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ICHNOTAXONOMY AND ETHOLOGY OF BORINGS IN SHALLO\T-MARINE
BENTHIC FORAMINIFERS FROM THE MAASTRICHTIAN AND EOCENE

OF NORTHVESTERN AND SOUTHVESTERN TURKEY
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rit,rrf) 2C. 200-l

/ro r,r,r?r. lchnor.rronrirnl bi,rrrosion, ctholoqrl Forrnrin fe,.r.
(lrcrrccoLrs. Tcr ti.rrr'lurl<o.

.ll,rlrrr. l.,,rgcr bcnrfic ior.rn,inìler',rl re'rs lì onr rlre \h.rrrr ithti.rn
.rn!l F.occnLol\c\rerr'lLrrkcic.nr.rin,rìrr.rer.rrictvt'tb.rìnqsTsoich-
'',,r-.i,^.ìÈ.1, llllf,l. tt.t,.t,ti,'7"1t,1,.,.'.'a,, i;L,t.t, tr'.
ol Orrror,/ci is ilistingui'hcd L'r .r tube. r inding :inrìourh ìn rn ilcsu-
lrr.mrnner. This boring r.rs lonìccl br .r i'r:uing p.rlrsitc rr scrrengcr'.

"ùrre thc Ltr*m.:kcr rpeciiierllr crplr,itti1 ccnrirì p.urs ol iÌs sub\rrl..
IrTnrrter /:,c/ic,,i isp. nor. ìn terrs of \rrrrrrrliter ìs clrrrctcrized br its
tuLrc coilcLl inLo r 'pinl. f|c borinr is inrerprcted rs .r cìr elling rrecc. As

rhe boring nr,rv bc corsrclcr*l to h.rr e b,'th irliontorphic rnd 
'rcn,m,,rphic

tt.rrurcs, ìr reprc'enr..uì erhologi..ìl rnd ts,rn,rnric dilcmnr.r.'lìr.rroid
inherenr .Lrbjt cr ir irr r irhh rrron,nìc cl.r.silicìriors. s t ;ussest thc er-
clLrriorol erhologic.rlinrerprrr,rtionslrorrr<li.rrnos.'s. Iheoccurlenceoi
borìngsnr,lritictthcpr*cr.rt'curlpot.'nri.rlofrhelor.rn,inilcr,rlresrs.
.rnJ rhur on the oureomc ol prl.re,,enrironn,cnr.ìl rlìrl\ lcs.

Ri;:stxt,,. l irù\ci !lì grrncli torrnrinilcri berrtonici dcl i\'1;r.rsrri

chrirno ed lìrccne dell.r'lulchì,r contcngono un.r rr.rntlc r.rricrì di pcr-
iorrzii'ni. Vcngono delinirt cluc ichrrospecic. .IIica .tnpÒhdorn a"tt,t
rclrcrrsi ìsp. nor: entro j s,.rsci .ìi Orl,rtorrler è.lisrinr.r cl.r un rubo. ch,:

scrpe*gi.r in nrodo ifiei{ohre. Qucsr.r pcrlor.rzionc è sr.rr.r prodott.r cl.r

un p.rr,rssit:r o di uno \crrrrorc. ch.5lr!rrtr\i.crtc P.lrti del suo sub-

srrer,, in rxrti,r nrilro rpccifico. ht pnnt hclu i isp. no.: cnrrt gusci .lj

\lnrrrurlitei .j c.rrrrrcr izz.ìto d.ì un rlrL1o.ì\1oho r sPir.rlc. L.r pcrtolrzio-
n( ò inrefprcrrr.ì conrc Lln.r rr.rcci.r di .rbìt.rzn,nc. l'r'ichó lc pcrior.rzioni
p(,s\,,no c!\c,c crrrsi.lerrtc c.rrrrtcr.i sir idirrrtorlici chc srenonoriici,
c\se r.ìpprescnrrro un (lìlcmrl.r erologico e t.ssonomico. Onde cvir.rr-e

sogqcttivirì ncì!i cl.rssiiic,rziont noi suggeri.rmo dì esclurltrc interprc-
rrzioni erol,,giche dalì,r di,r*nosi. L.r prescnzr di pcrtcir.rzioni può dinri
nuire il porcnzì,rlt di c,,nrrn.rzion,: ,ì"i gusci di for.rnrinileri e quìndi ìc

cleduzioni chc posson,' derir.rrt Jrllc rnrlisi p.rìco.rnbn'nrrli.

lnlroduction

Borings nr;rv bc polcntiall)'of grcat significancc in
prllreocnvironnrental anal\scs (Pc'rkins 6; Hrlscl 1971;

Golubic et il. 1975). Pro,ious srudies have shorvn rhar

biocrosional srructures are comùìon in foraminiferal tcsts

and iÌv be interpreted as praedichnìa (prcdrtional trac-
es), xtrachnr.'nt scars and possibl,y evidcncc of commcn-
sxÌism, nruruxlisnr, parasitism or scavenging (e.g., Livan
l9-j7; Slirer' 1971; Matreucci 1978; Baunfrlk Ec Nijholt
195.1; Nielsen 6i Nielsen 2001; Nìelsen 2002). Nema-
tocles. for e\arnple, ma)-form holes bv chemic,rl means

into foran.rinifcrs ro prev on them (Sliter 1971; llrom-
ler' 199-l).

Borinss produced bt pascichniai behaliour rppear
not to h:r\.e been previousll recognized in foraniniferri
subsrrlrcs. Pascichnia include trackways and locorìorion
trrces foìlorving a meandcriÌlg or spiral course, indicating
that thc trrrccm:rkers cxploiled certain parts of rhe sub-
.rr.ìr( lor io"d ,Brorrlcl l99tt. Ir is rhur of great intcr-
esr th:Ìt pascichnial borings occur in tc'sts of larger ben-
thic loru.rinifers fronr the Maastrichtien of northrvest-
ern Turkel' (Fig. 1). Also, domichnial borings occur in
foranrinifers from rhc Eocene of southwestern Turkev.
The borings are fornulll dcscribcd in the prescnt prper,
rnd nc\\'ichnota\a l'e defined. The paper also emplÌasizcs

ethology and biological affinities to enl'Ìance our knoÍ'l-
edge oi foranrinifers as a nutrient source.

Geological setting

New ichnospecies from shrllol-marine clastics ind
carbonrres ale cxposed ar lhe lowns Osmaneli lBilecik
province) and Dinrr (Aivon province) (Fig. 1). The Up-
per Mailstrichtixn succession at Osmaneli consists of fine
to mediunl gra;ned sìndsrones (Fig.2). It incìudes a mc-

{leologic.rl l\{useum. Unnersirr oi Ci,pcnh;rgen. Oster \bldgrrìe 5-7, DK-1350 Copenhrgen K, Denm.rrk. L-nrril: bioerosion(, r'ahoo.dk

5Dú i\túhcndi5l;k-)limrrlrli F.rkLtheri.Jcoloji \luhrndisliii BijlùDìú, Qúnùrlsprrrr, ìurkcr: E+rrjl: nruhittjn(, nmi.sdu.edu.tr
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Less or no Orbitoldes Rich ln Orbltoldes
I

fMicroooringso^o.b/{oide)te5tsffi',.o,o"o, Orbiroi deJ tests

Ì.oc.rtion olrhc (\nr.rncli 1A)
.rnd Dinrr (B1 t|pc sccrions

itrr.oss) in $ (\r(rn l!,1(\:

\rczirìr.rn Ììonration. Thc P.rlrreo-
gcne Scltiprnar ljnrcstonc or the
rccl-colourecl clestics oi Krzrlgrr-
Forr':t;ttion olerlie con for nablv
rhe M.r.rsrrichtirn scdiments
(Srnel 1973:r, b; Yrìnuz 1992).
'Ibt.rl thickncss of rhe lhr.rklr for-
llì.llr(\rl r\ Dct$rcn llJlJ .ÌnLl )Lì(J

ì11 isiìncr l97tìa. b). According
to irssocirtcd f:runls (Gór'mùq

1996-1997), the folnrrtion ìs

M.t.tstrichtirn in,rsc. The fo
r,rrr in ilers cr;rmined cluring rhe
course of the pr-cscnt s!uch n'cre
collccrcd from sandr bcds oi thc
Trr-l]ilr I:ornation. The rrrrrcr o-
hrrnl, rvhich rr:rinlv corrsisrs of
Lrcgt,rt, Gryplra, Ostraa, Pectet
tncl TurritclLt species. inclicrtcs
elon{ \\'ith thc lithologr shrllos-
nr.rr.ìne conditions in rhis p.rrt of
the l\'lirirstrichti:rn sc.r.

diunr bcdded, rhythnric successiolr of b.urcÌr s.rndstortcs Eoccnc sedincnts rt f)iniìr colr'ìpÌise vrnous car-
utcl Orbìtoides belring srndstoncs (lric. 3). The bcds .rrc bonlres incì ci.rsrìcs (Fic. ,{). NLrnrrrulìtic linrc'sroncs are
l0 ro (,0 cm in thickness iÌnd green to vellotish colourccl. mcdium ro rhicli in bedding, i.c., I ro 20 n in thickness,
Sirndstoncs lrom thc nrc,rsured sectioD bclong to the up- lnd :rre r cìlos ish ro srcv in colour. It ìs knos n :rs thc
pcr part of thc Trraklr Formation ol (ìólp.rzrrrr Gtoup GaripEc I:orm.rtion (Górnriil N Yelilot 1999). lsp:rrta
(Eroskat l965; Altrrrlr 1973a, b. 197.1; S.rncr 197tìa, b: ilr.sch sedinrcnrs and Inccstr conqlomcrrtes hiì\.e lircraÌ
Gólmfiq 1996-1997). B.rrgu (1982) nrrnred the iorm:rtion rnd vcrtic:rl frrcics changes virh rhe formation (Girrnrii5
,rs Nushetiyc Irorrnation. Tl.rc Cìòlp.rz.rLr Cr','LLp jr n11d,'1- & Òzkul 1995). Córnúq òt Yc5ilor (1999) .rlso nen-
llin bl the C:rnrp.tniln-Mllsrrichtilt't flvsch sedinrents of tion thrt sonìe r esearchcrs accepr ophioìites. ciìrbonare:i

1r g. I

- (lcologicrl cross-.ecriorr oL

rrc.r'ured setlinLnrr in the

0rnancli ,rrr.r. shol ìng th,rt
thc .rn,ounr oi nrìcrrrborings
incrcrscs tos.rrds thc Crcre
ceous-Tcr rilr bouncl.rn.

Iiig. l



and Eocene sediments as rhe Lycien nappe sysrenr de-
rived from the southern part of the region. The succes-
sion of the Garipge Fornrarion around Dinar ú9ler mah.
and SuErkan localities is rich n Nummulites and,4ssrlr-
za forms. Total thickness of the formation is 60-70 rr.
The faunal contcnrs indicatc a Bartonian agc (GórmúE 6i
YeEilot 1999). The foranrinifers investigated in the present
study were collected from numnruiitic limestones of the
GaripEe Formation. Shallow-marine seltìngs are mainly
indicared by the foraminifers rhemselves. Narzzzlitc,s is
oftcn dominant in shallow-marine sediments of Middle
Eocene (e.g., Matteucci 1978)-

Material and methods

Bulk samples were collected from stratigraphic:rl
levels rich in foraminifcral tesrs, mainly Maasrrichtian
Orbitoides spp. and Eocene Numruulites spp. The Maas-
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lrig.I - Field photograph of f.r-ogra
sp. rnd lenricular Or&rrolles
tests orienred prnllelto bed-
ding plane, Osnrîncli sccrion.
Scale bar I cm.

trichrian matelial consists of 25 sarnpJes each wìrh about
40-50 specimens. The percentage of bioeroded specimens
(70) in the samples is five. The Eocene marerial includes
17 samplcs, clch conraining about 80 specimens. Bioero-
sional srrucrures îre present in less than two percent (20).
Thc ourer surface of rhe rcsrs was cxamined to identify
possible evidence of bioerosion. Subsequently, the tests
u'ere subjected to gradual abrasion using abrasive powder
to reveal any borings in the layers of lateral chamberlets
and rhe median, cquatorial chamberlet layer. Finally, thin
sections were prepared of rhe remaining slices of tests.
The present srudy also includes the thin secrions exam-
incd by Górn:ù5 & Sagular (1998).

Type material is housed in the collection o{ the Ge-
ological Departnent, Sùleyman Demirel University, Is-
parta, u,ith the prefixes DIN and OSM. Additional para-
types are deposited in the GeologicalMuseum, Llniversiry
ol Copenhagen, with the prefix MGUH.

Il ioent s i on antl Foran i n ìt'era

Fig, I (ieological cross-section of
measured sedimenrs in rhc
Sug,kan area (Dinrr, Afyon)
showing levels rvith microbor-
rnts.

Dominance of
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Systemalic ichnology

The defìned ìchnotaxa are clisringuishccì bv thr:ee
main ichnotaxob;rses, i.e. rhe ourline oi the mar-gin, thc
curvalurc of the borìngs in three dimcnsions :rnd possi-
ble occurrence of ornlnrcnratìon. Thcsc ichnota:;ob:rses
h:rr,e been rccognized in numerous studics (e.g., Broniler-
1981; KelÌy 6c Brorrley I 98.1; Nielscn & Nielscn 2OO 1).

The ichnotaxa are conrprred to pro iousìv describcd tr-rce

fossils that are placed in synonyml'usts.

ll aeandropo Ìydora Voi gt, I 965

Maeandropolydora osmaneliensis isp. no\'.
(lìqs 5,6l

1998 Unduhrìn: shrpc.l rùnnels còmìù! N Srgulrr. p.61. pl.
I, fig. I I, pl.2. tig.3 .1.

Derivation of namc. 'tra,rrrlurwi '. rllt f\ ro Lhr ir,\rr O'
nrnclì (Bil.cik) in rhe \,l.rrùere Iìegìon. N\\'Turkc..

Typc localit) end ige. Secrion iÌbour 1.5 knr ror rf(.rr (,i Os
m:rncìì, À,l.rLmrrr Rcgìon: tle T.rrrkl l:onnrrion of tf e Gi;lp.rzl r Croup.
M.Ì.ìsrrichriìn.

Holotypc. ()S]VI ls.l0, î hin secr;on I6 (fig. ;^, B), r sprcin,cn ìn

ihc rcsr oii bs,îhic iorrmìnifrr. Orl:rroilcs sp. (srmplc OSI\fls.j0l.
Parîtvpes. C)SNl13.lll (Fig.5C. D), \.rfrplc OSll ISr OS-\{ I !.10.

th in scction l9 (Fiq. 5E, l:), samplc OSIVI I9.l0r 14cU fl ló8llì lliig. 6Aj,
srnrpìe OSIlll9-stonc: ìvlGUH 26319 (l:ìs. 61J1. srmpìe ClS1119 sront.
All prr.rrrpes,rre sìrLr.rtccl in tcsts ot Orórrorrlcs spp.

Occrrrcnce. ùi:ìrsiri.hri;rn of nonhn cstcrr Tur her:
Diagnosis. Tubul.rr boring h.ì\'nr*.r silnple cr indricrl rnd un

bnnched Jornr. sìturrcd wirhii sheleril sub\rÌri.. Tfc rL,bc is sinu(,us
.rnd lareely positìoned in rhc samr phnc ol the subsrrrtc. Borh c,rdr ot
the tube rre connecrccl to rhe subsrrrLe sur cc.

Description- Thc tube mav rerch norc then 29 nrm
in lcngth. Thc tube r:1ùses in clirnrctcl froù 0.2 ro C.5 mnr
(N = 20) end has ;rn avcr:rsc dirnlerer of ilbout 0.i nìnr.
Individurl tubes h:rr,e a uniforr-n diencrcr,:rnd the nrlrgin
is smooth. The tube l'inds irreelrÌa1lr-in rhree dinrcnsions
end in r singìc bend m.\' tLrrn up to -J30 decl ees. Thc tubc
mainlv occurs in the rreclirn plene of OrDlrordes rnd is in-
clined to pass through close to the centre of thc substr;rtc,
i.e., the embr-vonic cherlbcr of Orbitoides. Both cnds of
the tube are or ientcd obÌiqucll' or perpendicr-rlallr. to the
substrate sùrface. The ends,rre only seen to bc connccteal
to the ediÌe ol Orbitoules tests, within rhe mcdian pìrne.
The tube mar.contrìn clasts, nicrite encl caicjtic cencnt.
The substrate is up to l0 nlnl in srze.

l ig. 5 .t'Íkd,drcpbtta a,r;,relierrsrs ìger. er isp. nor:. cìrh in!:s

-.hol threc dìnension;Ll reconstruetions oi borings. A ì3.

OSNflS.l0. thin sel:tion 16, holoL)pc. C D. ()SIJlN.l0l,
p.ìrìrrpe. h-lr, OSI\119.10, thn sicrbn I9. p.ùri\pc. Sc.ìle

bxr\ C.5 nrll1.
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Renarks. Thc borinq bcius sonlc resenìblancc to pre-
viouslr clcfincd ichnot.rxr. Cr'.rnobrctcria and iungi ha\,e

bccn ìnrplicatccì in rhe bjocrosion oi cxlcireous subsrrares.
The oìindric.rl nricr.oborings of q',rnoblcrcria :rnd funqi,
hol clct .u e sign ificlnrlr' less l inding .rnd smallcr rhen our
borin g. Tìre fornr cr :ìl e LrsLnlll nricl ons or ten rh of microns
in clianrctcr (C:Ltr':rll & Golubìc 1970; Sclrrrridt 199C; Glaub
& Bunclschuh 1997: Vogcl er rl. 1999; Vogel er rl.2OOO).

1he rltor-pholrrgl also differ.s fr-om known larger-
scrlc borìrrgs. fcrr errnrple, Psetdopoh,clorìtcs raclu--an sl<i i
Gl,rzcli ct rl., 1971 is clistinguishcd bv its U sh,rpc and
closcìr'sprced streiqht linrbs. The Ì.rrrcf nrl-bc slishtly
curved nciÌr' rhe openìngs. C)ur boring also cliffers fronr
TlLlpina tsytp., consistin! oi l rcgular pattern oi side
brenches ;rncl opcning ir r:egul;ir inrcrr.rlls (Voìgt 1915;

Bronrler 1991).

Thc bor-in q resenrblcs specìnrens of,V aean clr op oll
dortt su/c,urs Voigt, 1965. rr hich is consiclcrcd as l.rn inter-
nredi.rte sr:rgc tithin the derelopnrcntaì sequence fronl
7)l,patites -rolitar rrs (H.rgcnol; 13'10) to ,I,1. c/ecipiens

Voigt, 1965 (Iìr omlcr' I' D'AÌessiìÌìdro 1tSi, 1987 ). ,11.le

totlntpo ll'tlot a srlcizl-i js thc onìr'ichnospecìes ol,llaearr-
dropol,drn a l.rcl<ìn q pouches or :r vene. This ichnospccìes
is ch.rrrcterizcd bv rubull borin{s grrclìng fiorn rvind-
in* U sh,rpecl borings entl blanchcd U shapcd borings to
coùlple\ Dcr\\'orks..11. irlc;rs tcnds ro ll:lte gentle cur\-es
(scc c.g.. lìr'onrlcr-3; D'Alr:ssrnclro 193/; Taddei Ruugi-
ero & Anrìr-ulzi:1t:ì 2002). Our borrnus, horvcvcr, ere srg-
nificrrrtlv rror e t inrììng, snr,-Lllcr in size :rnd do nor sho\\,
r-,1nri1icrt;on. Thus, ri e consicìcr rhc bor-ings to reprcscnt
:r ncrl-;clìrìota\on. Tìrcr ,rrc tcùrlri!c1., placed tn ì,laean
drctpoll',{ora on rhc b:ìsis ol thcir closc sirnil:rrìtv ìn nror-
phologl to,11. -rrr[,rrr;.

T)t' l,t t t i tc s tr1:igdef rau, I 9-ll
Trypanites helicus rsp. no\:

il is. /)

Dcrìi.rtion of narue. lrlrrar" iì,rrin l,r/rc,t. shorl. rricrs ro
irs spirrl 'h.rpi,ot Lìr.,trrcc 1ìr.ril.

Trpe locelil ind isc. st.rio,r ìrr rhc fcrtu ftpesì (Dcriì s

Hilll sirr rrctl .rr rhe ronhrlLc,.,r pcriphcr r oi tl,e rol n Dnr.u. Afyon
|,or iD.,.. S\\ liLr.ì.cr : Lì,i (ìrripqr ìr.tr,.,rion. Ioftrr.

Holo1l pe.l)ì\ D frr7. rhin \..ri(,,r ll (Fj! 71. srÌìplc DÌ /,:r
spcci,ìin i,, tLr fusr oi,r btnrhic lorrn,initcr. \i,rrrli/ircr sp.

I'rllrvpes. l)l\ lj n.rf Ì.11. rhi,r scciior 15. sr|rpl€ Dl tt:
\lajUH l6sl!r, s.r]ìrplt Dì ì.,1Ll p,rf, \p.\ rre sitrrtcd in rcrrs oi

Occurrcncc. lirnonl,rn l:occnrl i,i sorrhs csrcrn Turker:
Diesnosìs. 7ìr7,,r,ritlr h.rrinr.r sinrplc rutruh, tu,rr. coì1.'d in ,r

n ir rlsl,rpr rrLì l.rrgeìi pr,'iLpnccl"ithìrthts;rnrcpl.rncoirhesubsn.rte.

Descr iption. A clistinctivc lceturc is thc regulerli.
coilccl ourlinc, i.c. rhc.rxis of the borìnq is shapcd as e
pllnìspir:rì. The nunrber ol l horls is betu.een 1.5 ar-rd 2.

The borìne is ,rbout C.2 rì'ìrìr in diinrcrcr rnd 1l nrnl ;n

ìcngth.'l'he lilling consisrs of calcitìc spilr ccmcnr. Lin-
inq :incl or n:rment havc not bccn observed.

B ioaro:t ott anL{ l'tn.n t i n tt'u,t



+9S

liz.6 - .tleanlropoÀlorrr olri,urclte,rrr: igcn. er i'p. rr.r. l, \l(ìLH
J(,31i!. r.rnrplr OSi\11')-'rone. t.u.rrrpc. B, \l(;UH l6fìe.
srnpìc OSlll9-sro,rc. prrr pi. Se.rlc L,rr' I n,r,.

Remarks. Bronrlei ,rnd D'AìcssrndÌo ( l9S/. p. -lC3)

enrcndcd the clirgnosis of lt.,'paxítas is cont.rinir'rq "\in-
gle-cnrliìnce. cr'lindric.ri or sub c\lindlicì1. unbriìrìchcd
bor ir.rgs in lithic substlrrtes, h.rving circul.rl cross s.c-
tion throughout lcngth. fhe .r\es of thc borinss mrr'lre
streiqht. cuncd or irrcguler". Follot'ing thi. di,rgnc,sis.

the boring is .rscribcd herc to Ti'lltattite. \l.igdcfrau. l9-ì1.
Tlic boring rcsrnlbles T. solìt,u'itLs (H,,rgerorr; lS10) .rnc1

7ì z'eisci Nligclefleu. 19-12. I'he trronorìric st.ìtus of thcsc

t\\'o ichnot:r\r is unsurc for the rc,ìson th.rr interrrrccli-

i'ìtc spccìnlens cxist. Both ichnotlxrr lrc ch.rt.tctcrizccl bv

a unifor-m di:rructer thloughout thcir lcngrìr, Thcr'ìr.rtc
been rlistinguishcd br rhcir-:rttitucìcs irl reìrrion ro rhc sLr--

ilce ol the subsu.rte. Another fc.rtut-c usccì is tìre corrlse

of rhe [rc,r-i,rg. Hou t'r'cr. rhesc le.rtnrcs .rppcrrl to bc tttr
suit,rble ich not.rrobxses. Zlprtrl.'J ; ei-rcl .tncl 7. -.olr.rrias
\\-ere brscd on idionrotphic rnd stcnomorphic borings.

rcspectiveh' (Btonlcl & D'Aless,tncllo 1987 1. Til,pattites

fosto1'eon,rti.l lrich rr.rs defined crclusirclr on sizc br

Cols li I'rlnrer'(1999), r':rs brscd on idiorrorphic bolinqs
sinriì.rl to 7. il.lrici. r-one of rhesc ichrror.rrl h.rs shor,rr
to ìr.rve a spir.tl shlpe. Intcmecli.rre specinìrns hrve not
bccn lecorcLecl (e.g., Bronrlcr 3: l)'Aless:rncllo 19871 Cole
& I).rìnrcr 1999). In the plesent stuch. hor,' cvcr. tlrc bor-
ing cle.rrlv h.rs .r regrrllr spirll sh.rpc t ithin Naallialrtes.
AlthoLrgh thc tricerl;rlicl hed tlrc .rLrilitt ol bit,erocLing, ncr

orhel contiqr,rr.rtiolrs ol TitTl,lirltcr .trc seen in Nlllrtiirr/itt's
or ()tììer substr.rtcs.

The Nrrnn itcs tcsts r.urgc up to 5 crr in clilrttcte r
.rncl nr.rl bc encrLìsrL'd Lrl bllozo.rns end sc:'pulids: horr'-
trer, l. btlitrr: isp. lor'. onh occr.rrs in tcsrs snrallcl rh.rn

2 crr, This ìnclìc.rtes tìr.rt l:rrge sLrbstr:rtcs sere.ir'.riì:rblc
to colonizltion. but thcr dìd not bcconlc bioeroclecl br'
Tttl,rttitcs u-Jcclrl.lkcls. 'fhe specinrt'ns ol T. lrclitts isp.
n()\: tcplcsent i ccftlin tccuftent N ol Lrc]reviour' .rnd

rhelcforc ther' .rrc folnrllìr, ni'Ìlìlcd hel-eir'1.

Discussion and conclusion

Ethologv. Thc bch.r!iour'.rl prrttcr'ìr Ì'csponsÌblc lor
tìrc protluctìon oi thc borings rooh pl.rcc belote'.rncl,'
or.riter thc cle.rth oI thc lor.rrrtinilers. Tìtc tr.;rcerur]ier.s

nr.rv h,rr.e bioerodccl .rnc1 exploit.rtctl thc ìiting substt.rte,
i.c., the Ìiving ior.rminifcrs. Altcrn;rtilelr'. thc tor-irnrini-
lcls rr cr-e .rlrc.rc|' de.rd bclore the bioelosional :rcrilitr',
lelling thcil tcsts ,ritìr cleceling orqanic nr:ttter t() be

fcd Lrpon br'5ci1\'clrg!'rs or to l)c usecl ls clonriciÌcs for
othcl organisnls.

l'hc tr.rccrrr;rker ol .ll,turtlntpoll'do.t o\ltnttlic
sl-r isp. r'ror'. rppe.Ìrs to h.rvc cnterccl Or'ólk.,tr1es, r'hcn thc
llttcr-s,'rs lulll grot n <,r'dclcL. Thc borings cross-cut the

rc\r su ucrLrÌ c ol Orbitoides ;rnd ditl not irrtlucc loc.rl tcst
ìegcncr.rtiorl. The el]tliÌnce \'.1s throuqh.rn.rperture.rt the
pcrìplrerl ol Orbttctidcs. 'fhe ri'ìnrling course of thc l)o1

ir': irtd i..r t e. tl). lhr l( 'f.ùrì in it ( r\ \\cÌf.ì ÌìLrtri( rìt \('u rce

ior rhr rr:rccln.Ìker.s. 'l he ecluil.rtcr:il l,rler of C)r-úttoilcs

rr'.rs erplc,itcrl spccìlic.rllv 1or its nrincrlì ,rnd nutrient
con terr t.,\rlclition.rlìr'. thc c<1u iì.trcr',rl l.rr'cr possìblr rr.rs
clsicr ro biocì'ode rh.rn tht'l.rvers oi llrer.rl chrnrbcrlets.
Thc rr.rccnrlìicr npic.rìll avoicle,-1 drrla!Ììnq the erubrr,-

orì;c chrÌrìrtrcrs oi C)rbin,ides, lr hich possibìr u oultl h,rvc

l,ecn lcth,rl ir''r the for.rrrrini[.'r. l-his nr.l bc rcl'rted cither
ro rr p.rrrrsitic rr'.u- ol lìr ing, or to thc poolrr acccssibiìity
oi rhcse ch,rnrbers. Giìr'nrúq & S.rgulrr (l99ij) suggcsted

thrr rhc borinqs reflect p.rr.rsitisnr. This rvouìc1 inrpìr thrt
rhe rr'.rcerrrrlier (p.rr.r.itc) lor,rll c,,-sonre p.rrt of ìts lile
clcr'ìvcd foocl fronr thc liling Orbini,lts (host). rvìrìcìr

l.t. hlnrcrl t() sonle e\tent b\'rhis;rssoci.rtion. ll so. the

boring nirrl bc cl.issilicd :rs a pr'.te clichnion, prcsupposing

tìr,rt rhc l-rrccrrrrkel crLrght ancl killecl Orúrtc,r,/c-r iol lood.
Tìr,rr(' is no cr iclencc. ìto* ctcr. ro sr.rpport Pred,rtìon.rl be-

hriioLtr. Aìtcrnltilelt; thc ttlccmlker Iì1,1\ l.ì;ì1c bcen ;1

r',rsile sclvcnscr- tornring for';rging tr-lccs. Although the

lor'r'.rrd ìoconrotion oi the tr.rcctrr.rkr:t is trcrr dircctlr'cvi

/. À. .\'ir'lica N.1/. (ìrirrrri,i



499

-

^

Btu,r,ut,'n and For,tnt i't iJtr,t

Fig. /

dent, thc trecerraker (or.at least e bod-v p:rrt) musr have
movcd through the Oràrolles tests to biocrode. Sinilarlv,
the stclletc gnaiving trtces, Gnathiclnus petttax, ol graz.ing

reguÌar echiÌToids :rre consideled :rs pascichnia (Bromlcr'
1991); signs of locomotion ol the trrccmaìrers are not
morplroÌogjcalì\'c\'ìdcnr, but knon'n from the life habits
of Recent echinoids (see Bronrlcy 1975). Thus, rr'c inter-
prct M. osmdrelíenszs isp. nor,. ls a prrscichnion produced
by parasìtes or scavengers.

Trypanites helicrs isp. nor'. is distinguished bf its
rcguÌaq coilecL course within the substrate, cross-curting
the skelcrel structure of the Numnulitcs tcsrs. The trace-
rnaker enterecl the tcst bv urìlizing its structural w-clk-
nesscs, i.c., bioeroding thr:oush the tubular openines (sto-
lons) in chamber rvalls. The trrcerrlker onlr-cnreretl the
r(.r .rt ll\ nr.rr'!ir. (,cncr.rl t. I'ypL'tr',, i'l'l'..rrc j r.r
preted:rs domichnia (Bromler. 1991). The rreccmrker of
T. belicus ìsp. nor'. nrily h.1\.e used the tests :rs domiciles,
beìng specirlizecl ìn vsing Nutnmulire-s resrs follorving
structural ncaknesses. If not, the borine wouìd bc cx-
pected to have a niore variable course. 

^,,atn",1,'"1r', 
thc

tr.r.el rk.r'.o.rld h r,. bc.rr..r'ni\L,rùu\ in rrr.ou. r..r.'.
e.!!., piulsitic or scalenging by exploitìnr specific par ts of
the resr. Predaceous behaviour is less ìikcìv as thc errbrvo
and nunreroLLs ,rdjacent chanbers :Ìre int;Ìc!. Ttlpanites
heLicus ìsp. no\'., ho\\'ever, is interpleted .rs e clomichnion,
being the simplest inrerpr erarion.

TD)panttet helicus isp. no\'. represerlts ar1 etholoci-
cal ancl texonomic cìilcmme: clid rhc tracemaker bioerode
throusl-Ì tl-Ìe structur xl we:lknesses of the test ì:ec.rrse

of (1) substrate construction) or (2) exploitine the sub-
srrare eificientì\' by forrrlìnq x spiral boring? T)ypanítcs

heltcus isp. no\'. cennot cxplicirly be interpr eted ls rn id-
iolnorphic or-stcnomorphic borjng. No collsensus ex-
ists on how to solvc thc dilcnrnra. AII rracc fossils havc

Ttllrotttes hltcu: ìsp. no\. A, Dl-\ Dinr,7. rh,n section 13, holorypc. Scrle bl I n,n,. B. Closc-up sho.'ing thrt rhc fillins consìsts of
crlciLic ccnrcnr. Scrlc b,rr 0.3 mn,. C, l'hree-diucnsicin.rl rcc<,nrrrucrlon of rhc holotlpc.

been lormcd by interaction benveen tracenakers and
sulrstrates. Thc bchaviour of thc tracer-nakers \ì'as parrll
controllccl br. substrate properties such as gr:rin size, tcx-
turc and consistenc,v (e.g., Bromlcy 1994, 1996). Trace-
rur:rkers mav havc bccn constricted by the outline of the
substratc :tnd forned stenonorphic traces. These traces
arc chirracterized by l-reving an irregular course that is not
recurrent. Stenomorphic traccs usually have intermediare
spccimcns greding to*'ard idìomorphic specimens (e.g.,
BronrÌev 3r D'Alessandro 1987). If Tilpanites helicus isp.
nor: is considered to be stenomorphically, it is unusualby
Ìacking an irreguìar-course and intermediate specimens.
As thc dileninia remains unsolved, inherent subjectir,ìty
nìav obscure ihe applìcation of ichnotaxonomic classifi
crtions. Ichnot:rxa shouìd excÌusìvelv be distinguished by
morpÌrology (BronÌey & Fùrsich 1980; Pickerìll & Do-
ro\rr' lqqb: \icl.<n & \icl.un ì0027. We rherelole.ug-
gest excluding etl-iologìcel interpretatìons fron cli:rgnoses

ior stenomorphic as n,'elÌ as idiomorpl.ric trace fossils.
Biological affinity. The foraminiferaÌ rests Írere

infested b,l euendolithjc organisns. Evidence of thc tax
onorric posìtìon of the tracemrkers h:rs not been found.
The boriÍrgs have onÌy a supcrficial rcsemblance to rhose
lnade bl cvar.robacteria and lungi, differing in sìze and cur-
vatLLre (see abor.e). Green algac (Chlorophvta) and red
rleae (Rhodophvta) appear not to form cylindrìca1 bor
ings and:rrc unlikcl,v to be the tr:rcemakers (see Golubic
et al. 1975; Koblulr & Risk 1977). Instead, I'laeandropoly -
dora osttaneLiensis isp. nol'. may har,e been produced by
:r *orn lil<c orpl:rnism h:rving:r cylindrical shape. Its af
linitl hou'cr,cr, rcm.!ins unkno\\rn

Trlpanites heLicus tsp. nor,. nav have been caused by
norms, which generallv xre considered tÒ be tracemxk-
ets ol Trypanites (e.g., Cole 3t Paln.ier 1999). Polychaetes,

Lìthott1a, sipunctlans and at larger scales even crustaceans
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and echinoids are possible rràcemakers of rhis ichnoge-
nus (Bromlev 1994). Lir'ìng nemarodes ransins in lenqth
from 250 to 500 pm n'tav occur rrghtly coiìed jn rhc resrs
of benthic foraminifers (Slirer l97l). ft is rhus possìble
that nematodes iÌre tlacemakers of T. belicus isp. not.

Palaeoenvironmental implications, Correct in-
Ierpletatjons of foraminiferal assemblages requirc mor!
than a knowledge of the lir ing habìtat of the or srnisns.
Decaf ing and empry resrs arc subjected !o currenrs
that may sort and rcdjstribute rhe resrs. Understand-
ìng the hydrodvnamic settling behaviour of unbìoerod-
cd and bioeroded tests of diflerent foranrinìfcraì species

nay lcrd to insights about rhe processes governinr:: (1)
tcst disrribution in sh:rÌlow-marine environnrcnts, anc{

(2) prcservational porcnrial. Firstlr', the hvdrodr.n,rmic
propelties of tests are affected bv test shapc, size, den-
sity and occurrenccs of chambers and cavirìcs (Marrin &
Liddell 1991 ). ThLrs, thc behaviour o f tes rs as scdinent;rn.
particles can be partlv related to borings. Sccondlr., the
taphonomìcrÌ effecrs of bioerosion possibh..rltered rhe
preservition porenrial of thc forantiniferal tesrs (Pccbles
& Lc*is 1988; Marrin éc Liddell 1991). Certrin parrs of

the tests wcre removed bv triÌccnlÍkel s, e.q., the nlcdian,
equatorial lavcr oi Or1-,rtolrle.r, and the te'sts probablv be-
crtme lcss tcsist:ìn! ro break:1rÌc alld abrlsìon. The cn-rptv
borings nrar as scll hlve enhùnced thc flos of dissotr-
ing and prccipitaring fluids rhroui:h thc tests. This m:rr.
havc rcsulted in precjtlrion of rhe c,rìcitic cerrent in nosr
oi the studied borings (sec Golubic et :rl. 1915; Nielscn
2O02; Fig. 7B). Dìffcrenrial inicstation oi shailorl-nrrrrine
benthic Iorrnrinifers bl bioer-oding orsinisnrs is knon.n
from l{eccnr enlironmcnrs, lnd ìs rt lclst par-tly rclrred
îo the rìlicrostrucrural constructiolr of tests (Peebles &
Lcn'is 1988). It is therefore likelv that sorne foranrinifer
species irre nrorc suscepribÌe to intcrxctin!! raphononìic:ìl

Ploccsses thirn others.

,.1i[,ror. /r.r/ger]orr. JKN is !:rrreful ior rhc hospirrlirr rhorn
br Kubìl.rr U\1rl lisp.rn.rl dLLring a rL.r' in Isprrr.r. Cunerr Bìrcrn .rncl

Onur'funq (l\prnr) kindll helpcd pr.'prr'ìng rest' for srudic'. Lortc
Q!ist Niflsrn i(loperhrsen) is thrnhcd ior rcchric.rl .rlvice on illLrs-

rr'.rrionr. Consrructirc connrcnts br Rich.rr.l Brrnlcr r(l{'pe,ìh.rgen).
Allred Uchmrr (Kr:Lkr;s ) rnd the trr o ro icl er s. ;\ssunr,r l)'Alcss.rndr.o

lihril rnei R.rdek \{ikulii ílì.rgu.r. ìrt gr(ùlv.rpprecìrted.
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