snega v Furlaniji. Della 8ona (v Braun, 1934)

1691 24.11.1691 se je zacelo B-dnevno nepretrganc deZevie. Sledil mu | reneo (v Braun, 1934}
ie Sibkejsi dez, ki ni ponehal do 16. decembra.

1703 Nenavadno mokro leto. Bilo je mnogo povodrji. [zjemno feto ] Dolnicar {v Pucnik, 1980), Di
zaradi nenehnega deZevia, prestopanja bregov rek in velike Skode, { Manzano (v Braun, 1934)
ki so jo vode povzrocile v Goriski pokrajini.

1706 To leto je bilo mokro in jug je neprestano gospodoval. S.avgusta je | Dolnicar (v Pucnik, 1980},
grozna nevihta povzrodila ogromno skodo na TrZzaskem in odvzela | Mainati {v Braun, 1934)
ljudem pridetek.

171 To leto je bilo nenavadno mokro, kakor ga ne pomnijo niti | Dolnicar (v Pudnik, 1980)
najstarefli Hudje. Skoro vse feto je previadoval jug in je vedno
deZevalo, razen nekaj Casa poleti.

1715 Na splosno mokro leto, ki je sledilo dolgi zimi. Slaba vinska fetina. { Dolnitar (v Puénik, 1980)

1801/02 | Zelo viaina zima, ki ji je sledila trovratna susa v prvi polovici { Mainati (v Braun, 1934)
pomladi in vse poletie.

1815 Veliko deZevije povzrodi ved neviednosti, fasti Istriani

1827 junifa nenehno deZuje. Kert {v Braun, 1934)
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Rekonstrukcija poletnih padavin v prvi polovici 19.
stoletja s pomodjo podatkov o pridobivanju soli v
Piranskih solinah

Solinarstve je dejavnost, ki je skoraj v celoti odvisna
- od vremena, saj vse faze pridobivanja soli potekajo na
¢ prostem. Tehnologija pridobivanja soli v Piranskih
“ solinah se je skozi stoletja razmeroma malo spreminjala,
- zato so paodatki o proizvodniji soli fahko dobra osnova
- za kiimatske rekonstrukcije. Osnovni proces pii prido-
bivanju soli je postopne izparevanje morske vode, do-
kler koncentracija soli toliko ne naraste, da nastopi
kristalizacija. izparevanje je odvisno od sontnega ob-
- sevarja, padavin, Stevila obladnib in jasnih dni, viaz-
" nosti zraka in vetrovnosti. Bolj ko je vreme jasno,
~ sonéno, suho in vetrovno, vecdii je pridelek.

Vremenske in podnebne razmere v severnem Jad-
ranu omogocaja zacetek solne sezone v aprilu ali v
. zatetku maja, traja pa do septembra oziroma prvega
: vetiega deZevija ob koncu poletja. Jedro solne sezone
" sestavljajo trije poletni meseci. Ob razmeroma stabilnih
. druZbenih razmerah proizvodnje (povitina kristaliza-
. cijskih bazenov, delovna sila, vzdiZevanost solin, tudi
- omejitve proizvadnje kot posiedica drfavnega mono-
pola, gospedarske in polititne razmere) je variiranje
- proizvodnje v visoki korelaciji s potekomn vrermena v
- Easut solne sezone, predvsem padavinskimi razenerami,
"V dveh testnih obdobiih (1926-1936 in 1961-90), ko je
- tmiel na voljo ko podatke o vsakoletni proizvodniji soli
kot o koli¢ini padavin in Stevilu padavinskih dni, je
- Ogrin {1995) izracunal, da fahko s padavinskimi para-
" metri pojasnimo od 52 do 85% variance proizvodnie
. soli. Vecji deleZ pojashjene variance je bil ugotovijen za
obdobje med obema svetovnima vojnama, ko so hile
- druzhene razmere za proizvodnjo stabilneje.
Solinarstvo v Piranu ima po nekaterth virilh (npr.
- Pahor & Poberaj, 1964] tisofletno tradicijo. Podatki za
zgodnej$a stoletja so bolj fragmentarni in tezke do-
- segliivi, ved jih je in so laZe dosegliivi za zadnja
*stoletja. Za rekonstrukcijo klimatskih razmer so pred-
-vsem zanimiva abdobja, ko proizvodnja sofi zaradi
- drzavnih monopolov ni bila omejena, ampak je trajala,
dokler so to dopuscale vremenske razmere. £no takih je
bilo obdobje med 1749 in 1823, Kontinuirane podatke
nam je uspelo dobiti za das med 1791 in 1823 (Ni-
~colich, 1882; PAK enota Piran). Po letu 1824 je bilo
- pridabivanie soli omejeno,

Rekonstrukcija za to obdobje (S 2), pri kateri smo
upoitevali Ze prej ugotovijene statistiCne zveze med
< proizvodnijo soli in padavinskimi razmerami in kier simo
vsakoletno proizvodnjo preraCunali na enoto kristali-
" 2acijske povrsine, je pokazala dve obdobji z bolj suhimi
- in i obdobja z bolj dezevnimi poletji. Suba poletja z
~ Ugodnimi razmerami za izparevanje morske vode so
bila med 1808 in 1811, %e bolj suéna pa med 1818 in
1822,V kronikah ni kakih posebnih zabeleZb o suhih
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Sl 2: Rekonstrukcija poletnih padavin s pemadjo po-
datkov ¢ proizvodnji soli v Piranskih solinah v obhdobju
1791-1824.

Fig. 2: Reconstruction of summer precipitation with the
aid of data on salt production at Piran saltpans in the
1791-1824 period.

poletjih med 1808 in 1811, Le Nicolich {1882} omenja,
da je bilo v Casu Hlirskih provine {1809 do 1813) vreme
za pridobivanje soli na splesno ugodno. Za rekon-
struirano su$na obdobje 1818-1822 kronike navajajo
kot susno feto 1820. Paroéila o pridobivanju soli, kjer so
vecinoma na kratko opisane tudi vremenske razinere,
omenjajo kot suho tudi feto 1822, medtem ko so bile v
drugih letih zelo ugodne razmere za pridobivanje soli
samo v delu solne sezone.

Po nasi rekonstrukciji so bila deZevna poletja med
1794 in 1796, med 1798 in 1800 ter med 1812 in 1817,
Za prvo obdobie kronike omenjajo moéna deZevia s
povodnjt po 20. juniju 1795. Tega feta so v Piranskih
solinah proizvedli slabo tretjino povpredne proizvodnje,
Se pogosteisa so bila deZevia poleti 1799, Nicolich
{(1882) navaja, da je bita Zetev soli dejansko povsem
onemogodena, saj so proizvedti le 0,4% obiajne ko-
ficine. DeZevna poletja med 1812 in 1817 potrjujejo
tuch zapisi v arhivskem gradivu. Velika deZevia ome-
njajo v lety 1815, prav tako leta 1816, ko sa "vode s
hribovja® in visoko mortje preplavili soline. Poplavijene
so bile tudi avgusta 1§17, ko so morali Ze avgusta
prekiniti s solno sezono.

ZAKLJUCEK

Razmeroma pogoste sude v zadnjem desetletjy v
Submediteranski Sloveniji so sproZile razmidljanja o
nenavadni pogostosti tega pojava. Vzroke za to smo
velikokrat iskali tudi v antropogenem efektu tople grede
in klimatskih spremernbah, povezanih z njim. Kratka in
za zdaj nepopolna kronologija pojavijanja sus v pre-
teklih stoletjih pa je pokazala, da so se zgostitve suS v
posameznih obdobjih pojavijale tudi v preteklosti, ko
clovekovi vplivi na kiimo Ze niso bili tako izraziti, Taka
obdobja so bila 1540-1562, prva polovica 18. stoletja in
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St. 3: Ob susi poleti 1999 so hrasti puhavci (Quercus pubescens) na Podgorskem krasu presli v obdobje
mirovanja (listje je porjavelo), po deZju sredi septembra pa so odgnali novi listi. {Foto: D. Ogrin}
Fig. 3: During the 1999 drought, Downy Oaks (Quercus pubescens) in the Karst area of Podgorje passed
into a dormancy period (leaves turned brown), but after the mid- September rainfall new leaves appeared.
{Photo: D. Ogrin)

cas med 1820 in 1848. Nckatera porocila (nnoZiéne
invazije kobilic Zerld pa napeljujejo na misel, da je bilo
v posameznih krajgih obdobjih morda celo bolj suino in
vroce kot v zadnjih letih, razmere naj bi bile podehne
subtropskim, od koder kobilice izvirajo. Kronisti so
‘napade” kobilic zabeleZili leta 1442 in 1475, iz katerih
sicer nimamo socasnih porocil o subih in vrocih raz-
merah, pac pa se casovno ujemajo invazije kobilic s
suSamt in vrodinami leta 1644, 1720 in 1741, V zad-
njerm desetletju so v juzni Evropi invazije kobilic do-
Fiveli na Siciliji in v Spaniji.

Clede na pojaviianje sus po letnih ¢asih lahko
sklepamo, da je bit padavinski reZim v preteklib stoletjih
identiCen danasnjemu. Velika vecina porodil o sudah se
namrec nanata bodisi na vegetacijsko debo (poletje) (SI.
3) bodisi na zimske oziroma zgodnje spormladanske
mesece, 10 je na Cas, ko imamo tudi v sedanjem sub-
- mediteranskem podnebju nizka padavin. Na nespre-

~d

menjenost padavinskega refima kaZejo tudi zabeleZbe
o mocah, ki se veinoma nanalajo bodisi na jesenske
mesece bodisi na zgodnje poletje, ko v povpretju
nastopata sedanja viska padavin. Mokra leta (sezone) so
glede na zabeleZbe v arhivskibi virth redkejsi pojav. Ob-
dobje z njihovo vecjo koncentracijo je bilo le v zacetky
18. stoletja med 1703 in 1715, Mofam so v nada-
Hevanju prve polovice 18. stoletja sledile sule, kar je
izjemno poslablalo Zivijenjske razmere v tem Casu.

Predstavijena kronologija su$ in mo¢ v Submedi-
teranski Sloveniji ne omogoca popolne kimatske rekon-
strukcije, ker je podatkov premalo. Po zbranem gradivu
lahko le sklepamo na dolodene tendence klime, a je
vsekakor osnova za nadaljnje raziskave v tej smeri. Za
rekonstrukcijo padavinskih razmer poleti se zdi 3e po-
sebej perspektivno arhivsko gradivo o proizvodnii sali v
istrskih sofinah,
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DRY AND WET YEARS iN SUBMEDITERRANEAN SLOVENIA
FROM THE 14% TO THE MID-19" CENTURIES

Darko OGRIN
Departiment of Geography, Faculty of Arts, University of Ljubliana, SI-1006¢ Ljubljana, Asker¢eva 2
E-mafl: Darko.Ogrin@if.uni-lj.si

SUMMARY

The quite irequent occurrence of droughts in Submediterranean Slovenia in the last decade raised a number of
guestions about the extraordinary frequency of this phenomenon during this particular time. The causes for such
state of affairs have been often searched for in the anthropogenic greenhouse effect and its related climatic changes.
- However, a short and slill incomplete chironology of droughts in the past centuties has shown that the concentration
of droughts in individual peticds had occurred already in the past, when human impacts ot climate had not been so
explicit as yet. Such periods were from 1540 to 1562, in the first half of the 18" cent., and from 1820 to 1848.
Certain reports {on locusts, for example) have brought us to a conclusion that individual shorter periods in the past
were even dryer and hotter than those in the last few years; the climate conditions then seem to have been similar to
the subtropicail climate, where locusts came from. The chioniclers recorded the invasions by locusts in 1442 and
1475, but did not record dry and hot weather concurrently; however, the locust invasions in 1644, 1720 and 1741
averlap with the reported droughts and hot weather.

From the reconstructed occurrence of droughts in individual seasons we can conclude that the precipitation
regime of the past centuries has been identical to the present regime. Namely, the great majority of reports on
drought refer to the vegetation period (sumimer), or to the winter or early spring months. These are the very periods
when precipitation minimum occues in the present submediterranean climate as well. The unchanged characteristics
of the precipitation regime are also evident from the records on wet seasons, which mainly refer to the autumn
months or early summer. These are also the periods when, on average, precipitation maximums occur it the present
submediterranean climate. Wet years (seasons) were less frequent according to the records from archival sources.
The period of their greater concentration was at the beginning of the 18" cent,, from 1703 to 1715. Wet periods
were then followed by droughts in the first half of the 18" cent., which greatly impaired the living conditions of that
time.

Because of the fack of data, the presented chronology of droughts and wet seasons in Submediterranean Slovenia
does not render possible a complete cfimatic reconstruction. The collected material only enables some conclusions
to be made about certain trends in the climate; neverthefess, it certainly represents a finn basis for further
investigations in this particular field. Especially promising for the reconstruction of precipitation conditions in the
summer seems to be the archival documents on salt production in Isirian saltpans.

Key werds: drought, climate variation, clirnatology, Submediterranean Slovenia, Slovenia
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ABSTRACT

The authors studied the vegetation dynamics of Sphagnum dominated mires in the Bereg-plain (northeastern
Hungaiy). The Braun-Blanquet method was applied and a new type of floating mire described. The authors suggest
. the name “skirt-mire” after its shape and preliminary present it in this paper. This widespread scraw formmation proc-
- ess is observable on flooded willow mires, when willow trunks and branches grow fong, bushy and hair-like addi-
- tional roots close Lo the water surface. In the waler, the abundant smalf floating dead plant debris mat not only with
. each other but also with the hairy-like willow roots and the planis at the bottom. The succession was very fast on ifs
" surface.

' Key words: Floaling mire, scraw, skirt-shaped mire, carr, Sphagnum, Hungarian-plain, temperate climate,

continentat climate

RAPPORTO PRELIMINARE SU UN NUOVO TIPO DI ACQUITRING FLUTTUANTE
IN UNGHERIA

SINTES!

G autor hanno condotte una serie di ricerche fitocenologiche in acquitrini deifa pianwa di Bereg (Ungheria
nord-orientale), nei quali predomina il genere Sphagnum. Con I'applicazione det metodo di Braun-Blanquet & stato
- descritto un nuovo tipo di acquitrino fluttuante. Gli autori suggeriscono if nome di "acquitrine tendato®, vista la sua
forima, e nel presente articolo ne danno una descrizione preliminare. In seguito ad allagamento, tutte fe specie di
- salici studiate (Salix cinerea, Salix pentandra, Salix fragilis, Salix alba, Salix aurita ed i foro ibeidi) formana radici av-

ventizie che crescono sotto fa superficie defl‘acqua. Su queste lunghe radici ramificate sf depositana enormi quan-
- ta di detriti organici provenienti da piante morte, risultando in una formazione *a tenda“ che raggiunge il fondo
- dell‘acquitrino. La successione vegetale & risultata molto veloce,

Parole chiave: acquitrino fluttuante, salici, acquitrino tendato, Sphagnuim, pianura ungherese, clima temperato,
clima continentale
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INTRODUCTION

There are several types of floating vegetation forma-
tion {Sculthorpe, 1985) occurring mainly as a tropical
phenomencn known as sudd (sadd} or floatant, which
according to Sculthorpe (19&5) forms in two main ways.

Sudd may be pioneered by free fleating plants, such
as Eichornia crassipes and Pistia stratiotes, whose stolo-
niferous habit creates a compact floating mat spreading
from sheltered marginal sites out over open water. This
mat of living plants and organic debris provides a fa-
vourable rooting medium for emergent hydrophytes.

Sudd may also develop directly from fringing stands
of emergent sedges extending from the shore in calm
shallows. The rhizomes and roots do not become an-
chored in the substrate, but form a stable raft floating at
a depth of a few centimetres,

By definition of Steffen (1931, the first type is like a
successional formation of floating meadow, which de-
velops where the water has steep banks and where the
open water surface is gradually overgrown by floating or
submerged aguatics,

The second type is a sunultaneous formation of
floating meadow (Steffen, 1231). This can be observed
on shailow margins of the waier, where rhizomes of
waterside plants (e.g. Phragmites australis, Typha an-
gustifolia, Schoenoplectus lacustris in ternperate zone)
are creeping on and where rooting in the bottom sedi-
ments continues into the open water as a self-supporting
rhizome mat (Steffen, 1931, Kulczynski, 1949; Dan-
sereau, 1957; lunk, 1970; Sioli, 1975; Ldjer, 1998; Ba-
fogh, 2000a, b). However, data on the floating mire
formation in Sphagnum dominated mires under temper-
ate, continental conditions are sparse,

During our phytocoenological research between
1992 and 2002 on the Sphagnum dominated mires of
the Northeast Plain in the continental temperate climate
in Hungary we observed many similar and some differ-
ent {and hitherto undescribed) processes of floating mire
formation, which can also be found in other parts of
Hungary. In this preliminary paper we present tll now
undescribed but widespread tloating mire type.

MATERIAL AND METHODS
The study site

The investigated mires (Bence-ts 48°8°55" N, 22
25735 E; Nyfres-té 4811°3" N, 22°30'6" E; MNavad-patak
48710732 N, 22°30'45" F; Bdb-tava 4811716 N, 22°29'0"
E: Zsid-13 48°11787" N, 22°29°6" £} lie in the northeastern
corner of the Great Hungarian Plain in Hungary on the
Bereg-Szatmiar Plain in Bereg-Szatmar County (Fast-

- Central Europe). These mires belong to the Samicum
- plant-geographical region. The mires have formed in
abandoned riverbeds (silted oxbows), in a ring indicated

by Beregdarée, Gelénes, Takos, and Csaroda villages
(Fig. 1). The fieldwork has been carried out since 1994,

tn the Koppen (1923) system, the ciimate of the study
area is Chix (between moderate warm and moderate
cool). The mean annual number of sunny hows is <a
1950, while the amnual mean temperature oscillales
between 9.4 and 9.5 “C. Yearly precipitation is 630-660
mm, with 370-380 mm during the growing season (Ma-
rosi & Somogyi, 1990). The distribution and amount of
precipitation and the ground water level cary vary
greatly in successive years,

Methods

The Braun-Blanquet method (1951) was used to de-
scribe the vegetation dynamics. In the sample plots, spe-
cies by species on a percentage scale was estimated in
the case of higher plants in all of the associations. In the
middie of the flooded willow and alder carr, we could
proceed only on foot, swimming or by mud-waiking.

We used an lrish word, “scraw”, for floating mires,
The coenological examinations were made in this way,
which provided an opportunity to observe the mecha-
nism of formation of the scraw. The size of the scraws

“was estimated by eye. Here we give the relevant inter-

pretation of our observations.
Taxonomical and syntaxonomical nomenclature {ol-
fows Stmon {1992,

RESULTS AND DISCUSSION

After natural or artificial floods, the peatmoss cush-
tons were submerged in base-rich water and failed to
survive. On these former peatmoss mires secondary
scraw formation processes could he observed, whose
first stage was named “skirt-mire™ after its shape. They
develop as follows (Fig. 21 all the willow species (Salix
cinerea, S. pentandra, S. fragilis, S. alba, 5. aurita and
their hybrids) that can be found in the examined areas
are able to develop adventitious roots from their shoots
near the water surface afler flooding. Root formation is
independent of the age of the shoots of the willow spe-
cies {Fig. 3). The dead broken fragments of plants float-
ing in large quantities in the mire water mat with each
other, with the long and bushy hair-shaped willow roots
of stem origin and with the plant residues at the bottom
of the lake. Thus a matted carpet forms, which falls as a
“skint® from the water surface to the bottom of the lake.
The broken fragments deposited in the water enlarge
ainly the bottom of the skirt, as the movement of the
water erodes more strongly the parts near the water sur-
face. In the fisst summer of their formation, the thickness
of the skirts near the surface are therefore only a half to
a third (20-30 cm) of that at the bottom of the bed {40-
70 cm). These skirts average 3-6 m in diameter in the
areas examined around individual Salix cinerea shrubs.
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Fig. 1: Location of the studied area.
5. 1: Lokacija preucevanega obmodja.

The skints can be formed around numerous willows as
well, forming several ten square metres Jarge scraws.
Such mat-like scraws can be observed in the dense
Clycerietum maximae among the leaves of the bottom
rooted Glyceria maxima specimens of the stands. Water
under the skirt is much colder than around it. The first
colonists that can be found on the surface of the scraw
include Cicuta virosa, Carex pseudocyperus, Galium
palustre, Lycopus europaeus, Poa palustris, Glyceria
maxima, Thelypteris palustris, Polygonum lapathifolium
or Typha latifolia, Typha angustifolia, as well as drifted
Salvinia natans, Hydrocharis morsus-ranae, Lemna mi-
nor and sometimes Stratioles afoides, and Qenanthe
aquatica. Sometimes, Cicuta virosa and CGlyceria
maxima may be missing from these bare suifaces in the
first year.

in the second year, the Cicuto-Cariceturn pseudacy-
peri becomes atmost predominant on the skirt-mires, but
its dominance decreases gradually in the next few years.

For a few vears, rhizomatous, emergent species, mainly
Glyceria maxima, Thefypteris palusiris, and Lythrum
salicaria and occasionally Comarum pafustre will be
dominant (Tab. 1), The plants of the initial state can be
seen just an the growing edge of the scraws, Concentric
structure of the floating mire develops.

CONCLUSIONS

The skirt-mite formation briefly outlined above has
not been described yet in literature, although it can be ob-
served in Hungary in many witlow swamyps flooded with
water, and it is probably widespread where conditions
{witlows, water flooding, floating plant debris suitable for
matting) are suitable. We found similar processes near the
study site in Bodrogkoz, NE Hungary, It is worthy of note
that scraws can be formed in any place where peat form-
ing-plants are able to settle, survive and propagate on
living or lifeless substratum on the surface of the water.
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Lena miner

Hydrocharis morsus- reos

Saiviniy nagns

N N

,,_1;., Vtriculuria vulgaris

The fourth year of floating. The amount of Thelyprevs patustris is
found more and more on the skirt-mire. On lhe margins of skiri-thire
rro Typha latifolie and (only in the Bence-16) Typha angustifalia.

Wlam debris, peat ¢
o

°
Featmonsyes are appearing and spreading

Fig. 2: Scheme of the formation and the succession of the skirt-mires in their first four years
in Bence-t6 mire, NF Hungary, between 1998-2002.
Sk 2: Shema nastajanja in sukcesije “zavesastih® barij v prvih 3tirth letih. Barje Bence-to,
: SV MadZarska, med letoma 1998 in 2002,
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Tab. 1: Phytosociological relevés of different skirt-mires (Bereg-plain, NF Hungary).
Tab. 1: Fitosociolaski popisi razlicnih “zavesastih” barij (pusta Bereg, SV MadZXarska).

Place of samples

Navad-patak mire

Zsid-16 mire

Bence-16 mire

Date

17.07.1997

17.07.19%7

29.87.199%

29.07.1999

29.07.1999

14.97.2000

14.07.2000

Age of the skirt-mire

~ 3 years

~ 3 years

~ 5 years

~ 5 years

~ 5 vears

~ 2 years

~ 2 yeats

Plot size

" 3
9m*

9’

25 m°

25 m

25 m*

9m°

9 m-

Cover (%)

Shrub level

Salix pentandra

2 40

Frangula alnus

(1]

Salix cinerea 40 75

90 5 10 3 {dead) 5 {dead)

Herb level

Bidens ceriua

40

Carex pseudocyperus

Carex riparia 1

Cictita virosd

7 10 40

Comarum palustre

Galium palustre

—_—

Glyceria maxima

i
W

Hydrocharis morsus-ranae

{emna minor 0.1

Sl
~4
<

d

—t
s
sl
N
(]

Lythrum salicaria

L yCopus euronasus

Lysimachia vulgaris 2

Qenanthe aquatica

Polygonum lapathifolium 20

Salix cinerea

Salvinia natans 2 2

Scatellaria galericulata

Solanum dulcamara 3

Sparganiim erectum

Stratiotes alloides 1

Thelypteris palustris 13 40

90 0.1

Tvpha angustifolia

40 10

Typha latifolia 4

10

Utricularia vulgaris

740

Fig. 3: First phase of the skirt-mire formation: branches
of Salix cinerea develop adventitious roots (Bence-to
mire, NE Hungary, 30 March 2000). (Photo: J. Nagy)

Si. 3: Prva faza oblikovanja "zavesastega" barja: veje
vrste Salix cinerea razvijejo adventivne korenine (barje
Bence-t6, SV MadZarska, 30. marec 2000). (fFofo: ).
Nagy)

The vegetation changes of the skirt-mires are very
guick and to a great extent conditioned by the rhythm
and rate of the water supply (Nagy, 2002). The water
relention peat forming process takes place on terrestrial
rire iy dry periods and on floating mires in wet periods.
When developing an adequate peat thickness, it can
counterbalance the effect of fluctuation of the water
supply under the established plant communities.
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PRELIMINARNO POROCILO O NOVEM TIPU "ZAVESASTEGA" BARJA NA MADZARSKEM

Janos NAGY & Zoftdn TUBA
Department of Botany and Plant Physiclogy, Faculty of Agricultural and Environmental Sciences, Szent istvin University, Cadallg,
t-2103 Godolid, Parer K. u. 1
E-mail: nagyjano@yahoo.com

POVZETEK

Med fetorma 1992 in 2002 sta avtorja opravila vrsto fitocenoloskili raziskav barij s previadujocCim Sotnim mahom
Sphagnum (Nyfres-t3, Bdb-tava, Navad-patak, Zsid-to in Bence-té) v madZarski pusii Bereg. V omenjenem obdobju
sta preucevala doslej necpisani in v tem Slanku preliminarno orisani proces oblikovanja take imenovanega "zave-
sastega” barfa, potem ko je bila naravno ali umetno poplavijena njegova vrbovina. Vse preucevane vrste vib (Salix
cinerea, S. pentandra, S. fragilis, S. alba, S. aurita i ryihovi hibridi) po poplavijenju poZenejo adventivne korenine
iz svojil poganjkov pod vodnim povisjem. Oblikovanje korenin je neodvisno od starosti poganjkov in vrste vrb.

Na teh dolgih, koatih, fasastih koreninah se v vodi odimrli delci rastlin v velikih koli¢inah prepletajo in spajajo
med seboj, z vibjimi koreninami steblastega izvora in z rastlinskimi ostanki na vodnem dnu. Tako se oblikuje
nekakina “zavesa”, ki s korenin, rastocth iz vrbjih stebel na vodnem povréju, pada vse do vodnega dna. Med prvimi
naseljenci, ki jfh s mogoce najti na povriju zavese, so Cicuta virosa, Carex pseudocyperus, Galium patustee, Lyco-
pus ewropaeus, Poa palustris, Glyceria maxima, Thelypteris palustris, Polygonum fapathifolium ali T. fatifolia, Typha
angustifolia kot tudi Salvinia natans, Hydrocharis morsus-ranae, Lemna minor ter véasih Stratiotes aloides in Oe-
nanthe aquatica. V prvern leu fahko s teh golih povrsij izgineta Cicuta virosa in Glyceria maxima. V drugem ety
postane Cicuta virosa skorajda dominantna vrsta v teh “zavesastih® barjih, vendar se njena previada v naslednjih
nekaf letih scasoma zmanjsa. Takrat zatnejo previadovali plezajole (rizoidne) vrste {Glyceria maxima, Thelypteris
palustris, Lythrurn salicaria in Comnarum palustre). Rastline v zaletnem stadiju je mogoce videti le na rastofem robu
zaves, in v harju se zalnejo oblikovati koncentri€ne strukture. Vegetacijske spremembe v “zavesastih® baijih so zelo

4

hitre ter mocno odvisne od ritma in stopnje vodnega dotoka,

Kilju¢ne besede: "zavesasto” barje, vibovina, Sphagnium, madZarska pusta, zmerna klima, celinska kiima
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ABSTRACT

Between 1998 and 2000, peryphytic algal communities were sampled and analysed at five sampling sites on the
Dragonja river and at a single site on the tributary Pinjevec. Aftogether, 238 algal taxa were registered, with prevaif-
ing Bacillariophyceae (170), while 38 taxa belonged to Cyanophyceae and 17 to Chlorophyceae. Of all 238 taxa, 65
were recorded for the first time in Slovenia, 13 belonging to Cyanophyceae and 52 to Bacillariophyceae. Most of
these 65 taxa were recorded in the Dragonja estuary.

Key words: algae, streams, springs, brackish waters, southwestetn Slovenia

ALGHE NEL FIUME DRAGOGNA
SINTES

Tra if 1998 ed if 2000 sono state campionate ed analizzate comunity perititiche algali in cinque stazioni di cam-
pionamenta nel flume Dragogna ed una stazione nel tributario Pinjevec. Sona stati trovati 238 taxa algali. Il con-
tributo maggiore proviene dalla famiglia delle Bacillariophyceae (170 specie); 38 taxa appartengono alfe Cyanophy-
ceae mentre 17 alle Chlorophyceae. Tra i 238 taxa, 65 sono nuove segnalazioni per la Slovenia, tra le quali 13 Cya-
nophyceae e 52 Bacillariophyceae. La maggioranza di questi taxa & stato campionata nell’estuario def fiume Dra-
gogna.

Parole chiave: alghe, corsi d'acqua, sorgenti, acque sakmastre, Slovenia sud-occidentale
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INTRODUCTION

The biodiversity of algae in Siovenia is relatively
high, as more than 2000 different algae species have
been recorded 5o far {Kosi & Vrhoviek, 1996). The issue
of the endangered algal species, threatened by the en-
dangered water ecosysteins, has not been clarified as yet
due to the lack of investigations. Drastic changes ustally
occur during the regulation of rivers and streams, when
the fundarnental ecological conditions are changed {the
substrate, water current, light); the consequences are of
course reflected in the species’ reduced diversity. Similar
results can be seen in polluted waters, where the number
of species decreases from the sources towards estuaries
of the water courses (Vrhoviek et al., 1983). Most of the
Slovenian water-streams are alreacly polluted (Vrhovsek
et al, 1983, 1994; Krivograd, 1997 Krivograd Kle-
mendi¢, 2001; Smolar, 1997). The Dragonja is one of the
very few unpotluted Slovenian rivers. The water at its
estuary is brackish, The algae occuming in Slovenian
brackish waters have not been studied so far. With a
view to protect its natural ecosystems with all its con-
stituent parts, including algae, the Dragonja siver valley
is planned to be given the stalus of 2 landscape park. 1tis
necessary to conserve the high diversity of algal species,
and the rare species, which cannot be found in other
Slovenian rivers due to the Dragonja’s very special eco-
logical conditions {flysch landscape, brackish water).

The purpose of this research was to determine the
species  composition of algal communities in the
Dragonja river, fram its source to estuary and in its
tributary Pinjevec. The only data on the algal species
concerned the lower part of the river at Kaste! {in "The
research of the quality of surface waters in Slovenia in
1992% Zupan {ed., 1994)), where the sampling site of the
Hydro-Meteorological Institute of Slovenia is situated.
However, no research has heen carried out concerning
the algae of the upper part of the Dragonja river and its
tributaries. At the sampling site in the Dragonja estuary,
the water is brackish. On this occasion let us add that no
investigations concerning the brackish waters of Slovenia
had been carried out prior to this research.

MATERIALS AND METHODS

Description of sampling sites

The sampling sites are presented in figure 1 and their
description given in Table 1. The sampling sites C, D and
E are located close to each other. They differ mainly in
the speed of the water current, The sampling site B is lo-

- cated in the tributary Pinjevec, just before it joins the
- Dragonja river,
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Tab. 1: Description of sampling sites on Dragonja river
and its tributary Finjevec.

Tab. 1: Opis vzorcnih mest na reki Dragonji in pritoku
Pinjeveu.

Speed of “o-grdinates
Sampling | Shading of PEEE O Riverbed Co-ordinates
\ ? C water- ) (after Gaus-
sites the riverbed width {(m) .
current Kriiger)
X=5033250
A-sotrce shaded fast 1 ) j
Y=5412000
o partty , X=5G37125
B-Skrline chaded changing 15 V25402750
partly X=5396825
- 1y slowy 1
C-pool chaded | VY SOV v Y=5034175
slow shaded stow 12 R=2034000
Cyrrent =5396750
- = 5825
E-strong not shaded fast 7 N=5396825
curent Y=5034175
X=5390625
F-estiary t shaded law 20
estiany Ot siiade SHIW \'25037250

The samples were collected seasonally during the
years 1998, 1999 and 2000 (10, 7. 1998, 18. 7. 1998, -
23.8,1998, 20. 3, 1999, 29. 7. 1999, 18. 10. 1999, 17.
1. 2000) at all sampling sites. Five periphyton samples
were taken at each sampling site for qualitative analysis -
by scratching the surface of gravel, rocks, macrophytes,
wood and other submersed materials (glass and plastic -
bottles, iron sticks, etc.} The phytoplankton was sampled
using the plankton net with mesh size 25 um at the estu-
ary. The fixation of the samples was done in situ with 4% -
formalin concentration, For diatom determination, sam-
ples were pre-treated with saturated HNO; {(APHA,
1985).

SLOVENIA

Swace

Fig. 1: Map of the river Dragonja and ifs tributary Pin-
jevec. Legend: A — source, B — Skrline, C ~ pool, D -
slow current, F — strong current, F — estuary,

Si. 1: Zemljevid reke Dragonje in pritoka Pinjevca. Leg-
enda: A - izvir, B - Skrline, C - tolmun, D - pocasi te-
koca, E - brzica, F - izliv.
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The algal samples were determined in the laboratory
~using the light mucroscope (magnification 1000x). The
~ relative frequency of most comimon species was evalu-
* ated using the numbers from 1 - single, 2 - rare, 3 ~
comman, 4 — frequent and 5 — dominant. The algae were
determined using the following identificaion mono-
' graphs: Lazar, 1960; Starmach, 1966, 1972; Hindak et
~al., 1978; Krammer & Lange-Bertalot, 1986, 1988,
1991a, 1991b; Popovsky & Pfiester, 1990; Cvijan &
‘Blazencié, 1996; Hindak, 1996.

RESULTS AND DISCUSSION

© Atthe five sampling sites on the Dragonja river and at
the single site on its tributary Pinjevec, 238 (Tab. 2) algal
taxa were established (with their composition presented
in figure 2). In view of the number of species, Bacillario-
phyceae dominated at all sampling sites, followed by
Cyanophyceae. A similar situation was recorded in the
river Branica flowing on flysch ground (Smolar, 1997).
Cyanophyceae were followed by Chlorophyceae at sam-
pling sites A, C, D and F, and by Zygnematophyceae at
sampling sites B and £. Zygnematophyceae were not
found at sampling site A. Euglena sp. was recorded at
sampling site I3. The species Peridiniuin umbonatunt was
found at sampling site B, and Peridinium bipes at sam-
pling site F. The species Dinobryon sertufaria was found
at sampling sites 8, C, D and E. All four species are
planktonic. The species Batrachospermum vagum was
registered at sampling site E, and Audouineifa chalybea
at sampling site F.

The total number of different taxa at sampling site A
‘was 62 (Tab. 2). In all five periphyton samples taken at
sampling site A, the following species were found: Ach-
‘nanthes minutissima, Amphora ovalis, Diploneis ellip-
tica, . oblongella, Gomphonema angustatum, G, an-
gustum and Nitzschia linearis var. linearis. The most
common species were Achnanthes minutissima and
.Gomphonema angustatum. Achnanthes flexelfa, Cym-
bella amphicephala var. amphicephala, Diploneis eilip-
‘tica, Gomphonema angusturm and Cyrabeila descripta
are characteristic oligotrophic water species. Surirella
spiralis is a widespread species, characteristic of the river
springs and lakes with limestone ground, containing mid-
to high- fevels of electrolytes (Krammer & Lange-Bertalot,
1988). The species Caloneis alpestris, Cymbella ehren-
bergii, C. tumidula and Nitzschia angusiatula are wide-
spread and characteristic of karst waters rich in calcium
{Krammer & Lange-Bertalot, 1986, 1988).

At sampling site B, the total number of different taxa
was 116, at sampling site C 105, at sampling site D 89,
and at sampling site £ 94 (Tab. 2). Although the water
current was quite different between the individual sam-
pling points, the composition of the algal species did not
differ much.
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, 8290

40 O Zygnematophyceae
. 120 = B Chiorophyceae
£100 im: w El Buglenoph
- i - - 'Ceac
e : glenophy
_9: 0 @ Dinophyceae
= 4
z 42(; EXBacillariophyceae
g o { -
g JH ',,_‘ Iﬁrﬂj E3Chrysophyccae
A B CDETF T Florideophycsae
sampling sites
Cyanophyceae

Fig. 2: Algal community structure in the river Dragonja
and its tributary Pinjevec during the years 1998, 1999
and 2000 (A - source, B - Skrline, C ~ pool, D — slow
current, £ - strong current, F — estuary).

S1. 2: Sestava algne zdruzbe v reki Dragongi in v pritoku
Pinjevcu v letih 1998, 1999 in 2000 (A - izvir, B -
Skeline, € — tolmun, D - pocasi tekoca, £ ~ brzica, F ~
izliv).

The changes in biornass along the current occurred
mainly because of the differences in the pH values, tem-
perature, water level and the nitrate concentration (5za-
rek, 1994). Light has a greater impact on the composition
of periphyton than the water current, fevel and nitrate
concentration {OeNicola & Mcintire, 1990},

in al five periphyton samples taken at sampling sites
B, C, D and E, the following species were found: Ach-
nanthes flexelfla, A. minutissima, Anomoeoneis vitera,
Cymibefla affinis, C. cymbiformis, C. microcephala, Den-
ticula kuetzingii, Eunotia arcus, Fragilaria biceps and
Gomphonema angustum. The most abundant species
were Achnanthes minutissima, Cymbellz affinis and C.
microcephala. The species Rivularia haematites, which
can be found in stagnant and running waters on lime-
stone (Starmach, 1966), was present at sampling sites B,
C and E. On the same substrate, Amphipleura pelfucide,
Caloneis alpestris, Cymbella laevis and Tolypottirix
cacullata are also widespread (Starmach, 1966; Krammer
& lLange-Bertalot, 1986, 1991a). Batrachospermum
vagum, a characteristic oligotrophic water species (Hin-
dak et af., 1978), was found at sampling site E during the
summer 1998. At sampling sites B, C, D and E, Dino-
bryon sertularia was present, while at sampling site 8
Peridinium umbonaturn was established. Both species

.are characteristic of plankton (Hindak ef al., 1978). The
‘presence of plankton species in the rivers depends on the

water retention time in stagnant places.
The high species diversity was found at sampling site

F — the Dragonja river estuary. The total number of dif-

ferent planktonic and periphyton species was 121 (Tah.
2). By their nature, estuaries ate generally eutrophic and
dynamic systems. Consequently, the number of species
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Tab. 2: List of algal species occurring in the river Dragonja and its tributary Pinjevec during the years 1998, 1999
and 2000. Legend: 1 - single, 2 - rare, 3 - common, 4 - frequent, 5 — dominant species; A - source, B - Skrline, C -
pool, D - slow current, F — strong current, F - estuary.

Tab. 2: Vrsina sestava alg v reki Dragonji in v pritoku Pinjevcu v Jetih 1998, 1999 in 2000. Legenda: 1 — posamiéna,
2 - redka, 3 - obicajna, 4 - pogosta, 5 — dominantna vrsta; A — izvir, B - Skrline, C — tolmun, D - pocasi tekoca, F -
brzica, F - izliv.
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T Sampling site Batrachospermum vagum {Rath.} 3
axan B]CID]E]F | }Agardh
PROKARYOTA HETEROKONTOPHYTA
CYANOPHYTA CHRYSOPHYCEAE
CYANOFPHYCEAE Dinghbryot sertufaria Ehren, L I R A O
*Borzia trilocufatis Cohn Ti1 1 BACILLARIOPHYCEAE i
Calothsix parfetina (Naegeli) Thuret 1 Achnanthes delicatula (Kuetz.) Grun. i
Calothrix sp. 1 b Achnanthes flexelfa (Kuetz.) Brun Tl233i2)2})1
Dactylococcopsis rhaphidioides 1 Achnanthes faevis Oestrup I
Hansg. Achnanthes fanceofata ssp. kanceolala 1
*Cloeacapsa bituninosa (Bory) Kuetz. 1 1 var.fanceolata {Breb.) Gran.
Glococapsa montana Kuetz, 1 Achnanthes minutissima Kuetz, 5545151413
Gloeocapsa turgida (Kuetz.) I'oller, Tt *Achnanthes septata A. Cleve 5
Lyngbya cryptovaginata Schkorbatoff H Ad""-"_””’f’-‘ . . 1 Py
*Lyngbya perelegans Lemm. 1 f‘nmpfupieum pelucida lKugl:ﬂ) Kuetz. ] i .
Merismopedia glauca {Ehren ) Naegeli TR IR Amphora angusta (Greg ) Cleve 3
Merismopedia punctata Meyen 111 1 Amphota coffeaeformis (Agardh} 1 3
Nostoc pafudosum Kuetz. 1119 Kuetz, ) ]
Nestoc sp. 3 Amphora libyca Ehren. 1 1
*Oscillatoria laetevirens {Crooan} 1 Amphora montana Krass. L 1
Gomont Arophora ovalis (Kuetz.)) Kuetz, 1 IEEE RN
Oscitlatoria okenii Agardh 1 Amphora pedicolus {Kuetz.) Grunow 1
Oscillatoria subcapitata Ponomarenko 2 Aromoeoneis vitrea (Grun.} Ross A ERERENE
Phormidium ambiguum Gomont 1 Aulacoseira granufata (Eheen.} Simon. H
*Phormidium angustissimum W, & 113(3]2 *Bacillaria paradoxa Gnalin 1 1
G.S. West Calonets afpesteis (Grun.) Cleve IR EEEEERE
Phormidium auturnnale {(Agardh) Co- 2112y C.zfon{:':s' bacil ’U{'" {Grun.} Cleve 1
mont *Caloneis mofaris {Grur.) Krams. } 1
*Phormidium dimorphium Letmin. Caloneis pulchra Messik. o 1
Phormidium foveolarum (Mont.) Go- 2 Caloneis schutnanniana (Grun.) Cleve H
mon Caloneis silicula §. sificuta (Ehren,) 1
Phormidium fragife (Menegh.) Go- 2 Cleve )
mont Caloneis tepuss Greg. 1
Phomidium retzii (Agardh) Gomont 1t Cocconeis pedicuius Ehren. 2
Phormidium sp. IBREEEERR Cocconeis placentula Ehren, 1 3
Plecionemna sp. 1 Cydo!eﬁa oceflata Panto. 1 1
*Pseudanabaena papiflaterminata {3143t Cycloteila sp. ) L D T R
{Kiss.) Kukk *Cymatopleura solea var. apiculata 1 1
*Pseudospirelina amoena Pankow & 1 (W.Simith} Ra?fsl
Jahnke Cymbella affinis Kuetz. 114157151511
Rhabdoderma lineare Schmidle & 1 Cymbella amphicephala var. amphi- 121 iv 111
1 auter. cephala Naegeli
Rivufaria haematites (D.C.) Agardh 2 3|3 “Cymbella caespitosa {Kuetz ) Brun T
*Schizothrix friesii {Agardh} Gomont 1]2 Cymbela cesain (T\Taben:] (;‘"“'L 2131312
Schizothrix lateritia (Kuetz.) Gomont 211 1 Cymbella cisiula {Ebren.) Kirch. 24t b1
Schizothrix sp. ’ 1 Cymbella cymbiformis Agardh 2921111
Spirudina maior Kuetz. 1 Cymbella delicatuta Kuetz. IR I I
Spiruiina sp. _ *Cymbella descripta (Must.) Kramm. & § 1 | 1 {2 | 2 ) 1
*Spirulina tenujssima Kuetz, 1 Lan.-Bert . '
Synechococeus cedrorum Sauvageau 2021111 C)’”’bega. ehrenbergii Kuetz. ! .
*Synechocystis septentrionalis Skuja 1 Cymbelia i'rei velica Kuetz. [ ¥
“Tolypothrix cucullaia Jaag alits]2 Cymbelia incerta (Grun.} Cleve 1
EUKARYOTA Cymbella laevis Naegeli 211 i
RHODOPHYTA Cymbelfa microcephala Grun. 3i3[2fafsf
FLORIDEOPHYCEAS Cyrabelia prostrata (Berk.) Cleve 1Tyt 1 1
Audouinefla chalybea (Lyngbe) Fries i *Cymbelia pusilla Grun, LIRS 3
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Cymbella rupicola Gran.

Cymbefla sifesiaca Bletsch

Cymbella sinuata Greg.

Cymbella subasqualis Grun.
Cymbella turida (Breb.) Van Heurck
*Cynibella fumidila var, fancetivla
Kramm.

Cymbella tumidula vas. tunidula
Grun.

*Denticula kueizingii Grun.
*Desticula subtilis Grun,

Denticula tenuis Kuetz.

*Diatoma ehrenbergii Kuetz.
Diatoma tenuis Agardh

Diploneis elliptica Kuet2.} Cleve
Diploneis oblongella (Naegeli} Cleve-
| Euter

Funotia arcys Ehren.

Funotiz exigua (Breh.} Raben,
“fragilaria biceps (Kuetz.) Lan.-Bert.
Fragifaria capucina Desm.

4 Fragifaria construens Ehien.
Fragilaria fasciculaia (Agardhl Lan.
Bert,

*Fragilaria mortana (Krass.] Lan.-Bert.
Fragilaria tepera (W .Smith) Lan.-Bert.
Fragifaria ufna var. acus (Kuetz.) Lan.-
| Bert.

Fragilaria ulna var. ulna (Nitzsch)
Lan.-Bert.

Frustulia riomboides (Ebren.) De Tonit
*Frustulia spicula Amosse

Frustulia vulgaris {Thwait)) De Toni
Gomplonema acuminatun: thren.
CGomphonema angustatum {Kuetz.)
Raben.

Gomphonema angustum Agardh
Gomphonema clavatum Ehren.
‘Gomphonema olivaceum (Horn.}
Breb.

Gomphoneina parvaium Kuetz.
Gamphonema truncaium Eheen.
Gyrosigma acuminatum {Kuelz.}
Raben.

Gyrosigma attenuatum {Kuetz.} Raben.

*Cyrosigma nodiferum {Grun.} Reimer

*Gyrosigma tenuissimum (W . Stnith)

Cleve

*Gyrosigma wansbeckii {Dankin}

Cleve

Hantzschia amphioxys (Ehren.} Gron,
tastoglofa smithii Thwait.

*Melosira moniliformis (Muell}

Agardh

*Melosira nummuloides (Dilbwyn)

Agarcdh

Melosira varians Agardh

Meridion citculare {Grev.) Agardh

*Navicufa accomoda Hust.

Navicula bacitturm Ehren,

*Navicula bryophita Pet.

Navicula capitatoradiata Germ.

Navicula contenta Grun,

Navicula ceyptocephala Kuelz,
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Navicula cryptotenelfa Lan.-Bert.
Navicula cuspidata Kuetz,
*Navicida duerrenbecgiana Hust,
Navicula elginensis (Greg. Ralfs
*Navicula gregariz Qonkin
Navicula halophila (Grun.) Cleve
*Navicula incertata Lan.-Bert.
*Navicufa libonensis Schoernan
*Navicula margalithir Lan,-Bert.
Navicula mutica var. mutica Kuetz.
Navicufa oblonga Koetz.

“Navicula oppugnata Hust.
*Navicula pseudaokatschyi Gron.
Navicula pupula var, pupuia Kuetz.
Navicula radiosa Kuetz.

*Navicula recens Lan.-Bert.
Navicala rhynchacephala Kuelz.
*Navicuta salinarum Grun.
Navictda sp.

Navicufa tripunctata (Muelt) Bory
Navicula trivialis Lan.-Bert.
Navicula veneta Kugtz.

Navicila vitiosa Schiman.

Neijdiut affine var. affine (Ehren.}
Pfitzer

*Neidium bistfcatum (Lagerst.) Cleve
*Neidium ladogensis (Cleve) Foged
Nefdium productum (W.Smith} Cleve

Nitzschia angustata {W.Smith} Gran,
*Nitzsclia angustatula Lan.-Bert.
Nifzschia brevissima Grun.
*Nitzschia compressa var. compressa
{Baifey) Boyer

*Nitzschia constricta {Kuetz.) Ralfs
Nitzschia dissipata (Kuetz.} Grun.
Nitzschia dulsic W, Stnith

Nitzschia fonticofa Grun.

Nitzschia frustufum (Kuetz.) Grun.
Nitzschia granufata Grun,
*Nytzschia levidenses var. salinarum
Grun,

Nitzschia linearis {Agardh] W.Smith
Nitzschia Hnearis var. finearis
{Agardh) W, Smith

*Nitzschia longissima var. genuing A.
Cleve

*Nitzschia foreniziana Grun.
Nitzschia microcephala Grun.
*Nifzechia navicufasss (Breb.} Grun.
Nitzschia palea (Kueiz.) W. Smith
Nitzschia parvola Lewis

Nitzschua recta Hant,

Nitzschia recta var, recta Hant.
*Nitzschia scalpelliformis Grun,
*Nitzschia sigma (Kvetz.) W. Smith
Nitzschiia sp.

*Pinnufaria divesgens W.Srith
Pinmfaria interrupta W. Stith
Pianularia maior (Kuetz.) Raben,
Phreslaria infcrostasron var. mi-
crostauron {Fhren ) Cleve
*Pinnularia rupestris Hant.

Nitzschia amphibia . amphibia Grun.

- hJ

19

b B e -

~

(53

e

vy

=]

[=%3

-

N S o~

[ 383

o

—hD —

87




ANNALES . Ser. hist. nat.

<13 -2003 1

Aloksandra KRIVOGRAD KLEMENCIC ef al.: ALGAF IN DEAGONA S1VER, §3-90

in the flora is variable and sometimes high {Kifham &
Mavuti, 1990). However, Remane & Schlieper {(1971; in
Kies, 1997} discavered just the opposite, that the fowaest
number of spacies occurs i brackish waters. The num-
ber of species increases with the distance from brackish
water towards fresh and salty water. Planktonic algae
entering the estuary from upstream reach their upper
fimit of salt tolerance at approximately 5 %o, while ma-
rine planktonic algae entering the estuary from the sea
approach their Jower limit in the salinity gradient at
about the same point. Fresh-water, brackish and marine
algal species were present in the Dragonja river estuary.
In the Warri/Forcados estuary in Nigeria, the phyto-
plankton community was composed of fresh-water,
brackish and marine species as well. Fresh water species
mainly belonged 1o Chiorophyceae, Bacillariophyceae
and Cyanophyceae, brackish species mainly to Bacil-
lariophyceae, and marine species mainly to Bacillasio-
phyceae and Dinophyceae (Kilham & Mavuti, 1990).
Chindah & Pudo (1991) found similar results during their
research on algal communities in the estuary of the
Bonny river in Nigeria, where Bacillariophyta constituted

~'more than 50% of fresh water and brackish species.

- Euglenophyceae and Chlorephyceae occusred mainly in
© thosé parts of the river estuary, were fresh water was
predominant. i the Dragonja river estuary, the marine

*Pinnularia subcapitata var, hilseana 1{1 ]|t Fuglena sp. i

tfan.) Muelt. CHLOROPHYTA

Pinnularia subcapitata var. subcapitats 1 CHLOROPHYCEAE

Greg. Bulbochaete sp. T

Finpularia viridis {Nizzscl) Ehren. ] 1 Cladophora fracta Kuetz, 1 1t

*Pleurosigma salinarum Gron. 3 Cladophora sp, i

*Pleurosigrua strigosum W. Smith 1 Coelastrum reficulatum (Dang.) Senn. 1

Rhoicosphenia abbreviata {Agardh) tE1 ]! t Enteramorpha sp. 4

Lan,-Bert. Microspora amoena {Kuetz.) Raben. i

*Rhopalodia brebissonit Krammer 1 Microspora pachyderma (Witle) 1

*Rhopalodia constricta (W. Sietith} 1 lagerh.

Kramm. Oedogonium sp. CH S O O IO O O O

Rhopalodia gibba (Ehren.) . Muell. TlrET Qacystis pusitta Hansg. 1

Stauroneis anceps Ehren, 1 Qaocystis sp. i Tt

Stauroneis phoenicenteron (Nitzschj 1 Pediastrum integrum Naegeli H

Ehren. Scenedesmus brasiliensis Bohl, 111

Stauroneis smithif var, smithii Grun, 1 Scenedesmus serratus (Corda) Bohl. 1

Surirelfa angusta Kuetz, 1 Trentepohlia aurea (L.} Martius 241 11

Surirelia bifrons Ehren. i Ufothiix tenerrima Kuetz. 1

Suriretla biseriata Breb. 1 Uilathix zonata (Web. & Mahr.) 1

*Surirella brebissonii Krarnm. & Lan- | 1 3 Kuetz.

Berl, Uronera confervicofum Lagerh. 1

*Surirella constricta W. Smith 1 ZYGNEMATOPHYCEAE

Surirella spiralis Kuetz. 1 1 Closterium conu Ehren, it

DINOPHYTA Cosmarium achtodes Nordst. Tyttt

DINOPHYCEAE Cosmarium sp. 111 Ti1

Peridinium bipes Stein 3 Mougeotia parvula Hassal, 1

Peridinium umbonaturn Stein 2 Maugeotia sp. T{1 vt

EUGLENOPHYTA Spirogyta sp. 1 ¥

EUGLENOPHYCEAE Zygnema sp. 211413¢81
Total No. of species 62 [116{1051 89§ 94 1121

* Algae first recorded in Stovenia

and brackish algae were almost exclusively diatoms as:
well. In the Dragonja estuary, the following marine spe-.
cies were present: Achnanthes septata, Amphora an-
gusta, Gyrosigma tenuissimum, G. wansbeckii, Nitzschia
longissima var. genuina, Pleurosigina strigosurn and £n<
teromaorpha sp., and the following brackish species: Me-
losita moniliformis, Denticula subtilis, Navicula duer-
ronbergrana N. halophila, N. incertata, N. recens, Pleu-
rosigma salinarum, Nitzschia compressa var. comnpressa,
N. granulata, N. lorenziana, N. levidensis var. salinarum,
N. navicularis, N. sigma and Rhopaladia constricta. Very
similar brackish and marine species were found in the’
estuaries of other rivers around the world {Freese, 1952;
Hendey, 1958; Wood, 1968; Kilham & Mavuti, 1990).
This indicates a cosmopolitan nature of the majority of
the above listed algal species. Diatoms predominated in-
the estuary of Dragonja river, which is similar to th
findings by other authors from rivers’ estuaries {Chindah.
& Pudo, 1991; Kies, 1997).

In all five periphyton and phytoplankton samples’
taken at sampling site F, the following species were pres
ent: Achnanthes septata, Cocconejs pediculus, Gyro-
sigma acuminatum, Navicula mutica var. mutica and’
Nitzschia frustulum. Achnanthes septata and Nitzschia:
frustufum were the most frequent species,

65 algal taxa recorded for the first time in Slovenia’
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were determined in the Dragonja river and its affluent
pPinjevec (Tab. 2). 13 taxa belonged to Cyanophyceae
and 52 to Bacillariophyceae. The highest number of the
taxa recorded for the first time (38} was determined in
the Dragonja river estuary (sampling site F), belonging
mainly to the genus Nitzschia (9) and Navicula (6). Ma-
rine and brackish species were predominant, which did
not occur at other sampling sites.

CONCLUSIONS

At the five sampling sites on the Dragonja river (A, C,
D, E, F} and at the single site on its tributary Pinjevec (8),
the total number of algal taxa was 238, 170 taxa be-
longed to Bacillariophyceae, 38 to Cyanophyceae, 17 to
Chiorophyceae, 7 to Zygnematophyceae, 2 to Florideo-
phyceae, 2 to Dinophyceae, 2 to Chrysophyceae, and 1
to Euglenophyceae. 20 taxa were present at all sampling
sites: Phormidium autumnale, P. sp., Achnanthes flex-

efla, A. minutissima, Caloneis alpestris, Cymbella affinis,
C. amphicephala var. amphicephala, C. microcephala,
C. silesiaca, Diploneis oblongella, Eunctia arcus, Fragi-
faria biceps, Gomphonema angustatum, G. angustuin,
Navicula radiosa, N. veneta, Nitzschia dissipata, N. line-
aris var. linearis, N. palea and Oedogonium sp.

Among 238 taxa, 65 were recorded for the very first
tirae in Slovenia. 13 taxa belonged to Cyanophyceae and
52 taxa to Bacillariophyceae. The highest number of the
taxa recorded for the first time was determined in the
Dragonja estuary. Marine and brackish species, which
did not occur at other sampling sites, were predominat-
ing. As the algal species composition between sampling
sites C, [0 and E {which differed mainly due to their water
currents) did not vary a great deal, it can be concluded
that the speed of the water current did not have a signifi-
cant influence on the compasition of the species of algal
communities,

ALGE V REKI DRAGON]

Aleksandra KRIVOGRAD KLEMENCIC
5i-1290 Grosuplje, Cuiperk 51

Danijel VRHOVSEK
Limnos d.o.0., SI-1000 Ljubljana, Podlimbarskega 31
E-mail: info@limnos.si

Gorazd KOSI
Nacionalni indtitut za biclogijo, 51007 Ljubljana, Velna pat 111

POVZETEK

V obdobjti med letoma 1998 in 2000 smao v razlicnih feinih Casibh vzordevali perifitonske in planktonske alge v
reki Dragonji, pritoku Pinjeveu in v brakicnem predely izliva Dragonje. Namen raziskave fje bil ugotoviti vistno
sestavo in relativno abundanco algniti zdruZb na obmodju, ki je predvidenc za regijski krafinski park. Identificirali
sine 238 taksonov alg. Previadovale so kremenaste alge (170 taksonov), sledife so cianobakterije (38 taksonav) in
zelene alge (17 taksonov). Druge skupine alg so bile zastopane le 5 posameznimi predstavniki. Zasledili smo vedje
Stevilo v Slovenifi prvic opaZenih taksonov, ki 50 vezani predvsem na brakicni del izliva Dragonje. Med 65 v
Sloveniji prvi¢ apaZenimi taksoni je 13 taksonov pripadalo skupini cianobakterif in 52 kremenastimn algam. Visoko
Stevilo teh taksonov je posledica neraziskanosti brakicnih algnih zdruZb v Sloveniji. Primerjava zdruZb v razlicnih
predelify reke Diagonje (tolmun, brzica, podasi tekoci predel) ne kaZe bistvenih razlik v vrstnem sestavu algnih

zdruzb.

Kljuéne besede: aige, reke, izviri, brakitne vode, jugozahodna Slovenija
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ABSTRACT

International cg-operation is necessary for an efficient study of karst springs with rechaige areas that extend in
the territory of more than one country. Such example is the Miini spring, which was studied within the framework of
the Slovene-Croatian programme for scientific co-operation. The spring has been included into the network of the
national monitoring of Croatian waters since 1996, and in the planned research detailed measurements of physical-
chemical parameters of water were carried out in the chosen water wave formed by intensive precipitation after a
prolonged dry period. The obtained results confirm the importance of such additional detailed monitoring that en-
able us 1o detect, under adequate hydrological conditions, extreme values of certain parameters of water quality,
which could not be detected by regutar monitoring.

Key words: Mlini karst spring, monitoring, water quality, Istria, Croatia, Slovenia

RICERCA IDROCHIMICA DELLA SORGENTE DI MLINI, ISTRIA
SINTESH

Per una ricerca efficiente delle caratteristiche defte sorgenti carsiche, Pentroterva delle quali si estende nel territo-
rio di pilr di una nazione, & necessaria una coflaborazione internazionale. Un valido esempio ne & [a sorgente di
Miini, che & stata studiata nell’ambito del programma di collabarazione scientifica sloveno-croato. Dal 1996 tale
sorgente fa parte del progranina nazionale di monitoring delfa qualita delle acque croate. Nella presente ricerca so-
no state poste in rifieva le misurazioni dei parametri fisico-chimici deli’acqua nelf’ondata provocata da forti piogge,
a seguita di un lungo periodo di siccita. ! risuliati hanno cenfermato l'importanza di tale monitoring aggiuntivo con
it quale & possibile, in condizioni idrologiche adeguate, rilevare valori estremi di alcuni parametri di qualita
dell’acqua, che non posseno venir misurati durante il monitoring abituale.

Parole chiave: sorgente carsica di Mlini, monitoring, qualita dell’acqua, {stria, Croazia, Slovenia
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INTRODUCTION

The fack of available waler resources, along with the
increasing need for water, detertoration of its guality and
difficulties owing to the exceptionally high waters and
erosion, present the principal problems we are con-
fronted with both in Slavene and Croatian territories, For
several decades, the researchers from both sides of the
border have been quite successful in their attempts to
provide solutions. The results of numerous investigations
were consequently published, yet the joint projects,
which weuld in an all-embracing way and in multidis-
ciplinary manner deal with the water systems in the
border regions, are still facking, Owing to the fact that
the hydrological division of the water basins usually
does not match the political boundaries and considering
that the recharge areas of water sources may extend into
the territory of two or even more countries, the need for
an international co-eperation is even greater.

The precondition for a successful managing of water
resources is good knowledge of hydrological and hy-
drogeological characteristics of the area; of signilicant
importance, however, are also the data on the changes
in the water quatity. Our collective work within the Slo-
vene-Croatian Intergovernmental Programme for Coop-
eration in Science and Technology from 1999 to 2001,
»The Hydrological Analysis of Karst Waters«, was for
that reason first directed into gathering basic informa-
tion. Cur objective was to assess the hydrological char-
acteristics of water phenomena in the border area of
Slovenia and Croatia, to elaborate the hydrolepical
maodels of individual karst springs’ functioning, as well
as to analyse their mutual interconnection and optimal
functioning.

It needs to be emphasised that a great deal has al-
ready been done as far as protection and ecology are
concerned. We used the extamt hydrojogical and hydro-
geological data for the initial regional quantitative
evaluation of the hydrological and hydrogeological pa-
rameters of water sources as well as a basis for the plan-
ning of our joint research. Within such framework we
consequently conducted, in the autumn of 2001, a de-
tailed two-month monitoring of the water quality at the
karst spring Mlini, which has been included in the net-
wark of national monitoring of the Croatian waters since
1996. We embraced the short period of low water level,
which was followed by short yet intensive precipitation
forming the water waves, as well as the prolonged pe-

- riod of recession and the establishment of stable condi-
~tions, The aim was to compare the results of such de-
" tailed ohservation of water waves unider specific hydro-
iogiral conditions with the data gathered through
m(mitonng with regular sampling at longer intervals,
‘Our supposition was that such additional survey could
detect extreme values of certain parameters of water
quality ' th(h could not be detected by regular moni-

tortng, and in this way provides important additional
information.

Geological composition and hydrogeological charac-
teristics

The Miini spring is situated in the belt of the reverse
fault, by means of which the carbonate massil of
Ci¢arija Is thrust onto the flysch strata. This geologically
highty interesting structure, which in its geo-tectonic
sense belongs to the Adriatic carbonate platform or
Adriatic (Herak, 1991) is formed in the NE by the folded
Cretaceous carbonate layers, whereas in the SW by the
thrust and scale-like composition structure of Paleogene
fimestones (Plenifar ef al., 1969). The bhasic structure is
traversed by Dinaric faults, whose presence has an ef-
fect on the specific hydrogeological refations and karst
peculiarities.

The imbricate structure of the Cidarija has originated
due to pressures from NE towards SW. The same pres-
stres are demonstrated in the thrust of the High Karst
{Trnovski gozd, Nanos, Hrusica, Snefnitke pogorje} in
the territory of Eocene clastic rock of the Vipava and
Reka basins. In the High Karst unit, real thwust may be
present, whereas in the unit of Citarija real thrust is pre-
dominantly not to be found; what predominates is the
forming of scale-like structures. The terrain in this area is
built up by well permeable foraminiferal limestones and
by less permeable to impermeable flysch layers, These
flysch strata, which occur in the synclinal parts of iso-
clinal and tectonically reduced folds, are relatively close
1o the surface and have the function of hanging barriers.
Such conditions were also indicated by the tracing test
resufts (Fig. 1).

The region of istria covers the edge of the Adriatic
carbonate platform with a special impact on the forma-
tion of the karst aquifer and the guality of water within
it. On the basis of the hydrogeological research con-
ducted till now, we ray estimate that rocks have vari-
ous permeability, which ranges from high to low, de-
pending on the content of dolomite in the lithelogical
composition of individual stratigraphic sections.

Hydrological characteristics

The zone of Mlini karst springs is located in the mid-
die part of the surface strearn of BraCana, which is the
most jmportant tributary of the river Mirma (Fig. 1). It
comprises one permanent spring, which hursts out at an
altitude of 90 m, and two springs at an alsitude of 110
m, which are active only during high waters. During
more intensive precipitation some water outflows in
them also from the Jama pod Krogom Cave, which inter-
sects the Slovene-Croatian border. in the cave, there is a
permanent water stream that during higher water levels
flows over the entrance at an altitude of 144-m as.l.
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Fig. 1: Ltocation map and the presentation of results of tracing tests in the wider area of Mlini springs: 1 - state
barder; 2 - automatic water sampler; 3 — spring; 4 ~ precipitation station; 5 - hydrological station; 6 ~ hydro-
graphic network; 7 — surface watershed of the Bradana; 8 - hydrogeological watershed of Miini spring; 9 - surface
watershed of the Bracana — Abrami station,

Si. 1: Pregledna karta in prikar rezultatov sledenja na Sirsem obmocju izviroy Mlini: 1 — drZavna meja; 2 - avto-
matski zajemainik; 3 — izvir; 4 - padavinska postaja; 5 - hidroloska postaja; 6 — hidrografska mreZa; 7 ~ povidinska
razvodnica Bracane; 8 - hidrogeoloska razvodnica izvira Mlini; 9 —~ povriinska razvodnica Bralane - postaja
Abrami.
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Tab. 1: Characteristic hydrological parameters of the Bracana surface stream at Abrami station and of the Mlini

springs.

Tab. 1: Karakteristi¢ni hidroloski parameftri povisinskega toka Bracane na postaji Abrami in izvirov Miipi.

Month

Param. i il molow v ove v v | oIx X xi | xn |annual

mean

Hydrologicatl station ABRAMI — BRACANA (discharges in m'/s)
Period of measurement: 1985-1998
 Quoean 092 { 072 } 062 1 066 | 046 | 042 { 014 | Q.09 | 0.21 | 078 | 098 | 0.85 | 0.57
S 077 | 061 1 0.54 1 0.32 | 050 | 054 1 0.12 1 0.07 | 8.24 | 1.02 |1 .69 | Q.73  0.18
Cy 0.864 | 0.85 | 0.87 1 048 | 1.07 | 1.27 | 991 1 680 | 113 | 1.31 | .70 | Q.85 | 0.32
Qunin 0.04 | 003 1 006 | 0,21 } 011 1 0.04 [ 002 1 6.0V | 001 | 0.03 | 0.05 | 06.09 | 0.37
L 252 | 230 | 174 §} 1.34 1 2031 2111045 10624 | 0.77 1 297 | 242 | 218 1.01
Qpio 0.04 1 002 1 001 1006 { 0.02 § 0.02 J]0.60210.0021C01 {001 ] 0.02 { 0.64 | 6.002
_QL,,,, 21,80 153031760 115201 20.00§29.704 7.98 | 550 | 16.30 149,90 | 25.60 { 25.90 | 49,90
Hydrological station ABRAMI - BRACANA (discharges in m’/s)
Period of measurement: hydrolegical year 1986/1987
| Quugan 006 { 017 1 040 { 0.76 | 0.99 | §.25 | 0.50 § 0.79 | 0.25 {1 0.08 } 0.23 | 0.07 | 0.38
Quin 003 1 603 1005 1006106161011 1019 ) 0131016 1005 | 005 ) 0.03 | 003
[Qmax 041 ] 6,20 | 930 | 845 | 648 § 2.32 | 3.54 | 747 | 099 | 016 | 400 | 0.81 3.30
Hydrelogical station MLINI SPRING (discharges in m™/s)
Period of measurement: hydrological year 1986/1967
Omean 0.02 { 0.14 § 031 {1 026 1 065 1 0.12 1 025 1 045 | 003 | 002 |1 0.16 | 0.02 | .20
Quin 00210031003 100210131002 007 100310021 00210021002] 002
82.'# 012 1 280 |1 329 {1.49 | 329 | 149 | 257 | 257 ] 0.04 | 002 | 2.34 | 0.02 | 3.29
Tab. 2: Mean monthly and annual precipitation at the Abrami and Movraz stations.
Tab. 2: Srednje mesecne in letne padavine na postajah Abrami in MovraZ.
Month
beriod |, o lm o v v v vin ] o ] x| x| o |

mean
Precipitation station: ABRAMI (precipitation in mm)
1961-98 88 71 83 91 96 106 §2 101 115 119 129 93 1174
1986/867 59 61 74 57 108 24 70 137 95 61 89 62 937
Precipitation station: MOVRAZ {precipitation in mm)
1961-90 1317 143 110 106 85 105 106 100 108 87 115 116 1300
1986/87 64 67 54 101 113 43 62 129 82 84 128 133 1095

{Habic et al., 1983). The minimal flow rate of springs is
0.015 m’/s, yet with their average common discharge of
0.2 ma'/s they contribute, in place where they flow into
it, around 50% of the Bracana’s entire water volume.
The spring is captured for the water supply of the mlini
village.

The data on discharges of the Mlini springs are rare
and related to the short-term periods of measurements or
temporary observations. According to the available data,
* the first monitoring of the spring results are linked to the

L «penod 1971/72, when the flow rate ranged between
© - 0.032.m%s and 2.2 m¥s. For the annual monitoring with

1he slaff gauge in the hydrological year 1986/87 the

measumd mean annual discharge amounts to 0.199
m’fs, with the fluctuation of daily discharges between
0.019 m’fs and 3.293 m’fs. During the temporary ohser-
vation in the 1994/95 interval, the discharge ranged
between 0.013 m’/s and 3.244 m*/s. n the period from
11 September to 12 December 2001, however, the dis-
charges measured within the framework of the joint Slo-
vene-Croatian project ranged between 0.020 m*s and
2.199 m’/s.

The closest pesmanent limnigraph station on the
Bracana surface stream is Abrami station, towards which
19.4 km” of the flysch recharge area and a part of tie
karst aquifer, which is discharged through the spring
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Miing, is heing drained. if Bracana's mean discharge of
0.570 m’fs is taken into account for the 1985-1998 pe-
riod, the average annual precipitation volume measured
at the precipitation station Movraz and Abrami, which is
equal to 1165 mun, and the mean annual evapotranspi-
ration for the region of Istria, which is 725 mm (Pristov,
1998), we may estimate the total extent of the Bracana’s
recharge area at approximately 41 kan’, which would
signify that the share of the karst recharge area amounts
to around 21.6 k™.

The comparison of the measured discharges of the
Bracana stream and Mlini springs is demonstrated tn Ta-
ble 1, whereas in Table 2 we inserted the mean mornthly
and annual precipitation measured at the precipitation
stations Abrami and MovraZ,

Both hydrological and precipitation data indicate
that the hydrological year 1986/87 was relatively dry.
For the hydrological station Abrami, the yearly runoff
coefficient of 0.29 was calculated for the year 1986/87.
The monthly runoff ceefficients range between 0.09
{September and October} and 0.67 (January). With re-
gard to the hydrological conditions, these values prove
to be in accordance with the regionally determined val-
ues of the runoff coefficient (Zugaj, 1995).

i the period from 1 September to 12 November
2001, the gauging station Mlini was temporarily restored
and we were able to measwre the total discharges of
permanert and intermittent springs. For this period, fig-
ure 2 displays mean daily discharges of the Mlini spring
and of the Bracana surface stream at the Abrami station
as well as mean daily precipitation at MovraZz and
Abrami stations.
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Fig. 2: Daily discharges and precipitation in the Sep-
tember — November 2001 period.

S1. 2: Dnevni pretoki in padavine v obdobju september
- november 2001,

The previous period of summer 2001 was exception-
ally dry and for that reason the first rainfall in the begin-
ning of September, which exceeded 20 mm, was not re-
flected in the increase of the discharge. Due to the in-
terception on the vegetation cover, enlarged evapotran-
spiration and the filling in of soil moisture deficit the ef-

a5

fective infiltration proved to be practically negligible.
Only more intensive precipitation on .15 September
{68.4 mm at Abrami and 84.6 mm at Movraz station) re- -

subted in a significant increase of discharges, Within the
next days the rainy period continued and in September -

of 2001 the minfall quantity amounted to a double av-
erage quantity common for this month, Characteristi-
cally higher were also the average discharges. Precipita-
tion in October and November were, however, once
again below the average values.

The analysis of interrelations between daily precipi-
tation at Abrami and Movraz stations indicated a high
correlation (R'=0.96):

HMOVF\‘AZ = 11 7.‘ » HABE!AM! — [)45 {mrn)

We also compared daily values of discharges at the
Mlini springs and BraCana stream. Subsequent to the
two-mnonth observations discharges of the fonmer ranged
between 0.020 m’/s and 2.199 m'/s having an average
value of 0.243 m?/s, whereas the {atter ranged between
0.032 m's and 6.44 m*s with an average of 0.530 m’/s.
The share of water from the Miini springs in the Bracana
surface stream at Abrami station was thus around 44%.
Within the analysed scope of discharges, the level of
correfation proved to be very high (R’=0.968), whereas
the determined linear dependence does not apply to the
discharges larger than approximately 2 m*/s in case of
Mlini and 4-5 m*s in case of Bradana, since due to the
restrained outflow of the underground waters the dis-
charge of Mlini springs does not follow the rise in the
surface Bracana stream.
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Fig. 3: The share of Mlini springs in the total discharge
of the Bracana stream.
S 3: Delez izvirav Miini v skupnenr pretoku Bracane.

A comparison of shares of discharge of the Mlini
springs in the total discharge of the BraCana at the
Abrami station is also interesting. In figure 3, these
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shares are represented during both most intensive pre-
cipitation events. The considerable decrease in the share
of the Mlini spring just before the rise of discharges indi-
cates that the swrface Bratana stream with jts flysch re-
charge area reacts characteristically faster to precipita-
tion than the Mlini karst spring. We may also find out
that within a fonger period of dry weather the Miini
spring represents the principal source of water in the
Bracana stream {around 50%].

We may thus conclude that the selected two-month
period of monitoring physical and chemical characteris-
tics of the Mlini spring proves to be of hydrological in-
ierest primarily due to the possibility of observing the

reactions of the spring and the surface stream o the first
precipitation after the prolonged period of dry weather.

MATERIAL AND METHODS

At the Miini karst spring we also conducted, between
11 September and 14 November 2001, a two-month
detaited monitoring of the composition of its water. Thus
we covered a short period of low waters that was fol-
lowed by a brief yet intensive precipitation forming wa-
ter waves, as well as longer period of recession and a
fonger period of reestablishment of stable conditions.

Tab. 3: The applied methods of analyses are 1SO methods (10253:1994; 7888:1985; 5813:1983; 5815:1989; 9963~

1:1994) (APHA, 1995), and DIN 38409 H18 method.

Tab. 3: Uporabljene ISO metode (10253:1994; 7888:1985; 5813:1983; 5815:1989; 9963-1:1994) (APHA, 1995) in

DIN 38409 H18 metoda.

Indicator Method Detection limit

temperature *St.Meth. 2550 B.

pH 1SO 10253:1994.

Conductivity — SEC 1SO 7888:1985 1 wSfcm

turbidity wirbidimetrical 5 maSiOuf

dissolved oxygen 150 5813:1983 0.01 mg(Q,/}

BOD, 150 5815:196Y9 0.01 mgQ4/

COD ~ permanganate method according to Kubel Tiemann 0.01 mgO,/

alkalinity iSO 9963-1:1994 0.002 nmmol CaCO4/l

chlorides St. Meth.4500-Cl B. argentometric 0.1 mg/l

sulphates St, Meth. 400-SQ, E. turhidimetric 1 g/t

hardness — total St. Meth. 2340 C. complexometric ({DTA) 0.002 mmol CaCO,/t

total solids dried at 105 °C St. Meth. 2540 B. gravimetric 0.001 mgfi

total suspended solids dried at  [St. Meth. 2540 D, filtration through GF 45 um, gra- 0.001 mgf

105 °C vimetric

ammonia spectrophotometric with fenolate hypochloritome 0.007 mpNA

nitrites St. Meth. 44500-NO; 8. spectrophotometric with a- 0.001 mgN/i
naltilamine and sulfinic acid

nitrates St. Meth, 4500-NO; B. 0.01 mgiN/l

organic nitrogen St. Meth, 4500-N,,,. B. digering in the acid media, spec-
trophotometrical as ammonia

St. Meth. 4300-P E. specirophotometrical with ammonia-
modibdate and ascorbic acid

digering, followed by a procedure as with ortho-
phosphates

0.001 mgN/l

ortho-phosphates 0.005 mgP/t

total phosphorus 0.005 mgP/i

oil and grease, mineral oils DIN 38409 H138 (.002 mg/l
Mn, Cu, Cr, Pb AAS — flameless technigue (graphiie) 1 g/l
Cd AAS — flameless technique {graphite) 0.1 pgh
oo 1K, Na, Ca, Mg AAS ~ flame technique 2.1 me/l
ColZo AAS — flame technique S up/l
‘|Fe - AAS — flasne technique 10 ug/l

L MF technigue, selective bases, number/100m|
. §aerobic mesophile bacteria N/37

ngrient agar 37 °C, number /m}
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The measurements of discharge, temperature, pH
and the specific electrical conductivity (SEC) were car-
ried out by means of YS! 600 probe at 5-minute intervals
and were then saved in a datalogger with (SCO 6700
portable sampler. At the same time and within the set
interval {every 6 hours at the beginning and three times
per week later on), water samples were also collected.
Parallel with the sampling we manually measured tem-
perature of the spring water by means of a quicksitver
thermometer and also manually, gathered some samples
to determine the quantity of dissolved oxygen, oil and
grease, mineral oils and heavy metals {cadmium, cop-
per, zing, iron, manganese, total amount of chromium
and tead). In the laboratory, the samples taken by auto-
matic sampler were analysed on pH, SEC, turbidity,
presence of suspended sclids, total solids, alkalinity, to-
tal hardness, chlorides, sulphates and indicators of nu-
trient substances: ammonia, nitrites, nitrates and organic
nitrogen. We also determined the phosphates, total
phosphorus, sodium, potassium, calcium, magnesium,
COD-permanganate and BODs, UV absorption and
bacteriological analyses (total coliform bacteria, faecal
coliform bacteria, Taecal streptococet and the number of
aerohic mezophile bacteria at 37 'C — N/37). The analy-
ses were conducted in the Institute for Public Health of
the Istrian region in Pula, whereas the methads used in
determination are to be found in Table 3,

RESULTS AND DISCUSSION

Temperature, pH, specific electrical conductivity ~ SEC
and total suspended solids

Measurements of temperature, SEC and pH by means
of Y51 600 probe were untit 11 October unfortunatety
absent for an unknown reason. in the period until 23
October, we occasionally detected some difficulties in
measuring SEC and pH, most probably due 1o the fallen
leaves carried by water and accumulated around the
probe. The temperature measurements were performed
with no problems at all. The entire period of monitoring
proved to be very stable, ie. from 12.7 o 12.8 *C,
which was also confirmed by the manual measurements
with quicksilver thermometer during every manual sam-
pling.

By means of YS 600 probe, we measured the pH
values within the interval from 7.0 to 7.4 and the aver-
age value 7.2. The pHl measurements of the collected
samples performed in the laboratory demonstrated
higher values ranging from 7.2 to 8.0 and the average
value of 7.7, which is probably a consequence of the
heating and airing of samples in the automatic sampler,
since they remained closed in it for up o 5 days, and
due to the transport to the laboratory.

The measurements of SEC by means of YS| 600
probe after 11 October, provided to eliminate greater

variations due to the given difficuliies, displayed an
even increase of values between 478 and 510 pSicm
with an average value of 489 uS/cm, In the period from
18 October until 6 November 2001, these values
matched very well with the 58C measurements con-
ducted in the laboratory, which yielded slightly lower
values (Fig. 4). Hawever, we have no reasonable expla-
nation for the measurement differences occurring after 6
November. :

At the time of the first two water waves, the SEC de-
creased {laboratory measurement), as actually expected.
From 14 to 19 September 2001, the SEC decreased from
436 pSfom to 409 pS/iom, and then rose to 461 pS/ce.
Simultaneously, with the increase of discharge and de-
crease of SEC, the turbidity markedly increased as well,
whereas the quantity of total suspended solids increased
o a lesser degree (Fig. 4), which indicates a greater
transfer of small, solid particles and the lower quantity
of dissolved substances due to the inflow of less miner-
alised water. This was additionally corroborated by the
measurements of alkalinity, calcium and total hardness.
During the next water wave on 24 and 25 September,
however, we detected no decrease in SEC and no de-
crease in calcium and alkalinity. This perhaps reflected
the inflow of water from different pads of the aquifer.
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Fig. 4: Miini spring: measurements of turbidity, total
suspended solids, total solids and conductivity — SEC in
autumn 2001 (5-term smoothing used for the measur-
ing of turbidity and suspended matter).

Si. 4 fzvir Mlini: meritve motnosti, suspendiranih
snovi, suhega ostanka in specificne elektricne prevod-
nosti — SEP jeseni 2001 {(meritve motnosti in suspendi.
ranih snavi so glajene 5 v 1).

The water present in the Miini springs contains
mastly calcium and hydrogen-carbonates. During the
time of measurements it contained from 4 to 8.5% mag-
nesium and from 2 to 7% of non-carbonates. The alka-
finity ranged from 284 to 317 mg HCO;/, the total
hardness from 242 to 272 mg CaCOy/l, the share of cal-
cium from 91 to 103 mg Ca™/l. The quantity of potas-
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sium fluctuated between 0.5 and 1.1 mg K*/l, whereas
the share of sodiun oscillated more markedly between
1.9 and 4.8 mg MNa*/A. During the rise of the discharge at
the time of water waves the quantily of sodium percep-
tibly decreased,

Dissolved axygen, COD-Mn, BOD; and UV absorption

The water in the Mlini springs is well saturated with
oxygen, fe. from 87 to 104%. COD measurements
showed values from 0.6 t0 1.9 mg O, and BOD;
measurements from 0.3 to 1.1 mg O (Fig. 5. The di-
lution effect in the period of the first two water waves
resulted in a decrease of the physical-chemical pa-
rameters, and a simultaneous increase of the transfer of
tiny, solid particies, also signified a slightly enlarged in-
put of organic oxidizable substances. The largest in-
crease of COD was registered during the water waves,
although we detected a similar oscillation of this pa-
rameter later on as well,

Some organic substances, which usually emerge in
the water, e.g. lignin, lannin, humic acids and various
aromatic compounds, possess the manifested absorption
within the UV area of 2=254 nm. The measured value of
absorption denotes presence of these organic com-
pounds and not an individual component. The in-
creased values of organic burdening were detected after
the rainfall and during the increased discharge of the
spring (Fig. 5).
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Fig. 5: Mlini spring: measurements of BOD;, COD-Mn
and UV-absorption conditioned by the water discharge
in autumn 2001 (5-term smoaothing used for values of
UV absorption and KPK).

Sl 5: lzvir Mlini: nihanje BPK;, KPK-Mn in UV-
-+ absorbcije v odvisnosti od pretoka jeseni 2001 (vred-
* . . nosti UV abserbcije in KPK so glajene 5 v 1).

Nutrient substances
o Nutnent substances represent the compounds of ni-

":'trogen and ‘phosphor. Various nitrogen compounds,
whlch are: apart c)f the nitrogen cycle or the compounds

98

of differently valenced nitrogen, are created in nature by
means of microorganisms. This cycle is one of the most
impartant dynamic processes in nature 2nd represents,
together with the string of other bio-chemical reactions,
the basis of bio-disintegration, which is taking place in
nature. What occurs at this point is the process of ex-
change of nitrogen between the aunosphere, organic
substance and inorganic compounds. The presence of
ammonia and nitrites in water indicates organic pollu-
tion, since ammonia is generated through the micro-
biological disintegration of amino groups out of the
proteins,

The analyses carried out at the Mlini springs indi-
cated the quantity of the ammonia (present as NH,")
ranging between <0.001 and 0.080 mg N/, whereas the
concentration of nitrites was constantly below 0.001 mg
N/L The share of the organically bound niwogen
amounted up to 0.677 mg N/A. Nitrate is the final inor-
ganic product of the mineralisation of the organic mat-
ter. During the water wave, we registered a noticeable
decrease of nitrates, which we ascribe to the diluting
process. The quantity of nitrates in the observed period
oscillated between 0.10 and 1.48 mg N/. At the same
time there were no visible changes of other N-
components, which signifies that at the time of the
greater discharge the increased transfer of these compo-
nents occurred.

The analyses of ortho-phosphates yielded values
hetween 0.007 and 0.046 mg P/, and in one case even
0.079 mg P/. Some greater changes were detected in
the total phosphorus, whereby during the water waves
we registered some moderate oscillations, whereas
farper increases were noticed only 25 to 30 days after
the precipitation. Subsequent to this followed the period
of the lowest values ranging from 0.020 to 0.060 mg P/l
(Fig. 6).
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Fig. 6: Mlini spring: measurements of phosphates and
total phosphorus (5-term smoothing used).

Sk 6: Lzvir Miini: nihanje fosfatov in celokupnega fos-
forja ab nihanjih pretoka jeseni 2001 (vrednosti so gla-
jene S v 1)
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Organic compaunds

in the water from the Mlini springs we also deter-
mined the quantity of total lipophitic substances and
mineral oils. During the water waves after the precipita-
tion there also occurred, in addition to the increased in-
flow of the suspended matter and organic pollution, an
increase of the quantity of oit and grease or lipophilic
substances, which were extracted in the strong organic
sofvent.

Subsequent to the first less intensive precipitation on

2 and 13 September, when the discharge of the Mlini
spring did not yet significantly increase, besides the in-
crease of the wrbidity and oil and grease, a brief up-
surge in the concerdration of mineral oils (0.0T mg/)
also occurred. In the stable hydrological conditions,
prior to the rainfall, their concentration was below
0.006 mg/l. During the water waves up to the middie of
Oclober their concentration, parallel to the decreasing
discharge, oscillated around 0.0045 mg/l. in the stable
conditions, during the further slow decrease of discharge
below 0.6 m'fs, a renewed rise of the concentration of
mineral ofls up 10 0.0147 mg/l occurred. This pattern of
the occurrence of mineral oils was recorded in all
springs in the region of Istria: an increase in the share of
mineral oils immediately after the precipitation due to
the rise in the presence of suspended substances and the
later increase of them in stabilised conditions, in trans-
parent and clear samples, Here we are probably wit-
nessing the initial washing out during the minimal in-
crease of discharge and the later outflow of lighter oifs,
which were washed by rainfall through the vadose zone
and aleng the connected channels reached the spring
onfy during the lowering of the water level in the under-
ground.

The quantity of ¢il and grease most markedly rose at
the time of the first water wave (0.054 mg/l). During the
second water wave it was below 0.012 mgfl, while later
on, in the recession period, it again ranged from 0.013
10 0.031 mg/l.

tleavy metals

The water samples were analysed with regard to the
concentrations of cadmium, copper, zing, iron, manga-
nese, total chiromium and lead. The total content of
metals was also determined both of the part dissolved in
water and the part bound to the suspended particles.
Cadmium concentration in the spring water is below the
detection limit of 0.1 pg/t. Other metals occur occasion-
atly in measurable concentrations. At the time of the first
water wave the amount of metals increased.

Copper rose from the initial value of <1.0 pgfl to
31.7 pglt, whereas later on it oscitlated only up to the
maximum concentration of 6.6 pgi The quantity of
chromium in the first water wave increased to 11.8 pg/l

99

and in the ensuing twenty days fell back to <0.1 pg/l.
The concentration of lead increased in similar way from
<0.7pg/ to 6.3 ped, then started to decline and fluctuate
arourd the value of 1 pg/l, and fell under 0.7 pgh only
in the stabilised hydrological conditions in November.
Manganese, too, rose significantly during the first water
wave from it initial value of 0.1 to 105 pgf, yet fater its
concentration rapidly declined and subsequently oscil-
fated around the concentration of 2 pg/.

The quantity of iron deviates from the pattern of the
already mentioned metals. From the initial concentra-
tion of 26.3 pg/t it increased during the first water wave
to 105 pgfl; during the second wave it increased to 126
pg/! and during the third wave to 146 pg/l. There fol-
lowed a decline to the value of 24.4 pg/l reached by the
end of October, with a subsequent upsurge ta 179 pg/t
after a minor discharge increase. The quaritity of zinc
slightly increased during the water waves, yet it reached
its highest values in the recession period (Fig. 7).
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Fig. 7: Miini spring: measurements of zinc, lead and
iron in autumn 20071.

SL. 7: kzvir Miini: vsebnost cinka, svinca in Zeleza jeseni
2001.

Bacteriological indicators

in the collected samples we analysed the following:
total coliform bacteria (TC), faecal coliform bacteria
(FC), faecal streptococci {FS), and aerobic mezophile
bacteria (N/37) (Figs. 8 and 9).

Larger inflow of water from the surface layers during
the water wave caused an increased microbiclogical
polhution which, however, quite rapidly declined. in the
second half of October and in November the bacterio-
fogicat burdening of water was relatively low, yet it still
did not fulfii the criteria required for the potable water,

The process of changes in the quantity of overall co-
liform bacteria (TC} and faecal coliform bacteria (FC)
proved to be very similar {Fig. 8), except that the latter
reached lower values, There were two maximums, the
first on 13 September in the morning, when the dis-
charge was only beginning to grow, and the other si-
multaneously with the highest discharge of the first
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wave. In the period of the second water wave, the TC
and FC gradually decreased and reached the lowest va-
lues during the third water wave. More markedly they
increased on 7 October during the decrease of the dis-
charge after its slight increase.

e i ey
1860 - L d ] 25
o 120
£ a0
o
2 15 7
€ aom E
g W o
2001

L 400 5

D eeees - ]

X 5. 51, 25 §.

Fig. 8: Mlini spring: total coliform bacteria (TC) and
faecal coliform bacteria (FC) in autumn 2001.
St 8: lzvir Mlini: skupne koliformne bakterije (TC) in
fekalne koliformne bakterije (FC) jeseni 2001.

Aerobic mezophile bacteria (N/37) increased slightly
tater than TC and FC, ie. durmg the increase and de-
crease of the discharge in the 1% and 2" water wave, as
if a dilution effect occurred at the peak of the water
wave. The quantity of faecal strepincocct (FS) rose later
than already mentioned bacteria and reached their
maximnal value with a shight delay afier the peak of the
first water wave; later, however, they gradually de-
clined, yet they reached their initial value prior to the
precipitation only in the middle of October, whereas
later on their concentration fell even lower. The re-
newed rises were registered by the end of our observa-
tions, when the discharge increased once again (Fig. 9}

Comparison of the results with the measurements car-
ried out within the framework of the natianal moni-
toring of the Republic of Croatia

The Mlini spring has been included in the Creatian
national monitoring network since 1996. Since then the
monitoring has changed a great deal, both in the extent
of parameters and in the frequency of measurements
and analyses. As far as the springs on the strian penin-
sula are concerned, there has been an increase in the
number of parameters by means of which the samples of
water were analysed, whereas the number of sample
collection has fallen.

L if we compare the minimal, maximal and mean val-
. utes for the year 2000, when most sample collections
o were cartied out {12), with the frequent sampling con-
ducted from September to November 2001, we Car io-
- tice that the majority of the parameter values from the
détailed observations of the autumn 2001 actually fail
into the’ range of measured values in the year 2000.
l;arge alues were detected for SEC, alkalinity, total

hardness, calcium and magnesium, which is a reflection
of the increased dissolving of carbonate rocks in the
autumn period. We also established an increased tu-
bidity and larger shares of suspended solids, manganese,
total chromium and especially an increased presence of
all kinds of bacteria, as well as an occasional rise in the
organic nitrogen, total phosphorus and phosphates. The
rnajority of the increases were related to the rise in the
discharge of the Mlini springs after precipitation, wash-
ing out of the aquifer and the enlarged transport power
of water.
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Fig. 9: Miini spring: faecal streptococci (FS} and aero-
bic mezophile bacteria (N/37) in autumn 2001.

SI. 9: Izvir Miini: fekalni streptokoki (FS) in aerobne
mezofilne bakterije (N/37) jeseni 2001.

These findings indicate a great importance of de-
tailed observations of the springs, particularly during the
periods of intensive precipitation when greater varia-
lions also occur, which cannot be perceived by regular
monitoring with less {requent measurements.

CONCLUSIONS

The selected two-month period of observation of
physical-chemical characteristics of the Mlini spring is
interesting especially because of the possibility of ob-
serving the reactions of the spring to the precipitation
after prolonged periods of draught. Hydrologically inter-
esting is the response of the spring to the first rainfall at
the beginning of September, which during two days ex-
ceeded 20 mm. The discharge did not change visibly,
since the effective infiltration was due to the intercep-
tion on the vegetation cover, increased evatranspiration
and the filling in of the soil moisture deficit practically
negligible. Only more intensive rainfall on September
15 resulted in a significant and rapid increase of the dis-
charge, wlhen we also monitored the changes in the
composition of water,

The dischaige increase of the Mini spring subse-
quent to the precipitation signifies on the one hand di-
tution, which was reflected i1 low concentrations of dis-
solved substances (SEC, alkalinity, total hardness, cal-
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cium and magnesium), while on the other hand the pre-
cipitation caused intensive washing of the aquifer and
also brought into the spring, during the increased dis-
charge and along with erlarged transport power, greater
quantities of suspended solids, increased organic pollut-
ants {UV absorption, COD) and particularly bacterio-
logical pollution as well as tager quantities of heavy
metals (especially manganese and total chrorium)
bound to suspended particles. The guantity of mineral
oils, which during the initial increased turbidity rose for
a brief period, as well as the increase in the guantity of
oil and grease during the first increase of the discharge
and later in the stabilised hydrological conditions par-
allel to the slowly decreasing discharge, probably re-
flects a given manner of the transport of substances,
which do not mix with water. This phenomenon was
detected in karst springs throughout fstria {Dikovid¢ &
Stipid, 2600; Dikovi¢, 2001, 2002).

On the basis of the conducted research we may
conclude that in order to obfain more accurate picture
of the functioning, sampting would be required at inter-
vals of at least 12 hours, which is due to the rapid
changes, especially in the initial part of the water waves,
whereas the measurements of temperature, SEC and pH
by probes (automatic recording of data by means of da-
taloggers} should be carried out even more frequently.
The described detailed manner of spring monitoring sig-
nificantly supplements the usual karst spring monitoting,
which was in the case of Miini springs conducted at
two-month intervals. The temporal planning of more ac-
curate detailed measuremernts is subject to hydrological
conditions. The performed measurements have shown
that the greatest changes in water composiion and
quality occur during the increase of the spring’s dis-
charge after more extensive precipitation, particularly
subsequent to a longer period of dry weather.

HIDROKEMICNE RAZISKAVE 1ZVIRA MLINI, ISTRA
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POVZETEK

V okvitu slovensko-hrvaskega medviadnega programa sodelovanja v znanosti in tehnologifi smo jeseni 2007 dva
meseca podrobno spremijali kakovost vode na kraskem izviru Miini. tzvir, ki je zajel za vodooskrbo vas milini, lezi
v srednjem delu povriinskega toka Braane, ki je najpomembnejsi desni pritok Mirne. Ze od leta 1996 je vkljucen v
nacionalni monitoring kakovosti hrvaskih voda, v nacrtovani raziskavi pa smo posebno pozornost posvetili de-
tajinemu spremijanju spreminjanfa fizikalno-kemijskih parametrov vode v vodnem valu v ekstremnih hid:'olos"k’f:h
razmerah. Zajeli smo kratko obdobje nizkega vodostaja, ki so mu sledile kratkotrajne, a intenzivne padavine in

oblikovale vodne valove ter dalfse obdobje iztekanja in vzpostavijanfa stabilnih razmer.
Po padavinah povecanje pretoka Mlinov pomeni po eni strani razredéenje, ki se je po

tracijah raztoplienih snovi (SEP, alkaliteti, celokupni trdoti, kalciju in magnezijuj. Na drugi strani pa gadau:in'e inten-
zivno spirajo zaledje izvira in ab povecanem pretoku z vecjo transportao mocjo prenasajo v izvir tudi vecje koli¢ine -

kazalo v niZjih koncen-
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suspendiranih snovi, poveano organsko onesnaZenje (UV absorpcija, KPK) in predvsem bakteriolosko onesnaZenje
ter vecje koliCine teZkil kovin (predvsem mangan in celokupni kromi, vezanih na suspendirane snovi. Vsebnost
minerainif off, ki se je kratkotrajno zvisala ob zacdetni povedani motnosti, ter povecanje vsebnosti skupnifh maséob
o> prvem narasCanju pretoka ter kasneje v stabilnih hidroloskih razmerah ob pocasi upadajocem pretoku verjetno
odseva nacin prenosa snovi, ki se z vodo ne medajo. Ta pojav beleZijo v kraskih izvirih celotne Istre.

Na asnovi opravijenil: raziskay lahko zakiju€imo, da je zaradi hitrih sprememb, predvsem v zacetnem delu vod-
nib valov, za pridobitev podrobneje slike dogajanja potrebne vzorcevanje vsaj v intervalu 12 ur, medtern ko je pri-
porodijivo meritve temperature, SEP in ph s sondami {avtomatsko beleZenje podatkov z dataloggerfi} opravijati po-
gosteje. Opisani podrobnefsi nadin opazovanja izvirov je pormembna dopolnitev obicajnega monitoringa kraskega
izvira, ki se v primeru izvira Miini opravlja v Easovnem intervalu dveh mesecev. Casovno nacitovanje podrobne-
jSega metjenja je vezano na hidroloske razmere. Opravijene meritve so pokazale, da prihafa do najvecjih sprememb
sestave oz. kakovosti vode olr povecanju pretoka izvira po izdatnefSil padavinah, predvsem po koncu daljsih susnih
obdobif.

Kijucne besede: kratki izvir Mlini, monitoring, kakovost vode, Istra, Hrvaska, Slovenija
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ABSTRACT

Daily air temperatures and amaunt of precipitation were measured at Pogadnikov dom at Keidki podi in july
2002, Surface lake water temperatures in the three Krisko lakes, i.e. Zgorfe Krisko lake, Srednfe Krisko lake and
Spodnje Krisko fake, were also recorded. Vertical lake water temperatures were additionally measured in Srednje
Krisko fake and the heat content was calculated. Remarkable fluctuations of surface lake water temperatiires were
observed. Changes in the mean air temperature and amount of precipitation correlated well with variaticns of the
surface lake water temperature. In the deeper water layers, a correlation between the lake water temperature and
changes of meteorological parameters was fower. Lower lake water temmperalure variations were also observed in
this lake section. Nevertheless, the thickness of the epilimnion and the metalimnion varied during the study. The
former increased, while the latter shrank, as the days gor warmer, The calculation of heat content showed that
around 65% of the total heat content in Srednje Krisko lake was stored in the upper two meters of the lake.

Key words: air terperature, water termperature, heat content, alpine lakes

RELAZIONI TRA TEMPERATURA DELL’ARIA, PRECIPITAZIONI £ VARIAZIONI
DELLA TEMPERATURA SUPERFICIALE E VERTICALE DELL'ACQUA NEI TRE LAGHI
DI KRISKO (ALPI GIULIE, SLOVENIA NORD-OCCIDENTALE) NEL LUGLIO 2002

SINTESH

La temperatura diurna dell’aria e l'ammontare delle precipitazioni sono stati misurati al Rifugio di Pogacnik, fo-
calita Keiski podi, nel luglio 2002. £ stata inoltre registrata la temperatura superficiale dell’acqua nei laghi Zgornje
Krisko jezero, Srednje Krisko jezero ¢ Spadnje Krisko jezero. La temperatura verticale dell’acqua & stata misurata
sole nel Srednje Krisko jezero. Sono state osservate notevoli fluttuazioni nelfa temperatura supetficiale dell’acqua
det fago. Le variazioni della temperatura media defl’aria e dell’ammontare delle precipitazioni sono state correlate
con le variazioni della temperatura deli’acqua superficiale. Negli steati piti profondi fa correlazione tra la tempera-
tura defl’acqua e le variazioni dei parametri meteorologici & risultata minore. In questo strato sono state rilevate
anclie le variazioni della temperatura dell’acqua. (i spessori di epilimnion e metafimnion sono tultavia cambiats
nel corso dello studio. I primo & aumentato, mentre il secondo si & ridotto con it riscaldarsi dei giorni.

Parole chiave: temperatura dell’aria, temperatura dell’acqua, contenuto in calore, laghi
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INTRODUCTION

Water temperature is an important parameter in lakes
(Wetzel, 1983). & has a strong impact on the hiological
activity and growth of aquatic organisms, since most
aquatic organisms are cold-blooded. Water temperature
is also important due to its influence on water chemistry.,
Some chemical parameters in turn affect biological ac-
tivity and aguatic life. The rates of chemical reactions,
solubility and toxicity of compounds are all temperature
dependent {Sturmm & Morgan, 1996). An example of the
effects of water temperatire on water chemistry is i#ts im-
pact on the oxygen concentration. The oxygen concen-
wration in warmer lake water is lower than in cooler lake
water. Thus, warmer lake water may be saturated with
oxygen hut it would still not contain enough oxygen for
the survival of aguatic life. Since climatic changes have
been observed in the [ast decades, modelling of water
temperature and dissolved oxygen concentration in lakes
has received considerable attention over the years in or-
der 10 asses impact of these two parameters on lakes and
their aquatic life in the future {e.g., Antonopoulos &
Cranniou, 2003; Ottosson & Abrahamsson, 1998),

Seasonal water temperature changes in lakes are
mostly correlated with seasonal changes in air tem-
perature. Parameters, such as lake volume, transparency
and hydrology all affect water temperature (Wetzel,
1983). Solar radiation is absorbed directly by lake water,
while the heat in fake is distributed by mixing of lake
water. Howevert, upper water layers are heated more
rapicly than the rest of the lake water. As Lhe surface
water is warmed, it becomes less dense and the refative
thermal resistance of mixing increases. As a conse-
quence, a thermat stratification of lakes is generally ob-
served in the summer. The upper water layers, called
the epilimnion, are warm and less dense, while the
deeper water layers, called the hypolimnion, remain
cold and dense. in the metafimnion, a remarkable drop
of water temperature is observed, The epilimnion and
the hypolimnion do not mix with each other. Thus,
physical, chemical and biological characteristics are
usually significantly different in the two layers. In spring
and auturmn, the water column is mixed completely and
spring and autumn tNovers oCur.

Mountain lakes are specific ecosysterms in many as-
pects. They are remote and not exposed to direct an-
thropogenic impact. On the other hand, they are smatl
and consequently sensitive ecosystems. Thus, they have
been often used as valuable sensors of environmental
change (Wathne & Rosseland, 2000). Mountain lakes
are covered with ice for a long period of the year. In the
Julian Alps, ice cover periods as short as five and as long
as nine months per year were observed (Brancelj, 2002).

','j; The duration of ice cover period significantly affects
- physical and, in tumn, chemical and biological condi-

. ;ions in lakes. Also, it has been demonstrated that even

small average air temperature changes of 1 to 2°C can
lead to evident changes in water chemistry, hydrology
and biota (Koinig et af, 1998; Skjelkvale & Wright,
1998). Similar conclusions were found in the study on
Slovenian mountain lakes (Muri & Brancelj, 2003).

The aim of the present work was to study surface and
vertical lake water temperature variations in three remote
high altitude Stovenian alpine lakes. Three Kridko lakes
were selected as study sites, since they are located at dif-
ferent elevation, but close to each other and are similar in
size, At the lodge Pogacnikov dom at Kriski podi, the air
temperature was measured three times per day, the
mininm and maximum temperature was also obtained
and precipitation was collected after each rain event in
july 2002. Surface water temperatures in Zgornje, and
Spodnje Kriike lakes were simultaneously recorded four
times per day. In addition, the vertical profile of water
temperature in Srednje Krisko lake was measured twice
per week and the heat content was calculated. Finally, all
parameters were correlated and relation between the air
temperature, precipitation amount, lake water tempera-
ture and heat content was studied. Since water tempera-
ture is an important physical parameter in lakes, this
study contributes to a better understanding of physical
and subsequently chemical and biological processes and
their changes in mountain lakes.

MATERIAL AND METHODS
Sampling sites

Zgornje, Srednje and Spodnje Krisko lakes are situ-
ated in the Julian Alps, NW Slovenia. These mountain
lakes are of glacial origin and surrounded by steep
slopes. They ali lie above the tree level and are rela-
tively small and shallow. Their topographical character-
istics are summarized in Table 1, while geographical
position is shown in Fig. 1. On average, these lakes are
covered with ice for at least seven and even nine
months per year (Brancelj, 2002}, The mean annual pre-
cipitation rate is high, averaging to 3.200 mm per year
(Kastelec, 1999). The lakes have no permanent surface
inflows. The main bedrock is limestone. Since the lakes
are situated in the protected area of Triglav National
Park, direct anthropogenic impact on the lakes is scarce
and the {akes are still relatively pristine.

Tab. 1: Topografske znacilnosti merilnih mest (podatki
iz Brancelj, 2002},

Tab. 1: Topographical characteristics of sampling sta-
tions (from Brancelj, 2002).

L Altitude | Surface [Max. depth
Sampfing site fm] area [ha] ) i
Zgarnje Krisko jezero 2150 .66 9
Srednje Krisko jezero 1950 (.29 9
Spodnie Krisko jezero | 1880 Q.86 9
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Fig. 1: Geographical position of Zgornje, Srednje and Spodnje Krisko lakes.
SL 1: Geografska lega Zgornfega, Srednjega in Spadnjega Kriskega jezera.

Measurements of air and water temperature
and precipitation

The air temperature was measured with a glass ther-
mometer at the lodge Pogadnikov dom at Krigki podi,
2050 m, which is located 100 m (in altitude) abave
Srednje Krisko lake. Air temperatures were recorded
three times per day, ie. at 7 AM, Z PM and 9 PM. A
minirwrn and maximum thermometer was also used to

obtain the minimum and maximum air temperatures of

the day. All thermometers were placed two meters
above the ground in a shaded area protected from
strong winds but open to air circulation.

Precipitation was also collected at Pogacnikov dom
at Kridki podi using a metal canister. Amount of pre-
cipitation was measured and emptied manually just after
each rain event. N

Minithermistors (MINILOG-TR, Vemco) were used to

monitor surface lake water temperatures. They were
actually positioned approximately 0.25 m below the -

10

water surface in order to avoid the highest water tein-
perature fluctuations that occurred on the surface water
fayer due Lo changes in intensity of solar radiation. The
range of minithermistors was from -4 to 20°C, with a
resofution of 0.1°C. The surface water temperature was
recorded four times per day. On comparing surface wa-
ter temperatures in the lakes, the late afternoon values
were taken, when the daily highest values were ob-
served. Vertical lake water temperatures were measured
using a Pt 1000 probe, lts resolution was 0.1°C in the
range from -30 to 100°C. The temperature profite was
measured in 1 m intervals above the deepest part of the
lake.

RESULTS AND DISCUSSION
Air temperature and amount of precipitation

Air lemperatures at the lodge Pogacnikov dom at
Knr.kx pod; varted consuderabty in juiy 2002 {Fig. 2)
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Masximum air temperatures ranged from 8.0 to 20.0°C,
while minimum air temperatures ranged from 3.5 to
11.0°C. The highest minimum and maximum air tem-
peratures were observed at the beginning of the month,
on Juiy 11, reaching 11.0 and 200°C, respectively. The
lowest minimum and maximum air femperatures were
also observed on the same day, on july 26. They
dropped to 2.5 and 8.0°C, respectively. Variations of the
ginimum air temperature were not substantial. The
minimum air temperature averaged 8.2'C. Higher values
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Fig. 2: Variations of the daily mean (T mean), minimum
{F min} and maximum (T max} air temperatures and
amount of precipitation at the lodge Pogacnikoy dom
at Kriski podi in July 2002.

$1. 2: Spreminjanje povpreéne dnevne (T mean), mini-
malne (T min) in maksimalne (T max) femperature
zraka in kolicina padavin pri Pogacnikovem domu na
Kriskih podit v juliju 2002.
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. Fig. 3: Relations between air temperafures, amount of
B f‘preCfp:tatfon and surface water lemperafures in Zgor-
~.nje; Srednje and Spodnje Krisko lakes in july 2002,

L. '3: Odnos med temperatero zraka, kolicino padavin
in. povrsmsko temperature vode v Zgornjem, Srednjem
in Spodnjem Knskem Jezeru julija 2002,

were observed in the second week of July and in early
August. Neverlheless, much fower values were observed
around fuly 26. In contrast, variations of the maxumum
air temperature were more pronounced (Fig. 2). The
warmest weather was observed in the second week of
july. During this period, the maxwnum air temperatutes
ranged around 19.0°C and evidently exceeded the aver-
age maximuim air temperature, which amounted to
14.7°C. In the rest of the month, the maximum air tem-
peratures were mostly beliow the average value.

There were eleven days with rain events {Fig. 2). In
total, 164 mm of rain fetl. The higheqt amount of pre-
cipitation was observed on July 22, when 43 mm of rain
was recorded, Substantial rain events were also ob-
served on July 15 and August 3, with 42 and 25 mm of
rain, respectively. During the rest of rain events, less
than 17 mm of rain was observed.

it can be concluded from Fig. 2 that precipitation
had a strong impact on air temperatures. During all
days, when precipitation events were observed, the
mean, minimum and maximum alr temperatures de-
creased remarkably.

Surface lake water temperatures

Variations of surace lake water temperatures in
Zgomje Krisko lake, Srednje Kritko lake and Spodnje
Kritko jezero are presented on Fig. 3. Surface water
temperatures in Zgornje Krisko lake and Spodnje Kricko
take closely followed each other. Nevertheless, higher
values were observed in the latter lake, Swrface water
temperatures in Spodnje Krisko lake varled from 12.5 fo
17.0°C. In Zgornje Krizko lake, they ranged from 9.6 to
16.8'C. in both lakes, the highest surface water tem-
peratures were ohserved in the second week of July.
During the rest of the month, they were mostly lower
and averaged to 14.2°C in Spodnje Krisko {ake and to
12.5°C in Zgomje Krisko lake. The surface water tem-
perature in Srednje Kritko lake was mostly intermediate
between the values observed in the other two lakes (Fig.
3L

Remarkable surface waler temperature variations
were observed and correlated well with the mean air
temperature and intensity, as well as frequency of pre-
cipitation events (Fig. 3} Between july 8 and july 11, the
weather was fine with clear sky. The mean air tempera-
ture increased and surface water temperatures in all
lakes also increased. Between July 12 and July 19, the
weather was mostly cloudy. The mean air temperature
dropped considerably, by 5°C. Surface water tempera-
tures also decreased remarkably. Frequent rain events
were additionally observed during this period. After rain
events, a drop in surface water temperature was even
more pr()nounced. Although the weather was mostly
fine between July 20 and july 25, surface water tem- .
perature dropped by 2.2 and 1.4°C in Zgomje and
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Spodnje Krisko fakes, respectively, when the mean air
temperature dropped by 5.2°C on a stngie rainy day (uly
22, 43 1 m7 of rain). However, on the next day, when
the weather improved, almost the sare surface water
ternperatures were observed than before that cold day.
A period of very cold and rainy weather followed be-
tween July 25 and July 27. The mean air temperature
dropped down to 6.2'C and surface water temperatures
also decreased steeply, The surface water temperature in
Spodnje Krisko lake was 1.8°C lower than the average
value, while in Zgomje KriSko lake the difference was
even higher and amounted to 2.9°C. In the late july and
early August, the mean air temperatures were again
higher and so were surface water lemperatures.

It was also noted that surface water temperatures de-
creased with increasing altitude of the lakes. In Zgornje
Krisko Iake they were generally from 1.5 10 2.0°C lower
than in Spodnje Krigko lake. Swface water temperatures
obtained in Srednje Krisko lake were generally higher
than in Zgomje Krisko lake but fower than in Spodnje
Krigko lake and were closer to the values obtained in the
fatter lake since their altitudes are more comparable
{Table 1).

in Zgomje and Spodnie Krisko lakes, surface water

temperatures were recorded four times per “day: ,
suriace water temperature variations in different: periods -
of the day were also observed. Surface water tempera- .
lures in the two lakes were normally the highest in the

tate afternoon but varied as much as 4°C during sunny o

days with clear sky. In contrast, they varied for fess than
0.5°C during cold and cloudy days. Most of the solar ra-
diation that affects the lake water temperature is ab-
sorbed in the surface water layers (Wetzel, 1983), Re-
markable variations of surface water temperatures dur-
ing the day are thus expected.

Vertical lake water temperatures and heat content

Vertical water temperature profiles were measured
only in Srednje Kriske lake. Water temperature de-
creased with depth {Fig. 4). it was quite uniform in the
upper water layers (the epilimnion}. The highest valtues
were observed at the water surface and ranged from
13.4 1o 16.0°C. Between depths of approximately two
and five meters, water temperature dropped remarkably,
by about 5°C (the metalimnion). In the deeper water lay-
ers {the hypolitenion), only slight varfations of water
temperature were observed. It varied from 5.7 10 7.7°C.
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Fig. 4: Vertical profiles of wafer temperatures in Srednje Krisko lake in july 2002.
S1. 4: Globinski profili temperature vode v Srednjem Kriskem jezeru julija 2002,
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Vertical water temperatures in Srednje Krisko lake
were also compared with changes in the mean air tem-
perature and amount of precipitation. A higher correla-
tion between meteorological parameters and water tem-
peratures was observed in the epilimnion than in the
hypolimnion, Vertical water temperature profites (Fig. 4)
showed that deeper water fayers were much less sus-
ceptible to outside conditions, such as precipitation
events and intensity of solar radiation than surface wa-
ters. Lower variations of the water temperature were also
observed in this lake section. Deeper water layers have
a cerain heat capacity and canrot be so quickly
wanmed up or cooted down than the upper water layers
(Wetzel, 1983). Additionally, epilimnion and hypolim-
nion waters do not mix due to differences in water den-
sity, thus further retarding the heat transfer through the
water cofurnn.

The thickness of the epilimnion, the metalimnion and
the hypolimnion also changed with time {Fig. 4). On july
8, the epilimnion was only two meters thick, whereas
one month later, on August 2, it amounted 1o three me-
ters. The thickness of the metalimnion and the tempera-
ture drop in it also changed. The metalimnion was thick
as much as four meters on july 8, but shrank o two me-
ters ort August 2. Also, the water temperature dropped by
nearly 7°C on the former day but only by 4.5°C on the
fater day. The thickness of the hypolimnion remained
nearly the same throughout the time of experiment,
armounting to around two meters and starting at a depth
of approximately six meters. These water layers are thus
relatively independent from outside conditions.

The vertical distribution of heat content was also
calculated for Srednje Krisko lake (Fig. 5). Meter by
meter distribution of the heat content was initially cal-
culated, according to the formula m C, 47, m is the
mass of the layer (calculated as p S h; p is the density of
water {1 kg dm™), S the area of the layer and f the
height (). C, is specific heat of water (4.2 } g'T KN,
while AT delineates the temperature difference of the
layer relative to 0'C. The total heat content was finally
calculated as a sum of the heat stored in all layers of the
lake. it was normalized to the surface area of the lake.
The lake was subsequently divided into three different
sections. The upper section extended from O lo 2 tne-
ters, the second one from 2 1o 5 meters, and the bottom
one from 5 to 8 meters, These lake sections roughly rep-
resented epilimnetic, metalimnetic and hypolimnetic
waters, respectively. During july 2002, the total heat
content of the lake averaged to 138 M/ m. This value is
comparable to the values that were determined in other
takes of similar size and depth (e.g. Ambrosetti & Bar-

- banti, 2001). The average contribution of the epilim-
T petic waters was 90 Mj m”, while metalimnetic and hy-

polimnetic waters contributed 43 and 6 M} m™ to the
~total heat content, respectively (Fig. 5). The calculation
:lh(,nce showed that the upper section of the lake (0-2 m)

103115

comprised from 62 to 68% of the total heat content.
Most of the heat in the lake was thus stored in the
epilimnion. In addition, it was found that the relative
contribution of this layer to the total heat content de-
creased during the siudy, since the lake warmed up
(Figs. 4 and 51 The 2-5 m section coptributed from 29 to
33% to the total heat content. its contribution in contrast
increased sfightly during the study. The botton section
(5-8 m} contributed only 4% to the total heat content
and its contribution remained very uniform during the
study. Only a minor part of the heat was thus stored in
the hypolimnion.

D
MiEm T2iwm [Joam
v e e

s -~
-

121l

BUIE:

Ak -

Qbsitm®)

Fig. 5: Vertical distribution of heat content in Srednje
Krisko fake in July 2002,

Sl. 5: Vertikalna porazdelitev toplote v Srednjem

Kriskem jezeru julija 2002.

Effects of fake water temperature on lake condition

The lakes, selected in this study, are refatively small
fake systems. Thus, a fast response between the air tem-
peratures, arnourd of precipitation and surface water
temperature was observed, Surface water temperatures
in the lakes changed daily. In contrast, 3 fonger time pe-
riod (of weeks) was needed for an evident change of
water temperature in the deeper water layers.

Water temperature changes are important, since they
affect chernicat and biological processes in lakes and ha-
ve a significant impact on the overall condition in them.

Aquatic species have preferred temperature ranges for
fiving, but in general biological activity and growth rate of
aquatic organisms are higher when water temperature in-
creases (Lampert, 1984). During the study carried out in

three other Slovenian mountain lakes (i.e. Krsko jezero,

Jezero v Ledvicah and jezero na Planini pri Jezeru), pri-
mary producers were less abundant in the years with long
duration of snow and ice cover and consequently cold
lake water temperatures. The overall conditions in these
fakes have improved in comparison with those in the
years with warmer take water (Muri & Brancelj, 2003},
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CONCLUSIONS

Changes of the daily air temperature and amount of
precipitation were measured at the lodge Pogafnikov
dom at Krizski padi in july 2002, These changes were
compared with the surface water temperature variations
in Zgornje, Srednje and Spodnje Krisko lakes. Significant
correlation was found belween the three measured pa-
rameters. Vertical water temperatures were additionatly
measured in Srednje Krisko lake and the heat content
was calculated. It was established that water tempera-
ture variations in the deeper layers of the water column
were less correlated with the changes of meteorological
parameters. A lopger time was afso needed to warm up
its bottorn water fayers. The calcufation of heat content
shiowed that approximately two thirds of the total heat

content is stored in the upper, epilimnetic waters. The
metalimpetic waters comprised around one third of the
total heat content, while the heat stared in the hypolim-
netic waters was of minor importance.

Water temperature changes in lakes are imporiant,
sinice they affect chemical and biclogical processes in
thern, and can thus change their averall conditions.
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ODNOS MED TEMPERATURO ZRAKA, PADAVINAMI TER NIHANJEM
POVRSINSKE IN GLOBINSKE TEMPERATURE VODE V TREH KRISKIH JEZERIH
{JULIISKE ALPE, SZ SLOVENHA) V JULIJU 2002
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POVZETER

Pri Pogacnikovem domu na Kriskih podih smo julija 2002 merili dnevno temperaturo zraka in kolicino padavin.
Poleg tega smo odditavali poviSinsko temperaturo vode v Zgornjem, Srednjem in Spodnjem Krizkem jezeru, medtem
ke smo v Srednjem Kriskem jezeru merili temperaturo vode tudi po globini vodnega stalpca, iz Cesar smo nato
izra¢unali porazdelitev toplote v tem fezeru. Opazili smo precefina nihanja povrdinske temperature vode. V Zgorn-
jem Kriskem jezeru je povidinska temperatura vode nihala za 7.2°C, v Spodnjem Kriskem jezeru pa za 4.5°C. Spre-
tnembe povprecnie dnevne temperature zraka in kolicine padavin so bile medsebojno povezane s spremembaini
povisinske temperature vode. Korelacija med temperaturo vode v globfjih plasteh vodnega stolpca in mete-
oroloskimi parametri je bila slabsa. Tudi nihanfa temperature vode sa bila v globijih plasteh vodnega stofpca man-
f5a, saj je v hipofimniju Srednjega Kridkega jezera temperatura nihafa le za 2°C. Spreminjali pa sta se debelini
epilimnija in metalimnija v ¢asu studije v tem jezeru. Debelina epilimnifa je narasia od dva na tri metre, medtem ko
se je debelina metalimnija skecila iz Stirih na dva metra, ko so dnevi postajali toplejsi. Debelina hipolimnija je bila v
Casu Studije enaka in je znasala okrog dva metra. fzracun porazdelitve toplote v Srednjem Kriskem jezeru je poka-
zal, da je vrhnja plast vode (0-2 m) vsebovala priblizno 65% celotne toplote v jezeru, Obmocje 2-5 m je vsebovalo
okrog 31%, predel 5-8 tm pa le $e 4% celotne toplote v jezeru.

Klju¢ne besede: ternperatura zraka, temperatura vode, toplota, alpska jezera
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1ZVLECEK

Stalni in obcasni kraski izviei v okolici Hitske Bistrice (JZ Slovenija} z ocenjenim skupnim srednjim letnim
pretokom 1.850 m’/s pritekajo na povrije na stiku krednih apnenicev in eocemkega fisa na zahodnem robu dobro
namocene SneZniske planote, ki tektonsko pripada SneZniski narivni grudi. Hidrografsko zaledje izvirov je
neposefjena SneZniska planota, kar je za varovanje kakovosti pitne vode v izvirih ugodno. Kljub temu v zaledju
najdemo manjse Stevilo bolf ali manj resnih potencialnih in dejanskih onesnazevalcev. Mikrobiofoska in fizikalno
kemijska kakovost vode v izviru Bistrica, ki je tudi zajet za vodooskrbo, je dobra, toda vadovarstveni pasovi niso
opredelieni in varstvenega refima tu ne uresniujefo.

KEju¢ne besede: kradki izvir Bistrica, kraska hidrologija, SneZniska planota, JZ Slovenija

SORGENT} CARSICHE DI BISTRICA {(SLOVENIA SUD-OCCIDENTALE)
SINTES!

Le sotgenti carsiche permanenti ed intermittenti nei pressi di Hlirska Bistrica (Slovenia sud-occidentale), con un
flusso totale medio annwo di 1.850 mi'/s, sgorgano in superficie al contatto tra calcari gessosi e flysch eocenico, sul
ciglione occidentale della ben irrigata pianura di SneZnik che, tettonicamente parlando, appartiene alla zolla
naturale di SneZnik. If retroterra idragtafico delle sorgenti & costituito dalla non popolata pianura di SnezZnik, il che &
un vantaggio per la tutela della quality dell’acqua potabile proveniente dalle sorgenti. Nonostante cio nel retroteria
troviama un discreto numero di inguinatori potenziali o effettivi. La qualita microbiologica e fisico-chimica
dell‘acqua alla sorgente di Bistrica, alla quale si artinge per Vapprovvigionamento idrico, & buona, benchée le fasce
di tutela dei corsi d’acqua non siane state definite e il regime di protezione non sia stato messo in atto.

Parole chiave: sorgente carsica Bistrica, idrologia carsica, pianura di Sneznik, Slovenia sud-occidentale
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UvGoD

Kraski izvir Bistrica in izviri v njegovi okolici do
sedaj niso vzbudili velikega zanimanja pri raziskovalcih,
ceprav je Ze leta 1938 o kakovosti in pretokih zajetja
Bistrica ter legi posameznih izvirov v njegovi okolici po-
roCal Boegan. Tako v literaturi najdemo le tu in tam
nekaj podatkov o fizikatno-kemitni kakovostl in izdat-
nosti izvira Bistrica (BreCko-Grubar & Plut, 2001), ne-
kotiko ved pa je zapisanega o Bistrici kot o najmod-
nejgem kraskem pritoku svetovno znane ponikalnice
Relke (Rojsek, 1987, 1996),

Bistrica je kljub majhni izdatnosti eden pomemb-
nejsih kraskih izvirov v jugezahodni Sloveniji (Brumen
et al, 1991), saj s pitho vodo oskrbuje vedji del obdine
ilirska Bistrica, nekaj naselij v ob¢ini Hrpelje-Kozina ter
del Republike Hrvatke. V zvezi s pripravo strokovnih
podlag za sprejetje odloka o zavarovanju pithe vode iz
omenjenega izvira je bilo po narocilu Obcine lhirska

Bistrica in upravijavca zajetja, Komunalnega podjctja
Hirska Bistrica, opravijenih ved hidrogeoloskih raziskav
zaledja Guren & Krivic, 1989; Petauer et al., 2002}, Zal
brez sledilnih poskusov in vrtin, Zbranih je bilo tudi
nekaj podatkov o izdatnosti ter fizikalno-kemicnih zna-
¢ilnostil vode iz zajetja,

Celovitega opisa geografskega poloZaja izvirov v
neposredni bliZini mesta lirska Bistrica v povezavi s
hidroloskimi razmerami v zaledju 3e nimamo, zato je
besedilo pomerben prispevek k boljeru poznavaniu
hidrolotke sitvacije na tem obmodju jugozahodne Slo-
vehije.

GEOGRAFSKI POLOZAJ STALNIH IN OBCASNIH
KRASKIH IZVIROV

Stalne in oblasne kraske izvire pri Hieski Bistric
tahko obravnavamo kot enoten hidroloski sistem. lzvir
50 razporejeni cb zahodnem vznoZju Sneznidke planote

[ = o . PP Ny

o ° ° S00m° o |

Sl. 1: Geografski poloZaf obravnavanih izvirov. Legenda: 1. Stalni izvir, 2. Obéasni izvit, 3. Zajetje za vodovod, 4.
Kredni apnenci, 5. Focenski fli$, 6. Re¢ni sedimenti, 7. Vodomerna postaja tlirska Bistrica, 8. Kamnolom.

Fig. 1: Geographic position of the karsi springs. Legend: 1. Permanent spring, 2. Periodical spring, 3. Water supply
capture, 4. Cretaceous lfimestones, 5. Focene flysch, 6. Fluvial sediments, 7. lirska Bistrica gauging station, 8.
Quarry.
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oziroma SneZnitkega pogorja, kjer kraski svet, zgrajen iz
apnencev, dolomitov, apnendastih in dolomitnih bred
preteZno kredne starosti, v stopnji prehaja v flifne se-
dimente brkinske sinklinale. Vode na dan prisili v pod-
fagi slabo prepusten flis, prek katerega so narinjene
karbonatne kamnine SneZniske narivne grude. Kraski
rob na tem delu ni tako izrazit, kot ga denimo lahko
opazujemo v zatrepni dolini kraskega izvira Podstenj§ek
severozahodno od tod ali pa vzdol? toka Reke jugo-
vzhodno od obraviiavanih izvirov. Kljub temu se apniski
svet v Suski rebri na zelo kratki razdalji spusti vec kot
160 m do flidne podlage ilirskobistriske kotline, Lokalno
erozijsko hazo izvirov tvori Reka, ki v okolici flirske
Bistrice vijuga po svoji poplavni ravnici. Reka je svoje
asamtjeno poredje razvila na neprepustnih flifnih kam-
ninah, ki jih z vseh strani omejujejo dobro prepustne
kraske kamnine z bolj ali manj razvitimi kraskimi vo-
donosniki.

Preucevani izvirt, ki so razporejeni na razdalji
pribliZzno enega kilometra, se v Reko stekajo v dveh pri-
tokih (Sl. 1). Pritok Bistrica, ki je dolg vsega skupaj 1,65
ke {Rojsek, 1996}, se napaja z izviri Bistrice ter iz-
viroma Sufec in Kovaevec. Relativna visinska razlika
med izvicom in izlivom je priblizno 30 m. Bistrica je
najmodnejii kraski pritok Reke, z zelo pomembnim
uCinkom kraske retinence v sulnih obdobjih, ko ima ta
malo vode. Pritok Pila oziroma Kozlek se napaja iz
istoimenskih kraskih izvirov.

Bistrica izvira pod prepadnimi stenami na stiku
apnenca in flifa v zralilni zatrepni dolini neposredno
za zadnjimi hilami najstareiega predela llirske Bistrice,
imenovanega Sibirta, na nadmorski visini 425 m (St 2).
Zajetje za pitno vodo, ki mu pravijo Ped steno in je 90
m umetno izkopani drenaZni rov, leZi nekaj metrov
niZze. Za omenjeno zajetje oziroma vodni vir se poleg
izvir Bistrice uporablja 3¢ ime Pod Gradine, Sibirija ali
pa vodni vir ltirska Bistrica. lzvir je pozidan, tako da na-
ravnega iztoka vode ni (S, 3). Nad zidanimi rezervoarji
najdemo dva hudourniska jarka, ki segata do nadmorske
vidine 475 m in se zakljucujeta z manjio steno. Pobodja
zatrepne doline so prekrita z gruscerm, KaZe, da voda po
hudournikily v izvir pritee le ob izjemnih padavinah,
Drenazni rov sedanjega zajetja, ki leZi na nadmorski
visini 420 m, usmetia podzemni ok vode iz oZje oko-
lice in Zirdega zaledja naravhost v zajetje pitne vode. V
zatrepri dolini Bistrice izvirata 3e dva obcasna kratka
izvira, i priveeta na dan ob visokih vodah, Kukéevka je
manjii slap, ki izvira iz skalne razpoke in se Ze po nekaj
retrih toka zdruZi z Bistrico. KukZevka leZi znotraj |,
vodovarstvenega obmacija zajetja, ki je ograjeno. Z des-
ne strani iz razpoke v steni privre na dan Prhovéevka, ki
se v skocnikih med poslopii po nekaj 10 m izliva v
Bistrico. Struga Bistrice je utrjena s kamnitimi breZinami
od zajetja pa skoraj do izliva v Reko. Strnjena pozidava
vzdol? struge v ozki zatrepni dolini je vezana na nek-
danjo izrabo pogonske modi vodnega toka za delovanje

Zag in miinev (L 4} De;awwst te Viste je povsem
zamirla, nckdan;u mtini in Zage paso v raZvahnah SR
Susec je levi pritok Bistrice, ki i '
stene na konci manjie zatrepne dol
Susra in 8|sirlc e sta rnerj sobo

l‘tdj')]ikf)\’ii(_ §i izmed obravndvamh izvirov. o
iz razpok v steni in pada v obliki dvely manmh slapovin
skocnikov (81, 51 Sudec je obxasen izvir, vidina ;7vuran]ajf
vode pa je v precejinii meri odvisna od tre‘nutne hidro- -
lodke situacije. V obicajnil razmerah voda privre na dan-
iz razpok v skalovju na visini priblizno 425 r --igb‘j._- :
visokih vodah pa slap izvira iz apnendastega grdaob
vznoZju manjsih padornih sten v stemem poboc;u Sutke -
rebri tudi od 10 do 15 m vise. Hudoumnitke grape je
mod opazovati vse do skrajnega vrhnjega roba zatrepne’
doline nekaj 10 metrov vise, kjer 50 opazai wdi manjsi
podort, Susec se hitro odzove na padavine v zaledju,
kar se kaZe v hitrern naras€anju in upadaniju pretoka.

54, 2: Zairepna dolina kraskega izvira Bistrice. (Foto: G.
Kovacic)

fig. 2: Pocket valley of the Bistrica karst spring. (Photo:
G. Kovacicj
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Sl 3: {zvir Bistrice je za vodooskrbo zajet Ze na
zaletku. {Foto: G. Kovadic)

Fig. 3: The Bistrica karst spring is tapped for water
supply at its very source. (Phato: G. Kovacic)

Kovacevec je manjsi ob&asni izvir, ki prihaja na dan
iz razpok v steni na kraju neizrazite in kratke zatrepne
doline. Ob srednjil in nizkih vodah izvira voda izpod
stene na nadmorski visini 430 m. Ob dvigu nivoja
podzemne vode voda izvira 15 m vise neposredno iz
grusca, ki se napaja skozi razpoke v apnencasti podtagi.
Ob visokih vodah se v neposredni bliZzini aktivira manisi
slap, ki pritece iz korozijsko razdirjene razpoke v ap-
nendasti steni.

Kozlek izvira na obmodju opus¢enega kamnoloma
in je eden izmed stalnih izvirov na obmmo¢ju. Voda
izvira na nadmorski viSini 440 m iz podornega kamenja,
ki leZi pod manj3o steno. fzvir hitro reagira na padavine
s poveCanim pretokom, potem pa sledi dolgo obdobje
izredno nizkih pretokov. Ob taviru se je med deli v
kamnolomu odprla kraj$a jarma, ki jo v svojem delu
opisuje Boegan {1938).

51, 4: Stari del Hlirske Bistrice, imencovan Sibirija. (Foto:
C. Kovaci¢) '

Fig. 4: The old part of the town of llirska Bistrica
named Sibirija. (Photo: G, Kovaci¢)

Pila je manjsi kraski izvir, ki prihaja na dan ob stiku
apnenca s flisem ob visokily vadah na nadmorski vising
priblizne 470 m. Stevilo posameznih izvirov na lokacij
in njihova vidina sta moéno odvisna od trenutne hidro-
foske situacije, saj se ob visokih vodah Stevilo izvirkov
na lokacifi povefa, ob nizkih vodah pa voda izvira
precej nize. Ob padavinskih viskih voda i5€e pot skozi
obmodja slabse prepustnosti v apnengastem gruscu, ki
prekriva pobotje pod manjiimi stenami kraskega roba.
Posledica je zelo povecan pretok v potoku, ki je obi-
Zajno zelo majhen, vendar stalen.

HIDROLOSKE ZNACILNOSTI 1ZVIROV IN NJIHOVO
ZALEDGH

Hidrografsko zaledje izvirov je razmeroma dobro
omejeno samo s flisnim obrobjem ob Reki, ki teCe
vzporedno z bol} ali manj izrazitim kradkim robom za-
hodnega dela SneZniske planote v znadiini dinarski
smeri. Strma pobocja pod robom prekrivajo apneni
grusdi, sestavijeni iz skainih odkrutkov razlignih veli-
kosti. Ti znadilno prekrivajo tudi rebri krajnib kancev
zatrepnih dolin kradkih izvirov. Flidne kamnine v alnini
sneZnitke narivne grude (Placer, 1981) so za podzemne
kraske vode nekakina hidrolotka pregrada, kar usmerja
podzernni tok kratke vode z zahodnega roba SneZnitke
planote v pore¢je Pivke. V njenem zgornjem toku pri-
haja do bifurkacije med jadranskim in Cmomorskim po-
vodjem (Habi¢, 1984). KaZe, da je flifna pregrada
prebita sarmo na obmodju obravnavanih izvirev in pri
kraskem izviru Podstenjiek. Obseg kraskega zaledja
izvirov v notranjosti SneZnizke planote je po do sedaj
razpoloZijivih podatkih prakticno nemogode opredeliti,
saj je hidrografska meja med napajalnim zaledjem
Bistrice, Pivke, Cerknidkega jezera in RijeCine {Hrvaska)
zelo nefasna in verjetno prostorsko in Zasovno modno
sprementjiva glede na padavinske in hidrolodke razmere
na obmodju. Sledilnih poskusov na obmogju niso na-
pravili. Ocena, da hidrografsko zaledje kraskega izvira
Bistrica obsega poviéino priblizno 90 km® {Juren &
Krivic, 1989; Petauer et al., 2002}, je nekoliko pretirana.
Kljub temu je s stalifta varovanja pitne vode smiselna,
saj so jo zaradi slab3ega poznavanja terena in da bi se
izognili morebitnim nepremidljenim posegom v naravo,
pomaknili do roba izrazitega dinarskega preloma, kjer
50 opazne vidne geolotke spremembe terena.

Z izjemo Pile in Kozleka vodormerna postaja tirska
Bistrica {Bistrica) zajema vode vseh obravnavanib kras-
kih izvirov, Postaja lezi na nadmorski visini 393 m v
bliZini izliva Bistrice v Reko. Po hidroloskih podatkih za -
obdobje 1958 do1998 (v letih od 1974 do 1989 meritev.
niso opravljali} se srednji letni pretoki sucejo med 0,86
in 2,56 m’/s (Q,= 1,6 m*/s) (HMZ RS, 1999}, pri tem pa
je treba v skupni bilanci iztoka vode upostevati odvzem
vode za powrebe vodovoda, ki je neodvisno od letnega
gasa priblizno 0,100 m*/s. Minimaini pretoki se gibljejo
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med 0,044 in 0,560 m'/s in so dolg,otra;'nejs'::’. Malsi-
malni pretoki med 3,39 in 36,50 m’fs so kratkotrajni,
ekstremni viski pa se pojavljajo hkrati z izjemnimi
padavinskimi dogodki v zaledju. Pretok Bistrice skaraj
polovice dni v letu ni vedji od 1 m¥s. Indeks preplav-
fienostt znasa 1 @ 36 : 830, kar kaZe na sistem dobro
razvite kratke poroznosti z zelo hitrima tokom in isto-
Zasno na emejeno sposobnost skdadiftenja v vodonos-
niku, Ce upodtevamo odvzem, se vrednost indeksa
preplavijenosti zmanja na 1 : 12 1 254, Zaradi siabse
prepustnosti stainih in niZe leZedih izvirov se ob
mocnejsih padavinah nivo podzemne vode dvigne. Po-
tek praznjenja vodonosnika zaznamuje hitri upad pove-
canih pretokov v vide leZeih izvirih, Do znatnejlega
upada pretoka, ki je posledica upada gladine podzemne
vode v zaledjy, prihaja najpre} pri Pili, sledijo Kozlek in
drugi izviri do kraskega izvira Bistrica. Prepustnost sled-
njega je precej omejena, kar se ob modnejih padavinah
kaZe v poveCanem pretoku v obcasnily izvirih. Siabsa
prepustnest statnih izvirov je verjetno twdi posledica
dejstva, da tam ni izvirskib jam, ki jih Iahke opazujemo
v kragkih izvirth drugod po Sloveniji in svetu. MoZno je,
da sicer obstajajo manjie izvirske jame, ki pa so bodisi
zapolnjene in tako slabfe prevodne bodisi zasute s
pobotnim gruséem in jih zato ni opaziti. MoZno je tudi,
da se preprosto konZajo z zapletenim sistemorm Stevilnih
razpok v skalovju, ki so pogoste na narivnem robu.
Vioge tektonske pretriosti narivaega roba na razpo-
reditev izvirov in na nithove hidrolotke posebnosti ne
gre zanemarjati, Ceprav {a §e ni pojasnjena.

V hidrologkih pedatkih za vodemerno postajo Hirska
Bistrica nista zajeta izvira Pila in Kozlek. Podatkov o
njthovih pretokih nimame, vendar skupni srednji letri
pretok v seftevku verjetno ne presega 0,150 m’/s,

Minimalna izdatnost kraskega izvira Bistrica je oce-
njena na 0,200 m%s {Kovali¢, 2001a), kar je priblizno
toliko, kot je izmerjeni srednji minimalni pretok Bistrice
na vodomerni postaji tlisska Bistrica. V sudnih mesecih
se Bistrica polni preteZno z vodo iz omenjenega izvira.
Prva merjenja pretokov krafkega izvira Bistrica so bila
opravijena Ze ob koncu devetnajstega in v zacetku
prejinjega stoletja, rezultate o meritvah pa je v svojem
delu zapisal Boegan (1938}, V obdabju med 1870 in
1928 je bila zabeleZena minimalina izdatnost 0,116 m’/s
{1. 9. 1911) ter maksimalna izdatnost 3,18 ms 27, 3,
1928). V istem delu so zabeleZeni rezultati nekaj
meritev pretoka na obfasnih kradkih izvirih SuSec in
Kovatevec v letu 1928. Pretoki Susca se gibljejo med
0,160 in 0,820 m/s, pretoki Kovadevca pa med 0,001
in 0,472 m'/s, avior pa navaja, da omenjena izvira v
sudnih poletnih mesecih popolnoma presahneta. Po-
manjkljivost podatkov o pretokih je, da niso dovolj
reprezentativni, saj merjenj niso opravijali sistemati¢no
v vseh letnihy €asih, Tako denimo nimamo podatkev 0
pretokih v zimskih mesecih in Ze posebej v mesecu
novembru, ko so izviri najbolj izdatni. Kljub temu dajejo

pomembro informacijo, saj novejsih podatkov nimamo.
Casovna razporeditey srednjih meseénih pretokov
Bistrice pokaZe dva ietna vigka. Prvi in izrazitejsi visek se
casovno ujema z veliko koli¢ino padavin v mesect
novemnbru, ki je med vsemi meseci v {etu najholj na-
mocen. Visoki pretoki se ohranjajo do meseca februatja,
ko nastopi manj izraziti nizek. Sekundarni visek pretokav
se pojavija v mesecu aprilu. Primarni nizek se pojavija v
poletnih mesecih. Nadpovpredni srednji imesedni pretoki
so znacilni za hladno polovico leta, z izjemo meseca
februarja, ko so pretoki nekoliko niZji od letnega
povpredja, Sekundarni aprilski visek je posledica taljenja
snega v pomladanskih  mesecih,  saj  zimski in
spomladanski meseci odraZajo podpovpredne vrednosti
kolitine padavin, Vendar pa ufinek taljenja snega v
zaledju ni posebej izrazit, saj srednji aprilski pretok le
malo presega srednji letni povpredni pretok in je tudi
manjdi od pretokov v mesecih od oktobra do januarja.
Napajalno zaledje izvirov potemtakem obsega tudi ob-
modcja, ki jth pozimi prekriva sneg, vendar gre tw za pre-
dele s tanjso in manj ¢asa trajajoCo sneine odejo.
Ocenjeni skupni srednji letni odtok iz obravnavanih
izvirov znaga priblizno 1.850 m™s. Ob predpostavki, da
so spremembe v koficini uskladis¢enja vode v dolgolet-
rein obdobju enake 0, lahko na podlagi podatkov o
kolicini padavin v zaledju in podatku o evapotranspira-
ciji ocenimo velikost zaledja izvirov. Seveda gre zgolj za
poVISnO oceno, saj na napajanje kratkega vodonosnika
vplivajo de Stevilni drugi dejavniki, kot sta denimo
taljenje snega in prestrezanje padavin na rastlinskem
pokrovu (Petric, 2002). Poleg tega gre za ocenn velikosti
zaledja, ne pa tudi obsega in njegovih mej. Skupna letna
koligina padavin na padavinski postaji llirska Bistrica, ki
lezi dober kilometer severneje od izvirov, znasa 1446,8
mm (Zupanci€, 1995), korigirana vrednost pa 1569 mm
{Kolbezen & Pristov, 1998). Hidrografsko zaledje izvirov

SL. 5: Kraski izvir Suec ob visoki vodi novembra 2002.
(Foto: G. Kovadid)

Fig. 5: High discharge of the SuSec spring in November
2002. (Phofo: G. Kovadic)
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IPadavine —e— Pretoki| P (mm)

Padavine (1961-99}

Pretoki (1958-98)

Sl. 6: Povprecni meseéni pretoki Bistrice v obdobju
1958-98 na vodomerni postaji ilirska Bistrica in
povprelne mesecne padavine v obdobju 1961-90 na
padavinski postaji lirska Bistrica (HMZ RS, 1999
Zupancic,1995).

Fig. 6: The Bistrica monthly mean discharges (period
1958-98) at the lirska Bistrica gauging station and
monthly mean precipitation (period 1961-90) at the
ltirska Bistrica precipitation station (HMZ RS, 1999;
Zupandic, 1995).

je dobro namodeno. Proti notranjosti Snezniske planote
padavine zaradi orografske pregrade narad¢ajo ter na
zahodnem robu SneZniske planote in v povirnem delu
Reke presezejo 1800 mm. Podatki za Masun (2041
mm/letno) in juzreje leZece Gomance (2738 mmylelno)
kaZejo, da se koliCina padavin proti osredju planole e
veda in znada pribliZzno 2500 mm, na najvisjih predelih
pa celo 3000 mm. SneZniska planota j je v povpretju 100
dni na leto pokrita s sneZno odejo, njena letna maksi-
malna visina pa se giblje med 20-200 cm {Kolbezen &
Pristov, 1998; Zupan€i¢, 1998; Kovadi¢, 2001). Visja
nadrorska lega zaledja in posledi€no niZje temperature
povzrocajo slable izhlapevanje, prepustna karbonatna
kamninska podlaga pa omogoca hitre prenikanje vode v
globine, kar tudi zmanjluje moZnost izhlapevanja, po-
vetuje pa podzemni vodni odtok z obmoéja. Ce vza-
memo 1800 mm padavin kot povpreéno mnoZino pa-
davin v zaledju in upoitevamo 620 mm letnega iz-
hlapevanja ter obe vrednosti primerjamo s skupnim
letnim srednjim odtokom skozi izvire, dobimo podatek,
da napajalno zaledje izvirov ohsega povrsino priblizno
50 km?, Gre zgolj za pribliZek, saj so omenjene vred-
nosti, z izjemo srednjega letnega odtoka skozi izvire,
ocenjene na podlagi Kolbenz & Pristovih (1998) izra-
cunov. Za natanénej§o oceno velikosti zaledja bi bila
potrebna sisternati€éna merjenja lzdatnosti izvirov in
jasnej3a opredelitev koli€ine padavin ter izhlapevanja v
z’al'edj'ls kot dveh pomembnejéih dejavnikov napajanja.
‘Hidrografsko zaledje izvirov sestavija visoki kras

.. ) }Snezn:qke planote, ki je izoblikovan v dobro do srednje
- prepustnib krednih ter deloma jurskib in paleogenskih

> :flv'apnen(:h dolomitth, apnencastih in dolomitnih brecah,
"vl_::kl so tektonsko zelo pretrti, kar ge povetuje njihove pre-
_pustﬂost (§zk|é et al, 1972; Siki¢ & Plenicar, 1975).

Podrobrejso geolosko zgradho obmodja opisuje stika 7.
V narivni zgradbi jugozahodne Slovenije kamnine pri-
padajo Snezniski narivni grudi (Placer, 1981}, Ta je na
svojem zahodnem robu narinjena prek flisnth plasti
brkinske sinklinale, ki je del Komenske nariviie grude,
Dokaz za to sta tekionski okni pri Zagorju in KneZaky
{Plenicar, 1968). Neprepustni fli v podiagi prisiii pod-
zemne vode na dan v obravnavanily izvirih. Na ob-
modju izvirov gre tako za znatilen primer komai\tnega
krasa z manjsimi zatrepnimi dolinami, Tu in tam se na
SneZniski planoti v omejenem obsegu pojavljajo tudi
tedenitke morene in aluvialne naplavine. Vedinoma gre
za pesek in slabo zaobljen prod moren poboénil le-
denikov, ki so se v pleistocenu raztezali s Sneznika v
razli¢nih smereh {Sifrer, 1959).

SneZniska planota se na zahodu in jugozahodu za-
kljucuie s kragkim robom nad dolino Reke, na severo-
vzhodu je omejena 2z Notranjskim podoljem, na severo-
zahodu pa v blagem pregibu prehaja v krasko Zgomjo
Pivko. Skupaj z Javorniki na severy in Gorskimn kotarjem
na jugu in jugovzhodu tvori zaokroZeno morfolotko
eneto s skupnimi znadilnostrni. Vedina poviia na SneZ-
niski planoti sega v vigine med 1000 in 1400 m, najvisji
wih je Sneznik (1796 m). Obmotie je polnho vitad
razfiCnega nastanka in velikosti, brezen, med katerimi je
Brezno Bogumila Brinska s 506 m globine najgloblje do
secdaj odkrito ter znadilnih krasko ledeniskih globeli
(Velika Padeznica, Vala, Grda draga ...}. Kratke jame na
obmolju niso znane.

SneZnitka planota pripada hidratodkemu tipu globo-
kepa raztocnega krasa. Za ta tip krasa je pomembna
aviohtona padavinska voda, ki prenika v krasko pod-
zemlje in odteka v razlicne smeri proti kradkim izvirom
na obrobju. Snezniska planota je razvodne obmodie, saj
se jugovzhodni det njenega ozemija odmaka v poredje
Rijecine, severovzhodni in severni predeli pripadajo
¢rnomorskermu povodju, zahodni predeli pa napaijajo
malodtevilne kraske izvire, ki prihajajo na dan ob stiku s
flidem in so sestavni del porecia Reke. MoZno je, da se
skozi razpoke deloma krasko polnijo tudi manji izviri
narivnega kradkega roba jugovzhodno od flirske 8istrice.
Ti se napajajo skozi apnendasti pobodni grusC in nato
izvirajo na tockah manjie prepustnosti ter sestavijajo
desne pritoke Reke. Kijub dejstvu, da Reka s svojo
dolino v vidini priblizno 400 m oblikuje glede na pre- -
ostalo obrobje SneZniske planote relativao zelo nizko
fokalno erozijsko bazo, jo kolitina podzemne vode, ki
se usmerfa v izvire proti zahodnemu robu SneZniske
planote, dokaj majhna. Hidrografske zaledje obravna-
vanih izvirov obsega tako le manj§i del SneZniske
planote, glavnina precej izdatnih padavin pa odteka v
porecie Pivke (555 m) in Cerkniskega jezera (555 m) ter
Rijecine (350 m}. Verjetno gre za vpliv geolodke zgrad-
be v povezavi s tektonskimi strukturami in paleogeo-
grafskim razvojem cbmodja.
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$L 7: Geoloska zgradba hidrografskega zaledja izvirov in nfihovi potencialni onesnaZevalci (prirejeno po: Siki¢ et
al., 1972; Petauer et al., 2002; Kovadic, 2001b) Legenda: 1. Pobocni grus¢ (holacen), 2. Aluvialni nanosi thalocen),
3. Glaciofluvialni sedimenti (pleistocen), 4. FliSni sedimenti: menjavanje glinovcev, faporavcev, peiCenjaka,
kalkarenitoyv, bre¢ in konglomeratov (eocen), 5. Svetlosivi in sivi ter sivorjavi do ¢rni apnenci do lapornati apnenci
(paleagen), 6. Svetlosivi in beli prekristalizirani apnenci (zg. kreda), 7. Menjavanje plasti svetlih apnencev in
dolomitov (zg. kreda), 8. Svetli apnenci (sp. in zg. kreda), 9. Dolomitno apnena breca (sp. in zg. kreda), 10.
Apnenec in dolomit (sp. kreda) 11. Svetlosiv apnenec (zg jura), 12. Svetlosiv in temnosiv apnenec (zg. jura), 13.
Temnosivi debelozenati dolomit v menjavanju z apnencem (2g. juraj, 14. Domnevni podzemeljski dotok vode, 15.
Trap-3portno strelisce, 16. Kamnolom, 17, Lokalna cesta, 18. Turisticno naselje Sviscaki, 19. Predlagana meja
vodovarstvenega obmodja, 20. Kraski izvir.

Fig. 7: Geaological map of the karst springs’ hinterland and their potential polfutants (after: Siki¢ et al., 1972;
Petauer et al., 2002Z; Kovadi¢, 2001b) Legend: Slope rubble (Holfocene), 2. Alluvial sediments (Holocene), 3.
Glacioflavial deposits (Pleistocene), 4. Flysch rocks: shales, maristones, sandstones, calcarenites, breccias and
conglomerates, 5. Light grey and grey limestones, grey browa and black fimestones and marly limestones
{Paleogene), 6. Light grey and white crystalline limestonies (Upper Crefaceous), 7. Aletenating fight limestones and
dolomites (Upper Cretaceous), 8. Light limestones (Upper and Lower Cretaceous), 9. Dolomite-limestone breccia
(Upper and Lower Cretaceous), 10. Limestone and dolomite (Lower Cretaceous), 11. Light grey and dark grey
limestone (Upper Jurassic), 12. Light grey and dark grey limestone (Upper Jurassic) 13. Dark grey grained dolomite
and limestones (Upper Jurassic), 14. Suppeositional underground water flow, 15. Trap-shooting ground, 16. Quarry,
17. Local road, 18. The Svis¢aki tourist centre, 19. Suggested water-protection area, 20. Karst spring.

FIZIKALNO KEMIJSKE LASTNOSTIIN imenskega zajetja pitne vode opravlja v ekviru rednih in
MIKRORIOLOSKA KAKOVOST VODE V (ZVIRIH - obcasnih analiz Zavod za 2dravstveno varstvo Kopor v

_ - nadaljevanju ZZV Koper). Nekaj podatkov o temperalwue

Meritve fizikalno kemijske in mikrobiolotke kakovo-  vade v izvirih Bistrica, Susec in Kovacevec je objavil tudi

sti kraskega izvira Bistrica za potrebe upravljavca isto-  Boegan (1938). Za natancnejio podobo o fizikalno ke-
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mijskih in mikrobioloskih lastnostih obravinavanih kras-
kih izvirov bi bilo treba opraviti sistemati¢ne meritve.
Redne inesedne meritve fizikalno-kemijskih para-
metrov surove vode na zajetiu kraskepga izvira Bistrica,
opravljene v letih od 2000 do 2002, kaZejo na letno gi-
banje med 8,7 in 10,8 °C. Malosteviini podatki za ob¢as-
na izvira Susec in Kovacevec kazejo, da sta izvira neko-
liko hladnejsa, saj najnizja izmerjena vrednost znaia 7
°C (Boegan, 1938). Rezultati meritev SEP vode v zajetju
za isto vpazovano obdobje se sucejo med 324 in 388
HS/em, pH vrednosti med 7,12 in 7,77, Enkratna meritev
trdote vode kaZe, da je karbonatna trdota vode v zajetju
10.9 °NT, nekarbonatna trdota pa samo 0,6 °NT, kar se
ujema z geolosko zgradbo zaledja izvirov. V litru vode je
raziopljeno 55 mg kalcijevih in 10 mg magnezijevih
kationov (ZZV Maribor, 199%; ZZV Koper, 2000-2002).

%4 Zdravsiyeno nenstreziih vzorcey pibee vode

70
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50
40 oo
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Stevile veoreiy in ety yeordena
*V ety 2002 so zajete analize do vkijuéno meseca julija.

S, 8: Rezultati mikrobioloskih analiz kraskega izvira
Bistrica (Kovacic, 2001a; ZZV Koper, 2000-2002).

Fig. 8: The results of microbiological analyses of water
samples taken from the Bistrica karst spring (Kovacic,
2001a; ZZV Kaoper, 2000-2002).

OGROZENOST IN VAROVANJE IZVIROV

Mikrobioloske lastnosti izvira Bistrica kaZejo, da je
voda vedinoma primerna za pitje tudi brez predhodnega
tis¢enja, medtem ko po fizikalno-kemijskih parametrih
voda popolnoma ustreza kriterijem o zdravstveni ustrez-
nosti pitne vode {SI. 8). Podobno kot vecina drugih
kraskih izvirov je tudi voda v zajetju Bistrica obdasno
okuZena z mikroorganizmi, zalo je za kakovost pitne
vode poskrbljeno s stalnim razkuZevanjem na &rpalisCu
v neposredni bliZini zajetja.

Zaledje izvirov oznacuje razvit globoki kras Snei-
niske planote z dobro prepustnostjo. Zaradi pretakanja
vode po razpokah in kanalih so pretoki kratke pod-
zemne vode v primerjavi z nekraskimi podzemskimi ze-
to hitri in skrajfajo ¢as Ze tzko omejenega biokemij-
skega Cisenja, kar stabda njeno kakovost. Zaradi debre
prevodnosti v kraskih vodonosnikih skorajda ne prihaja
© ‘do mehanicnega &ifenja, zato kraski izviri pogosto

- kalijo. Z vidika varovanja vode v izvirih je pozitivno

dejstvo, da zaledje oblikujejo prostrani in neposeljeni
gozdovi Sneznitke planote, tako da je to zaradi re-
tiefnih, podnebnih in geoloskih znadilnosti za kmetijsko
rabo slrajno neprimerno obmodje. Kijub temu so izvir
ogrofeni zaradi gradbenigke, Sportne, turisticne in goz-
darske dejavnosti ter z njimi povezanega prometa v nji
hovem oZjem in sirsem zaledju (SL 7) (Kovadic, 2001hj.
Ocene kaZejo, da je koncentracija svinca v prsti, ki ga
vsehujejo  Sibrmi naboji pusk, na aktivni povriini
sporinega strefiséa na Crih njivah {to le#i priblizno 700
m od izvira Bistrica na obmodju nekdanjega vojaskega
strefista) zelo velika. Za dosego mejne vrednosti fetnega
vnosa omenjene kovine (2,5 kg/ha), ki jo predpisuje
Uredba o vhosu nevarnih snovi in rastlinskih gnojil v tla
iz teta 1996 (UL RS, 1996), bi zadostovalo 150 izstre-
tienih nabojev letno. Dosedanje fizikalno-kemijske ana-
lize kakovosti vode iz izvira Bistrica kaZejo, da je kon-
centracija svinca v vodi v mejah dovoljenih vrednosti,
Cetudi strefid¢e obratuje Ze dve desetletji. Razdirjene
meritve fizikalno kemijskih lastnosti vode, ki jih na
izviru Bistrica praviloma opravljajo dvakrat lethe, ka-
Zejo na porast vsebnosti te kovine v vodi. Junija 2002 je
koncentracija svinca v vodi dosegla do 4 ng/l {mejna
dovoljena vrednost za pitno vode znasa 10 ug/h (ZZV
Koper, 2000-2002). Za zagotavijanje kakovostne pitne
vade v kraskem izviru Bistrica in v sosednjih jzvirih je
potrebna preselitev Spostnega strefidéa zunaj napajal-
nega obnodja izvirov ter sanacija s svincem onesna-
Zene povrsine in prsti na streliscu.

Turisticno naselje Svis¢aki (90 potitnidkilr his) lezi
globoko v osréju SneZnidke planote, daled stran od ob-
ravnavanih jzvicov, Kliub temu ga aviorji strokovnih
podiag za zavarovanje kradkega izvira Bistrice {Juren &
Krivic, 1989, Petauer et al, 2002) uvrSlajo v vplivno
vodovarstveno obmodje. Varstvo kraske podtalnice bi
morali zagotavijati z graditvijo neprepustnih greznic, ki
jih vecina objektov nima.

Promet v povezavi z gozdarske, turistiCno in gradbe-
nicko dejavnostjo poment veliko groZnjo za zajetje, saj v
njegovi neposredni blizini poteka lokalna cesta Hirska
Bistrica — Sviddaki, ki ni urejena tako, da meteorne vode
s cestid¢a ne bi odtekale neposredno v vedonosnik.

V hidrografskem zaledju 1zvirov sta dva kamnoloma.
Spodnji, ki lefi 200 m nad vodnim zajetjern, danes ne
obratuje ved. Danes v njem meljejo apnenec, ki ga do-
vazajo iz zgomjega kamnoloma, Kamnolom je danes ne-
kaksno parkirid¢e za Steviine zavrZene aviomobile ter
delovno mehanizacijo in tovornjake, v njem pa se
skrajno neprimerno skladiséi nafta za pogon teZke me-
hanizacije. Do pred kratkim je kamnolom rabit kot od-
fagaliste odpadnega gradbenega materiala za Sirde ob-
mocie lHrske Bistrice. Pri kamnolomih je treba biti po-
sebno previden pri vplivih na neposredni kraski odtok,
kar pomeni, da je treba skrbno paziti, da se preprecijo
kakrini koli izlivi nafte in olj ter drugih strupenih ali
gkodljivih snovi, saj bi vsakrdno njihovo izlitje lahko
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daljnosezno vplivalo na kvaliteto kraske talne vode (Ge-
bela, 1997). Kemijske analize vode iz zajetja kaZejo na
oh¢asno povedanje vsebnosti mineralnih ofj v pitni voddi,
ki skoraj dosegajo prag mejnih dovoljenih vrednosti
(ZZV Koper, 2000-2002} in so dejansko lahko posledica
neurejenily tazmer pri gospodarjenju v kamnolamih.
Sanacija spodnjega kamneloma je nujna za dolgorotno
zagotavljanje kakovosine pitne vode, obratovanje zgor-
njega kamnoloma pa je treba sanirati do stopnje, ko ne
bo vec ogroZalo kraske podtalnice (Kovacic, 2001a).

Kragki izvir Bistrica je zavarovan z Qdlokom o do-
loitvi varstvenih pasov in ukrepov za zavarovanie vod-
nih virov (PN Uradne objave, 39/1983), vendar 5o nje-
govi varstveni pasovi izdelani le na osnovi razdalj od
zajetja, reZim varovanja pa je v primerjavi z novejSimi
metodologijami o zavarovanju podzemne pitre vode
preblago in slabo definiran in se v glavhem ne ures-
nicuje. Na podlagi hidrogeoloskih raziskav zaledja so
bite v letu 1989 {Juren & Krivic, 1989) in 2002 (Petauer
et al., 2002} izdelane strokovne podlage za zavarovanje
krakega izvira Bistrica. Nobena od prediaganih ni bila
sprejeta z obdinskim odlokom, kajti z novirn Zakonom o
vodah iz leta 2002 (UL RS, 2002) je dolodevanje vo-
dovarstvenih chmodij pitne vode preslo iz rok lokalnih
oblasti v pristojniost drzave. Tako ostaja regionaino po-
memben vir pitne vode praktitno nezavarovan (Kovadic,
2001a).

ZAKLJUCEX

Stalni in obgasni kraski izviri v okalici lirske Bistrice
so del enotnega hidroloskega sistema. Hidrolodko za-

ledje izvirov, ki obsega pribliZno 50 km?, sestavlja ne-
poseljena kraSka planota Sneznik. lzvirt se napajajo iz-
kljucno krasko z avichtono padavinsko vodo, powi-
Sinskih tekocih voda in ponikalnic v zaledju ni. Poscb-
nost izvirov fe njihova razporeditev vzdolZ narivnega
roba ob zahodnem vznozju apniske SneZniske planote
na eocenski fli¢ doline Reke. tzviri znacilno reagirajo na
hidroloske razmere v zaledju s hitrira naradCanjem preto-
ka ter hitrim upadanjem, najprej v najvise lezecih izvitih.

Fizikalno kemijske in mikrobicloske analize pitne
vode iz kradkega izvira Bistrica, ki je zajel za vodo-
oskebo Zirsega obmodija, kaZejo, da je voda precej ka-
kovostna. V nenaseljenem gozdnern kraskem zaledju pa
kijub temu nzajdemo nekaj resrilt potencialnih in de-
janskih onesnazevalcev kraske podtalnice. Zajetje pitne
vode je sicer zavarovano, vendar so varstveni ulrepi
slabo doloceni in jih ne uresnicujejo.

Za bolje razumevanje hidrologkih razmer je treba
opraviti se vrsto nadaljniilt raziskav, analiz ter meritev.
Pridobiti bi morali kakovostne in med posamezninmi iz-
virl primerljive podatke o fizikalno-kemijskih lastnostib
vode. tzpeljati bi morali natanéna merjenja pretokov po-
sameznih izvirov skozi primerljivo ¢asovno obdobje ter
preuit hitrost odzivanja izvirov na padavinske dogodke
v zaledju. Z zanesijivimi podatki o pretokih bi s pormoéjo
izra¢una vodne bilance lahko pribliZno dologili velikost
hidrografskega zaledja izvirov, katerega meje bi morali
potrditi s sledilnimi poskusi. Z njimi bi pridobili tudi
podatke o hitrostih in smereh pretakanija kraske vode v
zaledju, kar bi pripeljalo cdo boljega razumevanja
hidrolodkega sisterna izvirov Bistrice, omogotilo pa bi
tudi jasnejSo opredelitev vodovarstvenih obmodij.

BISTRICA KARST SPRINGS (SW SLOVENIA)

Gregor KOVACIC
Faculty for Humanities Koper, University of Primorska, SI-6000 Koper, Clagoljaska 8
F-mail: gregot.kovacic@ths-kp.st

SUMMARY

The Bistrica katst springs are distributed alcng the western foot of the SneZnik karst plateau (NW Dinarids) at the
Jjunction with the impermeable Eocene flysch of the Reka valley. Tecionically, the SneZnik karst plateau is part of the
Sneinik thiust sheet, which is in its western part over-thrust to flysch layers. Deeply karstified Cretaceous and
Jurassic limestones, dolomites and dolomite-limestone breccias prevail. Autochthonaus precipitation water cuns
towards the karst springs situated in the margins of the plateau The catchment area of the Bistrica springs stretches
over a small part of the plateau. The estimated area is 50 k',

Permanent and periodical karst springs are situated at an altitude of 420 to 470 m. During the dry period, the
discharge of three of the spnn§s reaches a total of only about 0.140 m’/s at the gauging sfanan, After heavy rains,
their discharge exceeds 36 n'/s. The ratio between low, medium and high discharges is 1 : 36 : 830, buf if the
guantity of water tapped for water supply is calculated, this value is 1 : 12 : 254. It has been es{ima!ed that the mean
annual discharge from the springs equals 1.85 m'/s. The time distribution of the mean monthly discharges shows that
two annual maximums occur, the first in November and the second in Aprif, while the lowest mean discharges
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oceur in fuly and August and the second minimum in February. The second maximum in April is the result of snow
melfting during the spring months. There are not many data available on the physical and chemical characteristics of
the springs, but there are some on the Bistrica karst spring.

Due to its clirmate, geomarphologic and geological conditions, the SneZnik plateau is somewhat inconvenient for
agricuiture and, for this very reason, uninhabited. In spite of this, the karst springs are endangered by poffution from
the constructian, spatts, tourism and forestry activities taking place i their more or less immediate vicinity as well as
by waffic associated with these particular activities. The Bistrica karst spring is the most sbundant amongst all the
springs mentioned above and is therefore tapped for water supply. The spring is protected, but the water-protecting
measures (o be taken are inappropriately defined and have not been carried out so far. One of the most important
drinking water resources in SW Slovenia thus remains practically unprotected.

further investigations, analyses and measurements are needed in order to provide necessary information about
the hydrological conditions in the area, including measurements of the physical and chemical characteristics of the
springs. To determine the catchment area and consequently appropriate water protecting areas of the springs,
particularly the Bistrica karst spring, accurate measurements of discharges as well as some tracing tests should be
carried out in the hinterland.

Key words: Bistrica karst spring, karst hydrology, Sneznik plateau, SW Slovenia
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MEDNARODNA DELAVNICA
"EKOREMEDIACIHE V CELOSTNEM UPRAVLIANJU Z
VODAMI V SREDGZEMLIU"

Regionalni razveini center Koper
Centro regionale di svituppo Capodistria

RRA JuzZna Primorska

V Fiesi je 29. in 30. oktobra 2002 potekala med-
narodna delavnica z naslovom "Ekoremediacije v celost-
nem gospadarienju z vodami v Sredozemlju®. 7 izrazom
ekoremediacija ozraCujemo uporabo naravnih in sona-
ravaih sistemov in procesov za zascio in obnovo
okolja. Dogodka v Fiesi so se udelezili predstavniki
obéin stovenske Istre, Ministrstva RS za okolje, prostor
in energijo, tokalnil komunalnih podjetj, Zavoda RS za
varstvo narave, lokalnega prebivalstva ter strokovnjaki z
Vodnogospodarskega indtituta iz Ljubljane, podietja
Limnes kot tudi predstavniki METAP in GWP ter iz
Republike Hrvaske: iz Istrske Zupanije, univerze iz Za-
greba in Hrvatskih vod. V okviru uresni¢evanja regio-
nainega razvofnega programa za Juzno Primorske je
delavnico organizirala Regionalna razvojna agencija iz
Kopra, finanino pa sta jo omogotila Mediteranski
program za okolje (METAP} in Global Water Partnership
(GPW1,

Ob koncu delavnice, ki je bila osredotocena na reko
Dragonjo, so udeleZenci obiikovali naslednja priporo-
&ita:

[zhajajoc iz dejstva,

- da je povodie reke Dragonje obmotje izjemnih
naravrih vrednot in biotske raznovrstnost, krajme,
hidroloskih in hidromorfoloikih procesov fer mnogih,

POgOSIe nasprotujocih i razvo;mh ;Jobud :k
posebno skrben pristop h'gos )Odar;en ju z obmo
ter ugotovitve '

~ da so bile za povoci;e Dragonjc ie do:Je; mae;em]

ali se izdelujejo mnoge zelo kvalitetne strokovne” pod- L
lage {vodnogospodarske osnove, mventar‘zacua narav-‘ j'. s

nil vrednot in druge);

udeleZenci de[avmce priporodamo:

- da se na drzavni, regionalni in obginski ravni
ozaw;o aktivnosti za zagotavljan]c celovitosti vodnega
rezima, za zagotavijanje varovanja naravnih vrednot in
ohranjanja  biotske raznovrstnostt  povodja ter  za
pripravo z njirmi asklajenih prostorskih planskih in iz-
vedbernih aktov;

- vzpostaviti je treba integralen pristop k planiranju
in upravijanju s povodjem Dragonie, ki bo povezoval
kfjucne vidike razvoja obmaotia, kot so prostorsko pla-
niranje in urejanje, razvoj podeZelja, kmetistva in tu-
rizrma, ohranjanje narave, varstvo in uprav!janje Z vOo-
dami, vzpostavitev infrastrukture, predvserm tiste za var-
stva okolja;

- organizacijska struktura za urejanje obmaodja naj
poveze vse kljucne partnerje, predvsern Ministrstvo za
okolje, prostor in energijo, Ministrstvo za kraetijstvo,
prehrano in gozdarstvo, kmetijsko svetovalne stuZbo,
Zavod RS za varstvo naravo; obéine Koper, {zolo in
Piran, gospodarske akterje, kot so: upravijalec Seco-
veljskih solin -~ podjetje Soline in Vinakoper: Regio-
nalno razvojno agencijo, Ribisko druZino Koper, pred-
stavnike prebivalcev vasi v pore€ju; strokovne indti-
tucije, predstavoike iz R Hrvaske, ter druge zainteresi-
rane partnerje;

- za ciljne skupine sodefujodih v celostnem uprav-
Hanju z vodami naj se pripravijo ustreznt tnformativni
tecaji, pri Cemer je program delavnice lahko dobra
O$NOVa za Priprave programoy;

- v okviru meddrZavne komisije za vode med R
Slevenijo in R Hrvadko naj se izboljSa pretok informacij
7 abeh stani meje do lokalnil ravni;

- priotiletno je treba pristopiti k problematiki Cisce-
fnja odpadnih voda, predvsem sanaciji oneshaZevanja iz
razprienih virov {posebno pered je problem mikrobio-
loske onesnaZenosti) ob istoCasnem varstvy vodnth ko-
licin in ohranjanju dobrega ekoloskega stanja;

- pri wrejaniu obmodja naj se naklont posebna
pozornost sonaravnim ekoremediacijskim pristopom k
razvoju dejavnosti in sonaravaim tehnologijam, tako da
bi obmotje reke Dragonje postale pilomi primer to-
vrstnega trajnostnega urejanja (1), pristopa, ki enako-
vredno upolteva druzbene, gospodarske in okoljske
vidike}, Uspeino izvedeni primeri naj se promovirajo v
regiji in v celotni drZavi pa tudi 3irke - preko strukiur
Mediteranskega akcijskega programa (MAP) in METAP;

- v ta namen naj se prioritetno uredijo vzortni objekii
Cidtenia odpadnib voda z ekoremediacijskirn naginom
za tipi€ae primere onesnafevanja: razpriena poselitey,

123




ANNALES - Ser. hist. nat, - 132003 - 1

©OELC NASH ZAVODOV IN DRUSTEVIATTIVIEA DE ROSTRUISTITUTE € BELLE NOSTRE SOCHFTAACTIVTES BY CUR INSTITUTIONS AN ASSOCIATIONS, 123,135 )

turistieni objekti, deponija odpadkov, oljarna; ti objekd
naj se skupaj $ tpi&nimi naravnimi procesi samo-
otiscevanja v dalini Dragonje predstavijo ob ekoreme-
chacijski tematski poti in ob ustreznem informativiem
gradivi (decembra 2002 je bila brodura tudi pripravijena
in je zainteresiranim na volje na Limposu, kjer je tudi
sedeZ GWP Slovenija).

- zarach promocije in uveljavljanja v Sirfem prostoru
Mediterana naj se nekatere od teh aktivrosti opravijo v
okviru projekta MAP CAMP Slovenija.

Sfavko Mezek
Bogdan Macarol
Mitja Bricelj

"OHRANIMO ZELVO V SLOVENSKEM MORJU*

Morska Zelva kareta (Careita carefta) je nedvemno
ena najbolj ogrozenth vrst Sredozemija in razmeroma
reden gost v natem morju, kar slovenski in tji javrosti
sicer ni znano. V slovenskem morju se redne pojavlja
med aprilom in novembrom. Slovensko morje  je
pomembno predvsem kot prehranjevalno obmoéje za
rilade karete. Te se narared v prvem ohdobju hranijo s
pelaskimi organizmi, zatem pa izklju¢no z organizmi, ki
Zivijo na morskern dnu. Plitvost slovenskega morja
omogoCa to spremembo v prehranjevainif navadah wdi
zelo mladim Zelvam in je zato za njihove preZivetje
velikega pomena. Z ohlajanjem severnega Jadrana
konec jesem se Zelve selijo juZneje, proti Kvarnerju in
srednji Dalmaciji, del populacije pa verjetno celo
zapusti Jadransko morje. Kareta je v Sloveniji zaiCitena
¢ Uredbo o zavarovanju ogroZenih Zivalskih vrst, v
habitatni direktivi EU je opredeljena kot prioritetna
vista, uvriena pa je tudi na seznam ogrozenth vist v
okviry Barcelonske konvencije oziroma Protokola o
posebej zavarovanih obmodjih in biotski raznovrstnosti
v Sredozemlju.

Drzave podpisnice Barcelonske konvencije so zaradi
njihove ogroZenosti Ze leta 1989 sprejele akcijski nadrt
za varovanje sredozemskih morskih Zelv in s tem tudi
karete {Action Plan for the Conservation of Mediter-
ranean Marine Turtles). Nacn, ki je bil dopolnjen leta
1999, predvideva §tevilne altivaosti, ki jih v grobem
lahko strnemo v nastednjih tockah:

- zakonsko varovanje morskih Zelv in upravijanje
zavarovanih obmodij za njthovo varovanie,

.+ ~obranjanje in upravijanje habitatev, pomembnib za
jvcl;h:rlanjanje morskih Zelv {ohmodja gnezdenja, prehra-
,;’njevanja, prezimavanja idr.),

L= Zmanjgevanje smirtnosti, povzrocene 2 ribolovnimi
sredstvi; in prepreCevanje uporabe morskih Zelv za pre-
’-hr’a’ho;o‘ kot surovine {roZevina),

Foteo: §. Makovec

- vzpostavilev sredozemske mreZe zavarovanih ob-
modij za morske Zelve,

- Qzavescanje in vzgoja,

- raziskovalne delo in monitoring,

~ koordinacija aktivnosti.

Akcifski naént predvideva tudi oblikevanje nacional-
nih akcijskih nacnov, v katerth i posamezne drZave
podpisnice postavijo osnovo za ustrezno dolgorotno
nacrtovanje aktivnosti v zvezi z varovanjem morskib
Zelv.

Republika Slovenija uresniCuje omenjent akcijski
nacrt, prek piranske obmolne encte Zavoda RS za
varstvo narave in piranskega akvarija Srednje pomorske
{ole v PortoroZu, Je od leta 1995, in sicer v delu, ki se
nanaa na zbiranje podatkov o pojavijanju karete in
oznatevanju ulovljenih in zatem izpuscenih osebkov. V
zadnith letih je bilo cznalenih in ponovno izpuicenih
priblizno trideset Zelv, vendar pa 50 se navedene aktiv-
nosti nanadale v pretezni meri na piranski del morja in
ribicev. Da bi k sodelovanju pri obves€anju o ulovu
pritegnili vse slovenske morske ribice in tudi druge
uporabrike morja, je Zavod RS za varstvo narave, Ob-
modna enota Piran, v sodelovanju z Minististvom za
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okolie, prostor in energijo pripravil akcijo "Ohranimo
zelvo v siovenskem tnorju”. Akclja, ki jo operativino vodi
piranska enota Zavoda RS za varstyo narave, v njej pa
sodefujeta tudi piranski akvari] in Morska biologka
postaja Piran (Nacionalni indting za biologijol, je del
parlnerskega dogovora minisirstva in druzbe Petrol pri
ohranjanju in trajnostni rabi slovenskih voda.

Za leto 2003 je bil tako pripravijen program aktiv-
nosti, namenjenih v prvi vrsti obvedcanjs in ozave-
Seanju vseh stovenskih ribitev in drugih uporabnikov
sfovenskega morskega prostora ter §irde javnosti, zatem
boljgi organizaciji zbiranja podatkov in, nenazadnje,
sprejetju uradnega nacionalnega akcijskega nacria varo-
vaunja merskih Zelv na osnovi pridebljenih podatkov. Z
nadtetim naj bi uresnicilt predvsem ti poglavitne cilje
projekta, in sicer: zmanjSaii nakljucni uwlov in pogin
Zelv, pridobilt ve¢ podatkov o ulovljenil Zelvah tn pri-
spevali k boljfemu poznavanju njihoviie migracijskih
poti, kriti¢nih habltatov, Zivijenjskega ciklusa in bio-
logije vrste nasploh. V skladu z navedenim sodeluje v
projektu posredno tudi raziskovalec Hrvaskega priro-
dostovnega muzefa iz Zagreba Bojan Lazar, nosilec
programa Raziskovanje in zasCita Zelv v Jadranu. Se-
danji rezuttati anatize nakljucnega ulova, izsledki ozna-
&enih osebkov in preliminarme analize prehvane kaZejo,
da je severni Jadran pomemben habitat te vrste v Me-
diteranu.

Ministrstve za okolje, prostor in energijo ter druZba
Petrol sta ob zacetku akcije poskrbela za tiskanje pri-
loznostnih plakatov ter informativnih zgibank za ribice
in druge uporabnike morja. Informacije o akciji so ob-
javljene tudi na spletnib straneh ministrstva in druZbe
Petrol. Akvarij Piran Srednje pomarske fole iz PortoroZa
skrbi za sodelovanje z ribici, za prevzermanie ulovljenih
zelv ter njihovo oznacevanje in izpustitev. Oblikovanje
baze podatkov in ustrezna analiza slednjih pa je za-
upana Morski biolodki postaji. Podatki bodo po za-
kijucku akcije posredovani Regicnalhemu centru za
zavarovana cbmedja v Tunisu, koordinatorju Akcijskega
nafrta za varovanje sredozemskih morskih Zelv, Ob
vsem navedenem pa druzba Petrol za sodelovanje v
akeiil veakemu, ki prinese Zejva, podari tudi simbeli¢no
nagrado -~ priloZnosine majico in 30 litrov goriva,

Foto: T. Makovec

Na osnovi poroanja medijev in neforrmalnih razgo-
vorov s predstavniki fokalnih skupnosti, razli¢nih dru-
Stev in s posarnezniki lahko sklepamio, da so nacrtovane
aktivnosti naletele na ugoden odziv tako pri ribicih
kakor tudi v $irsi javnostl. Pri tem velja poscbe] pou-
dariti sodelovanie druzbe Petrol oziroma njeno priprav-
ljenost, da prevzame dejavno viego pri wesnicevanju
nadel lrajnostnega razvoja, katerih nelocljivi del sta tudi
skeb in zavzeranje za varovanje ogroZenih vist in
ohranjanje bioiske raznovistosti, V. zgibanko smo
zapisali - Zelva isce prijatelje. Tokrat jik ni nasla le v
uradnih in neuradnih naravovarstvenikih, v piranskem
akvariju ter ribicih, pac pa tudi v druzbi Petrol.

Robert Turk
Valter Ziza
Tihomir Makovec
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OCENE IN POROCILA
RECENSIONI E RALAZIONI
REVIEWS AND REPORTS

'Bvoris Sket, Matija Gogala, Valika Kustor {ur.} 2003:
. ZIVALSTVO SLOVENUE. Tehniska zalozba Slovenije,
Ljubljana, 2003, 664 strani.

Spomladi leta 2003 je na knjizne police prisia ob-
seZna monografija Zivalsivo Slovenije. Knjiga je na-
pisana na 664 straneh velikega formata. Uredili so jo
Boris Sket, Matija Gogala in Valika KuStor, izdala pa
Tehnidka zaloZzba Slovenije. Besedilo je prispevalo 40
aviorjev, vrhunskih domacih strokovniakov na svojib
podrocjin. Bogati slikovni material je delo 46 fotografov
in 16 risarjev. Knjiga obravnava 88 suokovnih poglavij,
vsako poglavje predstavija neko éirdo ali ozjo takso-
notsko skupino Zivali na obmodju, za katero radi pra-
vimo, da je po Stevilu vist eno bogatej$ih v Evropi.

Osrednii del knjige je razdeljen na tri sklope: skiop
nevretenéarjey, od katerih so z uredniskim posegom kot
poseben sklop logene ZuZelke, in sklop vreten€arjev.
Vsak sklop ima svojo barve, tako da jih locimo e od
dalet. S svojo barvo so vznaCena tudi uvodna poglavia.
Tu izvemo osnovine podatke 0 spremembah Zivalstva na
ozemlju Slovenije od obdobja kambrija naprej ter ©
viogi, ki jo je pri zoodiverziteti imel in jo e ima clovek.
Spoznamo osnovne zakonitosti sistematskega razvriCa-
nfa zivih bitl] in nekaj dejstev o ogroZenosti in varo-
vanju Zivali pri nas. Ob koncu je v treh tabelah pestrost
nasih Zivali postavljena ob bok svetovni in pestrosti
dveh sosednjih drzav.

Prvi strokovni sklop, ki so ga wredniki poimenovali
NiZji nevretencarji, obravhava 43 taksonomskih skupin
{(nekako na nivoju razredov), med katerimi najdemo pri
nas slabo poznane catkarje, kinorinhe, Zive niti, po-
Casnike ipd.,, pa tudi bolj in dobro pornane spuive,
pijavke, rake, ¢e imenujem le nekatere. Koliina napi-
sanega besedila pri posamezni skupini je odvisna od
Stevila poznanih wrst, predvsem pa od pozravanja
skupine. Drugi sklop sestavlja, kot Ze reteno, ena sama
skupina, zuZelke, ki pa so zaradi preglednesti razde-
fjene v 36 niZjih {nekako na nivoju redov) taksonemskih
skupin. Glede na razmerje med 3tevilom vist ZuZelk in
Slevilom wvrst vseh drugih skupin nevretencarjev je
delitev kar smiselna. Zadniji sklop opisuje vretencarje, ki
so razdeljeni v devet nizjih taksonomskih skupin. Ce-
prav cenitve pravijo, da je vseh vretencarskih vrst nekaj
desetkrat manj kakor Zuzel¢jib, so v knjigi predstavijene
na le okoli pol manj straneh kot Zuzetke. To je paé
skupina Zivali, ki jo najbolj poznamo in o kateri lahke
veliko tudi napidemao. Po drugt plati pa je tudi ocitno, da
je Stevilo strani za posamezen sklop v veliki meri po-
sledica odlegitve, da knjiga ne bo znanstvena, ampak

poljudno-strokovna  publikacija s udi - ekonomskimi
ambicijami. Pri knjigah takinega kova pa je jasno, ka-
tere Zivalske skupine privabijo najved kupcev,

Vsako poglavie veCinoma predstavije en Zivalski
razred ali red. Zadne se s kratko oznsko skupine in
znacitnostiii telesne zgradbe ter ploditve, kjer so izpo-
stavljene le osnovne znadilnosti, ki jih bo z lahkoto
razumel vsakdo, ne glede na izobrazbo. Bralcu v pomod
so tudi tevilne skice. V odstavku o ekologiji dobim
osnovne podatke o tem, kje in kako Zivijo predstavniki
skupine. Sledi odstavek o raziskanosti, kjer so preck
stavijeni posamezniki in institucije, ki 5o se in se Se
vedno ukvarjajo s skupino pri nas. Zelo primerna je tudi
ocena o Stevilu pri nas Ze poznanih vrst in o pred-
videvanjih, koliko jih fahko 2e pricakujemo. Ze res, da
so wasth napisane "prek palca® (natangnost ocene se
rotno razlikuje od skupine do skupine), a o je
gyenutno najved in najbolige, kar zmoremo. Ob koncu
vsakega poglavja sledi Se predstavitev vist. Opisane niso
vse, ki pri nas Zivijo, pa vendar dovolj, da lahko vsakdo
dobi pribliZen obdutek o pestrosti Zivalstva na naSem
ozemlju.

Uredniki so k nastajanju knjige “Zwvalstvo Slovenije"
pritegnili 3tevilne strokovijake, ki so v besedila vioZili
ogromno znanja in dela. Mimo lahko zapiSern, da je
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iljub nekaterim pomanjkljivostim in visoki cent vredna
nalwpa ~ Ce vas seveda Zivali zanimajo. Tolikokrat ope-
vano pestrost slovenske favne nam prvi¢ na tako celovit
na¢in polaga na dlan, za kar gre avtorjem, urednikom in
navsezadnje tudi zaloZbi vse priznanje. Res pa je tudi,
da o skupini, ki vam je toliko pri srcu, da ste o njej Ze
prebrali kaksno drugo knjigo, kaj dosti novega ne boste
izvedeli. Sicer pa je to usoda vseh poijudno-strokevnih
del, pri knjigi Zivalstvo Slovenije pa vam kljub temu
ostane 3e obilo novega na straneh tistih skupin, ki jih ne
poznate.

Davorin Tome

Andre] Gogala: KAMEN, VODA, SONCE IN VETER.
NARAVA KRASA IN SLOVENSKE {STRE. Prirodostovni
muzej Slovenije, Liubljana, 2003, 176 strani.

“eter, pesek in zvezde" izpod peresa A. de Saint
Exuperyja ... ali pa *morje, sonce in veter”, kot je zapisal
umetnostni kritik Kastelic h katalogu Pfeiferjeve foto-
grafske razstave o SeCoveljskih solinah. iste magicne
besede, kijuéne besede, kadar hofemo opis narave
strisit, ga nareditl vseobsegajolega in Se osebnega
hkrati: naslov Gogalove knjige je zato "v stitu" ome-
njenih dveh, in vse obljubljeno v naslovu bralec najde
tudi v knjigi.

te redko je v eni osebi zdrufen odliten fotograf,
siroko razgledan biolog, specialist entomolog in obcu-
dovalec pokrajine. Prav to je dr. Andrej Gogala, avior
knjige Kamen, voda, sonce in veter, ki je vel kot fo-
tomonografija, nekje med znanstvenim tekstom in ese-
jem. V prologu nas avior uvede v obmodje in temo, ki jo
v knjigi obdela, nato pa v devetih poglaviih opie po-
samezne pokrajinske enote od Visokega krasa do Se-
Zoveljskih solin.

Majbolj se avtor posveti kraskim pokrajinam, njihovi
nezivi in Zivi naravi, Vsak mikro-svet je zgodba, ki ima
rep in glavo, (o je knjiga, v kateri ob lepih fotografijah ni
neaprijemijivega leporetenja in "nakladanja”. Yo je v
stovenskem tisku precej v navadi pri opremijanju lepih
fotografij: zelo pogoste oko vidi, razum pa ne dojame...
Pri Gogalovi knjigi sta obe komponenti povsem ena-
kovredno zastopani. Fotografije Imajo 2a seboj biolosko
zgodbo, ki je naCeta v likovni in dokondana v pisni
obliki. Qrganizmi na fotografijah so dolodent do wrste,
avtor je poznavalec njihove biologije, neutruden opa-
zovalec njihovih Zivljenjskih -navad,. razmnozevalmh
ciklov, vedenja ... pravi s stoveniski Faber. - -

Kraski rob avtor doiniselno. polmenu;e slovenskl ko—
ralni greben”. Splosnim “in strnjenim opise
avtor dodaja prenekatere izvirne in lastne neob]avl;' .
entomolotke podatke - prav presunljivo -zveni. npr.
dejstvo, da je avior nafel na obravnavanem ‘obmogju

kar 317 vrst divijih tebelt Skozi- drobrie in-
opise vrst, Zivalskib skupin in njihove razsu;enmu narn
pojasni, da je to obmodje biogengrafsko na ‘meji - fie
Celina in Sredoremi;&m, kt ga naseljuje: zivelj obel
velikib sisternov - odtod takina pestrost.. V. poglw;L
Voda na Krasu avtor poseze v geologijo, geomormlonljo
in hidrologijo: spozname nadzemne kraske pojave. in -
nekal n;movega Zivlja. Avtor veqntno najraje obiskuje
t.4. "Kradko in severnaistisko visavije" (Visoki kras), sajga -
opisu;e Se posebej skrbno. Goli predeli Cacan;e med
Zhevnico in Kojnikem so aviorja priviacevali tako mod-
no kot pisca teh vistic, V knjigi se osebni viisi meSajo z
znanstvenimi spoznanj, vsepovsod pa je opaziti na-
ravovarstveno noto in skrb za ohranitev tega obmodia.
Naslednji skiop je dolina Oragonje, ki je nekakino
pilotno chmodje za celotno Stovensko Istro, zgrajeno iz
flisne kamnine. Avtor v tekstu in fotografijah dobro
povzame geomorfolodke posebnosti reke, vegetacijske
in floristicne znacilnosti in se posvet Zivalim in nji-
haovim zgodbam. Ce je kraski del kormpletne}3i, je del, ki
je posvecen lIstri, vsekakor preskromnega obsega;
omejen je le na Dragonjo, Ceravino bi si zasluZil ved
prostora. Zato pa so kot poseben sklop obdelane Se-
¢oveljske soline. O njih je bilo v zadnjih dveh de-
setleyjih veliko napisanega in fotografiranega. Avior se je
v tem delu pravzaprav le dotaknil samosvojega sveta
solin, izognil se je ponavijanju vsesploino znanih

dejstev in je zato teksta manj, zanimivi pa so odstavki
od niZjih Zivalih, ki so bile na solinah doslej prezrte.




ANNALES - Ser. hist. nat, -

1320031

CCENE IN FOROCILARECENSION E RELAZIONJREVIEWS AWD RFPORTS, 176-120

Predzadnje poglavje je posveteno sami morski obali, ki
je posebnost Ze zaradi slikovitih fli8nih klifov, ki vorijo
vse mogoce oblike in zaradi erozije neprestano spre-
minjajo svojo podobo. Tudi tu je manj poudarka na
rastlinstvu, tekst je bolj skop in se posvela Zivalim.
Zadnje poglavie — RadoZiva jesen - je najbolj sub-
jektivno obarvano, povzema jesenske podobe vseh
opisovanih pokrajin, dodaja nove Zivalske zgodbe in se
dotakne tudi ¢loveka in rastlinskib kultur: oljke, vinske
trie...

Lahko poudarimo, da je knjiga obCudovanja vredna
e zaradi tehnino in estetsko dovrSenih fotografij, tekst,
ki je sicer kratek, pa je brez odvetnega leporecenja in
ponavijanja znanih dejstev. Zeleli bi si le, da bi bit
kraski del, ki je temeljiteje obdelan kot istrski, v
prihodnje tekstovno 3e razdirjen in dopolnjen z istrskim
delom, toda to bi bila ze druga knjiga...

Mitja Kafigaric

Ivan Gams: KRAS V SLOVENI V PROSTORU IN CASU.
Zalozba ZRC, Ljubljana, 2003, 516 str.

Ko je Stvamik kondal ustvarjanje sveta, mu je ostal e
velik kup kamenja. Da bi kamenje nikomur ne bilo
napoti, je skieml, da ga vrie v morfe. Vzel je veliko
vre¢o, vanjo natlacil kamenje, jo trdno zavezal, da bi
vse skupaj proti morju zaludal.
Zlodej pa, ki je nevoséljiv Bogu in ljudern, si je mislil:
Cakaj, gospod Bog, bom pa vreto pretrgal.”
Ko je vreta letela visoko pod nebom, se je
pognal do nje, naredil veliko huknjo. »
Kamenje se je usipalo p() dezeli, le malo ga ]e puslo v
morje. '
Tako je nastala kammta derela nag Kras T

,'zlodej

(casop:s ]as!ce 1928 Mrrko Skofflr}

Akademik Ivan (Gams, doma iz Slovenj Gradca, red-
ni profesor za fiziéno geografijo, prakticno vse svoje Ziv-
lienje raziskaje povriinske in podzermeljske kraske po-
jave, se ukvarja z geomorfologijo in klimatogeografijo
slovenskega ozemija ter s pokrajinsko ekologijo in re-
gionaino geografijo Slovenije.

Minilo je Ze skoraj trideset let od izida njegovega
prvega monografskega opisa krasa v knjigi Kras, zgodo-
vinski, naravoslovni in geografski oris. To je dolga doba
glede na hitrost razvoja krasosiovia pri nas in po svetu,
tako da je bila pricujoa knjiga vet kot dobrodosla
osveZitev.

Knjiga Kras v Sfoveniji - v prostoru in asu je doslej
najobsirnejsi in najbolj zaokroZen pregled nasega krasa.
Avlor nas vodi skozi osem poglavij, v katerih nas po-
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drobno, a nikakor ne suhopamo popelje v svet, ki je s
svojimi nenavadnimi pojavi vzbujal zanimanje Ze v
davni antiki. V poglavjy Od kamna in Krasa do kraso-
slovija razloZi izvor imena kras iz paleoevropske osnove
kara, ki jo srecamo v Stevilnih zemljepisnih imenih. Kras
je s svojo posebnostjo navdihoval Stevilne pesnike, ad
Livija in Plinija do Vergila in Danteja. Posebno pozor-
nost pa namenjen raziskavam in opisom Cerkniskega
jezera, ki je od nekdaj zbujalo pozornost njegovih ra-
ziskovalcev. Verjetno gre to pripisati povezanosti jezera
s podzemljem, od koder naj bi, po Cluverju {1580-
1623}, vodo prinagale race. 5 presihajodim jezerom so
se ukvarjali Stevilnt "raziskovalci®, od Kircherja in
Valvasorja, ki razlaga princip polnjenja in praznjenja
jezera z natego, do Nagla in Gruberja, ki zelo stvarno
predstavi kratke pojave in teorijo o nastanku Cuk-
niskega jezera.

Termin kras so, v razli¢nih obdobjih, uporabljali za-
opis veliko razlidnih pojmov, kar je v knjigi zelo na-
zorno predstavijeno, od opisov, da je kras kamnita in
pusCavska pokrajina, do kompleksnih definicl, ki opre
detjujejo kras kot ozemlje, kjer viada zaradi poklinske
prepustnostt kamnine podzemetjsko {kradke) prelakanje’
vade, ucinkovito kemi¢no raztapljanje kamnin in kjer so
lahko razvite tudi znacilne povrtinske in podzemeljske
oblike.
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Kras e delo vode, pravi avtor v poglavju Kraska hi-
drografija. Kie pa je voda na krasu? Ze od nekdaj je bita
voda jedro sporov med prebivalci te sudne pokra;me,
kjer je bila vsa skrb posvedena rabi vode iz izvirov, vse
premalo pa so se Hudje ukvarali z zajetjem padavinske
vode na kraskem povisju, Zelo zanimiva je primerjava
krasa z Zivim organizmom, kjer oZilje ponazarjajo pre-
vodniki, voda pa ki,

Ob koncu tega poglavja je bralcu Ze povsem jasno,
da je poleg kamna za kras bistvena voda. Ni krasa brez
vodel S krasom so povezani Stevilni hidrogeografski
pojmi, od ponikainic ali sudic, presihajocih jezer, po-
norov, polirainikov, do razlicnil izviroy, katerih imena
govorijo o njihovi obliki, nadinih nastanka in nena-
zadnje tudi o pokrajini in ljudeh, ki so jil tako po-
imenovati.

Za tiste, ki so bolj doma v fizikalni kemiji, bo
dobrodosio poglavie o izredno kornpleksnih kraskih
procesih, ki bi jih lahko opredelifi kot neznatne spre-
membe, gledano s strani Zivijenjske dobe ¢loveka, z
ogromnimi posledicami, gledano s strani Zivijenjske
dobe Zemije.

Bralca pritegne Ze sam naslov naslednjega poglavija
jame, v katerth so nekdaj videli vhod v straino pad-
zemije, danes pa iScejo v njih razvedriilo, zdravie in
nova spoznanja. Avtor se pri opisu razlicnih funkcij jam
skozi tisolletja ne omejt izkljutno na opis jam slo-
venskega krasa, marvec poda $irok pregled tako v zgo-
dovinskem, geografskem kot tudi kulturnem pomenu
jam po sveti. Bistveno je raziirjen opis raziskovanja
jam, saj so se metode dela pri odkrvanju novih delov
jam v zadnjih treh desetletjih zelo spremenile, predvsem
na racun novih tehnik jamskega potapljanja in novih
teorij o zacetni fazi kraSkega pretakanija.

Sledi opis znaditnosti kraskega reliefa z zelo sfikovito
razlago pojmov iz kraske terminologije.

CCFNE IN PORGUILARECENSIOME £ RELAZIONIREVIEWS a0 RLPORTS, 126~12%

CIO\rek je edina napaka Narave, (Ws fiam's.

Ciovek je istocasno sramota in. pcmos narave""- (A
Pope)

Clovek spreminja kras, pravi Gams Na ‘splosno’
velja, da se danes kras spreminja iz puste in kamnite’
pokrajine v gmajne in gozdnate poviline, ki zakrivajo
tipicno krasko geomorfologijo. Velik vpliv cloveka pa se
ne kaZe samo v tem. Bistven za spreminjanje podobe
krasa je tudi razvoj wrizma. fame, ki so desetletja
vzhurjale loveka, niso vel dovolj privlaéne, zato gre
razvoj v smeri novih turisti¢nih destinacij. Poudarjen je
tudi problem graditve cesinega omreZja in stavh, pri
cemer se vse premalo upoiteva hiodiverzitetnost krag-
kepa povrija. Kljub vsemu pa avtor vidi upanje v
naravovarstvener asvedCanju mladine in zavedanju po-
sledic takinega ravnania za zdravo okolje.

Novo v knjigh je tudi sedmo poglavje, kjer je pred-
stavijena geoloska preteklost razvoja krasa pri nas in po
svetw. Preostali del knjige pa je namenjen podrebnemu
regionalnemu pregledu krasa v Sleveniji.

Dodani so daljdi seznam strokovne literature, kraso-
slovni sfovarcdek, kazalo krasoslovnih pojmaov, kazalo
turisti¢nih in drugih pornembnih jam ter povzetek v
angleskem jeziku. Strokovno izrazje je prilagojeno Siro-
kemu krogu bralcev.

Knjigo odlikuje pester izbor odhiénih fotografij, geo-
loskih kart, skic kraSkih pojavov in oblik ter jamskih
profitov, ki bralcy, Ceprav nestrokoviijaku s tega pod-
rocja, pricarajo res celosten vpogled v to pre¢udovito
pokrajino. Vsak, ki bo knjigo prebral, bo spoznal, kako
je kras dejansko zelo kompleksen, da v krasu ne veljajo
nobene splosno veljavne hipoteze in teorije. Keas je res
nekaj izjemnega.

Natasa ReZek Donev
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KAZALO K SLIKAM NA OVITKU

SLIKA NA MNASLOVNICE: Zaradi globalnih klimatskih sprememb postaja voda tedalje pomembneji naravni vir,

{Foto: D. Podgornik)

Si. 1: Voda si utira pot skozi gosto tropsko vegetacijo. Slapi¢je v Nacionalnem parku Erawan Falls na Tajskem. (Foto:
- D. Podgormik)

Sl 2: Morska Zelva kareta (Caretta caretta) je nedvomno ema najbolj znanih ogroZenily wist v Sredozemlju in
razimeroma pogost obiskovalec v nasem morju, kar sicer slovenski in tuji javnosti ni znano. {Foto: T. Makaovec)

5i 3: Poleti leta 2002 so v vodah blizu Senigallie v Jadranskem morju opazovali kita grbavea (Megaptera .
novaearigliae) in opazovanje tudi dokumentirali. To je prvi dokaz o pojavijanju te vrste v Jadranskem morju in Sele
§esti v celotnem Sredozemskem morju. (Foto: G. Stanzani)
SI. 4: Gosti preplet obrasti, ki se je naselila na mreZastem cilindru, postavijenem ob ribji farmi v Piranskem zalivu .
{Stovenija}. Previaduje oranini mahovnjak Shizobrachiella sanguinea in cevkasti mnogotCetinci. {(Foto: S, Alaj
begovic)

5. 5: Osuseni in razpokani solinski bazeni v Secoveljskih solinah (Slovenija} dajejo obiskovalcu viis aridnega
puscavskega okolja. (Fota: D. Podgomik}

Sl. 62 Poginula rakovica na osuSenih teh, poraslih s slanuami. (Foto: T, Makovec)

Sk 7: Spodnje Krizko jezero je eno izmed znaliinih slovenskih visokogorskih jezer, ki so brez ledenega pokrov.
najved 5 mesecev v fetu. Foto: G. Muri)

SI. 8: Nekatere predele, kot npr. Coloured Canyon na Sinajskern polotoku, deZ namodi le enkrat na leto. (Foto: D
Podgornik)

INDEX TO PICTURES ON THE COVER

FRONT COVER: Owing 1o global climatic changes, water is becoming an increasingly important natural source
{Photo: D. Podgornik)

Fig. 1: Water making its way through thick tropical vegetation. Waterfall in &awan Falls National Park, ihalhnd
{Photo: . Podgornik)

Fig. 22 Marine wrtle (Caretta caretta) is no doubt one of the most endangered Mediterranean species and a refatively
frequent visitor to our sea, a fact not well known to the Slovene and foreign public. (Photo: 7. Makovec)

Fig. 3: In the summer of 2002, a humpback whale Megaptera novaeangliae) was observed in the waters of
Senigallia in the Adriatic, This is the first documented evidence of this species occurring in the Adriatic Sea and on!y
the sixth for the entire Mediterranean, (Photo: G. Stanzani} o

Fig. 41 A thick interlacing of a fouling community (with predominant Shizohrachiella sanguinea and tubular brist:
leworms) that has colonised a meshed cylinder submerged along a fish farm in the Bay of Piran (Slovenial. (Photo: §
Alajbegovic)

Fig. 5: Dy and cracked salt basins in the Secovlje salt-pans (Stovenia) give a visitor the impression of an arid, descrt
like environment. (Photo: O. Podgornik}

Fig. &: A dead crab on dry ground overgrown with halophilous plants. {(Photo: T. Makovec)

Fig. 7: The Lower Krisko jezero {s one of the characteristic Slovene upland lakes that stay without their ice cover fr)
S months in a year at the most. (Photo: G, Muri)

Fig. 8: Sorne parts of the world, such as Coloured Canyon on the Sinai Peninsula, are thoroughly soaked by rain oniy
once a yeat. {Photo: D. Podgornik)
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NAVODILA AVTORJEM

1. ANNALES: Anali za istriske in mediteranske Studije
- Annali di Studi istriani e mediterranei - Annals for
Istran and Mediterranean Studies (do 5. stevitke: Anali
Koprskega primorfa in bliznjih pokiajin - Annali del
Litorale capodistriano e delle regioni vicine - Annals of
the Koper Littaral and Neighbowring Regions) je znan-
stvena in strokovna interdisciplinarna revija humani-
sticnih, druzbostovnih in naravoslovnih vsebin v pod-
naslovu opredeljenega geografskega obrnodja.

2. Sprejemamo prispevke v slovenskern, italijan-
skem, hrvaskem in angleskem jeziku, Urednistvo ima
pravico prispevke jezikovno lekterirati.

3. Prispevki naj ohsegajo najve¢ 24 enostransko tip-
kanih strani s po 30 vrsticami. Na levi pustite 3 do 4 cm
dirok rob. Zazeljeno je tudt {originalno) slikovno gra-
diva, e posebno pa oddaja prispevka na racunalniski
disketi v programih za PC (osebne) racunalnike.

4. Naslovna stran tipkopisa naj vsebuje nasiov in
podnasiov prispevka, ime in pritmek avtorja, avtorjeve
nazive in akademske raslove, ime in naslov institucije,
kier je zaposten, oz. domadi naslov vkijucno s postno
gtevitko in morebitnim naslovom elektronske poste.

Urednistvo razvrica prispevke v naslednje katego-
rije:

fzviri zranstvent ¢lanki vsebujejo izvirne rezultate
lastnih raziskav, ki e niso bili objavljeni. Dela poslje
urednistve v recenzijo. Avtor se obvezuje, da prispevka
ne bo cbjavil drugje.

Pregledni clanki imajo znadaj izvimih del. To so
natanéni in kritieni pregledi fiterature iz posameznih za-
nimivih strokovnih podrocij.

Predhodno sporoc¢ilo in Gradiva imajo ravno take
znacaj izvirnih del.

Strokovni  Elapki prikazuiejo rezultate suokovnih
raziskav. Tudi te prispevke urednistvo poslje v recenzijo
in avtor se obvese, da prispevka ne bo objavil drugje.

Porocila vsebujejo krajse znanstvene informacije o
zakljucenih raziskovanjih ali kratek opis strokovnih in
znanstvenih knjig alt srecanj. Taki prispevki ne smejo
presegalt 5 strani.

Miadinske raziskovalne naloge morajo biti urefene
kot strokovna dela.

Komentarfi so namenjeni akiuainosiim s strokovnega
podracja. Ne smejo presegati 2 strani.

Obvestila so namenjena drustvenemu zivijenju. Ob-
segajo 1 stran.

5. Prispevek maora vsebovati povzetek in izvledek.
lzviecek je krajsi (cea. 10 vrstic) od povzetka (cca. 30
vrstic) in v nasprotju s povzetkom tudi ne vsebuje ko-
mentarjev in priporocii. '

vV izviecku na kratko opisemo namen, metode dela in
rezultate. Navedemo, ¢emu smo delo opravili ali na-

pisali dokument. Na e objavljeno gradiva se sklicujemo
le, € je to glavni motiv dela. Na kratko opisemo metede
in tehnike dela - koliker je potrebno za razumevanje.
Move tehnike opitemo le, kjer se raziikujejo od Ze
znanih. Ce v delu ne opisujemo eksperimentainega ali
prakticnega dela, opiSemo vire informacij. Rezultate in
zakljucke lahko zdruzimo. Kar se da informativrno
navedemo le, kaj smo ugotovili oziroma odkrili.

Povietek zacnemo s stavkom, ki vsebuje glavna spo-
rocilo dela. Stavki naj bodo popolni in ne predolgi.
Pisemo v tretji osebi, le izjemoma uporabimo glagole v
neoselni obliki. Uporabljamo pravilni strokovni jezik in
se izogibamo slabse znanim kraticam. Ohvaniti moramo
osnovno informacijo in poudarke iz glavnega besedila.
V povzetku ne sme biti nicesar, Cesar giavno besedita
ne vsebuje.

6. Avtorji so dolzni definirati in pripisati ustrezne
klju¢ne besede (pod izvleckom) clanka. Zazefjeni so
tudi angleski (ali stovenski) prevodi kljucnih besed, pod-
napisov k slikovnemu in tabelarnemu gradivu. Priporo-
camo se e za angleski (ali slovenskiy prevod povzetka,
sicer bo za to poskrbelo urednistvo.

7. V besedilu se po moznosti dezimo naslednjih
poglavij:

. Uvad.
Pregled dosedanjih objav.
Materiali in metode (Dokazni postopek).
Rezuleati.
Razprava alt diskusija.
Zakljucek (Sklepi).
Zahvala - ¢e avtor Zeli.
Priloge - ¢e je potrebna,
Literatura (Visi, Bibliografija).

. Povzetek (Summary).

. fzviecek.

. Klju¢ne besede {neabvezno).

8. Locimo vsebinske in bibliografske opombe. Vse-
binske opombe besedilo se podrobneje raziagajo ali po-
jasnjujejo, postavimo jih pod drro. Z bibliografsko
opomhbo pa mislimo na citat - torej sklicevanje na to¢no
dolaceni del besedila iz neke druge publikacije (nave-
demo tudi tofno stran, kjer {e citat objavljen) ali na
pubfikacijo (¢lanek) kot celoto {tocne strani, kjer smo
besedilo prevzeli, ne navajama).

S D O®NO D

R -

Bibliografsko opombo sestavljajo nasledniji podatki:

Avtor, leto izida in - le ¢e citiramo tocne dofoceni
del besedila - tudi navedba strani.

Celotni bibliografski podatki citiranili in uporabljenih
virov so navedeni v poglaviu Literatura (Viri, Biblio-
grafija).

Primer citata med besedilom:

(Grafenauer, 1993, 17).

Primer navajanja vira kot celote, byez citiranja:
{Grafenauer, 1993;.
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Popolni podatki o tem viru v poglaviu Literatura pa
se glasijo:

Grafenauer, B. (1993): Mitt o “Istri” in resnica istr-
skega polotoka. V: Acta Histriae 1. Koper, Zgodovinsko
drugtvo za juzna Primorsko, 9-52,

Ce citiramo vec del istega avioria iz istega leta, po-
leg priimka in kratice imena napisemo se ¢rke po abe-
cednem vrstnem redu, tako da se viri med seboj
razlikujejo. Primer:

{Grafenauer, 1993a); {Crafenauer, 1993b).

Bibliografska opomba je lahko tudi del vsebinske
opombe in jo zapisujemo na enak nacin.

Posamezna dela ali navedbe virov v isti opombi
lo¢imo s podpicjem. Primer:

{Combac, 1996; Grafenauer, 1993h).

9. Pri citivanju arhivskih virov navedemo najpre} ar-
hiv, nato ime fonda ali zbirke in signaturo. V ¢lanku
navajamo kratico arhivskega vira v oklepaju med bese-
dilom. Kratico pa razlozimo v poglaviu o virih na koncu
prispevka.

Primer navajanja arhivskega vira v oklepaju med
besedilom: (PAK. RAG, 1}

Primer navajanja arhivskega vira v poglaviu o virih:
PAR. RAG - Pokrajinski arhiv Koper, Rodbinski arhiv
Gravisi, a. e. {arhivska enota) 1.

Podobne poskusamo ravnati pri uporabi casopisnih
virav.

10. Poglavje o literaturi in virth je obvezno. Biblio-
grafske podatke navajamo takole:

- Opis zakljucene publikacije kot celote - knjige:

Avtor {leto izida): Naslov. Zbirka. Kraj, Zalozba.
Npr.:

Verginella, M., Volk, A., Calja, K. (1995): Ljudje v
vojni. Druga svetovna vojna v Trst in na Primorskem
Knjiznica Annales 9. Koper, Zgodovinsko drustvo za
juzno Primorsko.

V zgornjem primery, kier je aviorjev vec kot dva, je
korekien tudi citat:

{Verginella et al.,, 1995)

Ce navajamo doloceni del iz zakljucene publikacije,
zgormjemu opisu dodamo e stevilke strani, od koder
smo navedbo prevzeli.

- Opis prispevka v zakljuceni publikacifi - npr. pri-
spevka v zborniku:

Avtor (leto izida): Naslov prispevka. V: Avior knjige:
Naslov knjige. lzdaja. Kraj, Zalozba, strani od-do. Pri-
mer:

Verginella, M. (1995): Porazeni zmagovalci. $loven-
ska pricevanja o osvobodilnem gibanju na Trraskem. V;
Verginella, M. et al.: Ljudje v vojni. Druga svetovna
vofna v Trstu in na Primorskem. Knjiznica Annales 9.
Koper, Zgodovinsko drustvo za juzno Primorsko, 13-51.

- Opis clanka v reviji: :
Avtor (leto izida): Naslov ¢lanka. Naslov revije, Ste-
viltka. Kraj, Zalozba, strani od-do. Primer: o

Gombat, B. (1996): Osvoboditev Trsta maja 1945,
Annales 8/96. Koper, Zgodovinsko drustvo za juzno Pri-
morsko - Znanstveno-raziskovalno sredisc¢e Republike
Slovenije Koper, 1431-150. :

- opis ustnega vira: :

informator {leto izporocila): ime in priimek mforma-"
torja, leto rojstva, vloga, funkcija ali polozaj. Nacin
pricevanja. Oblika in kraj nahajanja zapisa. Primer:

Baf, A. (1998): Alejzije Baf, r. 1930, Zupnik v Vizi-
nadi. Ustno izporociio. Magnetofonski zapis pri avtorju.

~ opis vira iz internetnin spletnih strani:

www. home page ustanove {Jeto-mesec izpisa): celo-
ten nastov podstrani. Primer:

www.zrs-kp.si (2000-07);
http/fwww slo-istra.com/koper/zrs/zrs.htm]

Clanki so razvriceni po abecednem redu priimkov
avioriev ter po letu izdaje, v primeru da gre za vef
citatov istega-istih avtorjev.

11. Tiskarski zraki za poudarke naj bodo:

podcrtano za potkrepke,

valovito ped¢rtano za lezecde.

Ra¢unatniski zapis naj vkijucuje ustrezne oznake za
bold in italics.

12. Kratice v besedilu moramo razregiti v oklepaju,
ko se prvi¢ pojavijo. Clanku labko dodamo tudi seznam
uporabljenih kratic.

13. Pri ocenah publikactj navedemo v nasiovu pri-
spevka aviorja pubiikacije, naslov, kraj, zalozbo, lefo
izida in stevilo strani (oziroma ustrezen opis iz tocke 10).

14. Prvi odtis prispevkov urednistvo poslje avtorjem
v korekturo. Avtorji so dolzni popravijeno gradivo vrniti
v treh (3) dneh. Besedilo popravijamo s korekturnimi
znamenjt, ki jih najdemo na koncu Slovenskega pra-
vopisa (1962), Ljubliana, ali v: Slovenski pravaopis 1.
Pravila {1990}, Ljubljana, SAZU-DZS, 13-14.

Sirjenje obsega besedila ob korekturah ni dovoljeno.
Druge koreltture opravi urednistvo.

15. Urednistvo prosi aviorje, naj navodila vedno
upoitevajo. Ob vseh nejasnastih je urednigtvo na valjo
za vsa pojasnila.

UREDNISTVO
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INSTRUCTIONS TO AUTHORS

1. ANNALES: Annals for fstran and Mediterranean
Studies - Anali za istrske in mediteranske studije (up to
No. 5: Annals of the Koper Littoral and Neighbouring
Regions - Anali Koprskega primoria in bliznjil pokrajiny
is a scientific and research interdisciphinary review cove-
ring the humaaities, saciology and natural science in the
area as stated in the review's subtitle,

2. Articles (papers) written in Slovene, ltalian, Cro-
atian and English fanguages 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 anly. On the
left side of each page, a 3-4 ¢cm wide margin is to be left.
Original photographs, drawings and tables are wel-
comed, as well as diskettes containing the texts, together
with reference 1o 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 E-mai} address.

Articles are arranged in the following eight categaries:

Original  scientific  papers containing not  yet
published results of the author's own research. Such
works will be reviewed by scientists chosen by the
tditorial Board. Authors oblige themselves not to offer
their material to any other journal or magazine,

Review arficles bearing the character of original
works. These are critical and detailed reviews of litera-
ture from various interesting fields of research.

Preliminary communication and Materials also
bearing the character of original works.
Professional  papers presenting results  obtained

through research. They too will be reviewed, and authors
oblige themselves notto publish them elsewhere.

Reports include short scientific information on inte-
grai research work or a short description of scientific or
specialist books or meetings of experts. Such articles are
not 1o exceed 5 pages.

Youth research compaositions are to be presented in
the same was as research works.

Explanatory comments include topical issues from
various fields of research and are not to exceed 2 pages.

Notfces 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 fines)
and does not include, in contrast to summary {with up to
30 lines}, expianatory comments and recommendations.

Abstract is to contain a short description of the pur-
pose and methods of the work and its vesults. 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 materiai 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 if differing from the al-
ready known ones). {f no experimental or practical waork
is described, sources of information are o be given. Re-
sults and conclusions may be incorporated. Findings are
to be presented as briefly as possible.

At the beginning of summary the essential points of
the carried out work are to be presented. Sentences
should be concise and not too fong. 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 1o be avoided. Summary is to retain the
basic information from the main part of the text, and
should not comtain anything that does not appear in the
main text itself.

6. Authars are ohliged 1o define and state key words
{(below abstract) in their articles. English (or Slovene)
translation of key words, texts accompanying figures and
tables are welcamed, as weli as English (or Slovene)
transiation of abstracts; if this is not conventent, the
Board of Editors will provide for it

7. Texts should include, if at all possible, the foliow-
ing chapters:
Introduction
Works published to date
Material and methods
Results
Discussion
Conclusions
Acknowledgements (if desired by author)
Supplements {if necessary)
References (Sources, Bibliography)
. Summary
. Abstract
. Key words
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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 bottem of the page (under line).
Sibliographical notes, which are to appear in brackets in
the text iiself, deal with quotations and refer to a pre-
cisely stipulated part of the text from some other publi-
cation (the page on which quotation appears is to be
therefore stated as well) or to a publication (article) as a
whole {in this case no page from which the text has been
taken is to be stated).

Bibliographical notes are made up of the following
details:

Authar, year of its publication, and page (but only 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,
Bibliography).

txample of quotation refersing to a precisely stipu-
lated part of the text: (Sommerville, 1995, 111
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. Example of source quotation as a whole, with no ¢i-
tation: (Sommerviile, 1995),

The entire data of this source are to be stated in the
references and sources chapter as follows:

sommerville, M. R. (1995}: Sex and Subjection. Atti-
tudes to Women in Early-Modern Society. London-New
York-Sydney-Auckiand, Amold.

if a number of works by the same author from the
same year are quoted, letters in alphabetical order are o
be stated apart from the author's surname and abbrevia-
tion of his first name, in order that the sources are clearly
divided between each other. Example:

(Sommerville, 1986a); (Sommervilie, 1986h).

Bibliographical note can also be a part of the note
referring to the contents and is to be written in the same
way, L.e. in brackets within the nate referring to the con-
tents.

Separate works or source guotations under the same
note are to he 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
shelfmark. The abbrevation of archive source is to be
stated in brackets in the text of the arnticle. The abbreva-
tion is to be explained in the references chapter at the
end of the article.

Example of citing archive source in brackets in the
text itsedf: {ASV. 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 o be stated in the same way.

10. The references and sources chapter is compul-
sory. Bibliographical data are 10 be stated as follows:

- Description of integral publication:

Author {year when published): Title. Volume - Cal-
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,
tongman.

if there are more than two authors, the work can be
also cited as:
{Matthews et al., 1990, 35)

Il a specilic part from an integral publication is
guoted, 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-
calion - e.g. text in a collection of scientific papers:
Author (year of its publication}: Title 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. 8., Wehb, T.
(1990): Global Climate and the Origins of Agriculture.
In: Newman, L. F. (ed.): Hunger in History. Food Short-
age, Poverly, and Deprivation. Oxford-Cambridge,
Blackwell, 27-55. »

- Description of article in cerfain review: Author
tyear of its publication): Title of article. Name of review, .
its number. Place of publication, published by, pages
from - 1o,

Example:

Shuga, G. (1996): |dentity and Revolution: The His--
tory of the "Forty Days" of May 1945, Annales 8/'96. Ko-
per, Zgodovinsko drusivo za juzno Primorsko - Znanst-
veno-raziskovalno sredit¢e Republike Slovenije Koper,
125-140.

- description of personal communication:

informant {year when comrmunication was given):
Name and surname of informer, year 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.
Pessonal communication. Tape recording at author's
place.

- description of source from the Internet websites:

www, home page of institution (year-month when
registered): full address of sub- page. Example:

www.zrs-kp.si (2600-07);

http/fwww slo-istra.comykoper/zrs/zrs.html

if the same author(s) is {are) cited a number of times,
the articles are to appear in alphabetical order of the
authors' surnames and year of publication.

11. Printer's marks for accentuations are to be as fof-
fows:

underlined for semi-bold,

undulatory line for falics.

Computer notation is to include suitable marks for
bold and italics.

12. Abbreviations in the texts are to be explained in
brackets when appearing for the first ime. 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 ftem 10) are 10
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 altowed o
be added during prooforeading. The second {printing)
proofs will be read by the Editorial Board.
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please do not hesitate to contact the review's Editorial
Board.

EDITORIAL BOARD



http://www.zrs-kp.si
http://www.slo-lstra.com/koper/zrs/2rs.htmt

Anali za istrske in mediteranske $tudije
Annali di Studi istriani e mediterranei
Annals for Istrain and Mediterranean Studies

series historia naturalis, 13, 2003, 1
Supplement

BIOFiltration and AQuaculture: an Evaluation of Substrate Deployment Performance
with Mariculture Developments

6‘0 FAQ@

: TR,

S

é\%‘tz’ &

National Institute of Biology, Marine Biology Station Piran,

Slovenia
Institute of Marine Biology of Natural Environment Research
Crete, Greece Couneil, UK
Israel OQceanographic and University of Portsimouth Higher
Limnological Research Ltd., Israel Education Corporation, UK

University of Haifa, Israel University of Southampton, UK






ANNALES - Ser. hisl. nat, -

13- 2003 - 1. Supplement

Anali za strske in medieranske Sudije - Annals di Studh istriani e meditettaned - Annals for Istrian and Mediterean

UDK S Letrik 33, Koper 2003, Stevilka 1, Supplement

CISSN1408:533%

VSEBINA / INDICE GENERALE / CONTENTS

Kenneth D. Black:

Viado Maladic & Janez Forte: Distribution of the

food surplus and faecal particies on the seabed

helow a fish farm in the Bay of Piran oo 3
Razpriitev ribje fwane in iztrebkov na dno pod
ribogofnico v Piranskem zalivu

Sonja Lojen, Dror Angel, Timor Katz, Manolis
Tsapakis, Nives Kova& & Alenka Malej: "N
enrichment in fouling communities influenced by
organic waste deriving from fish farms ..., 9
Izotopska sestava dusika v morskih organizimib v
volivnem obmodju ribjift farm

Nives Koavag, Branko Cermelj & Sonja Lojen:
Sedimentation and composition of particulate

raatter in a marine fish farm (Gulf of Trieste,

northern Adriatic); prefiminary results ..ooooeveveene. 13
Sedimentacija in sestava suspendirane snovi v
obmocju ribogojnice {TrZaski zaliv, severni

Jadran); preliminarni rezultati

Flisabeth J. Coak & Kenneth D. Black: farly

colonisation of hiological #lters suspended in

waters adjacent to caged maricuiture activity,

Waest Scatland ..o 17
Zgodrnije nasef;auan}e bmnmuv vised lh v morfu

ob ribogojnici na zahodnem Skotskern

Aleksandra Frumen, Borut Veider & Alenka

Malej: Suspended hiofilters: succession of fouling
communities immediately adjacent to a fish cage

and control tocation ........ RS OPPOUPUPSIURUROIIN 21
Sukcesije zdruzh obrasti na lebdecily biofiftrih v
neposredni bliZini ribogojnice in na kontrofni

fokacifi

Ehud Spanier, Anat Tseme!, Hadas Lubinevski,
Ayalon Roitemberg, Amir Yurman, Stephen
Breitstein, Dror Angel, Noa Eden & Timor Katz:

Can open water bio-filters he used for the

reduction of the environmental impact of finfish

net cage aquaculture in the coastal waters of

Israel? ... SRR OUSUSUR USSR RTOPTOURR corene 25
Ali je mogode uporabiti biofiltve odprtit voda za
zmanjsevanje okoljskega vpliva marikultumih

kietk v obreZnih vodah izraelal

Eugenia Apostolaki, Manolis Tsapakis, Tatiana
Tsagaraki, Kostantia Papadopotilou & loannis
Karakassis: Effect of time of first deployment and
duration on the succession of benthic organisms

on biofilters used to mitigate impact of fish farms

on water guality in Crete .. 29
Ucinek casa prve postavitve in trajanja na

sukcesijo bentoskih organizmov na biofitril,
uporabilfenih za zmanfSevanje ucinkov ribogojnic

na kakovost vode na Kreti

Dror L. Angel, Noa Eden, Timor Katz & Ehud
Spanier: Mariculture - environment interaction

and biofiltration in oligotrophic Red Sea walers:

the value of strong signal to noise ratios ... 33
Okolfske interakcije v marikufturi in biofiftriranje

v oligotrofnif vodah Rdecega marja

Valentina Turk & Alenka Malej: The influence of

fish cage aquaculture on bacterioplankton in the

Bay of Piran {(Gulf of Trieste, Adriatic Seal ............. 37
Vipliv marikuiture na baktericptankton v

Piranskem zalivu (Trzaski zafiv, fadeansko morjel

Ken Collins & Jenny Mallinson: Biofilter
COMMUNity OXYEEN CONSUMPLION rates ..., 43

Poraba kisika na biofiftriit

Plates/Tabl@s v e eviiervsvitareraaneeaaaeen. 87







ANNALES - Ser. hist. nat. - 13 - 2003 - 1 - Supplement -

THE BIOFAQS PROJECT: BIO-FILTRATION AND AQUACULTURE:

AN EVALUATION OF SUBSTRATE DEPLOYMENT PERFORMANCE'_:
WITHIN MARICULTURE DEVELOPMENTS

Kenneth D. BLACK
Scattish Association for Marine Science, Dunstafinage Marine Laboratory Oban, UK-Argyfl, PA37 10QA
E-mail: kdb@dimi.ac.uk

EDITORIAL

The use of biofiltration to improve water quality in
fand-based, intensive aquaculture systems where water
is recycled is standard practice, However, most fin-fish
mariculture is undertaken under intensive farming con-
ditions in open cage culture in inshore coastal waters.
At present, such farms are solely reliant on the local en-
vironment for waste assimilation services. The accumu-
lation of particulate organic waste material on the sea-
bed can have substantial effects on the biological com-
position of the seabed communities (Pearson & Black,
200%1) and, in severe cases, impact on the health and
growth of target culiure species with potentiaily delete-
rious effects on the economic performance of the farm,
In many countries regulations to control the scale of fish
farming are based on constraining knpacts on the sea
bed ecology and sediment biogeochemistry. There has
also been considerable interest in the effects that dis-
solved organic and inorganic nutrients from intensive
open aquaculture may have on the marine ecosystem.

A large proportion of externally supplied fish feed is
lost to the marine environment as particulate organic
carbon rich in nitrogen and phosphorus (Black, 2001).
Given the parlous state of many of the world's fisheries,
this represents a waste of valuable resources. Since an-
cient times practices involving the co-culture of species
at different trophic levels has been used to increase the
yield of agriculture and maxirnise the yield of edible
biomass from available nutrient supplies. The world‘s
most efficient traditional aguaculiure/agriculture system
was developed in China where dike-and-pond systeins
involving carp polyculture, sugarcane, vegetables, rice

-l

and fruit were naurished by pig, duck, water buffato and
human manures (Seait, 2007).

Thus two possible objectives for research in the area
of hiofikration and acuaculture are 1) the reduction in
environmental impact by increasing the assimilative ca-
pacity of the focal environment and 2) the mare efficient
use of nutrients to increase fany production. A third pos-
sible objective is that of increasing local biodiversity
although the value of this aspect both to the ecosystem
and to society is much more difficult to quantify.

BIOFAQs (BiOFiltration  and  Aquacullure:  an
Evaluation of Substrate Deployment Performance with
Matsiculture Developments) was funded under Frame-
work Programme 5: Quality of Life of the European
Commission.

The main initial objective related to reduction in en-
vironmental impacts with three inter-refated subsidiary
objectives:

i. To quantify the effectiveness of bio-filter use in as-
saciation with mariculture within both economic and
environmental frameworks on a pan-European scale.

2. To optimise bio-filter designs and placement pro-
tocols in line with geographical differences and vali-
dated mode} predictions. This objective was assessed
principally through mesocosm experimentation.

3. To examine the environmental and regulatory op-
tions governing post-bio-filter usage and to provide de-
tailed economic apalyses of bio-filter use compared
with existing practices.

Initial experimental work focused on the deployment
of identical plastic mesh cylinders in each of 4 study
sites i1 Scotland, Slovenia, Greece and lsrael. These
were moared with-a high degree of replication in waters
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closely adjacent to active marine fish farns and allowed
to be colonized with local flora and fauna. In each
country the balance between heterotrophic and awtotio-
phic colenizers was different as was the colonizing suc-
cession and the predation or grazing response.

Removing nutrient from the fish farming system using
naturally seltling communities would involve not oniv
eslablaﬁhmg a large colonial biomass but a means of
harvesting this and the production of useful products.
On the basis of the expertence of the initial experiments
and as a consequence of discussions with the aguacul-
ture industry, it was decided to pursue the second phase
of experiments using substrates likely 1o be preferentially
settled with a more valuable secondary harvest. For ex-
ample in Scotland, ropes used for the culture of edible
mussel Mytilus edulis were deployed. Mussels settling
on these ropes demonstrated increased growtit com-
pared to mussels grown in control tocations outside of
the farm influence.

Economic models of secondary production both with
respect 1o the value of reduced environmental impact

from fin-fish culture and the value of the secondary har-
vest have been evaluated as has the various legal and
regulatory issues of bicfilter deployment acrass a range
of different jurisdictions.

At the time of writing, results from the project are
still being analyzed and evaluated and several questions
semain to be answered, The present volume represents a
collection of some of the research that has been under-
taken during the course of this work. Hopefully, i will
give more than a flavour of what is to come when the
project is complete and the data from across the range
of sites and experiments are assimilated and synthe-
sized. Frogress of the BIOFAQs project can be moni-
tored by reference to the project web site at
WWW.SaIms.ac. uk.

Integrated aguaculture is an old concept currently
being rejuvenated by research effort in many courtries.
Hopefuliy, the result will be in more sustainable, pro-
ductive aquaculture providing crops of high nutritional
value while minimizing harmful effects on the marine
environment.

PROJEKT BIOFAQ: BIOFILTRACIHA IN AKVAKULTURA
IZVLECEK

Clovek se z marikulturo ukvarja 7e od nekdaj. V novejsem Casu pa je pokazal precejéen interes za obseZnejse
raziskave v tef obliki marikullure, in sicer z pamenom, da se ugotovijo potencialne prednosti za okolje prek mini-
miziranfa odplak, e bolj pa neposredne gospodarske koristi s proizvodnjo sekundarnih pridelkoy. BIOFAQ, projekt
Evropske unije, Zeli dognati ekoloskf proces koloniziranja na umetnih podiagah, razvridenih ob ribogojnicah, poleg
tega pa tudi raziskati pravrie in gospadarske okvire za takfen razvoj v ved evropskih jurisdikcijah. Pri¢ujoci sklop
vsebuje kratke Clanke, ki pojasnjujejo nekatere pomembne vidike tega projekta.

PROGETTO BIOFAQ: BIO-FILTRAZIONE ED ACQUACOLTURA
SINTES!

L'acguacoltura integrata viene praticata da tempi remoti. D recente & aumentato considerevelmente ['interesse
scientifico per tale forma di acquacolura allo scopo di determinare, tramite la minitmizzazione dei materiali di
scarto, potenziali benefici all‘ambiente e benefici economici derivanti dafla produzione di raccolti secondari. if pro-
getto EU BIOFAQ & finalizzato a determinare | pracessi ecologici di colonizzazione di substrati artificiali posizionati
in prossimita di allevamenti di pesci e, in aggiunta, a esaminare fe comici legali ed economiche per tali tipi di inter-

venti in diverse giucisdizioni europee. Questo voluime contiene brevi articoli che sommariamente evidenziano al-
Locuniimportanti aspetti del progetto.

REFERENCES tnvironmental {fmpacts of Aquaculture. Sheffield Aca-
demic Press, p. 1-31.

Smil, V. (2001): Enriching the Earth: Fritz Haber, Carl
Bosch, and the transformation of world food production.
The MIT Press, Cambridge, Massachusetts and London,

England.

,Black K D. (2001): Environmental, Economic and So-
cial Impacts of Mariculture. In: Steele, )., S. Thorpe & K.
Turekian {eds.): Encyclopedia of Ocean Sciences. Aca-
lemic’ Press, London, p. 1578-1584.

H.& K. D: Black (2001): The environmental
e fish cage culture. In: Black, K. D. (ed.):
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DISTRIBUTION OF THE FOOD SURPLUS AND FAECAL PARTICLES
ON THE SEABED BELOW A FISH FARM IN THE BAY OF PIRAN

Viado MALACIC & fanez FORTE
MNational institute of Biology, Marire Biology Station, 516330 Pisan, Fornade 41
E-mail: malacic@mibss.org

ABSTRACT

Simulations of the spread of food pellets and faecal particles beneath a fish farm were performed on the basis of
field measurements of currents and Jaboratory measurements of setilement velocities. The simulations showed that
the patch of the food surplus at the sea floor covered an aiea smaller than 30 x 15 m, while faecal pellets should
have covered an area smaller than 300 x 150 m.

Key words: maricuiture, cutrents, environment, Bay of Piran

DISTRIBUZIONE Dt ECCESSO DEMANGIME E PARTICELLE FECALI SUL FONDO
MARINO SOTTOSTANTE UN ALLEVAMENTO DI PESCI (BAIA DI PIRANO)
SINTES!
L’articolo riporta simulazioni della dispersione di pallottoline di mangime e particelle fecali al di sotto di un alle-
vamento di pesci, ottenute da misurazioni di correnti sul campo e misurazioni i labaoraterio delle velacita di affon-
damento del materiale organico. F stato dimostrato che I'eccesso di mangime va a ricoprire un’area minore di 30 x

15 m, mente le particelle fecali restano confinate in un’area di 200 x 150 m.

Parole chiave: maricoltura, correntt, ambiente, Bata di Pirano
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INTRODUCTION

, Fish farming, in comparison to fishing of the wild
" stocks, has economic advamages, but it also presents a
threat to the ecological equilibrium in the marine envi-
ronment. Different influences are coming from the
mariculture in a form of the food supply sumplus, solid
and dissolved excrements, and as a wide range of differ-
ent pharmaceutical drugs. There are two types of parti-
cles that enter the ecosystenn from the fish farm: the fish
food surplus, that is the part of the food supply that is not
consumed by fish and passes through the nets of the
cage, and fish excrements. This process increases the
consumption of dissolved oxygen Ghot-lenm impact)
and the accumulation of decayed material In the upper
layer of the sediment. The latier process is considered as
a long-term impact since this material at the surface film
of the seabed Is later regenerated. This means that proper
planning of the fish farm location should consider the
amount of particles deriving from the farm and their
spreading around the cages. The paper presents the
simulation of the distribution of food surplus particies
and faecal pellets on the seabed due to the horizontal
advection of the water mass during their sinking below
the fish farm.

MATERIALS AND METHODS

The shallow Bay of Piran {Fig. 1) is part of the nosth-

15&1 MAE,;\(:.IC & Janer FORTE: DISTRIBUTICN OF THE $FOOD SDAFLLIS AND FAECAL PARTICLES ON THE SFARED) BELOW AFISH FARM |, 1.8

ern Adriatic Sea and is opened to the Gulf of Trieste,
The depth beneath the cages is 13 £ 1 m; depth varia-
tions are caused mainly by tides. The sea floor 15 smooth
and muddy, with a moderate declination towards the
open sea. The water column structure resembles that of
the Gulf of Trieste (Malacic, 1991) with seasonal tempe-
rature variations. However, at the fish farm site the in-
fluence of the river Dragonja modifies the vertical strati-
fication in the shailow water column, in pasticular the
distribution of salinity. Records of monthly daia col-
lected at the two nearby stations that are fess than 1.5
km away {Tab. 1) show that during the spring-sumner
time {Forte, 2001} temperature in the upper part of the
water column varies belween 18-26 °C, and between
12-17 °C inx its lower part. Salinity also shows some sea-
senal varlations, although less pronounced, for it varies
between 28.0 - 38.5 PSU in the upper part of the waler
column.

Currents  were measured on  the fish fann  site
(45°29.226" N, 13°34.838" L} with the acoustic Doppler
current-meter profiler of Mortek AD company (NDP)
mounted on the sea floor. The instrument scans the wa-
ter column above with three beams and owtputs the ve-
locity of layers that are 3 m thick. The average period of
currents was 600 s, whide the sampling period was 3600
s. Measurements were performed in the spring-summer
period, from 19 April to 4 July and from 21 jJuly to 31
August 2000,

Fig. 1: Location map of the fish farm and the nearby measurement stations MA (45°30.20/' N, 13°34.20' E,
depth 16 m) and 35 (45°29.40° N, 13°35.00" E, depth 12 m) from where the long-term temperature and
salinity records were applied for the estimate of density on the farm site,

§1. 1: Skica lokacije ribogojtiice in biiZnjih merilnih postaj MA (45°30.20" N, 13°34.20°E, 16 m)
in 35 (45°29.40’ N, 13°35.00° E, 12 m), kjer so bile opravijene dolgorocne meritve temperatur
in slanosti za kasnejsi izracun gostote morske vode.
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Tab. 1: Simple statistics of 1362 temperature and salin-
ity data obtained in 25 years in the Bay of Piran (1975-
2000). The average value is depated with < >, and de-
viation with §D. Sampling was perfarmed at stations 35
and MA and at four different depths: on the surface, at
depths ranging from 5 to 10 m, and just above the sea
floor (Ruttner sampling).

Tab. 1: Osnovni statisticni podatki o temperaturah in
slanostib, izvacunani iz 1362 meritev, pridobijenih v 25
letih (v abdobju 1975-2000) v Piranskem zalive. Znak <
> oznaluje srednjo vrednost, SO pa standardno de-
viacijo. Meritve so bile napravifene na postajah 35 in
MA na $tivih globinah (povisina, 5 m, 10 m in Uk nad
dnom - Ruttnerjey vzordevainikj.

T s C) S (PSU) o (keg/nr)
<> 15.67 36.88 27.16
SD 5.42 1.02 1.73
Min 5.85 28.77 20.69
Max 27.63 39.83 30.89

Sinking velocity of fish food and fish excrements was
meastired in the lab. Measurements of the sinking ve-
tocity of fish food were performed in a plastic cylinder
fitled with seawater with salinity of 37.5 PSU and tem-
perature of 22.5 °C. This scawater density is thereafter
calculated as 25.9 kg/m’. From twelve throws of fish
petlets, the highest and the lowest measwred velocity
were eliminated; from the remaining ten values the av-
erage and the standard deviation (SD) were calculated.
We combired the sinking velocity of fish food with the
current-meter data to predict the distribution of uncon-
sumed fish food on the seabed below fish cages.

This idea of simulating the distribution of uncon-
sumed fish food was extended to faecal particles, For
this reason, faeces were collected from the fish cage
using a particular trap of polyethylene foil. The (ol cov-
ered an area of 1 m* at the bottom of the cage, with a
plastic bottle attached in its centre as a recipient of the
sinking material. In the laboratory, a sample of collected
particles witht a volume of 1.5 | was diluted to 5 1 and
carefully mixed to achieve more homogeneous distribu-
tion of excrement. From this mixture, a sub sample of 5
i was taken and released into ancther plastic cytinder,
in which the sinking velocity was measured, This sec-
ond cylinder was filled with seawater collected a few
miles away, with temperature of 22.0 °C, salinity of 38.5
PSU, and the caleulated density of 26.9 kg/m'™.

RESULYS AND DISCUSSION

in the year 2000, currents at the fish farm were ‘
measured twice, in the fate spring (19 April - 5 july} ;md‘
summer (31 July — 31 August 2000} periods. Frequencies

of the directions of currents show {Forte, 2001} that in

fate spring the prevailing currents over the whole water
column were directed towards NE and E (30% — 40%),
while they were more evenly distributed during the
summer, with more frequent directions towards NW, W
and SW {15% — 20%]). in both cases, the frequency of
directions towards the south was not higher than 10%,
indicating that over the entire water column the currents
were mostly oriented away from the mouth of the
Dragonja river (Fig. 1) during the spring-summer pericd.
The distribution of velocity magnitude in different direc-
tions {eight sectors) show higher values of currents in NE
and E directions during fate spring, while during the
summer period currents had evenly distributed magni-
tude in ali directions,

Currents in the surface layer 11 m above the NDP
and about 2 m below the sea-surface deviated from the
rest of the water column during the spring period. The
most frequent directions then were to the £ or W, and
their velocities reached values of 0.17 m/fs in the W di-
rection and of 0.15 my/s in the £ direction. During the
sumnmer period, however, surface currents had similar
directions as the rest of the water column. This indicates
that the surface layer is dominantly wind-driven, since
during the spring period the wind is more frequent than
during the sumimer {Qgrin, 1995), while in the rest of the
water column tidal and density driven currents prevail.

Tab. 2: Sinking velocities (mean+$D) of fish food pellets
and faecal particles, measured in the fah. Seawater
density for the experiment with pellets was 25.9 kg/m’
and density for the experiment with faecal parftdes
26.9 kg/m’".

Tab. 2: Hitrosti padajocih delcev ribje hrane in delcev
ribjih iztrebkov (srednja vrednost£SD). Meritve so bile
opravijene v laboratoriju. Gostota morske vode med
po:zkusom z ribjo hrano je bila 25,9 kg/m’, mediem ko
je bila gostata med poizkusom z delci iztrebkov 26,9

kg/ar.

Sinking velocity (cmy/s)
Pellets Faeces
<> 5.72 0.64
SP 0,15 0.05

Sinking velocities of food pellets were estimated in
the lab as 5.7 % 0.15 amy/s (Tab. 2). In comparison to
iood pellets, the sinking of faecal particles was signifi-
cantly slower. Their sinking velocity was estimated at
0.64 + 0.05 cm/s, being roughly 8.9 times smaller than
that of food pellets. This means that through the water
column of the same density as the one of the seawater
in lab cylinder, food pellets would pass vetically
through a layer of thickness of 1 m in less than 18 s, and
wauld reach the sea floor from the surface in less than
3.8 minutes. Faecal particles wouid travel through a
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fayer of 1 m on average in less than 157 s, and would
_reach the sea floor in less than 34 minutes. Since cur-
rents were measured with a sampling rate of 1 hour, we
reasonably assumed that both types of particles were
sinking through the water column dwring the single
measurement cycle, and that the sampling period of 10
minutes represents currents during the sinking period of
half an howr. It is estimated that the range of sinking
speed is larger due to the unknown densities of the wa-
ter column, food pellets and faecal particles, and dae to
the unknown geometry of the latter during the entire
reasurement period.

We may reasonably suppose that food pellets and
faecal particles of density p, are sinking laminatty with a
constant speed within a layer of a constant density p, In
the bhalance of forces that act on sinking particles, &
problem arises with the friction force, since the geome-
try of food peilets and faecal particles is not sufficiently
known, However, we rnay qualitatively describe the lin-
ear friction law {Kundu, 1990} that helds for the low
Reynolds nurnbers {Re = vdn, where v is the sinking
speed, d the typical dimension across the particle, and 7
=10 m’ s is the kinemalic viscosity at 20 °C). it is esti-
mated that Re is smaller than 300 for food pellets (v =
0.06 mfs and d < 5 107 m), and that Re is below 13 (v =
6.4 107 mfs and d < 2 10 m) for faecal pasticles. This
indicates that the linear dependence of friction force on
the sinking velocity is applicable and the friction force is

paramelerised as Ko, 1 d v, where K is the dimension-
less constant that accounts for geometry (K = 6 7 for
sphere-tike particles). The balance between the buoy-
ancy force (p, - pgV (g = 2.81 m/s® is the gravity accel-
eration and V the volume of a particle), and the friction
force yields the sinking velocity as:

{f A
wipp £ EV .
Knod

This means that if the density of a sinking particle p, is
known, the sinking speed is decreasing with the ambient
density in an inverse linear way, proportional to Ux -
P/Pp, Where x = pJp is the ratio of densities, with g,
being the density at which the sinking speed was meas-
ured, The density is related to the density excess o7 as p
= 1000.0 + o7. Tab. 1 shows that over the period of 25
years o7 ia the Bay of Piran has varied for tess than 10.2
kg/m’, x therefore for less than 1%, and sa has the sink-
ing speed due to varjations of the ambient density.
There are no estimates as to the density variations of
particles, which are probably much higher for faecal
particles. Their volume alsp affects the sinking velocity,
There are, however, no estimates of volume variations
that could vary significantly with the age of fish popula-
tion, and also of the food supply type. It is expected,
however, that the volume of food peflets does not vary
that much,
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Fig. 2: Trajectories of fish food driven by currents for sefected 24-hour measurements
(21 June, 2000), if the particles were released hourly.
S1. 2: Poti pamislienih delcev ribje hrane kot posledica fokov med 24-urnimi meritvami
21. junija 200@ in koncni poloZaj teh deicev na morskem dnu. Delci so bili izpusceni v intervalu ene ure.
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Fig. 3: Simulated distribution of faecal particles on the seabed using trajectories data from the
currents measured between April 19 and june 21. The sinking velocity was 0.64+0.05 cm/s.
§i. 3: Simulacija razpareditve delcev ribjih iztrebkov na morskem dnu. Poti so bile izracunane na osnovi
dvomesecnih meritev tokov od 19, aprila do 21. aprila 2000. Hitrost tonjenja je bila 0.64:0.05 cm/s.

Figure 2 displays the trajectories of food particles
and their distribution on the sea floor fram beneath the
centre of a fish farm, if food pellets were released hourly
within 24 houwrs of 21 June 2000. Food particles were
spread over a patch covering an area of 16 x 12 m. no
more than the fish farm itself. Since the sinking velocity
for faecal particles is roughly for an order of magnitude
smalter, a similar plot would tndicate that the scale of
distribution would cover an area around 160 x 120 m.
Since during the summer period currents were evenly
distributed in alf directions, the simulation has been
conducted for the spring period, when it was expected
that the spread of particles at the sea floor would be
larger. Figure 3 shows a simulation of the distribution of
food particles if they were released hourly during the
fate spring period when currents were measured. Sink-
ing food covers an area smatler than 30 x 15 m, indi-

cating that the distribution of faccal particles is within
the range of 300 x 150 m.

Measurements of currents on the fish farm site and
lab measurements of settling velocity of faod pellets and
faecal particles have been combined with the simulation
of their distribution on the sea floor beneath the fish
farm. While many important parameters are missing,
such as the variation of density and volume of the parti-
cles, it is expected that a reasonable first estimate of
patches of food surphus and faecal material has been
achieved. Both of them cover an area that is smaller in
diameter than a few 100 m. We may therefore consider
them as these pointwise pollutants of fish farming that
do not affect the ambient of this range. This conclusion,
however, is not applicable for the dissolved organic
matter generated by fish farming.
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S . RAZPRSITEV RIBJE HRANE IN 1ZTREBKOV NA DNO POD RIBOGOINICO
IR V PIRANSKEM ZALIVU

Viado MALACIC & Janez FORTE
Nacionalnt indtitut za biologijo, Meorska bioloska postaja, SI-6330 Piran, Fornale 41
E-mail: malacic@mbss.org

POVZETEK

1z merijtev tokov in laboratorijskib meritev hilrosti tonfenja ribje hrane in delcev ribjilt iztrebkov je bifa narejena
simulacija njihove razprsitve. Pokazalo se je, da visek hrane pokrije povrsino, manjo od 30 x 15 m, medtern ko 1z-
trebki ostanejo znotraj meja 300 x 150 m.

Klju¢ne besede: marikuoltura, tokovi, okolje, Piranski zaliv
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ABSTRACT

The nitrogen stable isotopic composition of fouling cormmunities colonizing hard substrates at the fish farms and
at unpoffuted reference focations in N Adriatic (Piran, Slovenial, £ Mediterranean (Crete, Greece! and in the Red Sea
(Eilat, Israel) was studied. An overall enrichment of the fouling community in 15-N at the fish farms has heen de-
tected at two of the three locations, indicating the incorporation of farm-derived particulate nitrogen into the organ-
isms tissues,

Key words: fish farm, stable isotope, nitrogen, biofilters, fouling organisms

ARRICCHIMENTO IN PN IN COMUNITA DI FOULING INFLUENZATE
DA RIFIUTI ORGANICI PROVENIENTI DA ALLEVAMENT! DI PESCH

SINTESI

L'articolo riponta lo studio delfa camposizione isotopica stabile di azoto in comunita di fouling colonizzanti sub-
strati solidi di allevamenti di pesci e in siti di controlle non inquinati, in Adriatico seltentrionale {(Pirano, Siovenia),
Mediterraneo orientale (Creta, Grecia) e Mar Rosso (Eifat, Israele). Uin arricchimento cornplessivo in 15-N delle co-
munita di fouling negli aflevamenti di pesci & stato riscontrato in due delfe tre postazioni, indicando Fincorporazi-
one del particellato di azoto derivante dagli alfevamenti nei tessuti degli organismi.

Parole chiave: allevamenti di pesci, isotopo stabile, azoto, biofiliri, erganismi di fouling
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INTRODUCTION

Fisl farms refease large amounts of soluble inorganic
and particulate organic matier (POM) into the marine
environment izMcGhie et al, 2000). There is, therefore, a
large interest in reducing the effluent load to the sur-
rounding waters in order to ease the environmental im-
pact of mariculiure. In order to capture and remove ef-
fluents refeased from fish farms, removable hard sub-
strates were deploved near a fish farm, in order to be
colonised by filtering organisms.

Stable isotopes of nitrogen were successfutly used 10
trace the dispersion of organic debris and the sources of
sedimentary organic matter in marine sediments and in
aguaculture systems (Ye et al, 1991, McGhie et af,
2000; Mazzola & Sara, 2001). In organisms, the nitrogen
stable isotopic composition (8'°N) of tissues provides a
powerful toot for determination of respective sources of

sutrition for consumers and trophic relationships among
organisms. In the trophic nelwork among animmals, 8N
of their tissues sysiematicaily increase on average by
3.4%. per trophic level {enrichment ranging from 1.3 to
5.3%0; Minagawa & Wada, 1984}

The aim of the present study was to examine the in-
fluence of particulate organic nitrogen waste deriving
from fish farms on the nirogen stable isotope composi-
tion of fouling communities colonising hard substrates
{hereafier referred to as biofilters) adjacent to the fish
farm.

MATERIALS AND METHODS

Three study sites were selected: Crete (E Mediterra-
nean), Eilat (Red Sea) and Piran (N Adriatic). Samples of
particufate arganic matter and fouling communities
colonising the biofilters were taken at the fish farms and
at reference locations, which had not been affected by
aquaculture.

Particulate organic matter (POM) was collected in
sediment traps seasonally from autumn 2001 to spring
2003. Samples were filtered through GF/C glass fibre
filters and dried in oven overnight at 50 °C.

Samples consisting of entire fouling community on
randomly selected biofilters {one per arrayl were re.
moved from the subslrate, dried, pulverised by grinding
to particle size below 100um and subsequently ana-
tysed for nitrogen isotope composition.

Nitrogen stable isotope composition (3'°N) was de-
termined using a continuous flow isotope ratio mass
spectrometer Europa 20-20 with ANCA SL preparation
module (PDZ turopa Ltd., U.K.). Samples were packed
in tin capsules, combusted in clemental analyser and
gases produced were separated th a GC column, The re-
sults are expressed as relative § values in %o, ie. the
difference in parts per mil of the isotopic ratios “N/N
from those of atrnospheric nitrogen. Laboratory working
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standards (urea and ammonium salphate solutions with
100 pp/ul. N} were cahhia(od versus TAEA N-1 and JAEA
N-2 (NHJ,50, with 8""N +0.4 and +20.3%., respec-
tively. Untreated GF/C filters and empty tin capsules
were used as blanks, Samples were analysed in triplicate
to assess the precision and the reproducibitity of the
analyses. Standard deviation of the measurement deter-
mined on multiple analyses of working standards was
generally < 0. 2%, while standard deviation of the sam-
ples was generally better than = 0.3%..

RESULTS AND DISCUSSION

Average 8'°N values of particulate organic matter
and fouling communities at reference iocations and fish
farms in Crete, Eilat and P;ran are listed in Table 1.

POM was enriched i "*N at the fish farms compared
to the reference jocations at all sites, as a consequence
of the presence of "*N enriched organic debris originat-
ing from the capes (faeces with average 8'°N hetween 7
and 10.6%e, remains of fish food with 8 N values be-
tween 7.6 and 9.7%). An e~<cept10m§iy high enrichment
in "N in POM was detected in Crete, where the large
difference cannot be attributed only to the presence of
organic waste from the farm, but is partially related to
the seasonally dependem differences m nitrogen iso-
topic cormposition of ptankton, where 8°N values can
change by severai per mil refated to the temiperature-
dependent nittogen cycling {Minagawa & Wada, 1984;
Sigleo & Macko, 1985; Nakatsuka ef al, 1992; Mon-
toya, 1994; Altabet et al., 1999}, The high average 8"°N
value is a consequence of extreme enrichment of FOM
in "N in july 2001, when 87N values of 1113 %o were
determined. Later on the 8N ranged from 7.2 10 8.6 %,
vielding a seasonal average of 9.2 %..

Tab. i: Average §'°N values of particulate organic mat-
ter and fouling communities at reference locations and
fish farms in Crele, Ei{af and Piran.

Tab. 1: Povprecne vrednosti 8N suspendiranih organ-
skily snovi in zdruzbe obrasti na refereninib lokalitetah
in v ribogojnicah na Kreti, v Eifatu in Piranu.

Location SN of POM 8N of fouling
§%0) community %o}

CRETE

Reference 42 45

Fish farm 10.8 (9.2%) 6.3

EILAT

Reference 3.6 (3.8%) 3.6

Fish farm 4.8 {4.9%) 5.7

PIRAN

Reference 5.3 {4.7%) 6.7

Fish farm 5.8145.7%) 5.7

*seasonal averages
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Fouling communities at reference tocations were en-
riched in "N relative 1o the POM at ali three sites,
where the enrichment in Eilat was within the analytical
error of the measurements. An enrichment of fouling
communities in "N at the fish farms refative to the refer-
ence locations was observed in Crete and Filal, white in
Piran the opposite occurred. The relation of §°N of
POM to 8N of fouling communities at the fish farms,
however, seems controversial. _

The organisms are enriched in N relative to their
food sotirces by at least 1.3%., depending an the species
(Minagawa & Wada, 1984), therefore the cbserved en-
rickament can be used for an overall estimation of the
sources of nutrition of fouling organisms. Where the or-
ganisms are enriched in BN refative to the POM, at least
part of thelr nutrition derives from this source. Where
the enrichiment is very small or even negative, it is obvi-
ous that the particulate organic matter does not contrib-
ute 10 the average organisms’ diet. Since the colonising
communities are compased of different species, only
average particulate nitrogen consumption of the whole
community colonising the analysed biofilter can be de-
tected.

""N-enrichment of crganisms at the fish farms rela-
tive to those at reference locations indicates that some
of the incorporated nitrogen derives from the fish farms,
however, its fractions depend mostly on the composition
of the colonising community, f.e. relative abundance of
nan-selective suspension feeders, which are able to in-
gest and retain nitrogen from particles of various sizes.
in Crete, the fouling community at the fish farm is
clearly enriched in "N relative to the reference location,
however, depleted in N relative to the POM. That
means that suspension feeders present only a minor
fraction of the whole community. Similar situation was
observed in Piran.

Figure 1 shows the enrichment of fouling communrii-
ties relative to the POM at the fish farms and at refer-
ence locations. Differert enrichments between POM
and fouling communities at the fish farms and at refer-
ence locations show that the compositions of fouling
communities at both locations were obviously different
and highly variable from bicfilter to biofilter, as well as
seasonally, which can be seen from the large range of
measured §' "N values. Therefore they cannot be directly
compared o each other. However, the overall ensich-
ment of the organisms at the fish fanms relative ta the
reference focations in Crete and Eilat shows that they
are enriched in °N, P.e. at least part of their food is rep-
resented by "°N enriched POM deriving from the cages.
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Fig. 1: 8N of particulate organic matter and fouling
communities at the fish farms and af reference locati-
ons; solid symbols = POM, open symbols = fouling
comununity. Hotizontal bars represent average values
of all measurements.

Sl 1: 8”N suspendiranih organskih snovi in zdruzba
obrasti v ribogojnicah in referencnih lokalitetah; polni
simboli = POM, odprti simboli = zdruZba obrasti. Hori-
zontaini stolpici ponazarjajo povpreéne vrednosti vseh
meritev.
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IZOTOPSKA SESTAVA DUSIKA y MORSKIH ORGANIZMIH
V VPLIVNEM OBMOCIU RIBJIH FARM

Sonja LOIEN
Institut "jozef Stefan”, Odsek za znanosti o okolju, $1-1000 Ljubljana, Jarmova 39
E-mail: sonja.lojen@ijs.s

Dror ANGEL & Timor KATZ

National Centre for Mariculture, Israet Oceanographic and Limnological research, iL-Eifat 88112, POB 1212, North Beach

Manolis TSAFAKIS

Institute of Marine Biology of Crete

Nives KOVAC & Alenka MALE}
Morska bialoika postaja, Nacionalni Institut za Biologijo, 51-6330 Piran, Fornace 41

POVZETEK

Analizirali smo izotopsko sestavo dusika v obrasti na umetnih substratib, lociranih v neposredni bfizini ribjib
farm in na necnesnaZenih referencnih lokacijah v severnem Jadranu (Piran, Slovenija), v vzhodnem Sredozemiju
{Kreta, Gréijal in v Rde¢em morju {Eilat, lzracl). Na dveh od treh lokacif smo izmerili povecano vsebnost 8N v or-
ganizmih ob ribjil farmah, kar je posiedica vgrajevanja izotopski tezjega dudika iz suspendirane snovi, ki se sprosca

v okolico iz ribjih kietk.

Khucne besede: ribja farma, stabiini izotop, dutik, umetm substrat, organizmi obrasti
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IN A MARINE FISH FARM (GULF OF TRIESTE, NORTHERN ADRIATIC); |
PRELIMINARY RESULTS

Nives KOVAC & Branko CERMEL
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E-mail: kovac@mbss.org

Sonja LOJEN
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ABSTRACT

Composition and sedimentation of particulate matter was determined in a fish farm of the Slovenian coastal sea.
The average sedimentation rates of TPM, POC and TPN measured in the farm were higher than those on the control
site due to food supply to fish and organic waste fiam fish fanning activity, The impact of fish feeding was also evi-
dent from the isotopic (§”N values} and elemental composition (C and NJ of sedimented material with higher values
in the fish farmn area. Changes in composition of particufate matter and sedimentation fluxes were related to feeding
regime during the year and seasonal characteristics of the water column.

Key words: fish farming, elemental composition, 8N, sedimentation rate, northern Adriatic

SEDIMENTAZIONE E COMPOSIZIONE D1 MATERIA PARTICELLATA IN UN
ALLEVAMENTO MARINGO DI PESCI (GOLFO DI TRIESTE, ADRIATICO
SETTENTRIONALE); RISULTATI PRELIMINARY

SINTES!

La composizione e la sedimentazione della materia patticellata sono state determinate ad una profordita di otto
metri in un allevamento di pesci in acque costiere defla Slovenia. | tassi medi di sedimeniazione di materia parti-
cellata totale (TPM}, carbonio organico particellato (POC) e azoto particellato totale (TPN] sona risultati maggiori di
quelli rilevati nel sito di controllo, a causa del mangime per pesci. L'impatto del nutrimento di pesci & risultato evi-
dente anche dalla composizione isotopica (valori 5’ N} ed efementare (C, N) del materiale sedimentato, con valori
maggiori nell’arca defl’allevamento ittico. Variazioni stagionali della materia particellata e flussi di sedimentazione
sono statt correlati al regime alimentare durante I'anno e aﬁe caratteristiche stagionali delta colonna d’acqua.

Parole chiave: allevamento di pesci, composizione di elementi, tasso di sedimentazione, Adriatico setlentrionale
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INTRODUCTION

The northern Adriatic is an area under significant im-
pact of fish farming activity, which influences the marine
environment, Environmental impact is mostly caused by
the supply of unconsummated food and fish feces (Har-
grave et al, 1993) leading to high sedimentation rates
and consequently to anoxic sediments and impoverish-
ment of benthic fauna (Duplisca & Hargrave, 1996;
Mazzola et al., 1999; Karakassis et al., 2000). The waier
quality is affected both by particulate and solute waste
(Pitta et al., 1999), which can influence the plytoplank-
ton growth (Frid & Mercer, 1989; Arzut et al., 1996).

This work is part of a larger study (EU/BIQFAQS
project] to investigate the efficiency of biofilters as re-
ducers of negative impacts of marine cage aquacuiture.
Our study has been carried out in 2001 to determine the
seasonal changes in sedimentation fluxes and composi-
tion of particulate matter in the fish farm area in com-
parison to the selected control point.

MATERIALS AND METHODS

The investigated fish farm Lera d.o.o, is one of the
two Slovenian farms situated in the coastal waters of
Bay of Piran - Gulf of Trieste {(northern Adriatic)
{Malacic & Forte, this volume). The fish (Furopean Sea-
bass) were fed commercial pelted fish food (Marico Start
Premium). The food input increased from January (o
spring and with minor deviation at a high level during
the summer, followed by a continual decrease until the
foliowing spring.

Four arrays of bio-filters were moored along square
cages at a distance of approximately 3 m, and this area
was selected as a sampling site (Plate 1: Fig. 1), On the
horizontal array of bio-filters, cylindrical sediment traps
with diameter of 7 cm and an aspect ratio of 7 were
mounted at depth of & m (Fig. 1) to collect sinking parti-
cles. Sediment traps were designed to collect four sam-
ples stimultaneously and were deployed for 24 hours.
Similarly, the sedimentation rates were also measured
on control site (CL) including control arrays that were
deployed approximately 150-200 m from cages in SE di-
rection. During 2001, four samplings were carried out in
july, August, September and November.

After the collection, three aliquots of homogenized
suspension from two cylinders at each locations were
filtered through precombusted Whatman GF/F glass mi-
cro-fibre filters, All samples were freeze-dried for 24
hours and weighed. Dried samples were used for analy-
sis of total suspended matter (TSM), particulate organic
carbon (POC), total particulate nitrogen (TPN) and iso-
topic composition {°C and "°NJ. Total particulate matter
was determined gravimetrically. Organic carbon (POC)
and total particulate nitrogen (TPN} analyses of the
freeze-dried and acid-washed samples (Hedges & Stern,
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Fig. 1: Scheme of bicfilters arrays showing the deploy-
ment of sediment traps.
Si. 1: Shematska predstavitev sistema umeinih substra-

tov (biofiltrov} ter postavitev sedimeninih pasti. :

1984) were performed with Carle Erba elemental ana- -
Jyser 1108. Analyses of the *C and "N isotopic compo-
sition of the freeze-dried samples were performed with a
Europa 20-20 (Eurcpa Scientific) mass spectrometer. Sta-
ble-isotope ratios were expressed in 8 notation as parts
per mil {%.) according to the following relationship:

8X = E(Rsnmplel Ryaasara) = 11 X 107

where X is ’C or N and R is the corresponding ra-
tio "*C/MC or UN/'N. Standards for °C and "N are V- _'
PDB and atmospheric N, (air), respectively.

RESULTS AND DISCUSSION

The results of elemental compaosition of sedimented
total particulate matter (TPM) from sampling (5L} and
control {CL) sites are presented in Table 1. In accor-
dance with our expectations, the material collected in
the traps deployed along the fish cages at a depth of 8 m
had a higher portion of organic carbon (POC) and total
particulate nitrogen (TPN} in comparison to the control
site, This earichment in organic carbon and total nitro-
gen of particulate matter of SL indicates a contribution
of organic waste (rom partially degraded or uneaten fish
food containing high content of organic carbon and ni-
trogen (Marico Start Premium: 44% C and 9% N). How-
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ever, the differences between two sites were more evi-
dent during the summer samplings indicating more -
tense feeding regime of fish.

Tab. 1: Average 8"°N (%) values and elemental compa-
sition of the sedimented particufate matter at sampling
(SL) and cantrol (CL) sites expresed as a percentage of

Compared to data from control site, where all meas:
ured values were lower, the composition and sedimen-

tation of particulate matter from fish fanm highly reflects
the impact of organic matertal from the fish farming ac-

tivity (maostly fish food and waste).

total particulate matter (TPM),
Tab. 1: Povprecne vrednosti 8N (%) in elementna S5 90
sestava sedimentirane suspendirane snovi na vzordisCu ‘T 30.00 i
(1) in kontrolni postaji (CL), izraZena kot odstotek ce- 8 %§i88 :
lotne suspendirane snovi (TPM). & }éigg n
3Rl B oo
SEDIMENT TRAP SAMPLES RN ot ORI
Sampling site (SL) Contral site (CL) B X ,ikq’g.<}‘”9 Q’,\"g(;f‘
Jul } Aug | Sep i Novi{ Jul | Aug | Sep | Nov A
POC{%) 15.95§13.9512761 33212021811 12151271
TPN{%) 107111391938 0501031 41310311043k Fig. 2: Sedimentation rate of total particuiate matter.
C/d{at) 19.56 110051836 |7.7417.68 18081805 734} Sl 2: Hitrost sedimentacife celotne suspendirane snovi.
BNy (%)) 76 | 63 | 46 | 47 | 58 | 56 { 11 | 4.6

The average sedimentation rates of TPM, POC and
TPN (Figs. 2, 3, 4) reveal higher values on station SL.
The same trend, but with higher values, has already
been reported for another Stovenian fish farm in the Guif
of Trieste using bottom traps (Kovad at al,, 2001). This is
in accordance with general observation that the guantity
of wapped material increases with depth (Hargrave &
Tag:.pchi, 1978). Sedimentation rates of particulate or-
ganic carbon determined in July, August, September and
November in fish farm were by about 67%, 78%, 48%
and 24% higher than those measured at control point.
The same was observed for the sedimentation rates of
TPN. However, greater differences between bhoth sites
during the summer probably result from a higher rate of
food addition in this period. The 8N average values of
sedimented material at 5L also indicated higher supply
of fish food and feces during the summer (average
7 0%o} and greater impact of the sediment in the autumn
(4.7%0), Comparison of 8"°C of sedimented matter does
not show significant differences, indicating that this pa-
rameter is not very suitable for this kind of study (Kava¢
etal, 2001L

Additionally, the seasonal characteristics {physical,
biological) of the water column influenced sedimenta-
tion and composition of particulate matter, The late
autumn period was characterized by an increased sig-
nificance of land material fresh-water supply), resus-
pension and grater mixing of water body. In the stnmer
period, the greater stability of stratified water column
with an impact of sedimented phytoplankon material to
sedimented matter was determined,

[¥]

1000.00
800.00
800.¢0

POC {my/mPd)

Fig. 3: Sedimentation rate of particulate organic car-
bon.

Sl 3: Hitrost sedimentacije suspendiranega organskega
ogljika.

TPN {mg/m‘i}

Fig. 4: Sedimentation rate of total particulate nitrogen,
SI. 4: Hitrost sedimentacije celotnega suspendiranega
dugika.
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SEDIMENTACHA IN SESTAVA SUSPENDIRANE SNOVIV OBMOC]U RIBOGOINICE
(TRZASKI ZALtY, SEVERNI JADRAN}, PRELUMINARNI REZULTATH

Nives KOVAC & Branko CERMEL/
Nacionalnt indtilut za biclogijo, Morska biclodka postaja, $1-6330 Piran, Tomace 41
E-mail: kovac@mbss.org

Sonja LOJEN
Institut “joZef Stefan”, Odsek za znanosti » okolju, $1-1000 Ljubijana, Jamova 39

POVZETEK

V slovenskem obalnem morju smo v obmodju ribogojnice ugotavifjali sestavo in sedimentacijo suspendirane sno- -
vi. lzmerjene povprecne sedimentacifjske hitrosti celotne suspendirane snovi, suspendiranega organskega ogljika in
celotnega suspendiranega dusika so bile v obmocju gojif¢a visje od vrednosti, dobljenity za kontrolno postajo,
zaradi prispevka organske snovi, povezane s samo aktivnostjo gojenja (hrana za ribe, feces rib). Velik vpliv hra-
njenfa rib kaZejo tudi rezultati izotopske (predvsem 8N vrednosti) in elementne analize {C in N) sedimentirane
snovi. Spremembe pa niso odvisne le od letne sheme hranjenja rib, marve¢ tudi od sezonskih zna&ilnosti vodnega

stelpca.

Kljuéne besede: ribogojnica, elernentna sestava, §'°N, hitrost sedimentacije, severni Jadran
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EARLY COLONISATION OF BIOLOGICAL FILTERS SUSPENDED IN WATERS
ADJACENT TO CAGED MARICULTURE ACTIVITY, WEST SCOTLAND

Elizabeth ). COOK & Kenneth D. BLACK
Scottish Association for Marine Science, Dunstatfnage Marine Laboratory, Oban Argyll PA341QA, e-mail: eje@dmi.ac.ui

ABSTRACT

Patterns in recruittnent and colonisation of hard subsirata communities in close vicinity to caged mariculture
activity were studied in the Lynne of Lorne, west coast of Scotfand. Despite the increase in nutrient status and sus-
pended particulate foading near fish farm the farval settfement and the suliseguent successional processes did not
appear (o be seriously affected. Similar invettebrate species were present in hoth fish farm ard control site. A total of
40 inveriebrate species, attached to the mesh cylinders were identified over the experimental period and the
diversity index was bigger at the fish farm compared to contiol site,

Key words: colonisation, biofogical filter, sub-littoral macrofauna, mariculture, Scotland

COLONIZZAZIONE PRECOCE DI BIOFILTRI SOSPESI ADIACENTI AD ATTIVITA
DI MARICOLTURA IN GABBIE, SCOZIA OCCIDENTALE

SINTES!

Esempi di reclutamento ¢ colonizzazione di substrati solidi nelle vicinanze di attivita di maricoltura in gabbie
sono stati studiati in Lynne of Lome, costa accidentale delfa Scozia. Malgrado Vincremento nel liveflo di nutrienti e
nel carico di particelfato sospeso in prossimita dell‘allevamento di pesci, la colonizzazione larvale e § processi suc-
cessionali a seguire, non sono risultati seriamente distutbati. Specie simili di invettebrati erano presepti sia
nell‘allevamento di pesci che nella stazione di controflo. Quaranta specie sono state identificate durante if periodo
sperimentale attaccate alle maglie dei cilindri e Vindice di diversita & risultato maggiore altallevamento di pesci che
nella stazione di controllo.

Parole chiave: colonizzazione, filtri bielogici, macrofauna sub-litorale, maricoltura, Scozia
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INTRODUCTION

The colonization of amificial substrata has been
widely documented and a large range of marine organ-
isms have been shown to readily settle, recruit and
colonise a variety of artificial swuctures, including plas-
tics, cement and ceramic tiles {Todd & Turner, 1986}
Various factors have been identified as contributing to
the colonisation of antificial habitats, including both
physical and biological factors that can either facilitate
or inhibit the survival of organistus {Rodriguez et af.,
1993). Food availability and quality is one factor that
can play an imporant role in the length of settlement
competence in larval marine invertebrates {Kelly et af.,
2000), the nature of the existing biota on the artificial
substrata and the subsequent growth and succession of
marine organisims that successfully recruit to a particular
location (Fleury et al., 2000).

A farge proportion of the caged mariculture activity
in the U.K. is concentrated on the west coast of Scot-
land. Only a minority of the nutrients added as feed to
the caged systems is rermoved in the harvest and the re-
mainder s lost into the environment. The annual dis-
charge per ton of salmon is estimated to be 750 kg car-
bon (Hall et al., 1990}, 35.0 kg nitrogen and 7.0 kg
phoshorus (Chopin et al., 1999} This loss consists of
wasted feed and small feed fragments, faecal particles
and disselved organic and inorganic components. While
most of the dissolved components are recycled by the
micropelagic food web, particulates either fall to the
seabed causing localised seabed enrichment around the
cages or remain suspended until consumed by marine
organisms or remineralised (reviewed by Pearson &
Biack, 2001). Whilst a nurber of studies have found
that an increase in organic material can alter the species
diversity of soft sediment communities (reviewed by
Pearson & Black, 2001}, very few have studied hard
substrata communities and there is a distinct paucity of
information on the influence of enhanced food avail-
ability on recruitment and succession in this habitat
type.

The aims of this study are to assess patterns in re-
cruitment and colonisation of hard substrata communi-
ties in close vicinity 1o caged maricullure activity.

MATERIALS AND METHODS
The two study sites were located in the Lynne of

Lorne, west coast of Scotland. The first site was ap-
proximately 10 m from a commercial Atlaniic satmon

- (Salmo safar) fish farm (S6°27.00°N: 05°27.68"W) and

- the second site {termed the “reference site’) was located

2500 m north-east of the fish farm {56°27.03'N;
~05°27.40'W). The second site was [ocated in ah area
outwith the influence of the enriched water source but
thin: similar hydrojogical conditions. The farm con-

sisted of 12 circular net cages (25 m diameter and 22 m
depth) and the biomass of the (ish farm site averaged
650 tonnes over the A month experimental period.

Black sguare mesh (INETLON ™; mesh diameter 25
mm} was formed into a cyhindrical shape (500 mm
height; 250 mm diameter} and mounted on a rectangu-
lar support frames, tach frame held eight randomly at-
tached cylinders at a distance apart of 250 mm. Four
frames were deployed at the fish farm (FF} and the refer-
ence site (RS) on 18 June 2001. The frames were held
vertically in the waler column by anchor weights and
buoys and oriented perpendicular to the predominant
current divection at a depth of 8 m. Temperature loggers
(Finytag ™) were attached to the support frames at both
experimental sites. Seawater temperature was recorded
on a daily basis.

Mesh cylinders were sampled monthiy between july
and December 2001, with the exception of November
2001, when storms prevented sampling. At each sam-
pling time, four cylinders were randormly selected at
each site, one from each frame. The fouling community
was assessed by identification to the lowest possible
taxon. The abundance of individual organisms attached
to the cylinders was recorded. Distinct colonies of each
colonial species were counted as cne individual, After
taxonomic assessment, the biomass of each dominant
group of fouling organisms and the biomass of the mate-
rials remaining on the mesh was calculated by drying
the samples and 3 sub-samples of the mesh (150 x 150
mim) at 45 °C until constant dry weight. The biclogical
material was then combusted at 450 “C for 5 hours fo
obtain the ash free dry weight (AFDW).

Community structure was described by calculating
the total abundance and biomass of individuals, the to-
tal number of species, the total number and biomass of
individuals of each species and the Shannon-Wiener di-
versity index (M), Bartlett's test was used to test for ho-
mogeneity of variances (Zar, 1990). Sampling time and
site were used as fixed factors in a two-way ANOVA to
test for differences in species civersity, abundance and
biomass of the dominant species between the treatments
{MINITAB, Release 13.32 for Windows). The Tukey
multiple comparison test was used 10 assess where sig-
nificant differences occurred.

RESULTS AND DISCUSSION

During the experimental period {July to December .-

2001), seawater temperature at the sites ranged from a
maximum of 12.8 °C in August 2001 t0 a minimum of
9.1°C in December 2001.

The total biormass of macrofauna increased signifi-
cantly over the experimental period and the biomass -
was significantly higher at the FF compared with the RS
(p < 0.05; F = 7.69) (Fig. 1a, Plae 1: Figs. 4a, bl The
significant increase in biomass (p < 0.001; £ = 348.5),
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particularty in the first 4 months after deployment was
primarily due to an increase in the biomass of the as-
cidian, Ascidietfa aspersa, at the both the 1 and RS, A
aspersa accounted for a high percentage of the total
homass attached to the panels at all the sampling times,
with the exception of the first 2 sampling periods (Plate
ff, Fig. 11k In the first two months, the hydvoid, Obelia
longissima accounted for the highest propartion of the
total biomass at both sites. Other species, including the
non-native caprellid, Caprelfa mutica {p < 0.001; F =
81.39) and the bivalve, Mytilus edutis (p < 0.01; F
161.73) were recorded at a significantly higher biomass
at the FF compared w0 the RS at each sampling time
throughout the experimental period.

A statistically higher number of individuals were ob-
served on the mesh cylinders at the FF site compared to
the RS over the experimentat period {p < 0.001; F =
96.36) (Fig. 1h). This difference was due to higher num-
bers of C. mutica and M. edulis at the FF, particularly in
months 3 and 4. These species accounted for a high
percentage of the total number of individuals attached
to the structures at these two sampling times.

A total of 40 species were identified over the ex-
perimental period attached to the mesh cylinders. The
Shannon-Wiener diversity index (1) for the macrofau-
nal communities attached to the mesh cylinders indi-
cated a sigrificant increase {p < 0.007, F = 98.09) in di-
versity over the first 2 months after deployment, fol-
fowed by a plateauing in species diversity for the re-
mainder of the experimental pericd at both the FF and
the RS. The diversity index, however, was higher at the
FF compared to the RS at each sampling time, although
this difference was only significant in the first month
(july 2001) (p < 0.05, F = 8.47).

A number of key observations can be made from the
results of this study:

1. Despite the increase in nutrient status and sus-
pended particulate loading that might be expected in
the effluent stream from a large fish farm, larval settle-
ment and the subsequent successional processes did not
appear to be negatively affected in this study, as shown
by the comparatively high biomass at the FF and the
similar species diversity at the 2 experimental sites.

2. As similar species were present on both sites there
is no evidence that proximity 1o the farm excludes sen-
sitive taxa. The main difference between the sites was
the higher numbers of C. mutica and M. edulis at the FF.
ft is thought that the main made of introduction for C.
mutica is in association with aquaculture activities,
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which might e)c)i.lm it
the fish farm mmmred to the reference site. - ’
3. The presence of the farm does appear to bc whle
to influence the hiomass of hard-substrate macrofauna
inhabiting structures in close pnox:mny to-the farm and,
therefore, further study is required iy terms of a) their
potential in reducing the environméntal output of nutri-
ents from the far and/or b) the use of the farm as a nu-
trient source for growing a secondary aquaculture crop.
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Fig. 1. Biomass (AFDW g m*) (a) and abundance (No.
individuals cylinder’) (b) of macrofauna on mesh cyi-
indegs at the fish farm (FF) and reference site (RS} in
the Lynne of Lorne, west Scotland at the monthiy sam-
pling periods (July - December 2001). Mean values (n
= 4) and standard deviations (error bars) are shown.

SL 1: Biomasa (AFDW g m™) (a) in abundanca (No.
osebkov citinder'} (b) makrofavne na biofiltrily ob ri-
bogajnici (FF) in na referenéni postaji (RS) v Lynne of
lorne (zahodna Skotska) na posameznifi mesecnih
vzorcevanjih (fulij ~ December 2001). Prikazane so
povprecne vrednosti (n = 4) in standardne deviacije.
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ZGODNJE PORASCANJE BIOFILTROV, VISECIH V MOR)U OB RIBOGOJNIC!
NA ZAHODNEM SKOTSKEM

tlizabeth J. COOK & Kenneth [2. BLACK
Scottish Association for Masine Science, Dunstalthage Marine Laboratory, Oban Argyll PA3410A, e-mail eje@dmi.ac.uk

POVZETEK

V kraju Lynne of Lorne na zahodnem $kotskem obreZju sta avtorja preudevala vzorce naselfevanja zdruzb abrasti
na trdi podiagi v neposredni blizini marikulturnih kletk, Kijub povecanim heanilom in suspendiranim snovem v bli-
Zini nibogojnice se zdi, da proces naselitve licink in kasnejSe sukcesije ni bif resnaje prizadet. Tako v ribogosnici kot
na kontrolni postafi so bile zabeleZene podobne viste nevietencarjev.V eksperimentalnem obdobju je bilo identifici-
ranih 40 vrst nevretencarjev, pricviscenih na mieZaste cilindre. Diverzitetni indeks je bil vecji v ribogojnici kot na

kontrolni postaji.

Klju¢ne besede: poraiéanje, biofiliri, sublitoralna favna, marikultura, Skotska
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SUSPENDED BIOFILTERS: SUCCESSION OF FOULING COMMUNITIES
IMMEDIATELY ADJACENT TO A FISH CAGE AND CONTROL LOCATION
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ABSTRACT

Biofouling succession on the suspended artificial surfaces was studied in the Bay of Piran (northern Adriatic) near
a fish farm and at the controf location. The novel fouling community was analysed qualitatively and quantitatively.
Initially, benthic Algae colonized the antificial surfaces and dominated fouling community near the fish cage; Algae,
Bryozoa and Hydroidea prevailed an coniral site surfaces. Later succession-settlers were mostfy suspension-feeders
{hydroids, bivalves, polychaete wonms, bryozoans, ascidiaus), which occupied the artificial surfaces on both sites.
After five months, the surfaces were overgrown predominantly by the bryozoan Schizobrachiella sanguinea, which
was later replaced by the serpulid pofychactes (mainly Serpula vermicularis),

Key wotds: biofouling, successions, fish farn, Adriatic Sea

BIOFILTRI SOSPES!: SUCCESSIONI D COMUNITA DI FOULING IMMEDIATAMENTE
ADIACENTI GABBIE DI PESCLE SITH DI CONTROLLO

SINTEST

Nella baia di Pirano (Adriatico settentrionale) sono state studiate successioni di bio-fouling su superifici artificiali
sospese in prossimita di un allevamento di pesci e di un sito di controflo. Le neo-comunita di fouling sono state ana-
lizzate sia qualitativamente che quantitativamente. Durante un primo stadio alghe bentoniche hanno colonizzato fe
supetfici artificiali e dominato fa comunita del fouling prossima alla gabbia di pesci. Sulle superiici del sito di con-
trollo sono prevalsi alghe, briczoi ed idrozol. In fasi successive le superfici di enmtrambi { siti sono state colonfzzate
da organismi filtratori {idrozoi, bivalvi, policheti vermiformi, briozoj, ascidiaces). Dopo cinque mesi le supertici era-
no ricoperte in prevalenza dal briozoo Schizobrachiella sanguinea, successivamente sostituito da palicheti serpulidi
(principalmente Serpula vermicularis),

Parole chiave: bio-fouling, successioni, altevamento di pesci, Mare Adriatico
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INTRODUCTION

As a rule, poltution originating from open water fish
farming exceeds the local punrymg capacity of the ma-
rine environment, Several solutions were proposed o
recduce fisht farm impacts and o enhance the aute-
purifying capacity of the sea, such as deployment of ar-
tificial reefs {review in Spanier & Angel, 1999; Angel,
2001; Black et al., 2001; Hughes, 2001)

To provide surface {or bio-fouling community that
would enhance natural uptake of the fish farm wastes
we deployed suspended astificial structures near fish
cages in the maderately eutrophic Bay of Piran {northern
Adriatic). Attached Hora and fauna are assumed to util-
ise dissolved and particulate wastes reteased by {armed
fish depending on the structure of the fouling conunu-
nity. Therefore, a study was carried out on succession of
fouding communities on suspended structures in the im-
mediate vicinity of fish cages compared 1o controt loca-
tion.

MATERIALS AND METHODS

Our study was cenducted in the Bay of Piran (see
figure 1 in Malaci¢ & Forte, ihis volume) where two fish
farms produce a2bout 100 tons of European seabass (Mo-
rone fabrax) and gilthead seabrear (Sparus auratus) an-
nually. The artificial structures consist of plastic meshs (2
x 2 em openings) rofled into cylindrical bio-filters (BFs)
with a total surface of 0.5 m’, supporting the frames,
floats and anchor weights (Plate & Fig. 2). We deployed
four arrays consisting of 11 BFs at each location (close
1o fish farm and control) (Plate 1: Fig, 1) at depths rang-
ing from 5 to 11 m. Field surveys of BF and removal for
laboratory analysis were carried out 3-4 times yearly
from 2001 to 2003. BFs were photegraphect under water
and then removed for further laboratory apalysis con-
sisting of taxonomic analysis of fouling community, wet

. and dry mass measurements, including carbon and ni-
©trogen contents.

RESULTS AND DISCUSSION

. Artificial structures were focated in the photic zone
and the initial colonisation after a rmonthly immersion of
- BFs was dorninated by autotrophs at both, fish cage ¢ and
control site. The main taxa were algae (6 species of
Clbllorophycme and Rhodophyceae) and diatoms, em-
dded in ‘mucilage. Fouling faura was represented by
sihafl. ierozoan cofome‘, H suen:ies Hydmldm (5 spe-

\ 1o 5agmf:cmiiy hagner foveragv
on th cont;oi site. Aigal fouhn;, prevallcd on

™A

and bryozoans (15.821.2%} dominated the
sation {Mate | Figs 6a, Gh).

Algae covered, on average, 29.1+6.8 and 9.5+4.4%
of BFs surface at fish farm and cortrol locations, respec-
tively, after three months of the BFs immersion. Bl's
were nearly completely overgrown with "(m,m,,, com-
munities: 94.1x2.0% coverage was observed at fish farm
and 95.0x1.8 on the contral site. Fouling fatna was still
dominated by hydroids and brvazoans, the latter cov-
ering 35.9+9.0 and 67.2x10.2% of BFs surface at fish
farm and control locations, respectively.

Algae coverage decreased t0 13.424.2 and 1.221.5
% (fish farm and control site) after five months of immer-
sion, while macrofauna, now consisting of 6 main sed-
entary groups (Hydroidea, Cirripedia, Ascidiacea, Bival-
via, Polychaeta, Bryozoa) prevailed. However, only one
bryozoan species Schizobrachiella sanguinca covered
over 80% of BFs surface at both localities. Nearly 2
years after the immersion of BFs, serpulid polychaetes,
mostly Serpula vermicularis, dominated fouling com-
munities at hoth locathies.

Vagite fauma. associated with BFs, was less important
and included mainly Crustacea (Amphipoda, Game
maridea, Decapoda, Anisopodal, motile Polychaeta and
opistobiranch moltuscs.

A total of 28 sedentary taxa were identified over the
experimentat period (nearly 2 vears) attached to BFs, of
which 26 were common to both localities (Tab, 1). More
taxa were registered al fish farm (36} than on control site
{28} (Plate 11: Figs 12,13).

Described pattern of colonisation of BFs generatly
conforms te the successions on artificial substrates ab-
served in other studies in the northern Adriatic (Bressan,
2001) and elsewhere (Cogk, 2001), The only exception
was the low abundance of mussels and barnacles that
seemed 10 be unsuccessful settlers on BFs.

early coloni-

CONCLUSIONS

The initial 5 months after BFs deployment were
characterised by macro algae (Chlorophyceae, Rhodo-
phyceas) settlement that covered comparatively larger
surfaces on bio-filters deployed near the fish cage. Hy-
drozoans and Bryozoa were also successful colonisers
of BFs during this initial stage, particularly bryozoan
Schizobrachiella sanguinea ouwtcompeted other species
for space. Serpulid polychaetes dominated the fouling
cotmmunity at both localities after over a vear of immer-
sion.

Similar taxa developed at fish farm and control fo-
calities but number of taxa recorded on bio-filters de-
ployed on fish farm site was higher, indicating that the
enriched environment enhanced the settiement of vari-
Ous Qrganisms.

(2]
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Tah. 1: Taxonomic structure of flora & sedentary fauna  Tab. 1: Taksonomska struktura flore in- ses;;,,ev.f';.;;hé{;,f. ,
of hio-filter fouling communities at fish farm and at  zdruZbi obrasti na biofiltrih ob'ribogofnici»in na kon- | -

control site hetween 2001 and 2003. trolni postaji v obdobju 2001-03. .-
Taxa i Fish farm i Control site Taxa T Fish farm L »Confrol s‘ite
Algae Polychaeta . R
- Enteromorpha sp. + + Serpula vermicutaris + +
Cladophora sp. + - Pamatoceros triqueter + 4
Anitithamnion sp. + + Fydroides helmatus + B
Polysiphonia sp. + + Mercierefla enigmatica + +
Ceramium sp. o+ + Spicorbis pagenstecheri + +
Champia sp. - + Salmacina ncrustans + -
FAUNA Polydora sp, + -
Spongiaria spp. ] + - Cirripedia
Hydroidea Balanus bafanus [« +
Obelia getiiculata + + Bryezoa
Campanopsis sp. + + Adeona haeckeli + -
Kirchenpaueria sp + + Bugula neritina + +
Eudendrium sp. * + Lichenopara radiata + +
Gonothyraga sp. + - Schizobrachiella + +
Bivalvia sanguinea
Chiamys multistriata + + Tubulipora sp. + -
Chiamys varius + + Ascidiacea
Hiatella arctica + + Styela plicata +
Barbatia harbata + - Polycarpa pomaria + +
Mytilus galloprovincialis + + Botrylius schiosser + +
Oxsirea edulis 4 + Microcosmus vitlgaris + +
Anomia ephippium + +- Ascidiella aspersa + +
Pericardiui sp. + - Phallusia sp. - +

SUKCESIIE ZDRUZB OBRASTI NA LEBDECIH BIOFILTRIH V NEPOSREDN] BLIZINI
RIBOGOINICE IN NA KONTROLNI LOKACIHH

Aleksandra FRUMEN, Borut Vriser & Alenka MALE]
Nacionalai indiitut za biolegijo, Morska binlotka postaja, S1-63130 Pican. Fornade 41
E-mail: malej@mbss.org

POVZETEK

V obdohju 2001-2003 smo v Piranskem zalivu raziskovali sukcesife bioloske obrasti na lebdelem umetnem sub-
stratu plasticnih mieZ (biofiftrih} v neposredni blizini ribogojnice in na kontrolni fokaciji. Prvi paseljenci so bile
bentoske alge (predvsem ob ribogojnici) in hidroidi (precvsem na kontrolni postaji). PoznejSe sukcesije zdruZb
obrasti obeh lokacij je oblikovala zlasti suspenziofaga sedentarna favna skoljk, polihetnih &rvov, hidroidov, ma-
hovnjakov in kozelnjakov. Po petih mesecil so prevladali mahovnjaki vrste Schizobrachiella sanguinea, po skoraj
dvel fetihi pa polihetni crvi (Serpula vermicularis).

Kljutne besede: obrast, sukcesije, ribogojnica, fadransko morje
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CAN OPEN WATER BIO-FILTERS BE USED FOR THE REDUCT!ON
OF THE ENVIRONMENTAL IMPACT OF FINFISH NET CAGE AQUACULTURE
IN THE COASTAL WATERS OF ISRAEL?

Ehud SPANIER, Anat TSEMEL, Hadas LUBINEVSKY Ayalon ROITEMBERG, Amir YURMAN & Stephen BREFTSTEIN
The Leon Recanati institute for Maritime Studies and Department of Maritime Civilizations, University of Haifa,
iL-Raifa 31905, Mount Carmel
E-mail: spanier@eszarch.haifa.ac.it

Dror ANGEL, Noa EDEN & Timor KATZ
Nationat Centre for Mariculture, {srael Qeeanographic and Limnological research, [L-Eifat 83112, POB 1212, Merth Beach

ABSTRACT

The use of open water artificial substrates, "bio-filters” (BFs), "Mussef lines" and bivalves in perforated plastic
boxes, to reduce the organic output of pen fish farms, was examined in the coastal waters of Israel, the Red Sea and
the Mediterranean. The most substantial finding was that species richness and diversity, coverage and hiomass of
sessile invertebrates and macroalgae were significantly greater on BFs near the fish fann compared to those from a
reference site. This indicates that the food used by the fouling organisms on the BFs derived from fish cages.

Key words: aguaculture, northern Red Sea, south-eastern Mediterranear, organic loading, particulate and dissofved
organic matter, bio-filtration

F POSSIBILE USARE BIO-FILTRI IN MARE APERTO ALLO SCOPO Dt RIDURRE
L'IMPATTO AMBIENTALE CAUSATO DA PISCICOLTURA IN GABBIE IN ACQUE
COSTHERE ISRAELIANE?

SINTESH

| ‘uso di substrati artificiali, ossia "bio-filtei” (BFs), “linee di mitili” e bivalvi in scatole di plastica perforate in mare
aperto, allo scopo di ridurre P'output organico di piscicoltuca in gabbie, e stato esaminate in acque costiere israelia-
ne, sia in Mar Rosso che Mediterraneo. La scoperta pils notevole riguarda la ricchezza e diversith di specie, la co-
pertura e la biomassa di inventebrati sessili e macroalghe, che si sono rivelate e maggiori su bia-fiftri prossiti

afl‘allevamento ittico che su quelli pei siti. Tale risultato indica che il nutrimento usato da organismi del fouling su
bio-filtri deriva dalle gabbie df pesci.

Parole chiave: acquacoltura, Mar Rosso settentrionale, Mediterraneo sud-orientale, carico organico, materia
organica disciolta e particelfata, bio-filtrazione
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INTRODUCTION

Two pen fish farms in Eilat, northern Gulf of Agaba,
Red Sea, produce ~2500 metric tons of fish, mainly
gilthead sea-bream, Sparus aurata, annually. The re-
mains of the fish food and secretions are released to the
naturally oligotrophic marine environment. These load-
ings can cause algal blooms, sediment anoxia and re-
duce benthic biodiversity. There are disputed claims
that the deterioration of the coral reef reserve (the only
one in lsrael) ~7 km south-west of the farm should be

blamed, at least partially, on the fish farms (Atkinson et

g2

al., 2007). Another farm s located in the opening of the
port of Ashdod, the southern Mediterranean coast of Is-
rael and produces 600 melric tons of 5. aurata, annu-
ally. The present study is an attempt to reduce these en-
vironmental impacts by using sessile biota, natural set-
tlernent on open water artificial substrates ("bio-filters”,
“Mussel lines" and perforated plastic boxes). The at-
tached fauna that filter the water surrounding the cages
are assumed 1o utilize the organic output of the cages
for their own growth and are subsequently removed.

MATERIALS AND METHODS
Open water bio-filters

in june 2001, four experimental arrays of bio-filters
{BFs) consisting of 11 plastic (NETLON) vertical 25 mm
mesh cylinders, 25 x 50 cm each, were deployed at two
sites, at depths of 5-14 m. One, the fish farm site {FF),
was adjacent to ARDAG fish farm  (34'5840"L,
29°3245"N) and the other, a reference site {R}, was lo-
cated 300 m west of it

This study will refer only to the 8 BFs deployed at
gm depth (Plate 2 Figs. 5a, b). In addition to bimonthly
visual and video censuses of all the BFs, divers censused
the number of sea urchins in each BF.

Four BFs from each site were randomly sampled
between Septermber 2001 to june 2002 and sub-
samples, constituting 20% of the swiface area of each
mesh, were cut and photographed. Sub-samples were
analyzed for species composition, coverage and weight.

Sessile biota was identified to the jowest taxchomic
level possible and species richness was determined.
Species-specific cover was determined {following Foster
el al, 1991) by counting the number of mesh cross
points covered by each taxa, divided by the total num-
ber of mesh cross points examined (144).

Mussel lines

In june 2002, eight 1 m pieces of musset line
{loosely woven rope used by professional mussel fish-
men- in- Scotland), were deployed at 8 m depth on
each of the above BFs arrays, on both sites (FF and R) in

1508

an attempl Lo recruit natural bivalves. Fach mussel fine
was weighed down using a small lead weight, attached
to its edge. Four mussel lines were randomly sampled
bimonthly. Sessile biola was identified to the lowest
taxonomic level possible and the biote was weighed.

Mono-species bio-filters

Two species of bivalves, the pear] oyster, Pinclada
radiata, and the spiny oyster, Spondylus spinosus, both
Lessepsian migrants from the Red Sea {Spanier & Galil,
1991), were collected in the Mediterranean coastal wa-
ters of Israel. They were deployed, in groups of 25
specimens each, in separate 60x40x40 cm perforated
plastic boxes, 2-4 m under the water surface beside the
cages of the fish farm in the opening of the Port of Ash-
dod (FA), at a reference site inside this port (RA}and at s
control site tocated in a ship wreck ({CSW) off southemn
Haifa (140 km north of Ashdod) where these bivalves
grow naturally. Swrvival and growth were monitored pe-
riodically.

RESULTS AND DISCUSSION
Open water bio-filters

A variety of sessile organisms rapidly colonized BFs
at both sites (Plate 1). Red algae (especialiy fania adhae-
rens), sponges {especially Mycale fistulifera, see Plate il:
Fig. 7), sea anemones, serpulids, polychaets and bi-
valves were the dominant taxa on the FF subsirata.
Sponges, tunicates, bryozoans, and bivalves were the
dominant sesstle taxa at R site. Stony corals appeared on
BFs at both sites (Plate HI: Fig. 8). The succession process
differed at the two sites. Species richness and diversity,
coverage and biomass were significantly greater on BFs
from site FF compared to those from site R at all times
(Fig. 1) (Plate I: Figs. 5a, b}, The ash free dry weight, rep-
resenting  living  tissue, continued to accurmulate
throughout the research period (11 months), M. fistulif-
era, known from [aboratory experiments to be a very ef-
ficient dead particulate organic feeder (Reiswig, 1974),
was the main contributor. The increase of bia-fouling on
the BFs at site FF compared to those from site R may in-
clicate that these organisms can potentally utilize the
organic output from fish cages, directly or via the food
web.

Grazing, by wild fish and mobile macroinvertebrates
(such as sea urchins, e.g. Plate {I: Fig. 7), may supply an
alternative explanation: in site FF, witd mobile organ-
isims have an akernative food source — the organic out-
put from the cages. This artificial nutrition is Jacking at
site R and may cause greater grazing of the bio-fouling
on the BFs there. This seemingly greater grazing of the
bio-fouling may result in less biomass on Bfs at site R
than at FF. However, the finding thar the number of sea
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wrchins censused (between December 2002 and May
2003) was considerably higher on BFs at site FF (mean
0.25 - 0.5 sea urchin / BF / census) than on those from
site R (rmean 0.0 - 0.1 sea wchin/ BF / census) supports
the rejection of the grazing hypothesis. Moreover, the
study by Lojen ef al. {2002) of stable isotopes ('C, N}
in the food of cultured fish, particulate organic matter
(POM} and organisms sampled on the BFs, indicated
that organisms from the BF were enriched with "N
compared to POM. Lojen et al. (2002) estimated that
61% of the food used by fouling organistus on the BFs
derived from the cages.

Thus the use of open water BFs of this nature to re-
duce organic load in the marine environment should be
considered. Yet the large nurmbers of surfaces needed
may limit the applicability of this method,

Mussel lines

Algae {mainly /. adhaerens) were detected first at site
¥ and continued o dominate the BFs at this site during
the whole study pertod (12 months). At Site R, they ap-
peared only & months later. At this site, M. fistulitera
{Plate II: Fig. 9} was the dominant species for maost of the
year. Serpulids appeared at both sites, occasionally in
high concentrations. it is interesting to note that there
was a negative correlation between the appearance of
algae and serpulids, possibly indicating competition in
the space between them. Bryozoans, other sponges, tu-
nicates {solitary and colonial}, hydrozoans (Plate H: Fig.
9} were also detected on musse! lines at both sites, al-
though in smaller amounts than the taxa discussed
above, without significant differences between sites,

Only a small amount of bivalves settled on the mus-
set ropes. The effect of recruitment from the adjacent
fouled BFs should be considered as well as competition
for space (taken by earlier and more “aggressive” settlers
such as algae, sponges and serpufids) that might have
limited the development of bivalves on the musset lines.

Relatively low levels of bivaives’ larvae in the water
column in this area may be an alternative/additional ex-
planation for the relatively low recruitment of bivafves
to the mussel lines.

Mono-species bio-filters

Since the depth of the botiomn of the cages in the
opening of Ashdod port is only T m above the muddy
bottom, prefiminary deployment of the perforated plastic
boxes at 6 m depth resulted in a very heavy siltation of
the bivalves. Thus a shallower depth was selected for
the positioning of the bivalves” boxes.

-
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Fig. 1: Characteristics {mean + $D} of epi-biota com-
munify on arfificial substrata near the fish farm (FF -
black columns) and reference site (R - white columns),
3 to 11 months after deployment. (A) Dry weight; (8)
Cover percentage; () Species richness; (3} Shannon-
Wiener diversity (F).

Sl 1: Znacilnosti (srednja vrednost * S0} epibiotske
zdruibe pa umetnih substeatih v bliZini morske ri-
bogojnice (FF - ¢rni stolpci) in referencnih Jokalitetah
(R - beli stolpci), 3 do 11 mesecev po njihovi postavitvi.
(A) Suba teza; (B) Pokrovnost; (C} Vrstna pestrast; (D)
Shannon-Wienerjev diverzitetni indeks (H’).
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in January 2003, several boxes disappeared trom
Ashdod port during a severe winter storm (9.7 m maxi-
mum wave heightl. Of the remaining P. radiaia al FA,
65% survived after a year. The survival rates at RA, and
CSW were 64% and 33% respectively. The movtality in
Ashdod (FA, RA) occurred mostly during the winter,
while at the control site {CSW) death occurred mainly
during the sumrmer, There was no growth in FA during
the stmmer. During the rest of the year mean growth
rates of this species in FA was 4.9 nw/month. Annual
mean growth rate was 5.6 and 9.2 mm/month at CA and
CSW respectively.

Mass mortality (89%] of 8. spinosus at FA was ob-
served in the spring and sumimer. it seems that fish cages
facated i an opening of a port are not an ideal location
for mono-species BFs. The intense water movement due

to ship transport, combined with shallow depth, cause
intense siltation. This and the massive prowth of algae,
tunicates and bryozoans on the hivalves' box and the
possible competition with the bivalves may explain the
low growth rate and mortality of the bivalves,
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ALl JE MOGOCE UPORABITE BIOFILTRE ODPRTIH VODA ZA ZMANJSEVANIE
OKOLJSKEGA VPLIVA MARIKULTURNIH KLETK V OBREZNIH VODAH IZRAELA?
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POVZETEK

V obreZnifi vodah lzracla, Rdecega morfa in jugovzhodnega Sredozemskega morja so avorji raziskovali, kako bi
2 uporaho umetnih substratov, "biofiftrov” (BFs), “Skolj¢nily vevic" in skoljk v perforiranih plasticnih $katah, lahko
zmanjsali organski izpust iz kletk za vzgojo rib. Najpomembnefia je bila ugotovitev, da fe pestrost vrst, pokrovnost
in biomasa sesilnih nevretenCarjev in makroalg neprimerno vedja na biofiltrit v biiZini marikulturnif kletk kot na
referencnih lokalitetah, kar kaZe na to, da je hrana, ki so jo uporabljali organizmi na biofiltrih, prihajala iz ribjih

fletk.

Kljucne besede: marikuttura, severno Rdede morje, jugovzhedno Sredozemsko morje, organska obremenitev,
suspendirane in raztopliene organske snovi, bio-filtriranje
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EFFECT OF TIME OF FIRST DEPLOYMENT AND DURATION ON
THE SUCCESSION OF BENTHIC ORGANISMS ON BIOFILTERS USED
TO MITIGATE IMPACT OF FISH FARMS ON WATER QUALITY IN CRETE

Eugenia APOSTOLAKI, Manolis TSAPAKIS, Tatiana TSAGARAKY, Kostantia PAPADOPOULOU
& Ioannis KARAKASSIS
Institute of Marine Biology of Crete, GR-71003 Heraklion, POB 2214
E-mail: karak@irebc gr

ABSTRACT

A tatal of 18 biofifters were deployed in an open coastal bay of Crate, in order to study the efficiency of biofilters
using the locally available fouling commumities for mitigation of poflution effects by fish farms. Wet biomass, abun-
dance and species diversity of fouimg, organisms increased with increasing deployment time during all seasons and
for alf the filters deployed. Shannon diversity index and average taxonomic distinctness found to be quite stable after
the first two months of deployment. Multidimensional scaling (MDS} of wet biomass and species abundance re-
vealed biofilters clustering in relation to deployment period, regardless of deployment scason.

Key words: biofilters, succession, fish farming, Eastern Mediterranean, Crete

EFFETTC DI PERIODO DEL PRIMO POSIZIONAMENTO £ DURATA SU SUCCESSIONI
DI CRGANISMI BENTONICI SU BIOFILTRE USATI PER RIDURRE UIMPATTO
D ALEEVAMENTE DIt PESCE SULLA QUALITA DELLUACQUA A CRETA

SINTESH

Diciotto biofiftei sono stati posizionati in una baia aperta di Creta, allo scopo di studiare Vefficienza dei biofiltri
nell’uso di comunita di fouling disponibili per ridurre gli effetti dell’inquinamento provocato da allevamenti di pesci,
La biemassa umida, il numero di specie ed individui degli organismi del fouling sono aumentati con f‘aumentare del
periedo di impiego dei filtri in tutte le stagioni e per tutti i filtri posizionati, ¢'indice di diversita di Shannon e la pre-
cisione media tassonomica sono risultati abbastanza stabili dopo due mesi di posizionamento. I metodo “muftidi-
mensional scaling” (MDS) applicato alla bimmassa umida e alf’abbondanza di specie ha rivelato un raggruppamento
di biofiltri in relazione af periodo di posizionamenta, a prescindere dalla stagione di posizienamento.

Parole chiave: biofiltri, successione, allevamento di pesci, Mediterraneo orientale, Creta
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NTRODUCTION

Fish farms release a substantial amount of wastes in
both particulate and solute forms reaching more than
70% of the nitrogen and phosphorus supplied through
fish feed (Holby & Hall, 1997; #all et al., 1992). The
most severe environmental problems affecting other us-
ers of the coastal zone could arise from the solute and
fine particulate wastes that may by transported at Jarge
distance from the farming sites, thus affectmg water
quality and marine resources over large areas {Pitta et
al., 1999). The use of filtering systems based on marine
organisms as a means for minimizing these effects has
been suggested by various authors in different contexts
(Kautsky & folke, 1989, Neori et al., 2000; Chopin et
al., 2007). it has been recently suggested (Angel &
Spanier, 2002) that the deployment of biofilters using
the locally available fouling communities could provide
a mean for mitigation of pollution effects by fish farms,
In the present paper, we have investigated the perform-
ance of in situ biofilters deployed during the warm sea-
son of the year (May to November), when most of the
wastes are discharged into the marine envirenment. This
paper addresses the issue of colonization of these sub-
strates depending on the time and duration of deploy-
ment,

MATERIALS AND METHODS

The area selected for the deployment of biofilters is
an exposed coastal bay at eastern part of Crete, charac-
terized by fairly rough weather, ensuring adequate water
flushing, and low background concentrations of nutri-
ents and parniculate matter. The fish farm operating
there has a mean annual production of 1000-1200 torns
of European seabass (Morone labrax) and gilthead se-
abream (Sparus auratus). Biofilters were constructed of
hard plastic net and rolled to a total surface area of 0.5
m’. A total of 18 biofilters (BF) were deployed at 6 m
distance from the fish cages and 5 m depth from the sea
surface (Plate 1l Fig. 10}, Nine biofilters were deployed
in May 2002, three of which were retrieved two months
fater (july 2002) {code number 2(M-})- number refers to
total duration of deployment in months, and the two
letters to deployment and retrieval month respectively),

o InJuly 2002, six new biofifters were deployed. In Sep-

- tember 2002, 3 biofilters deployed in May {4(M-S)] and
3 -deployed in July 12{)-S) were remcvr_d whereas 3
w biofilters were deployed. In November 2002, all
tanding biofilters were collected [3 BF 6(M-Nj, 3 BF 4(}-
nd 3 BF 2(5-N)I. Sampling was made by means of
cuba: d:vmg Biofilters were enclosed in plastic bags, to
nt-loss of epifauna, and transferred to the labora-
nd photogmphed Fouling organisms were sorted

and weighed and animals were identified to species
level where possible. Differences in communily struc-
twre were assessed by mmeans of both uni- and multivari-
ate analysis using the PRIMER software package (Clarke
& Warwick, 1994). Species abundance and biomass
were transformed with loglx+1) and square root respec-
tively, prior to performing multidimensional scaling
(MDS)

RESULTS AND DISCUSSION

Wet biomass of fouling organisms increased with in-
creasing deployment time (Fig. 1). The largest increase
in biomass was observed on the filters deploved in May
between the 4 and 6™ month of deployment. Muitidi-
mensional scaling (MDS) of wet biomass (Fig. 3a}
showed a weak clustering reflecting time of deployment.
The number of species showed a monotonic increase
during alf seasons and for ail the filters {Fig. 2a). During
the first two morniths of deployment, 19 to 29 species
had colonized the filters (Plate Ii: Fig. 10).

Macrofaunal abundance also increased with time of
deployment (Fig. 2b), showing very similar patterns for
all three series of biofilters deployed during different
months of the year. Shannon diversity was found to be
guite stable after the first two months of deployment
{Fig. z¢) and this was also the case with average taxo-
nomic distinctness {Fig. 2d). Multidimensional scaling
(MDS) of species abundance revealed biofilters cluster-
ing in relation to deployment period, regardiess of de-
ployment season (Fig. 3b).

The resukts of the present paper indicate that there is
littke change in fouling community attributes regarding
the time of first deployment whereas the effect of dura-
tion of deployment is the major factor affecting the
community structure,

1500 '
2
£
o 1000 -
@ ;
23 ]
= H
£ i
& 5004 i
Q ’
@ i
2

0
may Juty sept nov
Deployment pedod

Fig. 1: Wet biomass of fouling organisms with deploy-
mentf period.

Sl. 1: Biomasa organizmov obrasti v ¢asu postavitve
biofiltrov.
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Fig. 2: (a)} Species number; (b) macrofaunal abundance; (c) Shannon-Wiener diversity index; (d) average taxonomic
distinctness with deployment period.

51 2: (a) &tevila vrst; (b) abundanca makrofavne; (¢} Shannon-Wienerjev indeks diverzitete; {(d) povpreéna takso-
nomska razfitnost glede na obhdobje postavitve.
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Fig. 3: {a) MDS of biofilters biomass; (b} MDIS of species abundance at the biofilters.
$4. 3: (a) MDS biomase biofittrov; (b} MDS abundance vrst ra biofiltrih.
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UCINEK CASA PRVE POSTAVITVE IN TRAJANIA NA SU KCESHO BENTgﬁK[H
ORGANIZMOV NA BIOFITRIH, UPORABLJENIH ZA ZMANISEVANJE UCINKOV
RIBOGOINIC NA KAKOVOST VODE NA KRETI

Eugenia APOSTOLAKL Manolis TSAPAKIS, Tatiana TSAGARAKI, Kostantia PAPADOPOUILOL
& toannis KARAKASSIS
Institute of Marine Biology of Crete, GR-71003 Heraklion, POB 2214
E-mait: jkasak@imbc.gr

FOVZETEK

V enem izmed zapriih zalivov na Kreti so avtorfi pestavili 18 biofiltroy, da bi lahke preucevali njihovo udink-
ovitost ob uporabi fokaino razpoloZijive zdiuzbe obrasti za zmanjfane ulinke onesnaZevanja. ki ga povzrofajo lo-
kaine ribogojnice. Biomasa, gostota in diverziteta vrst med organizini obrasti so se povecevale s podaljSevanjem
casa uporabe biofiltrov v vseh letnif Casih in za vse razyricene biofiftre. Po prvifi dveh mesecih je bilo ugotovijeno,
da sta Shannonov diverzitetin indeks in povprecna taksonomska razliCnost precef stabilna. Multidimenzionalna
primerjava biomase in gostote vist je razkrilo kopiCenje na biofiltrih glede na &as njibove postavitve in ne glede na

letni ¢as njifiove postavitve,

Klju¢ne besede: hiofiltri, sukcesija, marikultura, vzhodni Mediteran, Kreta
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MARICULTURE-ENVIRONMENT INTERACTIONS AND BIOFILTRATION . -
IN OLIGOTROPHIC RED SEA WATERS
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ABSTRACT

A series of porous plastic cylinders were suspended next to net-pen fish fanms and at nearby reference sites io an
experiment that was conducted in Scotland, Slovenia, Greece anid tsrael (Red Sea). The purpose of the experiment
was to see if the biofouling communities that developed on the cylinders near the fish farms were significantly dittei-
ent fror the referenice site and whether we could measure significant uptake of fish farm effluents, The nost signifi-
cant differences between fish farm and reference were detected at the Israefi sites, and this was atteibuted to the
strong signal to noise ratio in the oligotrophic waters of the Red Sea.

Kev words: marine aquaculture, biofilters, biofouling, oligotrophic sea, Red Sea

INTERAZION] MARICOLTURA-AMBIENTE E BIOFILTRAZIONE
IN ACQUE OLIGOTROFICHE DEL MAR ROSSO: VALORE
~ DI'UN FORTE SEGNALE NEGLI INDICI DI DISTURBO

SINTES]

Serie di cilindri di plastica porosa sono state sospese in prossimita di allevamenti di pesci in recinté e in siti di
controllo poco distanti, durante un esperimenio condotto in Scozia, Slovenia, Grecia ed israele (Mar Rosso). Scopo
defl’esperimento era quello di constalare se fe comunita di biofouling sviluppatesi su cilindri vicini agli allevamenti
di pesci differiscono significativamente da quelite in siti di controllo e se & possibile misurare notevoli assorbimenti
di effluenti provenienti dafl‘allevarento di pesci, La differenza pits evidente tra 1 siti di controllo e ght allevamenti di
pesci & stata registrata in acque di isracle, ed & stata attribuita ad un forte segrale negli indici di disturbo, in acque
ofigotrofiche del Mar Rossa,

Parale chiave: acquacoltura marina, biofitri, segnale negli indici di disturbe, mare oligotrofico, Mar Rosso
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INTRODUCTION

Marine finfish aquaculture generally affects the un-
derlying sediments as a result of the rain of particulate
organic matter constantly falling to the seafloor, but it is
generally more difficult to detect the dissolved eflluents
and their effects on the surrounding water column (Pear-
son & Black, 2001). The “elusive® nature of dissolved
nutrients emitled from fish cages is due to the fact that
fish excrete nutrients in a puised fashion (nutrients are
excreted several hours after feed is ingested; Porter et al.,
1987) and these compounds are then subject (o dilution,
advection and biological uptake. Since it is much more
difficuit 1o accuralely monitor nutrient release from fish
cages in Lhe sea, controlled tank experiments have been
used to determine nutrient budgets for cultured fish and
these indicate that intensively-reared carnivorous fish {as
salmon and seabream) excrete considerable amounts of

i

dissolved nutrients (70% and 35% of ingested N and P,
respectively; Pearson & 8lack, 2001; Lupatsch & Kissil,
1998).

There has been some debate regarding the actual ef-
fects of aguaculture effluent loading (hoth dissolved and
particulate forms) on the marine environment and it ap-
pears that this may vary as a function of the trophic
status of the surrounding waters. 1t is generally accepted,
however, that the efffuents released from fish cages
shoutd he minimized and we have examined the de-
ployment of biofilters around fish cages (the BIOFAQs
project] to accomplish this.

A factor that determines the success of such deploy-
ments is our ability to measwe nutrient uptake by the
experitnental svstern In comparison to the reference. in
other words, the proof (or failure} of the concept hinges
on our abitity to clearly separate a significant signal from -
the background noise.

.. Fig. 1: Biofouling community associated with one of the
" biofilter units at the fish-farm site 6 months after de-
. ployment.

'St 1r Zdruzba abrasti na biofiltru ob ribogojnici Sest
mesecev po njihovi postavityi.

Fig. 2: Biofouling community is virtually absent from the
biofilter units at the reference site 6 months after de-
ployment.

SI. 2: Domala neporasli biofilter na referencni postaji
Sest mesecev po postavitvi. ’
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The Gulf of Agaba, Red Sea, is an oligotrophic body
of water thal supports two commercial {sraeli net-cage
fish farms. These farms serve as point-sources of nutrients
that are released to the surrounding waters and sechi-
ments. I an attempt to capture and remove efflyents
from the fish farm region, experimental hiofilters were
deployed and tested and the results of these deploviments
were compared o similar tests conducted at fish farms in
3 other countries: Scotland, Slovenia and Greece.

MATERIALS AND METHODS

The expertmental design was identical {for compara-
tive purposes} at 4 study sites in Scotland, Slovenia,
Greece and israel and consisted of deployment of arrays
of cylindrical, plastic-mesh biofitters adjacent to the fish
farm and at a reference site, 400 m away from the farat
The biofiliers were monitored and subsampled on a bi-
monthly basis to compare biofouling biomass and com-
munity composition.

RESULTS AND DISCUSSION

The biofouding biomass associated with the cylindri-
cal biofilters at the fish farm site (Fig. 1) was much larger
than the biomass at the reference site (Fig, 2), indicating
that the fish-farm biofilter communities were growing
more rapidly. We have proposed that this is due to the
larger food resources available at the fish farm. This pre-
liminary conciusion refles mainly on the fact that the
Gulf of Agaba is oligotrophic {Reiss & Hottinger, 1984)
and there are no other major nutrient scurces in the re-

gion, aside from the fish farm effluents. At otherBIO o

FAGs study sites, there was not as clear a distinction .
between the biomass accumulation at the fish fanmsite” -
v the reference site and it is assumed this is due, at least - -
partially, o the distinetly different microenvironment that = -

exists around the fish farm.

In an accompanying study, Lojen et al. {2003, rhrs
volume) examined stable isotope biomarkers to identify
the source of material contributing to the biofilter bio-
mass. The source was dentified as particulate material
released from the fish farm and taker up by the biofilter-
associaterd biota. The interpretation of the data in this
study was facilitated by the large signal to naoise ratio due
10 the fact that the fish farm s a large, identifiable point
source operating in an ofigotrophic basin that has very
few terrestrial or aeolic inputs. When compared to simi-
lar stable-isotope studies within the BIOFAGs project
that were conducted in more productive waters with
more "background noise" (large terrestrial inputs of or-
ganic and inorganic compounds, high algal and zoo-
plankion biomass), it was much harder to determine if
the biofilter communities near the fish cages were taking
ups fish farm effluents.

There are many advantages to carrying out martne re-
search in the Guif of Agaba and the presence of finfish
farms in these unique, oligotraphic waters constitutes a
large-scale, in-situ nutrient-enrichment experiment; not
extrernely dissimilar to the IRONEX experiments cur-
rently going on in the Southern Ocean, with many op-
portunities to study aguaculture and nutrient impacts.

OKOLJSKE INTERAKCHE V MARIKULTURI N BIOFILTRIRANJE
V OLIGOTROFNIH VODAH RDECEGA MORJA

Drar b, ANGEL, Noa EDEN, Timor KATZ
israel Oceanographic & Limnologicat Research, Lid., National Center for Maricuiture, Eilat, [srael
e-mail dror@mit.edu

&

Ehud SPANIER

The Leon Recanati Center for Maritime Studies,

Haifa University, Haifa, Israel

POVZETER

Avtorji so med eksperimentom, ki so ga opravili na Skotskem, v Sloveniji, Gréifi in izraelu {v Rdecem morjel, ob
kletkah za gojenje rib in na bliznjih referencniti lokacijah obesili vesto luknjicavih plasticnif valjev. Namen ek-
sperimenta je bil ugotoviti, ali se obrast, ki se je razvifa na valfitb v bliZzini marikulturnih kletk, mocno razlikuje od
referencnih lokacif in ali je mogode izmeriti pomenlfivi privzem odpadnih voda. Najpomembrnefse razlike v obrasti
bicfiltrov ob ribogofnicah in na referencnih pastafah so bile ugotovljene na izraelskih lokacijah, kar so aviorfi
pripisali znatno manjSemu vpliva drugih virov onesnaZzenja v oligotrofnif vodah ReleCega motja.

Kljuéne hesede: marikultusa, biofiltri, obrast, oligotrofno morje, RdeCe morje
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THE INFLUENCE OF FISH CAGE AQUACULTURE ON BACTERIOPLANKTON
IN THE BAY OF PIRAN (GULF OF TRIESTE, ADRIATIC SEA)

Valentina TURK & Alenka MALF
MNational Institute of Bialogy, Marine Biology Statios Piran. 51-6330 Piran, Fornace 41
E-raail: turk@mmiss.org

ABSTRACT

The impact of fish cages on bacterioplankton was examined in enclosures containing seawater from cage and
non-cage sites and ratural plankton from the Bay of Piran (northern Adriatic). Nutrient enriched seawater stimulates
bacterial production and abundance. This observation was further investigated in situ, where for 3 months sub-
merged bio-fifter with Schizohrachiella sanguinea dominating fouting community was enclosed in mesocosm. Based
on the resufts of bacterial production and abundance, we assumed that filter feeding could remove significant
amount of bacteria attached on suspended particles and thus depleting bacterioplankton in the water colimn.

Key werds: aquaculture, environmental impact, baclerioplankton, cyanobacteria, Adriatic Sea

INFLUENZA DELLA PISCICOLTURA IN GABBIE SUL BATTERIOPLANCTON
NELLA BAIA DI PIRANO (GOLFO DI TRIESTE, MARE ADRIATICO)

SINTES!

L’impatto di un allevamento di pesci in gabbie sul batterioplancton & stato esaminato in contenitori da laborato-
rio contenenti acqua marina proveniente dalt‘allevamento, da un sito prossimo aliallevamento e da una stazione di
caniroflo con plancton naturale della baja di Pirario {Adriatico settentrionale). L’acqua proveniente dall'allevamento
di pesci, arricchita in nutrienti, stimolia la produzione e ‘abbondanza batterica. Tale osservaziane & stata successi-
vamente fnvestigata in situ con Fimmersione per tre mesi di bio-iiftri con una comunita di foufing con predominante
Schizabrachiella sanguinea inclusa nel mesocosmo. I base ai risultati di produzione ed abboundanza batterica, gli
autosi concludone che alimeantazione di {iftri pud rimuovere quantitd signiticanti di batteri legati al particefiato so-
speso e quindi diminire if batterioplancton nella colonna d'acqua.

Parale chiave: acquacoltura, impatto ambientale, batterioplancton, cianobatteri, mare Adriatico
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INTROLDUCTION

Bacteria play a central role in all major nutrient ¢y-
cles in the marine environment (Azam, 1998). They are
also most important organisms involved in different
systems designed to treat domestic wastewaters. During
the last few years, a series of papers was published ad-
dressing the inpact of fish farming on water column
chemistry and the effect on plankton distribution (Pitta
et al, 1999; Alengi et al, 2002). However, the role of
bacteria in the environment impacted by the caged fish
culture has received little attention. Bacterioplankton
cammunity and abundance in pelagic system can be
regulated by hottom-up and tep down reguiatm[, forces.
The fish farming activity may have direct and indirect
effects on the components of the micrebial food web
either by changing nutrient status of the environment or
by altering prey and predater community composition.

The present study is part of the EU funded project
BIOFAQYs (Bio-filtration and Aquaculture: an Evaluation
of Hard Substrate Deployment Performance Within
Mariculture Developments) (Angel, 2001; Black et af,
2001). The main objective was to assess the effective-
ness of deployment of artificial substrates (bio-filters) in
the water column in reducing the eavironmental im-
pacts of cage fish culture. By providing surface area for
sessile biota and microbial colonization, bio-filters
would facilitate uptake of organic and inorganic matter
released by farmed fish. Within this project the micro-
bial dynamics was followed in the enrichment experi-
ment, using seawater from fish cage as nutrient source
for enclosed plankton population, and seawater col-
lected at unimpacted area. Additionally, microbial
abundance and production was measured i1 MesoCosm
with enclosed bio-filters together with surrounding water
during 2 diei cycles.

MATERIAL AND METHODS

Entichment experiment was undertaken in July 2001
and lasted for § days (from 20" july to 5™ August). Sea-
water was collected with Niskin sampler in the middle
of the fish cage (treatment C), at the station about 200 m
from the cages (station CL,, 5 m depth) (reatment B), and
at the stations in the middle of the Bay of Piran
(45°30.20; 13°34.20) (control — treatment A) (Plate §: Fig.

. 1). Seawater was filtered through 0.22 1an pore size fil-
- ters (Mitlipore), poured info the transparent polyethylene
- bottles {Nalgen, 8 fitres), and one litre of concentrated
_;seéwater with entire plankton community was added.
“Experimental plankton communities were collected
‘above the thermocline layer (14 m depth) in the middle
f the Bay of Piran. Enclosures were incubated in situ at

-2 depth of 2 m, to provide natural teraperature and light
’corlds{son e

37.42

E pNmscaln
SCROPROFILER

SAMPLING PIVE
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ANALVEES
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CEAMRER

Fig. 1: Scheme of the mesacosm in siti enclosure ex-
periment.

Si. 1: Shema mezokozemskega eksperimenta v narav-
nem okolju.

In situ enclosure (mesocosm) (Fig. 1} experiments
were performed on the 3 and 5" months after bio-
fiters immersion into natural environment (Plate §: Fig.
1} at the station near fish cages (station SL), and at the
station 200 m from the cages (station CL) {Plate )i: Fig.
14}, The mesocostn represented an in situ enclosure of
selected bic~fiter in natural environment. Each selected
bio-filter was enclosed within a clear acrylic plastic pe-
tagon bax, with a volume of about 110 litres (Fig. 1). A
fine scale profiler with sensors {Sea Bird and Sea Tech)
was connected to the chamber to measure, each hour,
temperature, conductivity, dissolved oxygen and fluo-
rescence. Divers collected samples for chemical and
biological parameters from the chamber five times over -
24 hours, from 26 to 27 September and 21 10 22 No- -
vember at the station CL and at the station SL from 27 to
28 September 2001 and from 23 1o 24 November 2001.
At the same time intervals water column characteristics |
were performed using fine-scale profiler (CTD - Univer-
sity of Australia). The seawater for c¢hemical and bio-




ANNALES - Ser. hist, nat.

-13-2003 - 1 . Supplement

Walenting TURK & Alenka MALLL: THE INFLUERCT QF FISH CAGE AQUACLLTURE ON BACTERIOPLANKTON (M THE BAY OF FIRAN

logical parameters was collected al three different
depths (5 m, 8 m, 11 m) using a membrane pump {flow
raie 20 | per minute).

Heterotrophic bacteria were counted according to
the Porter and Felg protocol {Porter & Feig, 1980) and
the biovolume of bacteria was converted into carbon
biomass using 20 fg C cell' as the conversion factor
{Lee & Fuhrman, 1987). Cyanobacteria were counted in
green excitation using an epifluorescence microscope
{Takahashi el af,, 1985). Bacterial production (BP} was
measured by ’H-leucine incorporations according to
procedures of Smith & Azam {1992), Eath time, 1.7 mi
of seawater was incubated with L-{4,5-H] leucine (20
nM final, Amersham) for 1 hour at in situ temperature.
All samples were done in triplicate. Bacterial production
was calculated as in Stimon & Azam (1989). At the same
time, “H-thymidine incorporation method was used in
parallel samples (Fuhrman & Azam, 1982). Triplicates of
each sample were incubated for one hour at f sity tem-
perature with 250uCi *H-thymidine ™ (sp. act. 80 Ci
mmol™, Amersham). Moles of thymidine incorporated
were caiwenpd to cells produ(ed by the conversion
factor 2 x 10" cells mole™.

RESULTS AND DISCUSSION

An ervichment experiment was set up to examine
the impact of fish farming on nutrients and microplank.
ton distribution. During the five days of incubation,
natural bacterioplankton community showed significant
enhancement on production rates and biomass accu-
mudation in the enclosures with the water from the fish
cage f{treatment C} and nearby station {treatment B),
compared to the seawater from the non-impacted area
{treatment A}, Abundance of bacteria increased from 0.5
to 4.3 x 10° cells "' in the treatment B, from 0.6 t0 3.8 x
10° cells "' in the treatment C three days after the in-
oculation (Fig. 2}, The highest bacterial production was
measured on the second day with the value of 2,02 g C
" b in the treatment B, compared to the production of
1.01 pug C I 1 in the treatment C (Fig. 2). Cyanobacte-
ria were more abundant in the weatment with seawater
from fish farm (treatment C} and increased from 3.3 to

7.8 x 107 cells I‘ in treatment B, and from 3.7 up to
11.0 x 107 cells [ in treatment C w;thm four days of in-
cubation, and only up 10 2.8 x 107 cells I'¥ in the control
bottle. Natural population of heterotrophic bacteria
quickly responded to the nutrient enriched seawater,
preceding autotrophic organisms, which was also re-
ported in previous studies (Pitta et al., 1996; Malej et al,,
2003).
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Fig. 2: The bacterial abundance {(—) and production
(00} in different nutrient treatments during the entich-
ment experiment lasting from 30" July to 5" August
2901,

$i. 2: Gostofa bakterij (—) in produkcija (33) v razli¢nih
hranilnih razmerah v obogatitventem poizkusu v casu
od 30. julija do 5. avgusta 2001.
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Fig. 3: Bacterial abundance and bacterial production in
the water column during 24-hour cycle at the station
near the fish cages (station SL) and the station 200m
away from the cages (station CL} in September 2001,

$1. 3: Gostota bakterij in bakterijska produkcija v vod-
nem stolpcu (5 m, 8 m, 11 m) na postaji blizu rihjih
idetk (postaja SL) in na postaji, oddalfeni 200m od rvib-
jih Kletk (postaja CL} 24-meselnem ciklu v septembru
2001,
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: ':_::-:rab_: TA verage bacterial abundance, bacterial production (BP} and P/B ratio in the water column at the station

. near the fish cages (station SL) and the station located 200 m away (station CL) during 24-hour measurement from

; 26 to 28 September and from 27 to 29 November 2001.
" Tab. 1: Povpreéne gostole bakterij, bakterijske produkcije (BP) in P/B razmerja v vodnem stolpcu na pestaji blizu

ribjih ldetk (postaja $1} in na postaji, oddaljeni 200 m (postaja CL) v 24-urnih meritvah od 26. do 28. septembra in

od 27. do 29. novembra 2001.

Station CL SE SL/CL
Date No. Average + 5D No. Average +SD Y
26/28 September 2001

Abundance (cells 1) 11 1.57x10° 1 3.75 x 10° 11 1.49 % 10" | 4.57 x 10° 95
BP CH-Thy) (pgC 1'd") 15 3.78 1.63 15 3.97 1.86 105
BP CH-Lew) (pgC I'd™h) 15 4.80 2.27 15 5.84 3.09 122
P/B (d") i1 0.178 11 0.247

27/29 November 2001

Abundance (cells ") 8§ 1.15 % 10° § 1.29 x 10° 8§ 1.10x 10° | 7.64 x 10 96
BP (H-Leu) (ugC I'd’) 15 3.55 0.66 15 3.92 1.43 110
P/B () 8 0.154 8 0.175

Based on laboratory results, we decided to examine
the possibie effect of fish farm on bacterioplankton dy~
namic in the field. During the study of diurnat dynamics,
five samples at three different depths (5 m, 8 m and 11
m} were analysed for each station {Fig. 3). Vertical dis-
tribution of heterotrophic bacteria was similar at all
samnpled depths, and the abundance varied from 1.47 x
107 cells I to 2.3 x 10° celis ', The bacteriai prodtic-
tion measured as "H-leucine incorporation varied from
0.2t0 1.9 pg € 1’0" at the station CL and from 0.2 to
1.1 pg C I'h™ at the station SL, with the highest values
at Sm depth over the 24 hour experiment (Fig. 3). Com-
parison between hoth sampling locations is presented in
Table 1, based on the results of bacterial abundance and
production rates during the 24-hour measurements in
September and November. The average number of
bacteria was 1.49 x 10% cells™ (£3.8x 10%, n=11} at the
station near the fish cages, compared to the average
nurnber of 1.57 x 107 cells” (£4.6x 10%, n=11) at the sta-
tion located 200 m away. Bacterial production meas-
ured as "H-leucine incorporation was 5.84 pg C I'd”
#3.pg Cd, n=1Sand 48 pp C1d" B2.3 pp C 1Y
d’, n=15} at the station SL and Ct, respectively. Similar
were results of the bacterial production measured as *H-
thyridine incorporation (Tah. 1}, No difference between
both stations was recorded in November. The average
nurber of bacteria was 1.15 x 10° cells " at the slation
CL and 1.10 x 10° cells I'* at the station SL. The bacte-
rial production was 3.92 pg C {'d” at the station St and
3.55 pg € 1'd" at the station SL. (Tab. 1}, The P/B ratios
for the heterotrophic bacieria were from 0.070 to (L342
for the station CL and from 0.071 to 0.642 at the station
SL. Although the average biomass of bacteria was higher
at the station located 200 m away from the fish farm,
bacterial production was higher (5-22%} at the station
near the fish cages. However, the abundance and pro-
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duction rates were in the range reportted for the Gulf of
Trieste {Turk efr al,, 2001). Similar results were reported
from other areas it1 the Mediterranean (Pitta et af,
1999), when the plankion community structures and
abundance were more dependent on seasonal environ-
mental characteristics and locations than by the pres-
ence of fish farming.

In contrast to the resuits in the water column that did
not show a significant difference, the results obtained in
the enclosures were different, thus eliminating currents
and tides. fp situ mesocosm experiments wete per-
formed in order to relate microbial dynamics to sessile
biota on bio-filter. The experiment was perfosmed in
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Fig. 4: Results of bacterial abundance and bacterial
production in the mesocosm experiment af the station
near the fish cages (station SL) and at the station loca-
fion above 200 m away (station CL) during 24-hour cy-
cle in September 2001,

Sl 4: Gostoeta bakterij in bakterijska produkcija v
mezokozemskem poizkusu na postaji blizu ribjih kletk
(postaja SLj in na postaji, oddaljeni 200 m (postaja CL)
v 24-urnem ciklu, septembra 2001.
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Seprember using the bio-filter, submprged for 3 montiis
near the fishi Ca"‘r"S at a depth of 5 m. Dominatirg foul-
ing community on the enclosed bio-filter was bryozoan
iSchizobrackiella sanguineal (Framen et af., this vol-
wme). Over a diel cycle, bacterial numbers conshnlly
decreased throug hout the expenmen‘ from 2.2 x 10°
cells 710 1.1 x 10% cells I at the station St (Fig. 4},
Contrary to bacterial abundance, production showed an
mflpaw from mndmght and early morning up 1o 4.5 pg
C 17 ' i the enclosure with bio-filter at the station
near lhe fish farm (station SL). According to high bacte-
rial production and constant decrease in number during
the night, it is assumed that the majority of the bacteria
praduced were consumed, presumably due to grazing of
sessile organisms on bio-filters, Studies on bryozoans

feeding indicate that small pariicfce are pz inci
source (Hudges, 2001).

Our prefiminary study did not i@Ve«E any Ialoe <Lalc b

[

r)a! »foocl K

cutrophication or significant differences i)r\twraeq sta- -

tions near the fish farm cages and open water stations.
However, a pronounced response of bacterial caommu-
nity was observed after addition of enriched water fram
the fish farmy tn laboratory experiment and for in situ
mesocosm experiment. Results from mesocosm experi-
meni showed that fiker feeding could remove significant
amount of attached bacteria on suspended particles and
thus deplete bacterioplankton in the water column.
However, bacteria within the peiagic ecosystem recycle
the excreted nutrients and additional investigations
should be considered in the future.

VPLIV MARIKULTURE NA BAKTERIOPLANKTON V PIRANSKEM ZALIVU

Valentina TURK & Alenka MALE!
Nacionalai indtitut za biclogijo, Morska bioloska postaja, $1.6330 Piran, Fornade 41
E-mail: tusk@mbss.org

POVZETEK

Aviorici sta preucevali vpliv gojenja vily v kletkah na bakterioplankion v morski vodi z naravnim pinaktonom,
vzetf z lokacif s kletkami i 200 m od njift v Piranskem zaliva. S branifnimi snovini obogatena morska voda spod-
buja produkcijo in gostoto bakterii. Raziskave sta opravili tudi v naravnem okolju, v katerem je bil za 3 mesece
potapijeni biofilter s previadujoéo vrste Schizobrachiella sanguinea obdan z mezokozmaom. Glede na rezuhate pro-
dukcije in gostote bakterif avtorici domnevata, da bi fileatorski organizmi s hranjenjerm lahko odstranili precefSnje
kolicing bakterij na suspendiranih delcih in take zmanjiajo vioge baktedioplanktona v vodnem stolpcu.

Kijucne besede: marikultwra, okoljski vplivi, bakterioplanktor, cianchakterije, fadransko morje
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BIOFILTER COMMUNITY OXYGEN CONSUMPTION RATES
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Scheel of Otean and Eanh Science, University of Southampton, Southampton Oceanography Centre, Southampton SC14 3ZH, UK
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ABSTRACT

Biofilter communities have been incubated in-situ in UK, Israel and Slovenia. Oxygen fluxes for light and dark
experiments have been nomalised using the ash free dry weight of the hiota, Respiration rates for different cominu-
nities, whether dominated by ascidians, hydioids, worms or sponges, show a remarkably consistent trend with tem-
perature, over the range 6-27"C. It is planned to link respiration to rates of growth, filtering and nutrient release.

Key words: community respiration, in-situ incubation, ascidians, hydroids, tube worms

TASSI DI CONSUMO DI OSSIGENO IN COMUNITA DI BIOFILTRI
SINTES!

Gli autori harno studiato la crescita sovrabbondante di comuniti di biofilt] in-situ in Regno Unito, Istaele e Slo-
venfa. | risultati dei flussi di ossigeno in esperimenti di luce e bufo sono stati normalizzati in base af peso secco pri-
vo di cenere del biota, A prescindere dalla composizione delle comunith, dominate a turno da ascidiacel, idrozoi,
policheti sedentari o spugne, i tassi respiratori hanno evidenziato una tendenza notevolmente uniforme con tempe-
rature nell'intervallo tra i 6 ed | 27°C. Gli autori intendono correlare | risultati delle misurazioni della respirazione
con i tassi di crescita e filtrazione degli organismi ed il rilascio di nutrient.

Parole chiave: respirazione di comunita, incubazione in-situ, ascidiacet, idrozoi, policheti sedentari
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INTRODUCTION

Fcological modelling of systems requires knowledge
of the rates of energy flow. Thus, as well as the biomass
in a syster, its rate of growth or turnover should be de-
termined. The growth rate of reef epibiota rate could be
determined by measuring change in biomass per unit
area, with time. This is likely to underestimate the true
growth rate since this cannot account for loss by preda-
tion or other means. For a number of benthic infauna
species the annual production per unit biomass has
been calcuated (Schwinghamer et al., 1986). This ap-
proach has been widely adopted for determining the
productivity and energy flows through benthic systems.
However for many of the groups, which grow on hard
substrates including artificial reels (bryozoans, hydroids,
sponges and ascidians) there is little or no information
on their production to biomass ratios. Enclosed chamber
(respirometer} experiments have a long history in ex-
amining the respiratory exchange and thus the energy
utilization of animals {Collins et al., 2002). The BiO-
FAQs programme (Black et al., 2001; plus other papers
in this volume) has deployed experimental biofifters
next to fish farms in order to determine the potential for
the colonizing hiota to remove wasles {particulate or-
ganic carbon and nutrients) from the water column
downstream of the aquaculiure facilities, This paper de-
seribes the results of in-situ incubation chamber experi-
ments to determine direc! measurement of oxygen fluxes
{and thus carbon fluxes) of biofilter epibiota.
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Fig.1: Diagram of the biofilter incubation chamber.
Fig. 1: Shema biofiltrske inkubacijske posode.

MATERIALS & METHODS

The biofilter incubation apparatus (Fig. 1} consisted
of a specially constructed clear acrylic hox {35 x 35 cm
cross section, 65 cm highl which accommodated a
whole biofilter, (a plastic mesh cylinder 50 cm long x 23
cm diameter} transferred anderwater by divers. The top
lid with neoprene seal was clamped shut with over-
centre clips. An internal water pump (Rule, USA, biige
pump, 12V, 380 min™') was used to continuously mix
the water in the chamber. A similar second pump was
used to sample the chamber (30-40 min intervals)
pumping water to the surface through 3 mm (D poly-
thene wbing. The chamber water samples (160 ml, 3
replicates) were fixed for subsequent Winkler titration,
10 accuratety measure the oxygen concentration. An
oxygen etectrode (Y51, modet 5239) was used to monitor
the progress of the incubation. Further Winkler tiration
hottles filled with water pumped from the chamber at
the beginning of the experiment, were incubated ini-situ
under dark and light, to provide blanks, giving the mag-
nitude of water column respiration and net photosynthe-
sis respectively. Typically the chamber was incubated in
the light for 2 hours then a further 2 hours in the dark,
enclosed in a heavy-duty black polythene bag. This was
considered to be a sufficiently short enough time to dis-
count bacterial activity on the surface as of the chamber
and not to cause starvation of the suspension feeders.
Records of light intensity and temperature during the
experiment and longer term enable extrapolation of the
results of experiments over the whole year.

At the end of the incubation the biofilter was recov-
ered and the epibiota removed, sorted into faxonormic
groups and dried in aluminum foil tays to constant
weight at 80°C. The dry samples were heated in a2 muffle
furnace to 550°C for 4 hours to determine the organic
content, ash free dry weight (AFDW). AFDW was used
in this study as it was cossidered to be a good measure
of the amount of living substance (Crisp, 1984). This is
especially true given the number of calcareous organ-
isms: hydroids, bryozoans and serpulid worm tubes that
were present on the biofilters.

Onxygen analysis was done by a modification of the
manual Winkler titration (Strickland & Parsons, 1968).
Fixed samples were acidified with concentrated sul-
phuric acid and titrated with sodium thiosulphate solu-
tion in the sample bottle with an automated burette and
photo-detector system 0 monitor the end point (Wil
fiams and jenkinson, 1982} This system gave a repeat-
ability of measurement in the order of £0.2%.

RESULTS AND DISCUSSION
Bio-filter cylinders were deployed in July 2000, 2001

and 2002, 3 m below a pontoon in the Southampton
Oceanography Centre dock and incubated al different
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Tab. 1: Oxygen consumption rates for certam benthic invertebrates (dmolQ, gAFDW?* hr"). .

Tab. 1: Poraba kisika (®molO, gAFDW' hr'') pri nekaterih bentoskih nevretencarjih. ol

Taxon | Taxon. Group!  Oxygen consumption source
(@molQ, gAFDW! hr')

Pyura stolonifera Ascidiacea 33 (Kumrmyp, 1984)
Styeila plicata Ascidiacea 66 {Klummp, 1984}
Ciona intestinalis Ascidiacea 47 {Klymmp, 1984}
Aglaophenia sp. HMydroidea 75 (Gili & Hughes, 1995)
Eudeadrium racemosum|  Hydroidea 72 {Gili & Hughes, 1995)

times of the year to determine the response {o tempera-
ture. These were originally intended simply to provide
material for testing oxygen incubation chambers and re-
fining the techniques, Prolific growth of the ascidian,
Ascidiella aspersa, dominated the fouling coramunity,
reaching massive densities (27 kg wet weight per biofil-
ter after 9 manths) (Plate N, Fig. 11). A similar pattern of
ascidian dominance and mass was found on the Scottish
biofiiters deployed at 12 m off Oban, Scotland. In-situ
incubation experiments were conducted here in Sep-
tember 2002. The comparability of the two sites may be
explained by the fact that they are both in temperate
waters and receive high levels of organic particulates,
from the adjacent fish farm in Scotland and from effluent
discharges into the estuary in Southampton. The fast
growth of ascidians which have high filtration rates sug-
pests potential for significant removal of particulate ef-
fluents in temperate seas, In May 2003 in-situ incuba-
tion experiments at 5 m were carried out off Piran, $lo-
venia (Plate 11, Fig. 14). These biofilters were dominated
by calcareous tube worms (Pomatoceros sp.}. Since all
three sites were fauna dominated, only the respiration
rates are reported The rate of change in incubation
chamber oxygen concentration with time was deter-
mined by finear regression {typically with an r* >0.95).
After allowing for the water cotumn blank, the values
were related to the AFDW of the biofilter. Figure 2
shows this biofilter oxygen consumption data compared
to that obtained from the Poole Bay, UK artificial reef.
(Collins et al., 2002). in the latter case whaole colonized
concrete reef blocks {20 x 20 x 40 am) were incubated
in-sity at 12 m. These were dominated by hydroids
(Halecium spp.), bryozoans (Bugufa piumosa} and cal-
careous tube worms (Pomatoceros sp. One of the
Southampton biofilters (20°C) was dominated by the fan
warm Sabelfa pavonina.

Schwinghamer et al. (1986} demonstrate that pro-
duction/biomass and other biological processes includ-
ing respiration depend on size class. The biofilters and
artificial reefs communities are dominated by rpacro
fauna of sizes within 1-2 orders of magnitude, which
may explain both the correspondence and variation in
the data.
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Fig. 2: Oxygen consumption by different communities
plotted against incubation temperature: experimental
biofilters from Southampton, Oban and Piran and con-
crete arfificial reef blocks from Poole Bay (Callins et
al., 2002), showing a finear regression line with 95%
confidence intervals.

Fig. 2: Poraba kisika pri razli¢nih zdruzbah v korelacifi
z inkubacijsko temperaturo: poskusni biofiltri iz South-
amptna, Obana in Pirana in betenski umetni podvodni
grebeni iz Poole Bay (Collins et al., 2002} so premo-
ring povezani (linearna regresifa z 95% intervalom
zaupanja).

Knowledge of instantancous respiration rate of the
biofilter community provides direct information on car-
bon and indirectly nitrogen and phosphorous fluxes.
Current work is determining the nutrient release associ-
ated with biofilter community respiration. This will be
combined with data from the other groups within the
BIOFAQs project. Part of the energy derived from is de-
voted to growth ({production). Published produc-
tion/biomass ratios {Klumpp, 1984; Schwinghamer et
al., 1986; Petersen et al., 1995) vary greatly, for the bio-
filter organisms values are in the range 10-40%. Com-
parison with known biofilter mass accumulation rates
will help set limits to this. The filtration rates of biofilter
organisms have been reviewed within the BIOFAQs
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programme. For some organisms there is published in-
formation on the relationship of filtering rate to oxygen
consumption: the ascidians Pyura stolonifera {(Klumpp,
1984} and Ciona intestinalis {Petersen et al.,, 1995). As
with production it is hoped to pastition parnt of the en-
ergy to filtration to derive a simple model of the func-
tioning of biofilters for agquaculture or in a wider context
the ability of hard substrate {natural or artificial) com-
munities in coastal waters to remove particulate matter
from the water column,
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POVZETEK

V Veliki Britaniji, lzraelu in Sloveniji sta avtorja spremljala proces obraiéanja bioliltrskih zdruzb in situ. Rezedtati
meritev kisika v svetlih in temnih razmerah so bili normalizirani na enoto organskega deleZa biomase obrasti. Ne
glede na sestavo zdruib jn previado razlicnih skupin nevretencarjev tkozolnjaki, tdozivnjaki, mnogoscetinci ali
spuZve) so rezultati respirometrije pokazali izredno enakomeren trend povezave s lemperaturo v razponu med 6 in
27°C. Avitorja nameravata povezati rezuliate respiracijskih meritev s stopnfo rasti filtratorfev in spro3€anja hranil.

Kljuéne besede: respiracija zdruZzbe, inkubacija in situ, kozolnjaki, trdoZivnjaki, ceviasti mnogoietinci
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Fig. 1: Fish farm in the Bay of Piran, Slovenia, showing positions of bio-filter arrays near fish cages (SL) and at loca-
tion CL.
SL. 1: Ribogojnica v Piranskem zalivu in postavitev nizov biofiltrov ob ribjih kletkah ter na lokaciji CL.

Fig. 2: Schematic presentation of one array showing position of bio-filters; four such arrays were deployed along
fish cages and four at location CL.

Slika 2: Skica enega niza, ki kaZe pozicijo biofiltrov; po stirje taki nizi so bili postavljeni vzdolZ ribjih kletk in na
lokaciji CL.

Fig. 3: Underwater slide of bio-filter array at Crete.
Slika 3: Podvodni posnetek niza biofiltrov na Kreti.

Figs. 4-6: Comparison of fouling communities developed on bio-filters near fish cages (a) and control locations (b)
in Scotland (4 a,b, after one month of immersion), Israel (5a, b) and Slovenia (6a, b, after one month of immersion)
Slike 4-6: Primerjava zdruzb obrasti na lokacijah v bliZini ribjih kletk (a) in na kontrolnih lokacijah (b) na Skotskem
(4a, b, en mesec po postavitvi biofiltrov), Izraelu (5a, b) in Sloveniji (6a, b, en mesec po postavitvi biofiltrov).
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Fig. 7: A variety of organisms on a bio-filter in site FF in Eilat (Israel, Red Sea): A tubular sponge, Siphonochalina
sp.; a sea urchin Diadema sestosum; red sponges Mycale fistulifera; Salmacina sp. & Josephella marenzelleri poly-
chaets.

Sl. 7: Na biofiltre na postaji FF v Eilatu (Rdece morje, Izrael) se je naselila mnoZica sesilnih organizmov: cevasta
spuzva Siphonochalina sp.; morski jeZek Diadema sestosum; rdeca spuzva Mycale fistulifera; cevkasti mnoscetinci
Salmacina sp. in Josephella marenzelleri.

Fig. 8. Some stony coral Stylophora pistilata were also found among the epi-biota community on biofilters on both
studied sites in Eilat (Red Sea).

Sl. 8: V zdruzbi obrasti na biofiltrih na rdecemorskih postajah v Eilatu so se naselile tudi kamene korale Stylophora
pistilata.

Fig. 9: A mussel line in Eilat (Red Sea) was completely overgrown with the red alga Jania adhaerens and a variety
of sessile invertebrates such as red sponges Mycale fistulifera, encrusting bryozoans Celleporaria aperta and hydro-
zoans Thyroscyphus fruticosus.

SI. 9: Vrv za skoljke v Eilatu (Rdece morje) je bila popolnoma obrasla z rdeco algo Jania adhaerens in mnoZico se-
silnih nevretencarjev kot so rdeca spuzva Mycale fistulifera, skorjasti mahovnjaki Celleporaria aperta in
trdoZivnjaki Thyroscyphus fruticosus.

Fig. 10: Underwater photo of the biofilter array in oligotrophic Mediterranean waters (Crete, Greece).
Slika 10: Podvodni posnetek niza biofiltrov v oligotrofnih sredozemskih vodah (Kreta, Gréija).

Fig. 11: The significant increase in biomass, particularly in the first 4 months after deployment was primarily due
to an increase in the biomass of the ascidian, Ascidiella aspersa, at both studies sites off West Scotland.

SlI. 11: Plascar Ascidiella aspersa je najve¢ prispeval k znatnem porastu biomase na obeh postajah ob zahodni Skot-
ski, e posebej v prvih stirih mesecih po postavitvi biofiltrov.

Fig. 12: The rapidly colonising epibiota community on the biofilters at the Piran station (Slovenia) provided a vari-
ety of shelters for different fish species such as Symphodus tinca.

Sl. 12: Zdruzba obrasti, ki se hitro naseli na biofiltrih, nudi $tevilne niSe za razli¢ne vrste nis, med drugim tudi za
ustnaco Symphodus tinca.

Fig. 13: Plascar Polycarpa pomaria colonized biofilters at the station near fish farm in the Bay of Piran (Slovenia).
Sl. 13: The ascidian Polycarpa pomaria se je naselil na biofiltre na postaji ob ribogojnici v Piranskem zalivu
(Slovenija).

Fig. 14: Underwater photo of the biofilter incubation chambers (mesocosm) in the Bay of Piran, Slovenia (see Fig.
1 in Turk & Malej, this volume, for schematic presentation of experimental system).

SI. 14: Podvodni posnetek inkubacijskih posod v Piranskem zalivu, Slovenija (Shema poskusnega sistema je pred-
stavljena na sliki 1, v prispevku Turk & Malej, ta volumen).
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