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Kratka vsebina

Primerjava biocenoze s tanatocenozo na treh morskih opazovalnih postajah
v litoralnem pasu Jadranskega morja zahodno od Istre je pokazala presenetljivo
malo podobnosti med obema. Razliko kaZe pripisati postopnim majhnim spre-
membam ekoloskih razmer med nastajanjem raziskovanih tanatocenoz (priblizno
v zadnjih sto letih). Posledic teh ekoloskih sprememb v tanatocenozi ne moremo
preudevati, ker je izredno intenzivna bioturbacija povsem uniéila plastnost in
premesala skeletne ostanke v zgornjih tridesetih centimetrih sedimenta. Manjsi
delez pri omenjenih razlikah igra lateralni transport skeletnih ostankov odmrlih
organizmov.

Abstract

The comparison of biocoenosis and thanatocoenosis at three observational
stations, west of the peninsula Istria, in littoral of the Adriatic sea, has shown
a suprisingly low similarity between them. The difference seems to be due to
ecological changes during the deposition of thanatocoenosis (approximately in the
last hundert years). These ecological changes can not be studied in thanatocoeno-
sis because of a very high degree of bioturbation that destroyed stratification and
mixed all the skeletal particles. Lateral transport of skeletal particles seems to be
of minor importance.

Uvod

Za rekonstrukcijo fosilnega okolja, posebno Se terciarnega, uporabljamo kot
najuéinkovitejo metodo aplikacijo recentnih faciesov na osnovi njihove bioloske
vsebine. Tak3na primerjava zahteva temeljito Studijo organizmov v razliénih recent-
nih okoljih ter njihovo kvalitativno in kvantitativno pojavljanje. Hkrati moramo
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preucevati fizikalno — kemiéne parametre recentnih sedimentacijskih okolij in nji-
hovo sezonsko spreminjanje. Vse dejavnike, ki vplivajo na pojavljanje osebka
v zdruzbi in njegovo abundanco, lahko razdelimo na biotske in abiotske. Vlaga,
svetloba in pritisk so trije glavni abiotski dejavniki in jih imenujemo klimati. Seveda
je o vlagi smiselno govoriti samo v plimskem in nadplimskem pasu, kjer so organizmi
daljsi ali krajsi éas izpostavljeni nad povrsino vodne gladine. Kadar slednji prevladu-
jejo nad edapi¢nimi dejavniki, ki imajo bolj lokalni znaé¢aj, imamo lepo vertikalno
conacijo bentiskih zdruzb (Pérés, 1982, 52).

Po odmrtju delujejo na organizme moéni fizikalni vplivi okolja (nevihtni valovi
dosezejo v svoji bazi globino do 30m), ki skupaj z biolodkim transportom Zivih in
mrtvih organizmov zmesajo sicer tipi¢no »in situ« zdruzbo. Tako imamo v paleonto-
logiji v glavnem opravka s tanatocenozami; le-te predstavljajo organizme, ki skupaj
fosilizirajo, ni pa nujno, da so res tudi skupaj Ziveli.

Veliko Stevilo danasnjih zdruzb ima enake ali podobne ekoloske zahteve kot
fosilne, Se posebno terciarne. Terciarne zdruzbe predstavljajo v veliki meri preZivele
vrste ali rodove iz enakih ali podobnih fizikalno - kemiénih okolij (Senes, 1988b,
675).

Prikazana je kvalitativna in kvantitativna sestava tanatocenoze ter postmortalne
izgube dolo¢ene biocenoze oz. tanatocenoza, ki se iz nje oblikuje v dolo¢enih fizi-
kalno - kemi¢nih razmerah. Najzanimivejse je vpraSanje, kateri organizmi oziroma
skeletni deli katerih organizmov se ohranjajo v najve¢ji meri in kaj botruje razlié¢-
nemu ohranjanju organizmov. Nadalje je pomembno vprasanje, kako se ohranjajo
skeletni ostanki v razliénih substratih, oziroma v kaksni meri je njihova ohranitev
odvisna od energije sedimentacijskega okolja. Paleontologe zanima, koliko podatkov
o okolju, v katerem je Zivela dolo¢ena biocenoza, se ohrani v tanatocenozi in
v kolik$ni meri lahko iz nje rekonstruiramo odnose med posameznimi vrstami
oziroma med posameznimi zivalskimi skupinami. Zanimivo vprasanje je, ali nam ti
podatki kaZejo dejansko stanje in ée ne, od kod izvirajo razlike. Prikazane so razlike
in podobnosti med biocenozo in tanatocenozo v konkretnem fizikalno in kemiéno
definiranem okolju in te razlike so do neke mere tudi pojasnjene. Da bi lahko
tanatocenozo definirali v paleontoloskem smislu, smo vzporedno z biolosko vsebino
preucevali tudi sam sediment, v katerem se kopiéijo skeletni ostanki organizmov.

Na tem mestu se najtopleje zahvaljujeva Centru za pomorske raziskave »Ruder
Boskovi¢« iz Rovinja, ker so omogodili nabiranje vzorcev in dostop do potrebnih
podatkov. Predvsem se zahvaljujeva dr. D. Zavodniku in mag. A. Jaklinu.

Pregled dosedanjih raziskav

Na podro¢ju Jadranskega morja so potekale aktuopaleontoloske in aktuogeoloske
raziskave sporadiéno zadnjih 25 let. V sredis¢u raziskav so bila predvsem specifiéna
morska okolja, kot sta delta reke Pad (Po) in Limski kanal. Pri veliki veéini raziskav,
ki so potekale na obmo¢ju Jadranskega Selfa, lahko najdemo le malo aktuogeolodkih
in aktuopaleontoloskih podatkov.

Leta 1965 je skupina raziskovalcev iz Univerze v Bolonji raziskovala sedimente
delte reke Pad (Ciabati et al., 1965). Vendar so te raziskave bolj pomembne
s sedimentoloikega kot s paleontolodkega vidika. Van Straten (1966) je pri
pregledu jeder z jugozahodnega dela Jadrana poleg sedimentologije velik del svojih
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raziskav posvetil mikropaleontologiji. Tudi Uffenorde (1972) je glavnino svojih
raziskav v Limskem kanalu namenil sedimentoloski problematiki.

NajobseznejSe raziskave v smislu paleontologije je opravil Senes$ (1988a, b,
1989), ki je podrobno raziskal podroéje Severnojadranskega in JuZnojadranskega
Selfa. Preiskoval je profile od plimskega pasu do globine 55m v skupni dolZini 27km.
V njegovem delu dobimo Stevilne podatke o batimetriénih zahtevah Stevilnih orga-
nizmov in o njihovi afiniteti do razliénega substrata.

V zadnjem ¢asu sta v sedimentoloskem in mikropaleontoloskem smislu razisko-
vala podro¢je Severnojadranskega Selfa Puskarevié in Berger (1990). Porocdala
sta predvsem o hitrosti sedimentacije na tem podro¢ju.

Opis raziskovanega obmocdja

Jadransko morje pripada Sredozemskemu morju tako po nastanku in geografski
povezanosti kot po svojih ekoloskih znaéilnostih in znacilnostih Zivljenja. Geoloska
zgodovina Jadrana, spremembe ekoloskih znaéilnosti in spremembe Zivega sveta se
v glavnih potezah ujemajo z razvojem celotnega Sredozemlja, vendar obstajajo tudi
razlike v vseh treh omenjenih dejavnikih. Zaradi tega lo¢imo Jadran kot posebno
biogeografsko enoto mediteranskega podro¢ja oz. po Ekmanu (cf. Peres
& Brida, 1973, 333) je to subregija mediteransko - atlantske regije. Od vseh
podroéij Mediterana je Jadransko morje najbolj izolirano in ima najve¢ individualnih
razlik.

Bentonska favna Jadrana ima najveé podobnosti z mediteransko, vsebuje pa tudi
nekatere endemi¢ne vrste. Te so nastajale med geoloSkim razvojem Jadrana in se
razvijajo $e danes, predvsem zaradi relativne izolacije Jadrana in drugaénih ekolo-
skih razmer.

Najobseznejsi del Jadrana pripada cirkomlitoralu. Na celotnem Severnem Ja-
dranu se morsko dno konéuje prav s tem obmod¢jem. Zaradi specifiénih ekoloskih
razmer, predvsem zaradi nizke presevnosti, dobimo na Severnem Jadranu cirkomli-
toralne zdruzbe ze v globini od 13m naprej, ¢eprav se navadno za¢nejo pojavljati
v globini 35¢m. Veéino tega obmoé¢ja ima pomiéno podlago, to je predvsem podrocje
z nekoliko niZjo energijo, kjer se vsedajo terigeni in biogeni sedimenti.

Vzorci sedimenta so bili pobrani na pomorskih opazovalnih postajah zahodno od
Rovinja (sl. 1.). To podroéje predstavlja bolj ali manj gladek Severnojadranski Self.
Opazovalni postaji SJ 103 in SJ 108 sta v neposredni bliZini delte reke Pad na
podro¢ju Vatove zoocenoze Turritella (Zavodnik & Vidakovié, 1987, 263).
Postaja SJ 108 je od obale oddaljena priblizno 20 morskih milj, medtem ko je postaja
SJ 103 oddaljena od obale okoli 35 morskih milj. Globina vode na prvi znasa 31m in
na drugi 33m. Opazovalna postaja SJ 107 leZi na ¢érti, ki povezuje delto reke Pad in
Rovinj (sl. 1). Od slednjega je oddaljena okrog 20 morskih milj. Voda je tam izmed
vseh treh opazovalnih postaj najgloblja in znasa 37Tm. Zanjo je znadilna meSana
makrofavna z nekaterimi vrstami, karakteristi¢énimi za zdruzbo obalnega detritié-
nega dna in obalnega terigenega mulja. Poleg tega je prisotno veliko Stevilo vrst
tolerantne infavne. Postaja leZi na meji zoocenoz Lima hians in Tellina. Znaéilna je
tudi neenakomerna razsirjenost posameznih biocenoz (patch distribution).
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Sl. 1. Polozajna skica opazovalnih postaj
Fig. 1. Map of sample locations

Temperatura morja

Temperatura morske vode se na vseh opazovalnih postajah sezonsko spreminja
(sl. 2a). Na morski povrsini se giblje od priblizno 6°C v januarju in februarju do 26°C
v avgustu. Na dnu so amplitude nihanja temperature nekoliko nizje in zaostajajo za
povrsinskimi. NajnizZje so v marcu (9°C) in najvisje v oktobru (16°C) — po podatkih
Centra za pomorske raziskave »Ruder Boskovié¢« iz Rovinja.

Slanost morske vode

Slanost se na vseh opazovalnih postajah spreminja sezonsko (sl. 2b). Za opazo-
valni postaji SJ 107 in SJ 108 je znadilen po en sezonski maksimum in minimum
slanosti, medtem ko je na opazovalni postaji SJ 103 ve¢ sezonskih minimumov in
maksimumov. Najvecje spremembe slanosti so na povrsini vode, medtem ko se ta pri
dnu praktiéno ne spreminja in se giblje okoli 30%. Slanost se najbolj spreminja
v povrsinski plasti vode na postaji SJ 108, in sicer v povpredju od 28 do 36 %..
Maksimalne vrednosti doseze slanost v zimskih mesecih, minimalne pa v juniju.
Nizke vrednosti slanosti v maju in juniju gre verjetno pripisati vplivu reke Pad, ki
takrat prinasSa zarati topljenja snega najvecje koli¢ine sladke vode. Na opazovalnih
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Sl. 2. Sezonske variacije temperature (a) in slanosti (b) morske
vode

Fig. 2. Seasonal variations of sea water, temperature (a) and
salinity (b)

postajah SJ 103 in SJ 107 je nihanje slanosti vode dosti manjSe in se giblje od 33 do
38% o0z. od 35.5 do 38% - po podatkih Centra za pomorske raziskave »Ruder

Boskovié« iz Rovinja.
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Prezra¢enost morja

Zasicenost s kisikom na raziskovanem obmo¢ju kaze velika sezonska nihanja. Do
pomanjkanja kisika oz. anoksiénosti pri dnu prihaja v zimskih mesecih. Anoksija
povzro¢a tudi mnoziéne pomore bentonske favne. Najnizje vrednosti zasi¢enja s kisi-
kom so na opazovalni postaji SJ 108. Povpreéne vrednosti zasi¢enosti s kisikom
v zimskih mesecih padejo pod 50% (po podatkih Centra za pomorske raziskave
»Ruder Boskovié« iz Rovinja).

Preskrbljenost z nutrienti

Na obmoéju severnega Jadrana prihajajo nutrienti v glavnem z rekami. To
obmocje predstavlja eno izmed najbolj produktivnih obmoéij v Sredozemlju. Reka
Pad mo¢no vpliva (Puskarevic et. al,, 1990, 177) na primarno produkcijo in sestavo
planktona tega obmocja. Hidroloske in klimatske razmere, ki razporejajo vodne
mase, znatno povecujejo vpliv severnojadranskih rek. Primarna produkcija je v veliki
meri odvisna od antropogenega dejavnika, predvsem od kmetijstva in industrije.

Sedimentacija

Na raziskovanem obmoéju potekata sedimentacija terigenega materiala, ki ga
prinasajo severnojadranske reke, in sedimentacija detriti¢nega materiala. Pri tem
ima najvec¢jo vlogo reka Pad, predvsem na zahodni del Jadranskega morja. Sene$§
(1988a, 289) navaja, da znasa letni vnos materiala reke Pad 100 milijonov ton. Hitrost
sedimentacije sta preuc¢evala Puskarevi¢ in Berger (1990). Na podlagi svince-
vega izotopa *°Pb so na opazovalni postaji SJ 108 izra¢unali hitrost vsedanja 0.35 mm
na leto. V bliZini opazovalne postaje SJ 103 in na opazovalni postaji SJ 101 pa
0.11mm na leto. Do potrditve te hitrosti so prisli tudi z neodvisnim merjenjem
vsebnosti cezijevega izotopa *Cs. Sedimenti z vseh opazovalnih postaj ne kaZejo
nikakrine plastovitosti ali laminacije. Sedimentne teksture so uniéene zaradi izredno
visoke bioturbacije.

Za sedimente pomorskih opazovalnih postaj je bila narejena granulometri¢na
analiza. Material za analizo je bil vzet z roénim jedrnikom. Analizirana je bila
povrsinska plast sedimenta oz. zgornjih 5 em. Zaradi primerljivosti rezultatov ana-
lize zrnavosti je bila uporabljena kombinirana metoda sejanja in areometrije, ki so jo
uporabili Ogorelec in sodelavei (1987) za doloditev zrnavosti sedimentov Piran-
skega zaliva.

Sediment z opazovalne postaje SJ 103 je meljast pesek s 30 % melja in 11% gline.
Sediment z opazovalne postaje SJ 107 je prav tako meljast pesek s 35 % melja in 6 %
gline. Sediment z opazovalne postaje SJ 108 pa je glinast melj z 19% gline in 12%
peska (sl. 3).

Metodika dela

Raziskave bentosa na opazovalnih postajah je opravil Center za pomorske razi-
skave »Ruder Boskovi¢« iz Rovinja. Rezultate raziskav na opazovalnih postajah SJ
103 in SJ 108 sta objavila Zavodnik in Vidakovié¢ (1987), medtem ko rezultati
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Sl. 3. Porazdelitev zrnavosti v povriinskih sedimentih na postajah SJ 103, SJ
107 in SJ 108

Fig. 3. Distribution of grain size of the surficial sediments on the observation
stations SJ 103, SJ 107 in SJ 108

raziskav na opazovalni postaji SJ 107 $e niso bili objavljeni. Raziskave na prvih dveh
postajah so opravljali v dvomeseénih intervalih od novembra 1982 do oktobra 1983,
tako da je bila vsaka postaja raziskana od 5- do 6-krat. Raziskave za osnovne
oceanografske, sedimentoloske in bakterioloske parametre so opravili po standard-
nih metodah vzoréenja in analize. Vzorci so bili vzeti z van Veenovim grabilom
z volumnom 0.1 m?.

Za preiskavo makro bentosa so vsakokrat vzeli 0.5 m* sedimenta. Vzorce so sprali
z morsko vodo na 2mm situ in jih shranili v 4% formalinu. Organizme so nadalje
obdelali v laboratoriju. Rezultate so objavili — zaradi moznosti primerjave s podob-
nimi raziskavami — prera¢unane na enoto povrsine. Za opazovalno postajo SJ 107 Se
ni razpolozljivih podatkov o abundanci.

Za kvantitativno oznac¢bo zdruzb imamo na voljo veé parametrov. Nekateri se
nana$ajo na podatke o biomasi, drugi pa na $tevilo osebkov znotraj taksonomske
enote, V svojem pregledu navajam samo slednje, saj prvi nimajo nikakrSnega pomena
za primerjavo s tanatocenozo. Vatova navaja (v Pérés & Brida, 1973, 158) nekaj
koeficientov za izratunavanje kvantitativnih odnosov v zdruzbi. Pod gostoto vrste
razume srednje Stevilo osebkov doloéene vrste na m? povr§ine morskega dna. Stevilo
osebkov ene vrste glede na celotno $tevilo osebkov imenuje frekvenca vrste. To lahko
uporabljamo tudi za podajanje odnosov znotraj dolo¢ene taksonomske skupine.

Za primerjavo biocenoze in tanatocenoze so bili ti koeficienti nekoliko spreme-
njeni, tako da je za osnovno taksonomsko enoto vzeta druZina in ne vrsta. Gostota (g)
in frekvenca (f) je izra¢unana samo za taksonomsko skupino moluskov. Vzroki za
takine postopke bodo navedeni kasneje. Za vse druge taksonomske skupine na nivoju
debla je izra¢unan koeficient, poimenovali smo ga taksonomska pestrost (t), ki
predstavlja razmerje med Stevilom vrst iz enega debla in Stevilom vseh vrst. Podatki
o sestavi biocenoz iz opazovalnih postaj so podani v tabelah 1, 2, 3, 4, 5 in 6.
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Tabela 1. Gostota (g) in frekvenca (f) za moluske z opa-

zovalne postaje SJ 103 (biocenoza). (Prirejeno po po-

datkih Centra za pomorske raziskave »Ruder ovVic«
iz Rovinja)

Table 1. Density (g) and frequency (f) of mollusks from
observation station 103 (biocoenosis). (Modified after
data of Centre for Marine Research »Ruder Boskovié«

in Rovinj)

druZina (familia) - vrsta (species) g f

1. Turritellidae 404 0.70
Turritella communis

2. Melanellidae 0.7 0.01
Letostraca subulata

3. Fasciolariidae 0.7 0.01
Fusinus rostratus

4. Philinidae 04 0.01
Philine aperta

5. Anomiidae 0.7 0.01
Monia parelliformis

6. Lucinidae 18 0.03
Myrtea spinifera

7. Veneridae 08 0.01
Pitar rude
Chione ovata

8. Petnicolidac 21 0.04
Mysia undata

9. Tellinidae 39 0.07
Tellinella pulchella
Quadrans serratus

10.Semelidae 32 0.06
Abra pellucida

11.Solecurtidae 14 0.02
Culirensis adriaticus

12.Solenidae 04 0.01
Solenidac gen.sp.

13.Hiatellidae 0.7 0.01
Hiatella arctica

14.Corbulidac 36 0.06
Corbula gibba

Vzorci za raziskavo tanatocenoze so bili vzeti na enak nacin, kakor je opisano
v prejénjem poglavju, s to razliko, da so bili vzeti le enkrat in v manjsi kolié¢ini. Na
opazovalnih postajah SJ 103 in SJ 108 je bilo vzeto 20 litrov sedimenta, na opazovalni
postaji SJ 107 pa 10 litrov. Hkrati je bil na vsaki opazovalni postaji vzet tudi vzorec
sedimenta z jedrnikom iz plasti¢ne cevi z notranjim premerom 5 ¢m in dolzine 25 cm.

Sediment je bil spran v laboratoriju na sitih z odprtinami 6.3, 2.0, 1.0. Zaradi
laZjega oznacevanja v nadaljevanju so frakcije oznacene s Stevilkami in sicer:

1 = frakcija, veéja od 6.3 mm

2 = frakcija med 6.3 in 2.0 mm

3 = frakcija med 2.0 in 1.0 mm

Vse frakcije so bile posusene na temperaturi priblizno 50°C do konstantne teze.
V celoti sta bili pregledani frakcija 1 in frakcija 2 za vzorec iz opazovalne postaje SJ
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Tabela 2. Stevilo vrst in gostota (g) ter taksonomska
pestrost (t) za posamezne skupine makrofavne z opa-
zovalne postaje 103 (biocenoza). (Prirejeno po podat-
kih Centra za pomorske raziskave »Ruder Boskovié« iz

Table 2. Number of species, density (g) and taxonomic

diversity (t) of macrofauna from the observation sta-

tion 103. (Modified after data of Centre for Marine
Research »Ruder Bodkovié« in Rovinj)

Rovinja)

deblo SLvrst g t
Phyllum No. of species

Cnidaria 3 35 0.03
Mollusca 16 58 0.18
Annelida 49 210 0.56
Crustacea 9 78 0.10
Tentaculata 2 1.1 0.02
Echinodermata 5 6722 0.06
Varia 3 1.8 0.03

108. Druge frakcije so bile Cetrtinjene do Zelene koli¢ine materiala, in sicer za
frakcijo 2 opazovalnih postaj SJ 103 in SJ 107, ' materiala in iz frakcije 3,
s materiala. Za opazovalno postajo SJ 108 je bila ¢etrtinjena samo frakcija 3 in

pregledana % materiala.

Za kvantitativno oznaébo zdruzbe so bile izraéunane gostota, frekvenca in takso-
nomska pestrost. Vsi trije parametri se nanasajo na druzino, ki je predstavljala
osnovno taksonomsko enoto, zato ker velikokrat ni mogoée doloéiti niZjih taksonom-
skih enot. Za tanatocenozo bi bilo nesmiselno ra¢unati gostoto (g) na enoto povrsine,
zato je izra¢unana na enoto volumna:

Frekvenca (f) se ra¢una samo za moluske, in sicer kot:

)
=y

N = §t. osebkov v druzini

¢ i N
Cel.N
Cel.N = §t, vseh osebkov

Za vse taksonomske enote na nivoju debla je izra¢unana samo taksonomska
pestrost (t), ker za veliko skupin ni mogoée ugotoviti stevila osebkov. Organizmi
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Tabela 3. Gostota (g) in frekvenca (f) za moluske z opa-
zovalne postaje SJ 108 (biocenoza). (Prirejeno po po-
datkih Centra za pomorske raziskave »Ruder BoSkovic«

iz Rovinja)

Table 3. Density (g) and frequency (f) of mollusks from
the observation station SJ 108 (biocoenosis). (Modified
after data of Centre for Marine Research »Ruder Bosko-

vié« in Rovinj)

druZina (familia) - vrsta (species) 3 f

1. Turritellidac - b 0.04
Turritella communis

2. Melanellidae 1.0 0.01
Leiostrarca subulata

3. Scaphandridae + +
Cylichna cylindracea

4. Philinidae 1.0 0.01
Philine aperta

5. Nuculidae + +
Nucula nucleus

6. Thyasiridac 1.0 0.01
Thyasira flexuosa

7. Lucinidae 45 0.04

_ Myriea spinifera

8. Veneridae 35 0.03
Chione ovata

9. Solecurtidae K 0.01
Azorinus chamasolen
Cultrensis adriaticus

10.Tellinidae 20 0.02
Tellinella pulchella

11.Semelidae 18.5 0.15
Abra nitida
Abra pellucida

12.Corbulidae 86.0 0.68
Corbula gibba

13. Thracidae + +
Thracia pubescens

s ¢lenjenim skeletom postmortalno razpadejo v Stevilne ¢lenke in pri velikemu Stevilu
podobnih ¢lenkov, kot na primer pri kacjerepih, ne moremo ugotoviti, kolikim
osebkom ti ¢lenki pripadajo. Podobne tezave so pri kolonijskih organizmih, kjer
vsako kolonijo §tejemo kot en organizem. Po razpadu kolonij nikakor ne moremo veé
rekonstruirati njihovega Stevila. Taksonomska pestrost se ra¢una:

S

 CelS

S = §t. druzin v deblu

Cel.S = §t. vseh druzin

Za vse druzine, katerih delez je nizji od 1 %, nista izra¢unani gostota in frekvenca,

temveé je oznadena samo njihova prisotnost s »+«.
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Tabela 4. Stevilo vrst in gostota (g) ter taksonomska
pestrost (t) za posamezne skupine makrofavne z opa-
zovalne postaje SJ 108 (biocenoza). (Prirejeno po po-
datkih centra za pomorske raziskave »Ruder Bodkovic«
iz Rovinja)
Table 4. Number of species, density (g) and taxonomic
diversity (t) of macrofauna from the observation sta-
tion SJ 108. (Modified after data of Centre for Marine
Research »Ruder Boskovié« in Rovinj)

deblo Stvrst g t
Phyllum No. of species

Mollusca 15 122 0.24
Annelida 34 4525 0.55
Crustacea 4 6 0.07
Echinodermata 4 140 0.07
Varia 5 6 0.08

V vzoreu je bilo veliko juvenilnih osebkov. Pri nekaterih vrstah lahko zasledujemo
postopno rast osebkov — od juvenilnih do adultnih. Osebki vrste Corbula gibba se
pojavljajo od velikosti 1.5 mm do povsem adultnih osebkov. To je bil tudi eden izmed
glavnih vzrokov, zakaj za veliko skupin moluskov ni dolo¢enih niZjih taksonomskih
enot od druzine. Pri zelo lahko prepoznavnih skupinah, kot je na primer druzina
Pectinidae, lahko prepoznamo zelo majhen fragment lupinice, pa éeprav ne vsebuje
bistvenih taksonomskih znakov. Vendar jih v teh primerih ne upostevamo, saj bi se
tako neupraviéeno poveéal njihov delez nasproti tezje doloéljivim ostankom. Vsako
gkoljéno lupino smo obravnavali kot polovico osebka in smo se tako izognili poveéa-
nju Stevila teh v primerjavi s polzi.

Pri doloéevanju so bila uporabljena bioloska taksonomska dela avtorjev: D'An-
gela in Gargiulla (1978), Riedela (1970), MileSica (1991) in Nordsiecka
(1968, 1969 in 1972).

Opis tanatocenoz s pomorskih opazovalnih postaj SJ 103, SJ 107 in SJ 108

V tanatocenozah z vseh treh opazovalnih postaj moéno prevladujejo moluski tako
po Stevilu osebkov kot po Stevilu druzin. Med moluski na vseh opazovalnih postajah
prevladujejo skoljke, ki predstavljajo 66 % vseh moluskov. Njihov deleZ je najvecji na
opazovalni postaji SJ 108, in sicer 70 %, na preostalih dveh postajah pa znasa ta
65 %. Predstavniki drugih debel se pojavljajo le sporadiéno, z eno do tremi druZi-
nami. Nekoliko drugaée je le s foraminiferami, ki so prisotne v ve¢jem Stevilu, vendar
so v raziskavi zajete le veé&je od enega milimetra. Zaradi vseh teh vzrokov je najveé
pozornosti posveéene moluskom.,
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Tabela 5. Seznam vrst po druzinah za opazovalno postajo SJ
107 (biocenoza). (Prirejeno po podatkih Centra za pomorske
raziskave »Ruder Bodkovi¢« iz Rovinja)

Table 5. List of species from the observation station SJ 107
(biocoenosis). (Modified after data of Centre for Marine Rese-

arch »Ruder Boskovic« in Rovinj)

druZina (familia) vrsta (species)
1. Turritellidae - Turritella communis
2. Melanellidae - Leiostraca glaber
3. Naticidae - Lunatia al
- L. poliana
4. Pyrenidae - Mitrella minor
5. Nassariidae - Hinia incrasata
6. Fasciolariidac - Fusinus rostratus
- F. syracusanus
7. Marginellidae - Gibberulina clandestina
8. Turridae - Cythara kochi
Sy e i
- C. stossichiana
9. Scaphandridae - Sca, lignarius
10. Philinidae - Philine aperta
11. Muricidae - Trophonopsis muricatus
12. Nuculidae - Nucula niida
- N. nucleus
- Nucula sp.
13. Mytilidae - Musculus marmoratus
14. Pinnidae - Pinna pectinata
15. Pectinidae - Aequipecten opercularis
- Chlamys glabra
- Pecten jacobaeus
16. Limidae - Lima hians
17. Anomiidac - Anomia sp.
- Monia patelliformis
18. Ostreidae - Ostrea edulis
- Pygnodonia cochlear
19. Ungulinidae - Diplodonta brochii
20. Thyasiridae - Thyasira flexuosa
21. Lucinidae - Loripinus fragilis
- Myrtea spini
22. Montaculidae - Mysella bidentata
23. Chamidae - Psevdochama gryphina
24. Cardiidac - Acanthocardia echinata
- Laevicardium norvegicum
- L. oblongum
- Papillicardium papillosum
- Parvicardium minimum
- P. nudosum
- fhacmcardhcm icostatum
25. Veneridac - Pitar rudis e
- Venerupis rhomboideus
- V. aurea
- V. corrugata
- V. verrucosa
- Timoclea ovata
26. Petricolidae - Mysia undata

27. Sanguinelariidac

- Gari fervensis
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drufina (familia) vrsta (species)
28. Tellinidae - Qudrans serratus
- Tellina crassa
- T. distorta
- T. pulchella
29. Semelidae - Abra alba
- A. prismatica
- Abra sp.
30. Solecurtidae - Azorinus chamasolen
31. Solenidae - Ensis ensis
32. Hiatellidae - Hiatella arctica
33. Corbulidae - Corbula gibba
34. Lyonsiidac - Lyonsia norvegica
35. Thracidae - Thracia papyracea
- T. pubescens

Tabela 6. Stevilo vrst in taksonomska pe-
strost (t) za posamezne skupine makrofavne
z opazovalne postaje SJ 107 (biocenoza).
(Prirejeno po podatkih Centra za pomorske
raziskave »Ruder Bodkovié« iz Rovinja)

Table 6. Number of species and taxonomic

diversity (t) of macrofauna from the obser-

vation station SJ 107. (Modified after data

of Centre for Marine Research »Ruder Bosko-
vié« in Rovinj)

deblo $1.vrst t
Phyllum No. of species

Mollusca 74 0.28
Annelida 103 0.39
Crustacea 27 0.10
Tentaculata 6 0.02
Echinodermata 24 0.09
Rodophyta 5 0.02

Varia 24 0.10




Tabela 7. Gostota (g) in frekvenca (f) za moluske z opa-
zovalne postaje SJ 103 (tanatocenoza)

Table 7. Density (g) and frequency (f) of mollusks from
the observation station SJ 103 (thanatocoenosis)

druZina (familia) - vrsta (species) £ f

1. Turritellidae 463 0.17
Turritella sp.

2. Cerithiidae 24 0.01
Cerithium sp.

3. Epitonidae 18 0.01
Epitonium tenuicostata

4. Melanellidae " i
Leiostraca subulata

5. Calyptracidae 23 0.01
Calypiraca chinensis

6. Naticidae 5.2 0.02
Natica sp.

7. Nassariidae 54 0.02
Nassarius cuvieri

8. Fasciolariidae 15 0.01
Fusinus rostratus

9. Philinidae 1.5 0.01
Philine aperta

10.Pyramidellidae 8.2 0.01
Turbonilla lectea

11.Aporrhaidae + -
Aporrhais pespelecani

12.Dentaliidae 9.6 0.04

13.Nuculidae 169 0.06
Nuculidae gen.spec.

14.Mytilidae 24 0.01
Musculus subpictus

15.Pectinidae 13.9 0.05
Pectinidae gen.spec.

16.Anomiidac 44 0.02
Monia patelliformis
Heteronomia squwaleta

17. Thyasiridae + +
Thyasira flexuosa

18.Lucinidac + +
Myriea spinifera

19.Cardidae 427 0.16
Cardidae genspec.

20. Veneridae 83 0.03
Veneridae gen.spec.

21.Petricolidae 89 0.03
Mysia undaia

22 Tellinidae 32 0.01
Tellinidae gen.spec.

23.Semelidae 32 0.01
Abra sp.

24.Solecurtidae + +
Cultrensis adriaticus

25 Hiatellidae 37 0.01
Hiatella artica

26.Corbulidae 78.5 0.29
Corbula gibba

27.Thracidae + +
Thracia pubescens

28.Cuspidariidac + +

Cuspidaria cuspidata
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Tabela 8. Seznam druZin (razen moluskov) za tanato-
cenozo z opazovalne postaje SJ 103

Table 8. List of familias (except mollusks) of thanatoco-
enosis from the observation station SJ 103

LRHIZOPODA 3. druZin = 3
Number of families = 3
familia species
1.Elphidiidae Elphidium crispum
2.Rotaliidae Ammonia sp.
3.Spiroloculinidac Adelosina sp.
ILANNELIDA it druZin = 2
Number of families = 2
familia species
1. Serpulidac Pomatoceros migueter
Serpula vermicularis
Spirorbis pagenstecheri
IIL.CRUSTACEA 31 druZin = 1
Number of families = 1
familia species
1.Decapoda
IV.TENTACULATA 1. druZin = 1
Number of families = 1
familia species
1.Sertellidae Sertclla sp.

V.ECHINODERMATA 3. druZin = 2
Number of families = 2

familia specics
1. Fibulariidac Echinocyamus pusillus
2. Amphiuridac

Tanatocenoza z opazovalne postaje SJ 103 vsebuje 28 druzin moluskov (tabela 7);
v najveéji meri so zastopane $koljke iz druzin Corbulidae, ki predstavljajo 29 % vseh
moluskov. Z veé¢ kot 10% sta zastopani tudi druZini Turritellidae in Cardiidae.
Echinodermi so zastopani z dvema druzinama (tabeli 8 in 9). Neregularne morske
jezke predstavlja vrsta Echinocyamus pusillus, katere korone so zelo dobro ohra-
njene. Poleg tega se pojavljajo tudi Stevilne bodice iregularnih in regularnih morskih
jezkov, ki pa so na Zalost nedoloéljive. V vzorcu so tudi stevilni ¢lenki kaéjerepov iz
druzine Amphiuridae. Od stevilnih morskih rakov, ki naseljujejo to obmodje, se
ohranjajo le redki nedoloéljivi deli kles¢. Serpulidae in Spirorbinae se ohranjajo
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Tabela 9. Stevilo druzin in taksonomska pe-
strost (t) za posamezne skupine makrofavne
z opazovalne postaje SJ 103 (tanatocenoza)

Table 9. Number of families and taxonomic
diversity (t) of each group of macrofauna
from the observation station SJ 103 (thanat-

ocoenosis)

deblo §t. druZin t
Phyllum No. of families
Rhizopoda 3 0.08
Mollusca 28 0.76
Annelida 2 0.05
Crustacea 1 0.03
Tentaculata 1 0.03
Echinodermata 2 0.05

pritrjene na zunanjo ali notranjo stran veéjih Skolj¢nih lupin in polzjih hisic.
Nekatere pa so tudi odlus¢ene v sedimentu.

Tanatocenoza z opazovalne postaje SJ 107 je najbogatejsa tako po Stevilu osebkov
kot po Stevilu druzin (tabele 10, 11 in 12). Vsebuje 41 druzin moluskov (tabela 10),
med katerimi prevladuje druzina Cardiidae, to je 23 % vseh osebkov med moluski.
Z vec kot 10 % je zastopana samo $e druzina Corbulidae z eno samo vrsto — Corbula
gibba. V sedimentu se pojavlja tudi drobir rdec¢ih alg. Njegova masa znasa 30 g, kar je
7.2 % vsega skeletnega detritusa.

Tanatocenoza z opazovalne postaje SJ 108 je najskromnej$a tako po koliéini
skeletnih ostankov kot po Stevilu druzin (tabele 13, 14 in 15). Vsebuje 20 druzin
moluskov (tabela 13), med katerimi moé¢no prevladuje s 40 % druzina Turritellidae.
Vec kot 10 % predstavlja Se druzina Corbulidae. V sedimentu s te opazovalne postaje
se pojavljajo tudi aglutinirani rovi anelidov vrste Maldane glebifex. Ta zlepi terigene
in manjSe detritiéne delce v od 4 do 9cm dolg in od 1 do 3cm debel valjast rov.
V prerezu rova je lepo vidna koncentri¢na tekstura z od 1 do 2 mm $irokim prostorom
v sredini. Vendar je mozZnost za ohranitev teh oblik zelo majhna, saj znasa razmerje
med naseljenimi in praznimi rovi 9 : 1.

Vsi skeletni ostanki so bili stehtani po frakcijah (tab. 16). Najve¢ skeletnih
ostankov je vseboval sediment na opazovalni postaji SJ 107, in sicer 417 g na 10 litrov
sedimenta. Prav tako so bili stehtani tudi vsi nedoloéljivi fragmenti po posameznih
frakcijah (tab. 16).

Delez doloéljivih fragmentov pada na vseh treh opazovalnih postajah z manjsa-
njem frakcije (sl. 4). To tendenco lahko pojasnimo s preprostim dejstvom, da skeletni
ostanki pri razpadu prehajajo v manjse frakcije in se kopié¢ijo kot skeletni drobir.
Najbolje so ohranjeni skeletni ostanki na opazovalni postaji SJ 108, saj znasa masa
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Tabela 10. Gostota (g) in frekvenca (f) za moluske
z opazovalne postaje SJ 108 (tanatocenoza)

Table 10. Density (g) and frequency (f) of mollusks
from the observation station SJ 108 (thanatocoenosis)

druZina (familia) - vrsta (species) g f

1. Turritellidae 270 0.40
Turritella sp.

2. Melancllidac 0.6 0.01
Leiosrarca subulata

3. Epitoniidae + +
Epitonium tenuicostaia

4. Calyptraeidae 04 0.01
Calyptraca chinensis

5. Naticidae + +
Natica sp.

6. Nassariidae 1.0 0.01
Nassarius cuvieri

7. Philinidae 1.8 0.03
Philine aperta

8. Nuculidae 45 0.07
Nuculidae gen.spec.

9. Pectinidae 28 0.04
Pectinidae gen.spec.

10.Anomiidac + +
Amonia sp.

11. Thyasiridae + +
Thyasira flequosa

12. Lucinidae + +
Myrica spinifera

13.Cardiidae 26 0.04
Cardiidae gen. spec.

14.Veneriidae 0.5 0.01
Chione ovata

15.Tellinidae 2.0 0.03
Tellina pulchella

16.Semelidae 48 0.07
Abra sp.

17.Solecurtidae + +
Azuninus chamasolen
Cultrensis adriaticus

18. Hiatelidae 2.7 0.04
Hiatela arctica
Saxicavella plicata

19.Corbulidae 134 0.20
Corbula gibba

20.Thracidae + +
Thracia pubescens

doloéljivih skeletnih ostankov 72 % vseh skeletnih ostankov. Bistveno manjsi delez
zavzemajo doloéljivi skeletni ostanki na drugih dveh opazovalnih postajah. Na
opazovalni postaji SJ 103 znasa ta delez 38 % in na opazovalni postaji SJ 107 36 % (sl.
5). Ko te podatke povezemo s podatki iz analize zrnavosti (sl. 3), vidimo, da je
ohranitev veliko boljia v sedimentu z visokim deleZzem muljaste frakcije. UpoStevajoé
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Tabela 11. Seznam druZin (razen moluskov) za tanato-
cenozo z opazovalne postaje SJ 108

Table 11. List of families (except mollusks) of thanato-
coenosis from the observation station SJ 108

LRHIZOPODA . druZin = 3
Number of families = 3
tamilia species
1.Elphidiidae Elphidium crispum
2.Rotaliidae Armimnonia sp.
3.Spirolocunidae Adalosina sp.
Spiroloculina dilatata
ILANNELIDA 1. druZin = 2
Number of familics = 2
familia species
1.Serpulinidae Pomatoceros trigqueter
Serpula vermicularis
2. Maldanidae Maldane glebifex
HLECHINODERMATA it druZin = 1
Number of families = 1
familia species
Amphiuridac /

Tabela 12. Stevilo druzin in taksonomska
pestrost (t) za posamezne skupine makro-
favne z opazovalne postaje SJ 108 (tanatoce-

noza)

Table 12. Number of families and taxonomic
diversity (t) of each group of macrofauna
from the observation station SJ 108 (thanat-

0COenosis)
deblo 1. druZin t
Phyllum No. of families
Rhizopoda 3 0.11
Mollusca 20 0.77
Annelida 2 0.08
Echinodermata 1 0.04
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- o = =

masa (g) / mass (g)

SJor

1 -frakcija vedja od 6.3 mm
,,,,,,, a [raction coarser then 6.3 mm
q 2 -frakcija med 6.3 in 2.0 mm
a fraction between 6.3 and 2.0 mm
3 -frakcija med 2.0 in 1.0 mm
a fraction between 2.0 and 1.0 mm

masa (g) / mass (g)

masa dolotljivih skeletov
mass of determinable skeletal particles

1 masa nedolodljivih skeletnih ostankov
mass of not determinable skeletal particles
Sl. 4. Masa skeletnih fragmentnih ostankov po frakcijah
Fig. 4. Mass of skeletal particles in fractions
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Sl. 5. Masa skeletnih ostankov v 20 litrih sedimenta
Fig. 5. Mass of skeletal particles in 201 of sediment
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Tabela 13. Gostota (g) in frekvenca (f) za moluske
z opazovalne postaje SJ 107 (tanatocenoza)

Table 13. Density (g) and frequency (f) of mollusks
from the observation station SJ 107 (thanatocoenosis)

druZina (familia) - vrsta (species) g f

1. Fissurcllidae + +
Fissurellidae gen.spec.

2. Turnitellidae 326 0.05
Turritella sp.

3. Centhiidac 320 0.05
Cerithium sp.

4. Cirithiopsidae 144 0.02

irithiopsidae gen.spec.

5. Epitonidac 9.6 0.02
Epitonium tenuicostata

6. Melanellidae 32 0.01
Leiostraca glaber

7. Calyptracidae 85 0.01
Calyptra chinensis

8. Naticidae 74 0.01
Lunatia sp.

9. Pyrenidae 84 0.01
Miwella minor

10. Pirammidellidae 19.6 0.03
Odostodonia conoidea
Turbonilla laciata

11. Nassariidae 6.0 0.01
Hinia incrasata

12. Fasciolariidac + +
Fusinus sp.

13. Marginellidae + +
Gibberulina clandesiina

14. Turridae 21.2 0.04
Cythara sp.

15. Scaphandridae 5.2 0.01
Scaphandridac gen.spec.

16. Philinidac 32 0.01
Philine aperta

17. Aporchaidae + +
Aporchais pespelecani

I8. Dentalidae 14.6 0.02
Dentalium sp.

19. Nuculidae 438 0.07
Nuculidae genspec.

20. Arcidae 42 0.01
Arca tetragona

21. Mytilidae B2 0.01
Musculus mannoratus

22. Pinnidae . B
Pinna pectinata

23. Pectinidac 16.5 0.03
Pectinidae genspec.

24. Limidac et + +
Lima hians

25. Anomiidae 158 0.03

Anomia sp.
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druZina (familia) - vrsta (species) g f

26. Ungulinidae b7 0.01
Diplodona brochii

27. Thyasiridae 45 0.01
Thyasira flevuosa

28, Lucinidae 34 0.01
Myrtea spinifera
Laripinus fragilis

29. Montacutidae 6.8 0.01
Mysella bidentata

30. Cardiidae 138.9 0.23
Cardiidac gen.spec.

31. Veneridae 333 0.06
Veneridae gen.spec.

32. Petriculidae 31 0.01
Mysia undara

33. Sanguinelariidac 6.3 0.01
Gari fervensis

34. Tellinidae 11.9 0.02
Tellinidac gen.spec.

35. Semelidae 74 0.01
Abra sp.

36. Solecurtidae + +
Solecurtidae gen.spec.

37. Hiatellidae 88 0.01
Hiatella arctica

38. Corbulidae 86.0 0.14
Corbula gibba

39. Lyonsiidae 2 +
Lyonsia norvegica

40. Thracidae 49 0.01
Thracia sp.

41. Cuspidariidac b e
Cuspidaria cuspidata

dejstvo, da se muljasti sedimenti vsedajo pri niZji energiji okolja kot peséeni, je tudi
ta podatek povsem razumljiv. Vendar moramo biti pri taki interpretaciji previdni, saj
velikost delcev sedimenta ni odvisna samo od energije sedimentacijskega okolja,
temveé tudi od razpolozljivega materiala. Podro¢je opazovalne postaje SJ 108 je pod
najveéjim vplivom reke Pad, ki prinasa ogromne koli¢ine terigenega materiala.
Terigeni material predstavlja na teh opazovalnih postajah v glavnem meljasto frak-
cijo, medtem ko predstavljajo detritiéni delci' pes¢eno in prodnato frakcijo. Poleg
tega je verjetno nastal velik delez fragmentov kot posledica predacije. Skelete
moluskov drobijo na primer morske zvezde in jeZki.

Na opazovalni postaji SJ 108 je hitrost sedimentacije po razpolozljivih podatkih
trikrat veéja kot na preostalih dveh. To pomeni, da muljast material »razredé¢i«
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Tabela 14. Seznam druzin po deblih (razen moluskov)
za tanatocenozo opazovalne postaje SJ 107

Table 14. List of families (except mollusks) of thanato-
coenosis from the observation station SJ 107

L.Rhizopoda St.druin
Number of families
familia species
1.Elphidiidae Elphidium crispum
2.Spiroloculinidae Adelosina sp.
3.Rotaliidac Ammonia sp.
ILANNELIDA St.druzin = 2
Number of families = 2
familia species
1.Serpulinidae Serpula vemicularis
Spirorbis pagenstecheri
HLTENTACULATA StdruZin = 2
Number of families = 2
familia species
1.Sertellidae Sertela sp.
2.Scrupocellariidae Scrupocellaria reprans

IV.ECHINODERMATA StdruZin = 2
Number of families = 2

familia species
LFibulariidac Echinociamus pussilus
2. Amphiuridac

detriti¢ne delce, kar se kaze v nizji vsebnosti skeletnih ostankov na volumsko enoto.
To potrjujejo tudi podatki o abundanci bentonskih organizmov na tej postaji. Iz tega
lahko sklepamo, da ohranjenost skeletnih ostankov dolo¢ata dva dejavnika: energija
okolja in hitrost sedimentacije.

Na vseh opazovalnih postajah so na polzjih hisicah in $koljénih lupinah vidni
sledovi oziroma znaki predacije v obliki ve¢jih ali manjsih luknjic (tabela 17). Teh
sledov je najveé na opazovalni postaji SJ 103, kjer je navrtanih 20 % vseh moluskov.
Na opazovalni postaji SJ 107 je navrtanih 10 % moluskov in na opazovalni postaji SJ
108 6%. Zanimivo je tudi, da je druzina Nuculidae, ki je na vseh opazovalnih
postajah med Stevilénej$imi druzinami, na dveh opazovalnih postajah v veliki meri
zrtev predacije z vidnimi sledovi, medtem ko na tretji opazovalni postaji na osebkih
te druzine ni vidnih nikakrsnih znakov predacije. Tako lahko sklepamo, da obstaja
visoka specializacija predatorjev. Za Skoljke smo sklepali, da predstavlja ena navr-
tana lupina hkrati Ze en navrtani osebek.

Predatorje, ki so zapustili vidne sledove predacije le tezko dolo¢imo, saj le malo
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Tabela 15. Stevilo druzin in taksonomska pestrost (t)
za posamezne skupine makrofavne z opazovalne po-
staje SJ 107 (tanatocenoza)

Table 15. Number of families and taxonomic diversity
(t) of each group of macrofauna from the observation
station SJ 107 (thanatocoenosis)

deblo St. druZin 1
Phyllum No. of families
Rhizopoda 3 0.06
Mollusca 4 0.82
Annclida 2 0.04
Tentaculata 2 0.04
Echinodermata 2 0.04

Tabela 16. Masa fragmentnih ostankov po frakcijah
Table 16. Mass of skeletal particles in fractions

vzorec  frakcija volumen v litrih
Sample  Fraction m, m, Volume in litres
1 105 20
SJ103 2 128 74
3 151 143
r sl1o3 384 237 20
1 122 27
SJ107 2 135 96
3 160 144
X s1107 417 267 10
1 85 2
Sris 2 30 18
3 17 16
£ SIis 132 36 20

m, = masa vsch skeletnih ostankov
mass of all skeletal particles

m, = masa nedolodljivih skeletnih ostankov
mass of nol determinable skeletal particles
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Tabela 17. Znaki predacije v odstotkih

Table 17. Evidence of predation in percen-
tage

druZina / familia SJ103  SJ107

@
%

Turritellidae
Corbulidae
Cardiidac
Nuculidae
Tellinidae
Pectinidae
Turridae
Naticidae
Nassaridae
Fasciolaridae
Hiatelidae
Veneridae
Cerithidae
Mytilidae
Cerithiopsidae

b4
=8
5 ee

+++++++++++528
+++++++ BN
e e e e e e e e )

Tabela 18. Primerjava gostote druzin (g) predatorjev
z delezem navrtanih osebkov v odstotkih (f

Table 18. The comparison between predator families
density (g) and percentage of bored prey shells (f)

SJ 103 SJ 107 SJ 108
familia g f g f g f
Naticidae L + 4

Nassariidae 45| 20 6.0 10 1.0 6

Fasciolariidae 1.5 . /

literature obravnava to problematiko. Za veliko vrst pa je naéin Zivljenja povsem
neznan. Predatorji, ki nosijo odgovornost za nastanek lukenj v skeletih na teh
opazovalnih postajah, so prav gotovo polzi iz druzin Naticidae, Nasariidae in Fasci-
olariidae. Vendar pa je to verjetno le nepopoln seznam »vrtalcev«. Kljub vsemu pa
kazZejo podatki o gostoti druZin na teh opazovalnih postajah presenetljivo podobnost
s podatki o delezih navrtanih skeletov (tabela 18).

Dejstvo, da na opazovalni postaji SJ 108 ni navrtanih lupinic Skoljk iz druzine
Nuculidae in ne predatorjev iz druzine Fasciolariidae, namiguje na moznost speciali-
ziranega predatorstva. Vendar na podlagi teh nekaj skopih podatkov tega $e nikakor
ne moremo povzeti.

Ko govorimo o predaciji, nikakor ne smemo mimo dejstva, da ve¢ina predatorjev
ne zapusti nedvoumno razpoznavnih sledov. Predaciji gre pripisati tudi velik del
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zdrobljenega skeletnega materiala. Vendar predatorjev nikakor ne moremo dokazati
brez neposrednega opazovanja, saj skeleti ne kaZejo nikakrsnih znakov oziroma
sledov, ki bi jih lahko imeli za sled kateregakoli plenilca. Zdrobljen skeletni detritus
lahko prav tako pripisemo fizikalnim vplivom okolja.

Primerjava biocenoze s tanatocenozo na opazovalnih postajah

Geologe in paleontologe najbolj zanima, v kolikéni meri tanatocenoza odraza
biocenozo. Seveda ne more obstajati neko splo$no pravilo, paé pa je to odvisno
predvsem od fizikalnih in bioloSkih razmer v okolju.

Najprej moramo ugotoviti, da raziskava tanatocenoze na nivoju makro skeletnih
ostankov nikakor ne more dati popolne slike biocenoze, ki je oblikovala to tanatoce-

BIOCENOZA / BIOCOENOSIS

Tentaculata (2.3%) Cnidaria (3.4%)
Mollusca (18.4%)

Varia (3.4%)

Crustacea (10.3%) B lida (88.4%)
nneliaa ®

Echinodermata (5.7%)

TANATOCENOZA / THANATOCOENOSIS

Rhizopoda (8.0%)
Echinodermata (5.0%)

Tentaculata (3.0%)
Crustacea (3.0%)

Annelida (5.0%)

Mollusca (76.0%)

Sl. 6. Primerjava taksonomske pestrosti med biocenozo in tanatocenozo za opazovalno postajo
SJ 103
Opomba: V biocenozi rhizopoda niso raziskani in zato njihov delez ni naveden

Fig. 6. Comparison of taxonomic diversity between biocoenosis and thanatocoenosis from
observation station SJ 103
Note: Rhizopoda in biocoenosis were not studied
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BIOCENOZA / BIOCOENOSIS

Echinodermata (4.9%)

Mollusca (16.68%)

Varia (5.6%)
Crustacea (4.9%)

Annelida (67.8%)

TANATOCENOZA /| THANATOCOENOSIS

Annelida (8.0%)
Echinodermata (4.0%)

Rhizopoda (11.0%)

Mollusca (77.0%)

Sl. 7. Primerjava taksonomske pestrosti med biocenozo in tanatocenozo za opazovalno postajo
SJ 108
Opomba: V biocenozi rhizopoda niso raziskani in zato njihov delez ni naveden

Fig. 7. Comparison of taxonomic diversity between biocoenosis and thanatocoenosis from
observation station SJ 108
Note: Rhizopoda in biocoenosis were not studied

nozo. Do tega ne more priti niti v idealnih razmerah, ko imamo opraviti s tipi¢no »in
situ« zdruzbo, kajti nekateri makro organizmi postmortalno razpadejo in njihove
ostanke najdemo v mikroskopskih frakeijah, drugi pa so odstranjeni v druga okolja
in se tam akumulirajo.

V vseh opisanih bentonskih zdruzbah prevladujejo po taksonomski pestrosti
anelidi, ki predstavljajo od 39 do 56 % vseh taksonomskih enot. Ker pa so slednji
v glavnem brez trdnih delov, njihov delez v tanatocenozi pade na vsega 4 do 8%.
Vzporedno s tem pa se v tanatocenozah dvigne deleZ moluskov z 18 oz. 28 % na celih
76 oz. 79 %, medtem ko nekatere taksonomske skupine povsem izginejo (Cnidaria in
Tunicata) (sl. 5, 6 in 7).

Na vseh opazovalnih postajah se med moluski v tanatocenozah zmanjsa delez
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BIOCENOZA |/ BIOCOENOSIS

Echinodermata (9.0%) - Tentaculata (2.0%)
Rhodophyta (2.0%)

Varia (10.0%)

Annelida (39.0%)

Mollusca (28.0%)

“Crustacea (10.0%)

TANATOCENOZA /| THANATOCOENOSIS
Rhizopoda (5 8%) Rhodophyta (1.9%)

Tentaculata (58%) ;
Echinodermata (3.8%)
Annelida (3.8%)

Mollusca (78.8%)

Sl 8. Primerjava taksonomske pestrosti med biocenozo in tanatocenozo za opazovalno postajo
SJ 107
Opomba: V biocenozi rhizopoda niso raziskani in zato njihov deleZ ni naveden

Fig. 8. Comparison of taxonomic diversity between biocoenosis and thanatocoenosis from
observation station SJ 107
Note: Rhizopoda in biocoenosis were not studied

$koljk na ra¢un polzev. To zmanjSanje znasa na opazovalni postaji SJ 108 15%, na
opazovalni postaji SJ 103 14 % in na opazovalni postaji SJ 107 6 %.

Primerjava med biocenozo in tanatocenozo je bila narejena samo za moluske, saj
se samo ti skoraj povsem ohranijo. Za prikaz podobnosti med obema skupinama smo
uporablili similaritetni indeks po Sandersu (IS). Tega dobimo tako, da v obeh
skupinah izra¢unamo za vsako vrsto njen delez in nato Se skupne deleze, ki jih
seStejemo in dobimo podobnost v odstotkih. Za opazovalno postajo SJ 107 tega
indeksa ni bilo mogoée izra¢unati zaradi odsotnosti podatkov o abundanci. Podobno-
sti na preostalih dveh opazovalnih postajah so na prvi pogled presenetljivo majhne.
Za opazovalno postajo SJ 103 je IS 34 % in za opazovalno postajo SJ 108 39 %. Da je
bilo moZzno napraviti tudi primerjavo za opazovalno postajo SJ 107, smo izraéunali
tudi Sandersov koeficient podobnosti (QS), ki temelji zgolj na kvalitativni sestavi
zdruzbe. Seveda je tudi tukaj namesto vrste uporabljena druZina:
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QS = —_+ 100

a+b
a = Stevilo druzin v prvi skupini
b = Stevilo druzin v drugi skupini
¢ = §tevilo druzin, skupnih obema

Koeficient podobnosti ima nekaj neovrgljivih slabosti (Péres, 1982, 50); na
primer vrsta, ki se samo sporadi¢no pojavlja, ima enak vpliv na QS kot zelo steviléna
vrsta. Koeficient podobnosti (QS) med biocenozo in tanatocenozo znasa na opazo-
valni postaji SJ 103 59 %, na opazovalni postaji SJ 107 82 % in na opazovalni postaji
SJ 108 80 %.

Tabela 19, Vrednosti indeksa raznoli-
kosti (d) med biocenozo in tanatoce-
nozo

Table 19. Values of dissimilarity in-
dex (d) between biocoenosis and tha-

natocoenosis
postaja biocenoza  tanatocenoza
station biocoenosis  thanatocoenosis
SJ 103 79 119
S1 107 / 148
SJ 108 6.6 120

Vidimo, da so koeficienti podobnosti bistveno visji kot similaritetni indeksi,
vendar tudi ti kazejo ve¢jo podobnost med obema skupinama na opazovalni postaji
SJ 108 kot na SJ 103. Da bi Se nekoliko osvetlili razliko med tanatocenozo in
biocenozo, smo za vse postaje izra¢unali indeks raznolikosti (d) (tab. 19), ki je
nekoliko prirejen, tako da se ne nanasa ve¢ na vrste, temve¢ na druzine:

P -
log;oN

S = §t. druZin
N = §t. osebkov oz. abundanca

Indeksa raznolikosti v tem primeru ne moremo uporabljati kot absolutno merilo,
saj se v prvem primeru nanasajo podatki na enoto povriine, v drugem pa na enoto
volumna. Lahko pa ga uporabljamo za primerjavo med skupinami oz. opazovalnimi
postajami. Vidimo, da se je raznolikost tanatocenoze spremenila v veéji meri na
opazovalni postaji SJ 108 kot na SJ 103, kar se ujema z rezultati IS in QS.

Glavno vprasanje, ki se sedaj ponuja, je, od kod izvirajo te napake in kaj
pomenijo. Najprej bi razlika lahko izvirala iz razliénega nacina vzoréenja oz. iz
razli¢éne koli¢ine pregledanega materiala. V vseh opazovalnih postajah je v tanatoce-
nozi dolofeno veéje Stevilo taksonomskih enot, kot so jih zabelezili za biocenozo
(seveda ne smemo pozabiti, da gre za moluske). Liter sedimenta vsebuje tudi do 600
osebkov, medtem ko je v njem komaj kaksen Ziv. Torej bi lahko napaka nastala zaradi
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tega, ker pri raziskavah bentosa niso zajeli vseh organizmov. Vendar bi v tem
primeru morala biti napaka enaka za vse opazovalne postaje.

Razlika bi lahko nastala zaradi lateralnega transporta sedimenta in skeletnih
ostankov. Vendar moramo tudi o tem izraziti dvom, saj gre za okolje z nizko energijo,
kar nam poleg sedimenta kaze tudi nizka stopnja obrabljenosti skeletov. Poleg tega
gre za izredno izravnano obmocje, tako da ne pridejo v postev plazovi in zdrsi po
poboéjih. Ce bi bil lateralni transpot moéan, bi morale biti najveéje razlike med
drobnimi in lahkimi organizmi, ki jih voda najlaze prenasa. Vendar taksnega poveca-
nja ne opazimo.

Razlike prav tako ne moremo pojasniti z ve¢jo stopnjo ohranjenosti moluskov
z masivnejSimi skeleti, saj ni nikakrine znaéilne razlike v pove¢anju deleza slednjih.
Vendar to §e ne pomeni, da se tankolupinski moluski enako dobro ohranjajo kot
masivni. Samo na podlagi teh rezultatov tega ne moremo trditi.

Najvecja verjetnost za nastanek razlik je v postopnem spreminjanju ekoloskih
razmer, ki jim je prav tako sledila sprememba v kvalitativni in kvantitativni sestavi
zdruzbe. Prevlada enega ekoloskega dejavnika lahko povzroéi bohoten razvoj ene
vrste, ki sprozi Se nadaljnje spremembe v sestavi zdruzbe (Péreés, 1972, 30). Glede na
hitrost sedimentacije lahko izraéunamo starost raziskovanih sedimentov na opazo-
valni postaji SJ 108 na priblizno 600 let, na preostalih dveh postajah, kjer je
sedimentacija pocasnej$a, pa na okoli 1000 let. To se nam zdi na vsak nacin dovolj
dolgo obdobje za nastanek tako velikih razlik. V skladu s tem kaZe najmanjsi
sediment iz opazovalne postaje SJ 108 najmanjse razlike.

Sklep

Raziskava je v skladu s pri¢akovanji pokazala, da se v sedimentu kopié¢ijo masivni
ter eno- in dvodelni skeleti moluskov. Sestavljeni skeleti razpadajo na posamezne
¢lenke, kar jim zmanj$uje moznost ohranitve. Presenetljivo slabo se ohranjajo hitina-
sti skeleti morskih rakov, od katerih se kljub velikemu stevilu Zivih na tem podro¢ju
ohrani v sedimentu le nekaj ostankov kles¢. Korone ve¢ine morskih jezkov razpadejo
na posamezne ambulakralne ploi¢ice; edino izjemo predstavlja priblizno centimeter
velika vrsta Echinocyamus pusillus.

Ohranjenost skeletov je tem boljsa, ¢éim bolj drobnozrnat je sediment, ki obdaja
skelete. Ohranjenost skeletov na obravnavanih opazovalnih postajah je funkcija
hitrosti sedimentacije in energije okolja.

Med biocenozo in tanatocenozo na raziskovanem podroéju je presenetljivo
majhna podobnost. Razlike lahko i§¢emo na veéjih podroéjih, vendar ima pri tem
najvedji vpliv sprememba ekoloskih razmer. Pri vseh evidentiranih spremenljivkah
imajo ¢asovne spremembe ekoloskih razmer na raziskovanem obmoéju najvedji
pomen.

Pri raziskavah podobnih tanatocenoz iz geoloske preteklosti ne bi opazili teh
razlik, kajti aktivna bioturbacija popolnoma uni¢i vsakrsno plastovitost in lamina-
cijo. Tako nastane fosilna zdruzba, ki je homogena v ve¢ji debelini sedimenta, éeprav
vsi organizmi niso Ziveli isto¢asno.

V tej raziskavi nikakor ni bilo odgovorjeno na vsa zastavljena vprasanja. V nada-
ljevanju bi morali raziskave e nekoliko razsiriti, in to tako v kvantitativnem kot
v kvalitativnem smislu. Predvsem bi morali raziskati Se veéje Stevilo vzorcev iz
podobnih okolij, s éemer bi lahko loéili posamezne parametre, ki so v najveéji meri
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odgovorni za kvalitativno in kvantitativno sestavo zdruzbe. V raziskave bi morali
vkljuéiti neposredna opazovanja, ki bi nam dala Zelene podatke o nadinu Zivljenja
posameznih organizmov v nekem okolju. Prav tako bi Sele takrat lahko preucevali
odnose med posameznimi vrstami v biocenozi. S tem pa nam bi bila dana moznost
rekonstrukcije prehranjevalne verige v tanatocenozi. V obzir bi morali vzeti tudi vse
mikro organizme, predvsem zato, da bi lahko ugotovili, kateri dejavnik v najvecji
meri vpliva na ohranitev skeletnih ostankov. Morali bi neposredno meriti vodne
tokove v normalnih in nevihtnih razmerah. Prav tako bi bilo koristno vkljuéiti
laboratorijske poskuse, kjer bi lahko spreminjali razmere, predvsem energijo okolja
in zrnavost substrata.

Se vedno obstaja nereSen problem znatne razlike med tanatocenozo in biocenozo
nekega okolja. Tudi v tem primeru bi bili koristni podatki neposrednega opazovanja
in merjenja vodnih tokov pri dnu ter laboratorijskih poskusov o ohranjanju posamez-
nih organizmov. Sele ko bi zanesljivo vedeli, v kakini meri se ohranjajo organizmi in
kaksen je lateralni transport, bi lahko ugotovili, kolik$ne razlike med biocenozo in
tanatocenozo so nastale zaradi neprestanega dinami¢nega razvoja biocenoze.

Comparison of Biocoenosis with Thanatocoenosis from Adriatic, between
the peninsula Istria and the river Po

Introduction

In this paper, the comparison of biocoenosis with thanatocoenosis at three marine
observation stations (Fig. 1.) is presented. The main question to answer was: »How
much information on biocoenosis is preserved in thanatocoenosis?«. To answer this
question, the detailed study of biocoenosis, thanatocoenosis and environment was
made. The Center for Marine Research »Ruder Boskovié¢« from Rovinj has investigated
the benthic communities and the physical and chemical characteristics of environ-
ment in different seasons. Changes of salinity, aeration and temperature were
measured.

The northern Adriatic represents a very flattened shallow shelf see between 25
and 50m deep. The stations SJ 103 and SJ 108 are located just offshore from the
mouth of river Po in the area occupied by Vatt’s zoocoenosis Turritella (Zavodnik
& Vidakovié, 1987). Station SJ 107 lies about 20 Nm from the coast in the area
occupied partly by zoocoenosis Lima hians and Tellina. Patch distribution is signific-
ant for that area. Depth at the first two stations is 31 and 33m, while at the third
37m.

Both areas are characterized by seasonal fluctuations of temperature, salinity and
dissolved oxygen (Figs. 2a and 2b). Near the bottom the alternations of salinity are
minor while the alternations of oxygen level are far greater. Especially problematic
can be anoxic conditions which were observed several times. The investigated area is
one of the most productive in the Mediterranean (Puskarevié¢ & Berger, 1990).
This is mostly due to the very high nutrient supply impact by the river Po.

The river Po has also the main influence on sedimentation of the examined area.
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Senes (1988 a) reported that the annual input of terrigenous material is as high as
10%t. The rate of sedimentation was studied on the base of 2*Pb by Puskarevié and
Berger (1990). At the station SJ 108 they estimated 0.35mmy-!, and at station SJ
103, 0.11 mmy-'.

The sediment at the stations SJ 103 and SJ 107 is silty sand, while at the station SJ
108 clayey.silt (Fig. 3.).

Methodology

Rersearches of benthos in observation stations were done by Centre for Marine
Research »Ruder BoSkovié« from Rovinj. Results of the researches in the observation
stations SJ 103 and SJ 108 were published by Zavodnik and Vidakovié (1987),
while those in the observational station SJ 107 haven't been published yet. Resear-
ches in the first two stations were done during bimonthly intervals from November
1982 to October 1983, so that at each station investigations were performed six times.
Researches for basic oceanographic, sedimental and bacteriological parameters were
done according to standard methods of sampling and analysis. Samples were taken
with the van Veen 0.1 m? grab. For the marcobenthos research, 0.5m? of sediment was
used every time. Results were published to make it possible to compare them with
similar researches recalculated per surface unit. There are no available data on
abundance for observation station SJ 107.

There are several available parameters that can be used for quantitative marking
of communities. Some of them refer to biomass data and others to a number of
subjects within a taxonomic unit. In this revise, only the latter parameters are
represented because the former are of no importance for comparison with
thanatocoenosis. Vat mentions (Peres & Brida, 1973) several coefficients for
calculating the quantitative relationship in a community. Species density refers to the
average number of specimens per m® of the sea bottom surface. The number of
specimens of one species in the total number of specimens is called species frequency.
We can also use this term to express the relationship within a certain taxonomic
group.

When used for the purpose of comparing biocoenosis with thanatocoenosis, the
coefficients were somewhat changed. The basic taxonomic unit is expressed by
family instead of species. Density (d) and frequency are calculated only for the
taxonomic group of mollusks. Reasons for such procedures will be explained later,
For all other taxonomic groups at the level of phylum only taxonomic diversity was
calculated. It presents a relationship between the number of species of one phylum
and the number of all species. Data about constituents of a biocoenosis from the
observational stations are shown in tables 1 to 6.

Samples for thanatocoenosis research were taken in the way explained above
with the exception that they were taken only once, and in a smaller quantity. In the
observation station SJ 103 and SJ 108, 201 of material were taken, and at the
observation station SJ 107, 101. Simultaneously, in each observation station the
sample of sediment was taken with a corer from a plastic pipe whose inner diameter
was 5cm and length 25¢em.

The sediment was washed in a laboratory on sieves with openings 6.3, 2.0 and
1.0mm. To make marking easier in the rest of this paper, fractions are marked with
numbers as follows:
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1 =fraction coarser than 6.3mm
2 = fraction between 6.3mm and 2.0mm
3 = fraction between 2.0mm and 1.0mm

All fractions were dried on the temperature approximately 50°C until constant
weight was obtained. The fraction 1 and the fraction 2 for samples from observation
station SJ 108 were completely examined. Other fractions were quartered until the
desired quantity of material was reached.

For quantitative work, density was calculated as well as frequency and taxonomic
diversity. These three parameters refer to the family that represented the basic
taxonomic unity, for it was not always possible to determine lower taxonomic units.
It would be senseless to calculate the density per surface unit for thanatocoenosis,
and therefore the volume units are calculated.

N
" dm®
N = the number of specimens in a family
The frequency is calculated only for mollusks, as follows:

nond)
~ CelN
Cel.N = the number of all specimens

f

For all taxonomic units at the phylum level only taxonomic diversity (t) was
calculated, because it is impossible to determine the number of specimens in some
groups. Organisms that have skeletons with joints disintegrate postmortem into
numerous joints, and when there is a large number of similar joints, as for example
with starfish, it is not possible to determine the number of specimens whom those
joints belong to. The similar problem arises when dealing with colonial organisms
where every colony is considered one organism. After colonies are disintegrated, it is
impossible to reconstruct their number. Taxonomic diversity is calculated in the
following way:

g S
Cel.S

S = the number of famillies in phylum
Cel.S = the number of all families

For families whose portion is lower than 1%, density and frequency were not
calculated. It is only the presence that is marked with »+«,

There was a lot of juvenile subjects in the sample. In the same species, it is easy to
follow the gradual growth of specimens from juvenile to adult ones. The specimens of
Corbula gibba species appear in all sizes and ages, or, to be more precise, from
1.5mm to the size of completely adult individuals. This is also one of the main reasons
why there are no determined lower taxonomic units than family for the large group of
mollusks. We considered every shell half of a specimen, and in this way we avoided
the increase of their number in the comparison with the number of gastropods.
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The Description of Thanatocoenoses from Marine Observation Stations SJ 103, SJ
107 and SJ 108

In thanatocoenoses from all three observation stations, mollusks greatly prevail in
the number of specimens as well as in the number of families. Among mollusks in all
stations pelecypods prevail. They constitute 60% of all mollusks. Their portion is
largest in the station SJ 107. It makes 70 %, while their portion in the other two
stations is 65 %. Representatives of other phyla appear only sporadically, with one to
three families. It is only with foraminifers that is somewhat different, because they
appear in a larger number. But we have to take in consideration the fact that this
research dealt only with those which are larger than one millimeter. Because of all
facts mentioned here, mollusks were paid the greatest attention.

Thanatocoenosis from station SJ 103 contains 28 families of mollusks (tab. 7),
pelecypods from the family Corbulidae are the most represented and make 29 % of all
mollusks. With more than 10% are represented also the families Turritellidae and
Cardiidae. Echinoderms are represented by two families (tab. 8 and 9). Irregular sea
urchins are represented by species Echinocyamus pussilus whose coronas are
extremely good preserved. In addition, numerous spines of irregular and regular sea
urchins appear, but they are unfortunately indeterminable. The sample contains also
numerous joints of starfish. Those belong to the family Amphiuridae. Of numerous
sea crabs that are settled in the area, only rear indeterminable parts of pincers are
preserved. Serpulidae and Spirorbinae are preserved fastened to the outer and inner
side of larger shells, and some of them are also loose in sediment.

Thanatocoenosis from the station SJ 107 is richest in the number of specimens as
well as in the number of families (tab. 10, 11 and 12). It contains 41 families of
mollusks (tab. 10), among which the family Cardidae prevails, for they make 23 % of
all specimens among mollusks. With more than 10% the family Corbulidae is
represented. There are also fragments of red algae in the sediment. Their mass weighs
30g, 7.2% of all skeleton particles.

Thanatocoenosis from the station SJ 108 is the poorest in the quantity of skeletal
remains as in the number of families (tab. 13, 14 and 15). It contains 20 families of
mollusks (tab. 13) among which Turitellidae with 40 %, greatly prevail. There is more
than 10 % of Corbulidae. There are also agglutinated tubes of worm Maldane glebifex
in the sediment from that station. The animal attaches terrigenous and smaller
detrital particles and forms in that way cylindrical tubes 4 to 9 cm long and 1 to 3em
wide. In cross-section of tube, concentric texture is seen with 1 to 2 mm empty space
in the middle. Although the probability of preservation of these forms is extremely
small, it, at least, shows that the relationship between inhabited and empty trenches
is about 9 : 1.

All skeletal remains were weighed in fractions. Sediment in the station SJ 107
contained the most of skeletal remains attaining 417 g per 101 of sediment (Fig 3).
Indeterminable fragments were weighed separately. The portion of determinable
fragments decreases in all three stations as the fractions do (Fig. 4). This tendency
can be explained with the fact that skeletal remains, while decaying disintegrate into
smaller fractions. Skeletal remains in the station SJ 108 are best preserved and the
mass of determinable skeletal remains contains 72% of all skeletal remains. The
determinable skeletal remains in the other two stations have essentially smaller
portions. In the station SJ 103, that portion is 38% and in the station SJ 107, 36 %
(Fig. 5). When connecting these data with the data of grain size (Fig. 3), it can be seen
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that preservation is much better in the sediment with larger portion of mud. If we
take into consideration the fact that muddy sediments deposit when the energy of the
environment is lower, as well as the sandy ones do, this is completely understandable.
But, we have to be very cautious when using such an interpretation, because the size
of the particles of the sediment depends not only on the energy of sedimentary
environment, but also on available material. The area of the station SJ 108 is
influenced by the Po river that brings huge amounts of terrigenous material.
Terrigenous material consists in these stations mostly of silt, while the biodasts are of
sand and gravel sizes. Furthermore, the great portion of fragments appeared as the
result of predation. Skeletons of mollusks are crushed by, for example, starfishes and
sea urchins.

In the station SJ 108 the rate of sedimentation is according to available data three
times greater than in the other two stations. This actually means that muddy material
dilutes detrital particles, as it can be seen from lower contents of skeletal remains per
volume unit. This is confirmed also by data on abundance of benthic organisms in
this station. From this it can be concluded that preservation of skeletal remains is
determined by two factors: energy of environment and speed of sedimentation.

In all stations, tracks, that is sings of predation that have the form of bigger or
smaller holes (Tab. 17) are visible on shells. The largest quantity of these tracks is
located in the station SJ 103, where 20 % of all mollusks are bored. In the station SJ
107 10% of mollusks are bored, and in the station SJ 108, 6 %. It is also interesting
that Nuculidae, one of the most numerous families in all stations, are mostly prey
with visible tracks, while in the third station there is no visible sign of predation on
the specimens of that family. So, we can easily come to the conclusion that high
specialization of predation exists. As far as shells are concerned, one bored shell
represents one bored specimen.

Predators which left visible tracks of predation can be hardly determined,
because only few texts deal with that problem. The way of living of many species is
completely unknown. Predators which are responsible for the appearance of holes in
skeletons in those stations are obviously gastropods from the families Naticidae,
Nassariidae and Fasciolariidae. But, this list of predators is probably incomplete. In
spite of everything, data on family density in these stations shows surprising similar-
ity with data on portion of bored skeletons (Tab. 18).

The fact that, in the station SJ 108, there are no bored shells from family
Nuculidae, as well as predators from the family Fasciolariidae, indicates the possibil-
ity of specialized predation. But such conclusion can not be based on those few facts.

When talking about predation it must not be forgotten that the majority of
predators do not leave undoubtedly recognisable tracks. Often also much of crushed
skeletal materia could be considered result of predation. However, this cannot be
concluded without close observation. Crushed skeletal detritus can be easily the
result of physical processes in the environment.

The Comparison of Biocoenosis with Thanatocoenosis in Observation Stations

Geologists and paleontologists are most interested in the question on how much
information on biocoenosis is supplied by thanatocoenosis. Of course, there is no
general rule, but it basically depends on physical and biological conditions in the
environment.
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First we have to prove that the thanatocoenosis research at the level of macro
— skeletal remains can, by no means give us a complete picture of biocoenosis which
forms this thanatocoenosis. It can not be achieved in ideal conditions either, where
we have to deal with topical in situ community. Because some macroorganisms are
postmortem disintegrated, their remains can therefore be found in microscopic
fractions, while the others are removed to some other environments where they
accumulate.

In all described benthos communities worms prevail. They constitute 39 % to 56 %
of all taxonomic units. Because worms are mostly without solid parts, their portion in
thanatocoenosis decreases for only 4 % to 8 %. Simultaneously with that process, the
portion of mollusks in thanatocoenosis increases from 18 % to 28 % and from 76 %, to
79%. In the meantime, some taxonomic groups completely disappear (Cnidaria and
Tunicata) (Figs 6, 7 and 8).

In all stations, among mollusks, the portion of pelecypods decreases on the
account of snails. This decrease amounts in the station SJ 108 to 15 %, in the station
SJ 103 to 14%, and in the station SJ 107 to 6%.

The comparison of biocoenosis with thanatocoenosis was made only for mollusks,
because they are the only that are completely preserved. To show similarities
between these two groups, the Sanders similarity index (IS) was used. We get IS if we
calculate, in both groups, for each species, its portion, and than also common
portions, which we add. In this way we get similarity in percentage. It was not
possible to calculate this index in the station SJ 107 because there was no available
data on abundance. Similarities in the other two observation stations are surpris-
ingly small at the first sight. In the station SJ 103, IS is 34 % and in the station SJ 108
SI is 39%. To make the comparison with SJ 107 possible, we have also calculated
Sanders' coefficient of similarity (QS). This coefficient is based on the qualitative
contents of the group. Of course, we used again a family instead of species:

2¢ a = number of families in the first group
QS = —— b = number of families in the second group
a+b ¢ = number of families in both groups

The similarity coefficient has certain weaknesses (Péres, 1982). For example,
a species which appears only sporadically has the same influence on QS as an
extremely numerous species. The similarity coefficient (QS) between biocoenosis and
thanatocoenosis at the observation station SJ 103 is 59 %, at the observation station
SJ 107 82% and at the observation station SJ 108 80 %.

We can see that similarity coefficients are much higher than similarity indexes
are, though they also show greater similarity between both groups in the station SJ
108 than in the station SJ 103. To make difference between thanatocoenosis and
biocoenosis clearer, we have in all stations calculated the diversity index (d) (Tab.
19), which is adapted so that it refers to families and not to specimens:

S S = number of families
d= N = number of specimens
logio N (abundance)

The diversity index, in this case, cannot be used as an absolute measure, because,
in the first example, data refer to surface unit, and in the second one, they refer to
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volume unit. In any case, it can be used for the comparison between groups, that is,
between stations. It can be seen that the thanatocoenosis diversity changed more in
the station SJ 108 than in the station SJ 103, which corresponds to the results shown
by IS and QS.

The main question is where these differences come from, and what they mean.
First, the difference can be the result of the various ways of sampling, that is, of the
different quantity of examined material. In all stations a larger number of taxonomic
units is found in thanatocoenosis than it is in biocoenosis. (We must not forget that
we deal with mollusks!) One litre of sediment contains up to 600 specimens of which
hardly any is alive.

The differences could be the result of a different lateral transport of sediments
and skeletal remains. But it is also disputable because we deal here with the
environment that has low energy, which is shown not only by sediments, but also by
the facts that skeletons are not much worn out. Besides, the area is quite flat and
therefore slumps couldn't occur. In the case that there was a big lateral transporta-
tion, the greatest difference should exist among tiny and light organisms which can
be easily transported by water. But, there was no visible difference among them.

The difference can not be explained by a greater degree of preservation of
mollusks which have more massive skeleton either, because there is no important
difference in the portion increase of the latter. But, that doesn’t mean that tiny shell
mollusks are as good preserved as the massive ones are. Such an assumption can not
be based on this results.

It is most likely that these differences appeared during the gradual changing of
ecological conditions, which was followed by the change of qualitative and quantita-
tive contents of the group. Predominance of one ecological factor can cause rich
evolution of one species, which causes some other changes of the contents of the
group (Pérés, 1982). As far as the speed of sedimentation is concerned, we can easily
calculate the age of the examined sediments in the station SJ 108 at approximately
600 years, and in the other two stations, where sedimentation was slower, at 1000
years. It is, in any case, a period long enough for the appearance of such large
differences.

Conclusion

This research showed, as it was expected, that there are accumulations of massive,
one- and two-piece mollusks skeletons. Articulated skeletons disintegrate into single
joints, and this have lower possibility to be preserved.

There is a surprisingly small similarity between biocoenosis and thanatocoenosis
in the examined area. We can look for differences in larger areas, though the greatest
influence has the change in ecological conditions. Temporal changes of ecological
conditions in the examined area have the greatest importance for all of faunistic
changes.

Those differences couldn't be noted during the research of similar
thanatocoenoses from the geological past because active bioturbation completely
destroys every bedding and laminations. In this way, fossil community, which is
homogeneous in a greater thickness of sediment, is formed, even though all organisms
didn't live at the same time.

This research did not provide answers to all asked questions. To answer them,
more researches should be done. First, we should examine a greater number of
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samples taken from similar areas, and than we should use them to distinguish single
parameters which are mostly responsible for qualitative and quantitative contents of
the community. In this resarch we should use direct observations that would provide
the wanted data on the way of living of certain organisms in a certain area. Only then
we could study the relationships between single species in biocoenosis. Thus, we
would have the possibility to reconstruct the predator — pray relationship in
thanatocoenosis. We should take in consideration all micro organisms, first of all,
because we have to determine factors which have the strongest influence on the
preservation of skeletal remains. We should directly measure the water currents at
normal and at stormy weather. It would be also useful to include laboratory experi-
ments where we could change conditions, especially the environment energy and
granularity of the substrate.

Still, we did not answer the question on the origin of the difference between
thanatocoenosis and biocoenosis in a certain area. Data on preservation of certain
organisms, which we would get from direct observations and measurements of the
water currents on the bottom as well as from laboratory experiments, would be of
a great help also in this case. If we would only know better the degree of preservation
of organisms and the intensity of lateral transport, we could more easily estimate
what differences between biocoenosis and thanatocoenosis were caused by a dynamic
evolution of biocoenosis.
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