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Reconstruction of a Miocene kelp-associated 
macrobenthic ecosgstem 

ABSTRACT: OrdgWa« -eooloIlical strUltU4"e of a Miocene; macrobe.nltMc, mostly mol­
lu6k, assemblage of t.ychaw, southwe8.tern part of ithe Lublin Upland, Central Poland, 
is .restOll'ed. The paleoecoeystem lis recognized' for a ;!teJp bed, with browsing and 
epifaunal sUSpension feeding a.nioinSJs f«.ri:rl.ng two dominant subsystems. Loose 
I'bel1y substrate is recognized for the keystone ~ factor determining the eco­
logical -struetul"e. Paleoeoosystem reoons'bruction .is in terms of system analysis 
whdcQ aore proposed for a standard descriptive language for community paleoecology. 

INTRODUCTION 

The aim of this oommuni1y-oriented rpaleoeoological study is to restore 
_ the originall ecological str,uCture of a macrobenthic, -mostly mollusk asse­
mblage OCCU1'rIDg at t.ycil6w, -Sfoo'thwestern :part of the LubUn Upland, 
Central Poland; in fBcl, tthe Miocene aediments exposed at that locality 
are-well mown tooomprise 81!! abundant, exce1lentlypreserved, and 
highly diverse fauna (K'l'ach 1962, Bielecika 1967, Jakubowski: 1972, Rad­
wailski 1977). To this end, however, tQ find out an adequarte descriptive 
lang~e ~ppears as a necessarY prerequisite, since after the initial icipe­
tus a doren years ago; fUrlher develqpments in fue field of community 
paJ.eoecology have 'become strongly hampered by the apparent cloudiness 
Qf bOth the concepts anA tenDs. It is here claimed t~t the system-analy­
tic approach derived from the modem economics and organizatio~- sciencE£ 
may .appear relevant rto the-problem, as it permits a simple graphical 
representation Of ecological syStems to be compared through time; while 
nopr~c~~ - quantiita.tive data are i"equired. 

,A,lc1c?WUIZedgment, .. The a~hors wJsoh 4;0 ~ess thel.r -Dl9St sincere th~ W 
Docent W. BaIuk, Warsaw University, fOr ms help in identilicatiOll of the f(J8SUs. 
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GEOLOGICAL SETTING 

The·"inveSti'gated 1ociiJ.ity t.ychOw 1.$ at the I!lOO"them margin of the 
Fore-Car.pathian Depression (fig. 1). In ·that Mea, the Miocene d~posits 
are relatively thin (20 lto 40 m) and 1ithoG.ogi.cally variable. They include 
sands, clays, rnarls, detrital limestones, and algal-vermetid reef8ll lime-
1Jto.rlEs; all the sediment typea are always very fossiliferous. The sp&tial · 
relationships among the Miocene Lithof.acies are strong.1.y obscured by the 
Quaternary cover and two fauJ.ts ·systems (regional NW-SE,·and local NE­
.::SW) makitng almost impossible any precise correlations .. Therefore, the 
exposure referred generaHy to as t.ych6w (southern slope of the valley· 
of Ka.rasiOwika river, near the center of the ViJaage) carmot be treated 
withi·n any clear facies ftoameworik. 

F,ig. 1. Pa:1leOg~al lIatting of :the Lych6w e~e (arrowed) 1W1th1n the 
range of ;the Miocene (Badenia.n) d~ (stippled) · of Jthe .F.oxe-ClU'1P8thian De­
pression in sowher.n Poland; indimted are well-knowill foulUferous localities (from 

RadJw:aDSki l1D'l'7, p. 74Ca - Tezt-tfg. 189) 

Ln that exposure, Ithe Miocooe fossililferou.s g.lauconitlc sands, marly clays, and 
coquiDJ!tes ovmdie d'ireatly !the Oretaceot8l ~; however. llbe ICIIlDtaai zoo.eJa 
inaccessllble. Th.e Miooen.e Itbix:k.neu does probably not exceed 4 m. A detailed ver­
tical sect$on of 1Jle considered S'lTata was g,i~ by Bielecka {1967); unfortuna.tely, the 
figuTe seems to beunre1.iable, as otJhe titholagies found by l\Ihe present autbon are 
incompa'tJ.'bIe wiUl· it. to 1f1l1:t, a oonsiderab1ebodzontal UtholqpK:a]. v.arlabiJ.lty can 
also be apected. 

Jud§i.ng .from Itheir extremely rich fossil aSIlemblage, the Jnvesti,gated secilments 
are to be ass~eti to Ithe Lower iBaden:ian. However, ·thetr ,precise st1'8ltJgraphie 
p.OfPl.tion remailns unclear. One may but claim that the considered strata ace equi- . 
val8Qt to (or maybe IP8lI'tly younger than)· the algal-vermetld ree1al lim.e&tOOea crop­
ping out in the neigbborhood (Pisera 1978). In fact, marly clays resemblmg · closely 
iD. bc:ith the lithology and fauna those exposed at Lyc~6w do overlie the reelal lime-
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stones at W~U.n (2 !km to :the west), In' the south, the fossiliferous sands and clay;; 
and the reefa'l limesltOnes 1ll'e rePlaced with the detrital UmestOllleB and tl)e oymr-
and BCallop~bearing marls. . 

The over,lying Upper Badenian deposits are detrital in nature and 
often cross-bedded; theirfossll 8ssemblages are rather poor and ,indicative 
of non-m.ormalmarineconditions. 

FOSSIL ASSEMBLAGE 

. I'll order to recognize the foesil aseemblage characteristic of the Mio­
cene of t.ycb6w composed mOsbly of mOl1!Lusk:s (Table I), 8 indeperldent 
bWk .samples (each of a few Ikillog.rams in weight} were taken, from various 
lithologies and their tal!iOnomic oomposi'tiion carefully analysed.; in addi­
tiqn, surface collecting ;was also done. Totally, some thousand specimens 
were investigated (/the ICOllection is housed at the Institute of Geot1.ogy, 
Univel"8ity of Warsaw). Precise taxonomic work was ~ond the soope 
of the present study and hence, the names associated traditionally with 
the foam speciES 'Sr-e usually Tetained. The ~es resemble each other 
in taxonomic. ~tution . eventbough -the proportions among the taxa 
may vary. In :&let, ,i.t appears TeaSo~ble to claim that they il"epresen:t 
a single, more or dess homogeneousbiologicaJl community persisting under 
the sam·e ecological cond~tions over a fadl1"ly Ilong time: ' Therefore, the 
averaged results were .interpreted directly in ecological terms, ass~ng 
that they do rem.ect, at least in first approximation, the original commu­
nity; this is, indeed, suggested by the uniform excellent preservation state 
of the fossiJs, the large variety of modal size. values among the species, 
and the eoological coherence of the assemblage. In :the present !pa:p~, all 
auteoo1ogical characteristics of Ithe fossils are based upon the informa­
tions on thei'l' extant relaltives. 

Table 1 

LJsit of mollusks mak·ing up the jjnvestfglllted assemblage from Lyc~aw, as determined 
by thie authors 

7 

GASTROPODS: 

AcmCle4 ap 
Alaba co8t6lata anomala (Elchwald) 
A. :Cbor01ltenm Friedbel'g 
Alaba Iql. 

Alvania oceanf (d'Orblgny) 
A. tenutco.tata Baluk 
A. montallut ampulla ~Elchwald) 
A. P81T8/1Ularil (Bacco), 
A,.IpeUa ancllp8 (Lsmarck) 
Bellardtel1a lip. 

Bttttum rettculatum (dB COIIta) 
B. turrit811a (Elchwllld) 

CaUioBtomG pubsrum (E!A!b1Rld) 
C. planatum I'rledberl 
C. celtnae (AndDe~) 
Cantha7'UI 8%CUlptu. (Dujardln) 
C. beregoVi Xojumdlieva 
Cer.thioJ)lil tub8rculatul (M,ontagU) 
Cerithtum tnll/1aCllm europaeum M:ayar 
CBf'4thtum Bp. 
Clanctilu8 araonis tuberculatu. (E1chwald) 
Clanculu. IP. 
Columb811a ~. 
Cl/1IT48a Ip. 
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Com&a II1II. 
Dtodora rrraeea ('LlnDaeus) 
E77I4rg.m&1a ap. 
FOIlBarus co.taw. (BrOCChl) 
Gtbbula alfinta afftnta (Elchwald) 
G. a/fin" p.eudangulata Boettger 
HCIUotU lip •. 

HlldfUbla lip. 
.1amopaf.8 ap. 
Ma_la cottata (AdamII) 
M, %etlaradtca (Montagu) 
M. lICalam (Dubola) 
1IIltrllria lip. 
MttrBlla hUbert (Coumann) 
MUrella lip. 

Murez IIPP. 
Muricoprill lIP. 
1'1 .... "" a81"1"atioona (Bl'OaD) 
Nlltica lip. 

Odontottomla plicClta (lll'Dntaau) 

BIVALVBfJ: 

Area IactIl4 :l.4IDD_ 
A. noae LIonnaaus 
Baf'blltta clathrllta (Detl'aoce) 
B. bllrbata (LiDlWleull) 
Cardtum holubtcm •• Bllber 
C. praBBchlnawm B1lber 
Cha7714 I11'1IPhotda LlnnaeUl 
Chlamll' multtatrtata PoU 
Coda1clII deCW'lIta .(da Coeta) 
CoraUlophagll traftll'vllmca (Haem. 
Corbtda glbba (Ol1v1) 
Dollnla . ezoleta (IJ4lJr8eUB) 
E",~lla puat11a Phillppi 
Galt1"lZnll frllgllta (LInnaeU8) 
G1IICJl1f&8liil pI10aa de8h1lt1ea (Mayel') 

Patella negiecta oblU4 lIIlchelottt 
Peratotoma untea BoeMger 
Pll1"l1Ultna Ip. 

. Rmglculll lip. -

a .. lOtna podollca COIIIIDIIIIIl 

a. decu .. ata (Mootaa;u) 
, R. vtndobonef&8l8 Saeco 

R. .tetnabrunnenri8 Saceo 
Bandberllerta aptrlZUU817714 (DUbcU) 
Setla trtllneata (phiDppi) 
Thaw hemllttomotde. (R. Hoemea .. AUfDler) 
Tomattna truncatula (BruIUIwe) 
Triphorw .p. 
TurboeUa acuttcoatata"Sacco 
TurbotdUa .eala (Etchwald) 
Turrtculata rectlccMtata (Be\1:at'cti) 
T. ebenUl (IAmarok) 
T. partschl (Boernea) 
Vermetu.a IIpp. 
Vermtcularta lip. 

18OlJROmOn Ip. 
Uma ltma Unnaeus 
Uthophaga lip. 

Loripes dentatUl ntveu.a. (Illchwald) 
Lutetta ~. 
1IIo(UolU1 hoernest (ReUBB) 
Modlolarta blformtB (ReU8II) 

Onrea app • . 
Pltcatti1ll rupereUa Dujll'dID 
Septller oblUus (Mkhelotfll) 
Spondt/lus Ip. 

Tlmociea lip. 

VmeruptB trus (Llimaeul) 

Vmu. ~cta .E.i.cb!iald 

.. The aesemblagey predorninateli !by' dl.veme gastropods (c-/. Table 1), ' most!y 
i'Br.1ous hertbivorous Il"issoids, Ceritbiids, and troohids. A cerithHd, Bittium 1'eticuZatum 
lPpears.as the most 00IIl'm0Ill. 8IPeCieilif; ILri tact, ott . ·ra.nlks the fl.rst lII~unda.nt species in 
all but ODe sample. The spedieI Ris80ina §JodoZi.oa, ALaba sp., ALvania montagui 
ampulla, caZZioBtOma pZanatt.&m, Gibbula alfinis p8eudangulata, and CZaTiCUlUs ara­
onis tubl!1'CU1atul are also I8iIllODg the most oommon rtaxa. 00 the other hanP, a ses­
sileepilfaunal suspenaIon feeder Ve1'metu.s sp. occurs abundBll'lIbly in virtually all 
the samples, beoomIJng IPredominalnt .in a 'B~ s~le; interesti~y,· the latter 
&amiPle ds also co.nsiderably enr'ieheci in coralUne-algal :liragments. Other gasflropods 
represent.- mostly Digher itr<Jllhic levels and inclUde. a scavenger NCJ.88a Be1'ratiCdatattl, 
p&rasttie pyramidellids TurboniUa BCaZa, Odontostom4a plicata, Py1'gULina sp., and 
diverse . predators 88 e.g. Thais hemastomoides~ Tu1TicuZa 1'ecticoatata, ClI'praell sp., 
and Conus app. . .' 

The gastrqpOds are accompanied by several hivalve speoles (cf. Table 1), with 
eplbyssate arcIdB, mytilJlds, aald peati!nkJs 118 ltbe . .IDciet cbara<Oterfstic ~oups. The 
species Septifei- · obZitus does alSo .OCCW' fairly commonly (et. J6iltubowlldti. 19'72). In 
a s.ing1e ~1e, an dnfaUDail I'apldly bu~ suspensioo,feeder ' Eivilia pusiUa 
OCCUll'S very abumlaritly; it is .noteworthy that related species I1tve ,todaY tn shifting 
sands. In another s~le, some amphineuran plates were recordect. . . 

ASide of the . inOlluskB, :the assemblage iIIlcludes also unidentliied polychaetes, 
bryozoans, cr., cln'.fpedes Veniica ' sp., and brachi.opods Argt/1'otheca aubconiata 
(Boettger). 
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Taxonomic divel'Soity of the assemblage !\Vas nOttquanUfied. Nevertheless, ;it oon 
be cerlaJnly aaseesed · 88 exftreme!ly hlgh, ICQIllparable Ibo Itbe most dWa-ae ~Miocene 
macrobenthic aBilernblages af iPoland. Totally, more than one hUllld.red ' mo11uak, one 
brachiqpod,' and one ckr~ species 'Were ,reoogndzed. F'ul':the.rmore,· the dominance 
is ra·tber iow, asa group af some filve !to seven species raDk sLnillarly: d.n abundance, 
while a dozen OIl' sO other species do also oCcur oom:rnooly • .As ·!rIe:flected by the 
between-l!laIIllPle 'V'adabil!i.ty, homogeneity of the assemblage was fa,irly high. . 

The fosBi1 ~ty is extremely high. bldeed, the · inorganic ·sediment 
oc::Cun but ve:y sulbardinate:ly to the shells themselves. One may even 
claim rtha.t iIts amouIllb:lIWel'e insufficient to maIke the 8uibstratecohesive 
to any reasone'I:ie extent. With the iIadt of evidence for any considerable 
poiSt~rtem traiDSpOl'ftation taken into account, this may i'lldicatebOtb an 
~remely !rich organic Ili.:re in the environmenrt; and a . very ~O:W · sedimen':" 
tattWn rate. . 

SYST'EM...ANALYTlC APPROACH 

Since the dlassic pa,pers by 0Is0n (1966), Valentine (1968), and Bretsky 
(1969) appeared, cthe evolution of communities and its relatiunship;tx> the 
evolution Of species have become one of the llXl8t lpervasive topics in pa­
leoeoology. Nevertheless, any standard procedurES or even Iterms for pa­
leooommumty d-esarWption Me Jadking and consequently, .'!!he data gather­
ed and presented. by diHerent aUJthors are often in~tible. Moreover, 
even the IIIlOISt detailed, patleooonmlunity reconstructions do usu.alJ.y disre­
gard species-biotope reaati.~, while' ilI; seems indispensable to consi­
der a communiJty structure in terms of the totaUty of ecological niches, 
that is 'the · totaJ.i ty of biotic and a:b.iotic eoospace dimemiians limiting the 
community roam/bars. This is probahly mainly due ·tothe eXltreme com­
plexity of strucbures !to ibe deaiLt IWith. Then., the ByStem-analybicapproach 
appears relevam becaruse :iJt is intended (among other aims) to provide 
a descriptive 1tanguage adequate to such· enormously complex subjects as 
e.g. the econotnic structure of the worild and its dynamics. 

. . 
When COl1IIidecing an ecosystem in terms of the sys.tem.analysis (cf.· For,rester 

1971), dt CEln !be tllldequartelYRPl'eSented wd.th the use ·ofbu,t (1wo kinds .of. variables, 
namely leve18 aDd !l8taf (or llows). The levels deScribe preCiaelytbe systein ' stat:"! 
at any point in ltfIme; !they are ICIIUSed !to c.hange ,by ;the :m..ows. They arise as aoou­
mulatiQllS Otnet differences 'beIfIween :the lloWs that add to and8U1bfmact·h'om sub-

. syatems. In every eCf08yBltem, Itbere ere lI."e&OIUll'ee and population levels .lI."eSuJIt'ing froon 
the lDmwt 9Ild. ua:ge II."8!tes and the ibWl QJDkJ death raJtes, reapectively. 

There are five Ibas.ic resourees fin a shallow-water bentthic ecosyBtem. These are: 
S:llfI)eIlded oogan.l.c mat.ter, d~ orga.nlie matter, .benthi.e plants, ep~ace, and 
inspace. They lIII."e, obviously, imer.related, e8 henth'lc illlllllts ooMr-ibute to deposited 
organic maaer and the ·la(lter may be lreeUIIIPended and again red1!posited and It() 

on; benthie plan1ls are alsO dependen.t .upon episplWe for attachment. but In tul'n. 
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they tlODtPbuteto- the latter rE¥lource. Theresotirce levels in an eoosygtem .depend 
uPon the ll'es.pedW.ve · inhx ra~es coo:t1'01:1ed .by var.iOl.1B envirorumerutall parameters. 
In turn, :the Il'eSOUl'ce levels maike possible animal life in an environmerut. The po­
pula.tion levels control, however, the resource-usage rates and by this way, infiuence 
t~e resource <leVels. There are the f,ollowing Ibasflc ecoIOgIcal categories of -animal po­
p\1'latioos d.n shallQW-IW~er lbenthi~ . ecosystems: browsers, dnfaunal and epifa<unal 
scavengers, infauoai ana. E(l(Lfaunal d~ feeders, in!auna!l aa:JId epi!fauDIll predQ­
tOl'S aDd parasites. Clearly, .not all tl'esotlrces do actually con.trol all the populat.ioll 
categories. :H.eDce, . v8I'liot$ su.bsystems . arise in an ecosystem. The popUla.tion levels 
depend upoo their treSpeCtive ilfuth and deMh rates controlled DOt only by the 
population levels thernselv81 and the 'iresouree levels ,but also by various enviroo­
meo'llal factors. lMoreover, rbbe lPOIPUlation levels are also strOngly ~emleIjf; upon 
the predation rates since apa.rlt ·kom a' few keystone predators, viliNally all animals 
appear aB a prey, that 3s I.ood 'l'esour.ce, for one or more predator s,pecles.The struc­
ture of a lhallow-IWater ben.thfc ecosyB~em Cap thus !be. di8,g.ra.mmatically r~resent:" 
ed (Fig. 2) as· COInIPosed of tUn-ee successive stages, uu.the lI.'E¥lou·rces, low trophic-

= ~r-~~ r-~~ ~~~ ~~~ ~~~ ~~~ ~~~ 

predator­
populotlon 
Iewts and 
their corirols 

predation 
rates 

cansumer­
population 
l4M!Is and 
their controls 

rl!SOU1:e-U5OgI! 

rates 

J'"e5CU'Ce 

levels 

rescuce 
controls 

Fig. 2. iDiagra.mmatic strn.iclure of a shallow-water bentbic ecosystem 
Umltinl abfOttc &aoIon are CLven la bold 1etteN; for detalls of the feectblHl.k ~ controUJnc 

, the 'l'eIIOUl'ICe-Ullqe reteB, papuIat.I;oo lev_, and. predatlion rats ... FJs. a 
c!oucIa Q'ltem-i!ldapeodeDI: lIIIateII,recta.ng1eB lev., arrotD8 ratea (01' f1ow8), falU!flu ' rate 

. con1l'o18 

-level consumer popuJ.atioos; and predaltor \POIPulatioos. Every -two successive stages 
are in<lleNlOIlnedted by 'rESOurce and information ·flows generating diverse feedbaek 
loops. Feedbadt lOOlP !Is here meant as a cl<l6ed pacth cormeotinlg an acldoo. to its 
effect and sending ibaJCk: the fDtormatioo' on the effect to ·i.n:filuence :further ac,tioo. 
Ai . each ;9.tage, the levels are also oontrolled by system~eriqeo.t envir<mnlental 
pa.ra:rneten. 

Ooo8ider a s'~e 'low trophlK:-Il.evel !COnsumer popWaJt.km ami a resource "ill uses 
(Fig. 3). When the popu1ablon grows, its b.irth rated.ncreases and hecce, <bhe popula-
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tion does oJ.ncreas.e more and more. Pos£11ive feedback loops of this tyq>e induce gr.ow.th 
in an ecOsystem. The death Il'ate does .also Wcrease 'WIith the population growth, 
hampering it. Negative feedback lOClPS of this type tend to equiUhl'aote an ecosystem. 
When the popUllation Irows, the resource-usage rate grows, too, and hence, t.he 
resource . ratio (the amou.nt of !resource PeT capita) decreases causing a · d«rease in 
the birth rate .Bnd an .increase . in the death ;rate. Thus, negative feedlb8Clt· loops 
arise .. _All Ithell'iltes dnv.olved in ;this mteraction are also, dependent~var1ous 
en'lzkonmental pa.rameters. An entirely analogous : set of feedback loops' ariSes be­
tween a .pred8!tor and £ts prey 1P000ulatioo.. 'When two populations of d;hesame staga 
compete ~ a.resource, they !both con.tribute «I' the controls upcm the xe8()U,roe-usage 
rate and hence, the 'resource ratio. By thls . way, additiortal lIlegat'ive feedback loops' 
ar.!se. To qua:rrtify all thooe feedback ~oog;lS f.n real ecosystems ·is .annon.g the most 
important tasks .of !lleoecologisrts~ This is, obvioulllly, impo$sihle in the fossl! record._ 
In order to justlify the quaHtaotive approach, one may, hDWever, recall ' the cecently 
introduced method of 10Qp analysis d.ntended to deal with quau.tative structural 
data aond it1l resolving pot~tial (LevIDs 1975). 

~ig. 3. Feedback loops controlLing resource-usage r~tes, populatiOll l~vels, and 
. - predation rates ·in compeUtive and predator-4prey Interactklos .. 

clouda syatem-1ndependent "ell, rectangles Ievd, soUII arrows rata (OIL" f~), :/4ucats 
rate eontrola, dluhe" arrows iI.nform.8ltllon flOwl, thlclc. arrow. environmental lDfiuenc_. circle_ 

specWed KnJaI in feedback loope J 

b . bLrth rate, " death ;r,ate, I l'eI'Our~ rate, u rellOlJl'ce-u.age rate 

With this ~ex IIlatUre of witbin-$I;iLge 8IIld between-stage feedback: loops 
(FUg. 3) ik~ firmly in mind, the simplified di.am (Fig. .2) appears adequate to 
the purposes of oommu.nity paleoecology. In general, the resow:ces a'l'e not fully 
exploited in benthk: ecosystems. The~efore; the .resource levels depend mo&tly upon 
environmental para.metell's cather than ~ the population levels. All the popula­
tion levels are controlled by some common. ~oe dunenslona, namely the. oxygen 
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OOl'IItent, water salinIty and Itmnperature. Particular .ecological categonies depp.nd 
also each upon. some ~ eIlvi1'onmental factors such as the &uhs~trate nature 
or water turb.idi.t,r. .. . _ 

The d'iagram Is adlva'l1tageous in Ibhalt lilt can be expanded Iboth laterally and 
ved1eally. In fact, OIQ,e ' ean easily add new predator stages to the sy8'tem. On the 
«ber hand. the ;:resources and ecological categories can be Imlther Bubdivdded. Ohe 
mayaaalyse sepa:r:ate1y e.g. the shallow and deep inapace, ~r the dfsolved and de­
trd.tal ~ .matter; !the high-level suspellIrion feeders can also ·be d3aIiI.ngulshed 
from the low-level lOllIeS, aod the colleatiing deposit feeders' tram tile &wallowers. 
FurtJlemDOl'e. a sillgIe ecolocJcal ~ am always be rlPllt down into pariIoular 
apeoies to show . their oompeI;l.tdve anterootions. Limi171ng abiatic ifIdo!rB can alJwa,ys 
be clearly messed. The main disadvantage Q(f the method Ijs .in ·that it dleregards 
tax.tmOIIlic diversllf;y :Q(f oommu.nldiies. iHowever, 'Validity Otdtver&iJty indiCes' as measu­
res of ecological complexd!ty or modal niche size can ,be serd.ously cast !into doubt 
(cf. GOOdman 1975, .Moldenke 197,5). . . . 

::au.EOECOSYSTEM RECONS'I'.RUCTION 

The Ipaileoecosystem t~esented by .,the investigated. Miocene macro­
benthic assemblage filts welll. :to <the above presented system-.malytic fra­
mewonk (Fig. 4). The cOmmunity was dlearly dominated by abundant .and 
diverse ,browSers and epifaullBll: suapension' feeders; all other low tropbic­
-level consumer categories PLayed but minor roles or 'even were absent 
at ala. This is tyPical of sha1lOlW-waIter coIimnumties associated wti.th large 
benthlC .plantts supPJ.Ying a ·!lot or' epispace for both micro:lllora and fauna. 
However, · the browsers do usuallY .,feed upon. ~iphyrta:l m5.croa:lgae and 
diatoms and hence, ~re not indicative ' of ei,ther seagrass ' or 'kelp beds; 
neirtlher are specific the epibiontS (cf. Sloane & al. 1961, Lewjs 1964, 
WaImke& Mmodovar 1964, Hagerman 1966, Duffus 1969, Brasier 1975, 
Pa!r!k.er 1975), Nevertheless, the kelp nat'tl1'e of l.ych6w paleoecosystem 

. recogn[zed the first by RadWaidti (1977) is indicated clearly although ~n­
directly by the subrtrate nature 1. In fact, se&gra8ses. are unable to root 
themseO.ves in such an inoohesive sUI'ilStrate as it appeall'S to have occurr­
ed at t.yc'h6w; while large a1gae could attach each to several larger shell 
fragments buried. deep in !the sediment and by this ·way, sta,biliZe them­
selves. The inves"tig&ted ecosystem wou1d thus resemble rthat one record­
ed by Andrews (1945) in sand and gravel bottom areas of CaJirornia 
Bay. The 'Bittium-daminartedcormnUJii,ties are also oomrnanJ.y adapted to 
f!uc'tuatingsalinilty conditions . (nr:~.R K.. Ghose; pers. communiCation). 
However, the extreme ldi'V'ersi.ty of malilusk and other invertebrate life 
prec:1udes suCh a pqSsiJbility iIn. ~ case' of l.ychOw paleoecOsystem. 

1 Ln dther localities that .yield .lImlnatr, ga&tropod-dorntna/ted assemblages in 
the For~thi8n M!.ocene, the !kelp 'environment was preVllously postUlalted also 
by .Friedberg (1938, p. 321); 
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Then, the :loose &belly 9uibstrat~ . appears as · the ikeystone abiotic· factor. 
determin;rng the eDti1'e ~ca'J. structure. AcluaD.y, it caused ~tbe lac.k: 
of boflh·inspace am oprimarry epispace in the ecosystem; the former because 
aniIDalsare wm.al1y iunablle to burrow in such a tzedimen.t (.Ennl.ia being 
appare'n~y an exceptioo), Ithe ilat'ter t»ecause of the Buibstrate mobility. 
lAwge amotmts of e;pispace were, however, secondatily produced by .~e 
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" .... 'pr .tDfIauDal pratatOl'll aDd par8lll!tea. ~ epi'faUlWl predators and" par_tea 
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keLp. :A1ang wilth th~ wealk ' sedimentation and high oxygen 'cOntent, the 
,loose :.sheOay stl;bstta~"irE!8ul1ed aJlso in very Tapid; decay' of the' Qrganic 
mattel'.·Therefore;:no·deposited org.anic matter was"'availab1e ~n the eco­
sy&temapm-t: ,:from; newly dead organisms permitting :1h,e ilUe 'of :some sea"" . 
vqers. ~-rthe ~lDliJlin subsYstems, that de the~ browsing and epifaunal 
sU9pem;Wn.feediN: .. OmlS; r.elpresented actually clusters Of· paraJlel largely 
independent chains; in faot, one can hardly imagine the considered animal 
popuJatians .to be ilarge enough to have been resource-41lmited. ~en, the 
ecosystem !WaS probaW.y r-at>her sim:wle ecologically even despite the ap­
parent ~ diversity of the aniariallife. 

The geologicaJ. isalation of tthe eJCposure and the general -ewrytopy of 
both kelp itse1:f and.irts ~iated. maC'rofauna do not a110w to draw any 
more detailed paleoenvironmental 'Conclusions than the obVlious inference 
of ·the sbaJilow ... water nornW.'"1lIl&'ine conditions. 
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A. HOF:F.MAN, A. PISERIA & W. STUDENCKl 

BEKONSTBUKCJA MIOCBNSKIE.J BIOCENOZY MAKROBENTONICZNEJ 
Z l.YCBOWA HA WYZYNIE LUBELSKl&J 

(Streszczenie) 

Pll"Zediniotem p;racy jest rekon&trukx:ja mioceil.skiej biocenozy makirobentonicz­
nej i'eprezentowanej lPl"Zez zel!\P6I s'kiamienialooci z. LycbOlWa na Wyzynie Lubelskiej 
'(patrz fig. 1). Rekonstrulreji rtej dokonano 'W ikategoriach analizy systembw (fig. 2-
3), lkIt6re IUmaIlO :za adeikJwatne do opisIu ibiocenoz kopalnych. BSdana. biocenoza 
sldadaJa sit: gl6w.nie 'Z roSlilIloZemYICh sLimalkaw i osiadly-ch ,ponad :powderzchnill d1l8 
organiml6.w :l!llf;rujllcych (fig. 4). Poniewat · .za,s luzny, osad, w 'ik't6rym skamieQia­
loSei wyst~uj!l, mynU ibiotop niedostc:pnyan dla morskich traw, mioceflskll biocenoz~ 
lyc~ zinterpretowano (por. Radwailski 1977) jako makrobentOs zw~zany z w{)­
dorostamf. 
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