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A bstract: The boring foraminifera Troglotella incrustons has been recorded in exotic boulders o f the Stram- 
berk-type limestone (Tithonian-lower Bemasian) occuring in the Polish Flysch Carpathians. In the studied 
material Troglotella occurs in association with Lithocodium aggregation. The foraminiferal nature o f this micro- 
problematicum is accepted herein. The co-occurrence of both foraminifers is interpreted as a life association. 
Troglotella facultatively lived inside chambers o f Lithocodium or bored in the carbonate skeletal substrate 
encrusted by it. On 5 mm o f substrate as many as 10-15 borings-produced by Troglotella have been found. This 
poorly known foraminifera was described up to now from the Upper Jurassic. New data from other regions suggest 
that the stratigraphical range of the Lithocodium-Troglotella association should be extended to the Albian.

A bstrak t: W wapieniach egzotykowych typu sztramberskiego (tyton-dolny berias) występujących w polskich 
Karpatach fliszowych stwierdzono obecność drążących otwornic Troglotella incrustans. W badanym materiale, 
otwomice te występują w asocjacji z Lithocodium aggregatum. Według autora takson ten należy zaklasyfikować 
do Foraminiferida. Współwystępowanie obu otwornic miało miejsce za ich życia. Troglotella żyła w komorach 
Lithocodium lub drążyła w elementach szkieletowych inkrustowanych przez tą otwomicę. Na odcinku 5 mm 
powierzchni inkrustowanej przez Lithocodium można miejscami stwierdzić 10-15 wydrążeń wykonanych przez 
Troglotella. Ta słabo znana otwomica opisywana była dotychczas z górnej jury. Na podstawie nowych danych 
pochodzących z innych obszarów należy rozszerzyć zasięg stratygraficzny asocjacji Lithocodium-Troglotella do 
albu.
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INTRODUCTION

F oram in ifera  have ad o p ted  a  varie ty  o f  lifestyles, bu t 
no t num erous am ong them  have boring potential. Som e 
foram in ifers bore m ain ly  to  p rov ide anchorage for the test, 
o ther ones are able to  c rea te  cryp ts fo r them selves. A bout 20 
species o f  fossil and m odem  boring  foram in ifera  are know n 
(for rev iew  see P lew es e t al., 1993; V énec-Peyré, 1996). 
T he o ldest bo ring  fo ram in ifers are know n from  the C al- 
Iovian (P lew es e t al., 1993). M esozoic  exam ples are m uch 
m ore rare  then  C enozoic and  R ecen t ones.

A bundan t borings p roduced  by  foram inifers have been 
reco rded  in  the S tram berk -type  lim estones. T hese lim e
stones occu r as exotic pebb les and boulders w ith in  the up
perm ost Ju rassic , C re taceous and  T ertiary  flysch sequences 
o f  the P olish  O uter C arpath ians. T he S tram berk-type lim e
stones is the age and facies equ ivalen t o f  the Ś tram berk 
L im estone from  M oravia  (e.g ., E lias &  E liâsovâ, 1984). 
Ś tram berk  facies is trad itionally  regarded  as T ithonian  age,

how ever, low er B erriasian  calp ionellid s have been  recorded  
both in Po land  (G eroch  &  M orycow a, 1966; M orycow a, 
1968) and M orav ia  (H ouśa, 1990). A  low er B eriassian  am - 
m onitic  fauna in  th e  Ś tram berk  L im estone  has been  re 
corded  lately  by E lias and V asicek  (1995). Its o ldest part 
probably  represen ts also the upper p a rt o f  th e  low er T itho 
nian  (H ouśa, 1990). In the stric t sense the  term  S tram berk- 
type  lim estones shou ld  be  app lied  to  re e f  deposits. A ccord 
ing to H offm ann (1992), these lim estones rep resen t coral- 
th rom bolite  boundstone, w hich  b u ilt pa tch  reefs w ith in  cor- 
to idal and  grapestone facies in  the ca lm  env ironm ent o f  tem 
porary  agitated  lagoons. S clerac tin ian  corals are  a m ain 
m em ber o f  the constructor guild . T he dense to  pelo idal m i
crob ial crusts and  accom pany ing  m icro -encrusters are ab u n 
dan t in the lim estones. C om m on m icro -encrusters are L itho
codium  aggregatum , B acinella  irregu laris, “ Tubiphytes” 
m orronensis and K oskinobullina socia lis .
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Fig. 1. Geologie sketch-map of part o f the Polish Outer Carpathians (after Książkiewicz, 1972; partly changed): 1 -  Magura Unit; 2 -  
Grybów Unit; 3 -  Dukla Unit; 4 -  Silesian Unit; J  -  Sub-Silesian Unit; 6 -  Skole Unit; 7 -  Stebnice Unit; 8 -  Miocene deposits upon the 
Carpathians; 9 -  Zgłobice Unit; 1 0 -  Miocene deposits of the Carpathian Foredeep; 1 1 -  location of exotics

T he boring  ac tiv ity  o f  foram in ifers have been  recorded  
during  taxonom ical stud ies on  sc leractin ian  corals derived  
from  m an y  exotics, com ing  from  the Skole, Sub-S ilesian , 
and  S ilesian  nappes (F ig. 1). T he geographical and geo log i
cal position  o f  the m ateria l illustrated  in this paper is as fo l
low s (lithostra tig raph ica l nam es and age o f  deposits w here 
exotics w ere found  are g iven in the brackets); Sub-Silesian 
N appe: 1. Jastrzęb ia  n ear L anckorona (G rodziszcze C ong lo 
m erates, low er A p tian ), 2. W oźniki near W adow ice; 3. 
K rzyw ica  near M og ilany  (V erovice B eds, H au te riv ian - 
Iow er A p tian ); S ilesian  N appe: L eńcze near K alw aria  Z e
b rzydow ska (Istebna B eds, S enonian), G ródek  nad  D unaj
cem  near N ow y Sącz (C iężkow ice  B eds, Eocene); Skole 
N appe: L ipn ik  H ill n ear P rzem yśl (R opianka Form ation, 
M aastrich tian -P a leo cen e).

ENCRUSTING FORAMINIFERA 
Lithocodium aggregatum

T he boring  fo ram in ifers belong ing  to Troglotella  in- 
cm sla h s  W ernli &  Fookes, 1992 in th e  stud ied  m aterial o c 
cur in c lose associa tion  w ith  the encruster fo ram in ifera  L i
thocodium  aggregatum  E lliot, 1956.

Lithocodium  E llio t, 1956, m onospecific  genus, is com 
m on in calcareous, w ell oxygenated , fu lly  m arine sedim ents 
o f  M esozoic  age in the T ethys. P ossib le  pa laeodepths o f  
abundan t specim ens range betw een  ca. 15 -60  m  b. s. 1. It is 
no t know n from  m ore  boreal o r austral deposits and has 
never been  found in any  arg illaceous rocks (B anner et al., 
1990). T he taxonom ical affin ity  o f  Lithocodium  has been  a 
sub jec t o f  d iffering  in terp re ta tions. M any authors attribu ted  
Lithocodium  to the g reen  algae from  the fam ily C odiaceae. 
It has also  been reg a rd ed  as a hydrozoan, strom atoporoid , 
red  algae, lichen, o r as a  cyanobacteria l structure (for review  
see L einfe lder, 1986; B anner et al., 1990; Schm id & Lein- 
felder, 1996). The fo ram in iferal nature  o f  this o rganism  is 
accep ted  here. T his in terpre tation  o f  Lithocodium  w as as

sum ed by Schm id and L ein fe lder (1995) and is p resen ted  in 
detail in  their pap er pub lished  in 1996. D eta iled  list o f  syno
nym s o f  th is taxon  is g iven by  S chm id  (1996). A cco rd ing  to 
Schm id and L einfe lder (1996), the features o f  Lithocodium  
w hich po in t to  its fo ram in iferal nature are  fo llow ing: the 
partial co iling  o f  the test, m icrog lanular, im perforate  wall 
w ith alveoli, th e  ab ility  to  agg lu tinate  partic les and  the fac
ulta tive occurrence o f  ph reno theca-like  structures. T he ag 
g lu tinating  abilities o f  Lithocodium  excludes its cod iacean  
nature. Lithocodium  w as inc luded  by them  to the order Li- 
tuolida, superfam ily  L oftusiacea , fam ily  C yclam m inidae, 
subfam ily  C hoffatellinae. R ad ia lly  arranged  a lveo la r struc
tures are covered  by a th in  ou ter layer s im ila r to  lo ftusiid  
fo ram in ifera  such as P seudocyclam m ina. T he  in ternal cav i
ties o f  Lithocodium  rep resen t the fo ram in ifera l cham bers. 
Schm id and L einfe lder (1996) suggest tha t a lveo li o f  tes t o f  
Lithocodium  m ay  have been  the  site o f  pho toau to th roph ic  
sym bionts. The existence o f  such  a sym bio tic  association  is 
suggested  by  the fact th a t Lithocodium  occurs in shallow  
m arine carbonates. A ccord ing  to  L e in fe lder et al. (1993) L i
thocodium  can  be an useful env ironm enta l ind ica to r in car
bonates o f  controversial bathym etry  and  ind ica tes shallow  
m arine env ironm ent o f  norm al salin ity  and  m odera te  and 
high energy  w aters.

Schm id  and L einfe lder (1996) belived  tha t the Litho
codium aggregatum  and  the m icrop lob lem aticum  B acinella  
R adoicic, 1959 are tw o d ifferen t taxa. S om e au thors (e.g., 
Segoznac & M arin, 1972; M aurin  et al., 1985; B anner et al., 
1990; N euw eile r &  R eitner, 1992) also inc luded  in Litho
codium  the  irregular m eshw ork  structures o f  B acinella . L i
thocodium  and  B acinella  o ften  occu r in associa tion , and for 
this reason both  structures can be in terp re ted  as tissue  d iffer
en tia tion  or d ifferen t eco log ical varieties. T he cham bers o f  
Lithocodium  can  be crossed  by  ph reono theca l-like  struc
tures, w hich causes Lithocodium  loca lly  to  show  “bacine lli- 
m orph” fashion (S chm id  &  L einfe lder, 1996). B ecause  o f  
d ifficulties in the con trad instinc tion  o f  both  taxa, m any 
authors describe them  as Lithocodium !B acinella  structures.
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A ccord ing  to  L ein fe lder e t al. (1993), there are som e d iffer
ences in th e  palaeoeco log ica l d istribution  o f  both form s. 
B acinella  m ay  still occur in sligh tly  m ore restric ted  shallow - 
w ater settings, w here Lithocodium  is rare or absent.

DESCRIPTION OF THE 
Lithocodium-Troglotella ASSOCIATION

E xterna l surfaces o f  skeletal e lem ents, m ain ly  scleracti- 
n ian coral skeletons (w h ich  have been stud ied  in detail), are 
often  encrusted  b y  Lithocodium . In the p laces w here it has 
grow n into th e  in tersep tal space o f  the coral skeleton  it 
som etim es show s “bacine llim orph” shape (Fig. 2G ). T ests 
o f  the fo ram in ifera  T roglotella  incrustons (“bubble-like 
struc tu res”) often  occur in side  cham bers o f  Lithocodium  
(Fig. 2A , B ). T he shape o f  tests is irregular, depending  on 
the o rien ta tion  o f  thin sec tions and  the in ternal outline o f  L i
thocodium  cham bers. L ager single cavities m ay be inhabited  
by m ore then  one ind iv idual o f  Troglotella  (Fig. 2B ). The 
in teriors o f  tests can  be in filled  by m icrite  (Fig. 2F).

T roglotella  facu lta tive ly  lived inside cham bers o f  Litho
codium  o r bo red  into th e  carbonate  skeletal substrate en 
crusted by it. T ests are som etim es v isib le  in the borings (Fig. 
2C -E ). H o w ever m ore o ften  borings clearly  referred  to  Li
thocodium  cham bers, bu t te s ts  o f  Troglotella  are no t p resen t 
there (Fig. 2G , H, J). L ocally  on 5 m m  o f  carbonate  skeletal 
substrate  10 -15  m ore or less d is tinguishable  borings w hich 
appear to  be produced  by  these  foram in ifers have been 
found.

U sually , skeletal substrate  encrusted  by Lithocodium  is 
c learly  eroded  but p a rticu la r borings can no t be d istinguish
able (Fig. 2J). T ests o f  T roglotella  are v isib le  som etim es on 
such bored  surfaces (Fig. 2F ), w hich clearly  d iffer from  sur
faces w ithou t encrustation  o r encrusted  by organism s o ther 
then  Lithocodium  and B acin ella  (cf. Fig. 21, J). It m akes it 
easier to  d istinguish  o f  Lithocodium  i f  its th ickness is sm all 
or it is bad ly  preserved.

L ocally , fine, filam en tous tunnelings infilled  by m icrite  
are v isib le  beneath  th e  Lithocodium /substrate  con tac t (Fig. 
2H ). O ccurence  o f  T roglotella  ou tside o f  the association  
w ith  Lithocodium  is uncerta in  (Fig. 3).

In the stud ied  m aterial B acinella  is m uch less com m on 
then  Lithocodium . T issue d ifferen tia tion  o f  Lithocodium  
causes th a t it is som etim es d ifficu lt to  distinguish both or
ganism s. L ocally , in the skeletal e lem ents encrusted  by B ac
inella  fine m icroborings are  v isib le (Fig. 4).

DISCUSSION

T he association  o f  both  fo ram in ifers p resen ted  above 
w as described  for the first tim e  by L ein fe lder e t al. (1993) 
from  the U pper Ju rassic  o f  Portugal, Spain and southern  
G erm any. D eta iled  descrip tion  and d iscussion o f  this asso
c iation  is g iven  by Schm id and  L einfe lder (1996), w here in
terp re ta tion  o f  Lithocodium  as a  fo ram in ifera  is also p re 
sented. L ein fe lder (1989; see in  S chm id  & L einfelder, 1996; 
p. 35) w as the first w ho  iden tified  bubble-like structures 
w ith in  cav ities o f  Lithocodium  as foram iniferal tests. These

structures w ere earlier regarded  as ca lc ified  sporang ia  or 
skeletal e lem ents o f  Lithocodium  and have even  been  a rea 
son for determ ination  o f  new  taxa: Lithocodium  japon icu m  
and  L. m orikaw ai by  Endo (1961) and  B acinella  crispa  by 
E liâsovâ (1981). L ein fe lder e t al. (1993) determ ined  the 
foram in ifera  lived  in associa tion  w ith  Lithocodium  as Bul- 
lopora  aff. laevis. Such taxonom ical assignation  w as also 
assum ed by the p resen t au thor in a p re lim inary  no te  about 
boring fo ram in ifera  from  the S tram berk -type  lim estones 
(K ołodziej, 1995). A cco rd ing  to  S chm id  and  L ein fe lder 
(1995, 1996) this fo ram in ifera  shou ld  be a ttribu ted  to Tro
g lo te lla  incrustans. T his genus and  species w as described  
by  W em li and F ookes (1992) from  re e f  facies o f  the upper 
K im m eridg ian  in Saint G erm ain -de-Joux , E astern  F rance. 
A lso  in the op in ion  o f  F ookes (1995) fo ram in ifers asso c i
a ted  w ith  Lithocodium  and  described  by L ein fe lder e t al. 
(1993) should be assigned  to T roglotella  incrustans. S chm id 
and  L einfe lder (1996) gave em ended  d iagnosis fo r the L i
thocodium  and  attribu ted  it to  the superfam ily  H orm osi- 
nacea, fam ily  T elam m inidae. T he em ended  d iagnosis in 
cludes th e  bo ring  behav iour o f  th is foram in ifera . W em li and 
Fookes (1992), and  Fookes (1995) m en tioned  Lithocodium  
aggregatum  am ong  organ ism s occu rring  w ith  Troglotella  
bu t e ither tex t o r figures do no t ind ica te  th a t these organism s 
lived in close association . H ow ever, E. Fookes (person al 
com m unication, 1996) had reco rded  in his m ateria l som e 
exam ples L ithocodium -T roglotella  association . In his op in 
ion there is also possib ility  tha t in the sam ples derived  from  
high energy areas Lithocodium  cou ld  be eroded.

A ccord ing  to  C herchi e t al. (1995), the fo ram in ifera  d e 
scribed by L ein fe lder e t al. (1993) as B ullopora  aff. laevis  is 
T roglotella incrustans, bu t does no t d isp lay  boring activ ity . 
M oreover, these authors be lieved  tha t structures w ith in  
cavities o f  Lithocodium  are no t fo ram in ifera , bu t could  be 
produced  by o ther endolith ic  o rgan ism  o r by  L ithocodium  
itself. H ow ever, such an in terp re ta tion  could  be on ly  p oss i
b le due to  these authors d id  n o t know  the new  resu lts p re 
sented  by Schm id and L ein fe lder (1995, 1996).

Life cycle and character o f  association
Schm id and L ein fe lder (1996) assum ed  th a t the co -oc

currence o f  both  foram in ifers w as a life associa tion . Som e 
argum ents in  the ir opinion exclude  th e  post-m ortem  in festa
tion  o f  Lithocodium  by T roglotella. E ven  in th ick , m ultilay 
ered Lithocodium , m ost cham bers w ere  inhab ited  by Tro
g lo tella , w hich is m ost un like ly  in the case in festation  w as 
post-m ortem . T he im perforate  nature o f  the Lithocodium  
w all w ould  h inder both se ttlem en t pa ths for zygotes o f  Tro
g lo te lla  and nu trien t-rich  w aters. P h reno theca-like  s truc
tures crossing the cham bers o f  Lithocodium  are rare  in  the 
U pper Jurassic, w hen  the associa tion  o f  bo th  fo ram in ifers is 
com m on, suggesting  that cham bers w ere  occup ied  by  Tro
g lo tella . O n the o ther hand, there  is no reason  w hy  Litho
codium  should  overgrow  a tes t o f  dead  foram in ifers. B e
sides, the irregular shape o f  tes ts inside cham bers o f  Litho
codium  show s tha t Troglotella  g rew  up  in a res tric ted  space.

In the stud ied  m ateria l Lithocodium  g row s into borings 
m ade by  Troglotella  (Fig. 2G ), w h ich  also  seem s to  confirm  
the life association  o f  both fo ram in ifers. H ow ever, m icrite  
infilling the tests o f  Troglotella  (F ig. 2F) should  be inter-
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Fig. 3. Small skeletal element bored by ITroglotella not associ
ated with Lithocodium; Leńcze. Scale bar = 0.5 mm

preted  ra th er as m icrite  cem en t and  no t skeletal autom icrite
o f  Lithocodium .

T he fo llow ing  stages in the life cycle o f  Troglotella  are 
suggested  by S chm id and  L einfe lder (1996):

1. In festation  o f  Lithocodium . G am etes o f  T roglotella  
se ttled  on  the ec top lasm a o f  Lithocodium  w ere transported  
into the endoplasm a.

2. E arly  grow th stage. T roglotella  a ttached itse lf  to the 
ro o f  o f  cham bers or the Lithocodium  substrate. U sually  an 
early  boring  stage is presen t.

3. L ater grow th stages. E pibenth ic  g row th stages. 
A uthors suggest that T roglotella  fed on the supposed pho- 
toau tho trop ic  sym bionts o f  Lithocodium  or their syn thesized 
products.

4. R eproduction . P ropagation  o f  T roglotella  during 
asexual rep roduction  o f  Lithocodium . T he exact character o f  
th is sym bio tic  association  (m utualism , com m ensalism , p ara 
sitism ) is d ifficu lt to evaluate , because fitness da ta  can no t 
be ob ta ined  from  fossils. T hen, it is useful to  use the term  
“sym biosis” in its broad , p rev ious sense. A t p resen t m ost 
specialists use such a m ean ing  o f  this term  (e.g., A hm adjian  
&  Paracer, 1986).

A cco rd ing  to  S chm id  and L ein fe lder (1996) the Litho
codium -T roglotella  a ssocia tion  cou ld  have a  com m ensalic 
character, w ith  possib ly  sligh tly  parasitic  nature. T he Tro
g lo te lla  possib ly  fed  au to troph ic  sym bionts o f  Lithocodium  
or their syn thesized  products.

T he Lithocodium -T roglotella  association  has not close 
fossil o r R ecen t analogs, w hich additionally  m akes it d iffi
cu lt to assess the nature o f  th is association . Sym biotic asso
ciations betw een  foram in ifera  and  o ther o rganism s (besides 
au tosym bio tic  algae) are also  rare. K aźm ierczak  (1973) re

Fig. 4. Fine microborings (arrows) in skeletal element en
crusted by Bacinella; Gródek nad Dunajcem. Scale bar = 0.5 mm

corded the com m ensalistic  fo ram in ifera  Tolypam m ina va- 
gans  (B rady, 1879) inhab ited  the w ater system  o f  O xfordian  
siliceous sponges. F oram in ifers fed  o ff  nou rishm en t taken  
in by sponges, and used  partic les o f  sed im en t tha t go t there  
fo r bu ild ing  the ir tests.

Mechanism and role o f  bioerosion
W ernli and  Fookes (1992) determ ined  Troglotella  in

crustans as a  fo ram in ifera  w h ich  lived w ith in  p re-ex isting  
m icrocavities (see also Fookes, 1995). T he stud ied  m aterial 
confirm s borings and no t the ca lc ivacico le  life hab it o f  this 
fo ram in ifera  (L ein fe lder e t al., 1993; S chm id  &  L eifender, 
1995, 1996).

A ccord ing  to L ein fe lder et al. (1993) fo ram in ifera  
bored  in a ju v en ile  stage and  encrusted  the surface o f  cav i
ties in Lithocodium  during the adu lt stage. B orings are p e r
pend icu lar to  the substrate. In the stud ied  m ateria l, tests o f  
T roglotella  often  are not p resen t in  th e  borings, bu t shape o f  
cham ber o f  Lithocodium  c lea rly  fit in the borings (Fig. 2G , 
H , J). T his m ay  suggest m obility  o f  th is fo ram in ifera  in tim e 
o f  boring or sim ply  tests are no t p reserved . M ost borings re 
covered  in the studied  m ateria l d iffer from  the pattern  de
scribed by cited  authors. B orings perpend icu la r to  the sub
strate are rare (Fig. 2E). B ored  surfaces o f  skeletal e lem ents 
are irregular, o ften  w ithout d is tinc t d is tingu ishab le  borings 
(Fig. 2J). Tests o f  Troglotella  a lthough  very  rary , are v isib le 
on bored surfaces suggesting  tha t bo rings w ere  m ade  by this 
foram inifera, and Lithocodium  on ly  grew  into these borings. 
H ow ever it is possib le  tha t Lithocodium  cou ld  p roduce  fine, 
filam entous m icroborings (Fig. 2H ). S im ilar outgrow ths 
w ere  described  by  o ther au thors both  in fossil and m odem  
exam ples, and are regarded  as p seudopod ia l tunne lling  (e.g.,

-<--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Fig. 2. (A, B) Troglotella incrustans (t) inside of Lithocodium aggregatum ( 1 ) chambers; (C, D, E) Coral encrusted by Lithocodium 
and bored by Troglotella (arrows); (F) Bored coral septum (c). External part o f Lithocodium (1) is eroded; test of Troglotella (arrow) is 
infilled by micrite; (G) Bored surface of coral skeleton below Lithocodium encrustation. Arrow shows “bacinnelimorph"’ fashion of 
Lithocodium. Borings clearly referred to Lithocodium chambers, but tests o f Troglotella is are not present; (H) Fine microborings within 
coral skeleton encrusted by Lithocodium: (I) Corallite encrusted bu Koskinobullina socialis; (J) This same corallite, but clearly bored 
below encrustation of Lithocodium. Tests of Troglotella are not preserved. A, D. E, I -  Krzywica; B -  Gródek nad Dunajcem; C, J -  
Lipnik Hill; F, G, H -  Leńcze. Scale bars = 0.5 mm



254 B. KOŁODZIEJ

Poag, 1969; M ateucci, 1980; P lew es e t al., 1993). A uthors 
describ ing  m odem  b o ring  fo ram in ifera  speculated  th a t bor
ing m ay  be accom plished  by  pseudopod ia  th rough  chem ical 
disso lu tion  (Poag, 1969).

T he po ten tia l advan tages o f  b ioeroding  m ode o f  life, 
sum m arized  by V énec-P eyré  (1996), are nutrion , test b u ild 
ing and  protection . M any  au thors suggest th a t the purpose o f  
penetra tion  in substrate  is p ro tection  against abrasion and 
predato rs (e.g., D eL aca  &  L ipps, 1972; V énec-P eyré, 1987; 
Plew es e t al. 1993). Such an in terpre tation  can  be good ex 
p lanation  o f  boring  behav iour for Troglotella  liv ing outside 
o f  Lithocodium . A dap ta tion  to  coeleb ion tic  sty le o f  life o f  
adult fo rm s could  be also  pro fitab le  fo r living in exposed  en 
vironm ent. In the m aterial studied  by Fookes (1995) w ith 
the excep tion  o f  T roglo tella  incrustons and “Tubiphytes” 
m orronensis, fo ram in ifers are rarely  found  in the re e f  com 
plex. A ccord ing  to  Fookes the adaptive strategy  (living in 
pre-ex isting  cav ities) during  on togeny  allow s the co lon iza
tion  o f  a h igher energy  env ironm ent by Troglotella  incrus
tons.

A n other exp lana tion  o f  boring behaviour is ob tain ing 
m aterial requ ired  fo r te s t construction . T odd  (1965) specu
lated  th a t m odem  R osalina carn ivora  sought calc ium  ca r
bonate  fo r tes t build ing . Such an advantage o f  boring behav
ior w as also  supposed by V énec-P eyré  (1987). It is also pos
sib le  th a t boring  fo ram in ifers ob tained  som e food from  or
ganic  m atte r in the skeletal substrate o r endolith ic m i
cro flo ra  (P lew es e t al. 1993; M atteucci, 1980).

T roglotella  m ost p robab ly  bored  into skeletons o f  dead 
organism s. A lexander and  D eL aca (1987) described  the 
case o f  m odem  species C ibicides refulgens w hich obtain n u 
trien ts from  the liv ing  host (scallops) by  the erosion o f  the 
shell beneath  the p lace  o f  a ttachm en t o f  its test. A  sim ilar 
hab it w as p roposed  fo r fossil boring  fo ram in ifera  by B anner 
(1971) and B aum falk  e t al., (1982).

In th e  studied  m ateria l borings m ade by fo ram in ifera  are 
restric ted  to the ex ternal p art o f  skeletal e lem ents (m ainly  
corals). Sm yth (1988) show ed  th a t m odem  C ym baloporella  
tabellaeform is bores in to  the ou ter shell su rface o f  gastro 
pods. She assum ed, th a t th is is probably  because m ost 
fo ram in ife ra  are positive ly  photo trophic . A ccord ing  to 
S chm id and  L ein fe lder (1996), it is possib le tha t L ithoco
dium  lived w ith pho toau to th roph ic  sym bionts.

In the  m aterial stud ied  by  the p resen t au thor 10 -15  bor
ings can  be recognized  on 5 m m  o f  coral skeleton (Fig. 2J). 
Sm yth (1988) stated  from  1 to 74 borings per shell (having 
length 1 3 -3 0  m m ), and  in fection  rate w as 8.4% . V énec- 
P eyré (1985) reported  tha t 150 0 0 0 -2 5 0  000 indiv iduals o f  
b ioerod ing  foram in ifers on 1—2 m occur in b ioclast on the 
b ack -ree f area and  ou ter slopes o f  M oorea Island. O ther 
quan tita tive  data, no t num erous how ever, are sum m arized 
by V énec-P eyré  (1996). T he ro le o f  fo ram in ifera  in b io 
erosion is not w ell recognized . M ost researches o f  b io 
erosion  do not take  into consideration  the foram inifers. 
H ow ever, both fossils and  recen t exam ples show  tha t 
fo ram in ifera  do take  part in th e  w eaking  and subsequent 
b reakdow n o f  skeletal g rains and  consequently  contribu te  to 
the p roduction  o f  de tritus and silt-sized  particles. T heir role 
in b ioerosion  has been  overlooked  ow ning  due to the sm all 
size o f  foram in ifera . T he  b ioerod ing  activ ity  o f  fo ram inifera

causes that substrate is m ore vu lnerab le  to  o ther p rocess o f  
erosion (V énec-P eyré, 1987, 1993, 1996). T he im portance 
o f  fo ram in ifera  as a m em ber o f  a  destructing  gu ild  m ay be 
m uch m ore larger then  is cu rren tly  estim ated  based  on ex 
am ples m en tioned  in literature. Som e rosette  m icroborings 
attribu ted  to  the activ ity  o f  a lgae m ay  be p roduced  by 
foram in ifera  (P lew es et al., 1993). A  sim ilar assum ption 
w as g iven by C herchi and Schroeder (1991). H ow ever, it is 
possib le  tha t the borings described  by these  la tte r authors 
w ere  not p roduced  by fo ram in ifera , w hich w ere  on ly  secon
dary  nestlers (P lew es e t al., 1993).

T he studied  m aterial suggests bo ring  behav iou r o f  B ac
inella. A ccord ing  to  M aurin e t al. (1985) “bac ine llid  tex 
tu res” are m icrobial nature  and  had boring po ten tia l, as a t
tes ted  by com m unicative in rud istid  shells, in filled  w ith m i- 
crite or tiny  bacinellid  fabrics in  con tinu ity  w ith  ou ter and 
inner encrustings. B oring  ac tiv ity  o f  B acinella  is also m en
tioned  by  N euw eile r and R eitner (1992) and  A rias e t al.
(1995), bu t m ost authors do n o t m ention  such activ ity  o f  
B acinella. H ow ever, the lack un ifo rm ity  in understand ing  o f  
B acinella  and lack o f  w ell docum ented  m ateria l m ake im 
possib le  verification  nature o f  th e  borings described  in  the 
citated  papers. T he boring  ac tiv ity  o f  B acinella  certa in ly  is 
a  topic for fu rther studies. H ow ever, the m aterial from  the 
Ś tram berk-type lim estones is in su ffic ien t for such studies. I f  
w ith in  bacine llid  structures T roglotella  is no t p resen t, this 
could be additional an argum ent fo r the separa tion  such 
structures from  Lithocodium .

Stratigraphical distribution
The L ithocodium -T roglotella  associa tion  does no t oc

cur th roughout w hole range o f  Lithocodium , w h ich  is from  
A nisian  to  C enom anian /?T uron ian  (S chm id  &  L einfelder, 
1996). A ccord ing  to  M oussav ian  (1992), Lithocodium !B ac
inella  still occurs in C am pan ian /?M aastrich tian  deposits, 
bu t photographs presen ted  by h im  do no t a llow  verification . 
U p to now , Troglotella  and  th e  L ith ocod iu m -T rog lo te lla  as
sociation  w as described  from  U pper Jurassic  shallow -w ater, 
m ostly  reefal deposits. The list o f  synonym s o f  Troglotella  
incrustons (associated  w ith Lithocodium  o r not) is g iven  by 
S chm id and L einfe lder (1996). T hese  au thors no ticed  tha t 
the L ithocodium -T roglo tella  association  occurs also in the 
Ś tram berk  L im estone from  M orav ia  (E liâsovâ, 1981; pl. II, 
fig. 2), w hich  they  assum ed to  th e  T ithon ian . H ow ever, the 
stra tig raphical range o f  these  deposits has ex tended  to  the 
low er B erriasian  (H ouśa, 1990; E lias &  V asicek , 1995). 
P rev ious data  suggest that th e  associa tion  is no t restric ted  to 
the U pper Jurassic  and  B erriasian . E ndolith ic  fo ram in ifera  
resem bling  T roglotella  and bubb le-like  s tructu res w ith in  L i
thocodium  c rust can  be seen in p ap er o f  N eu w eile r (1995, 
pi. 26, fig. 7; pi. 56, fig. 4) dealing  w ith  A ptian /A lb ian  m ud 
m ounds from  N  Spain. Such structures, p resum ab ly  tests o f  
T roglotella  associa ted  w ith  Lithocodium  are o ften  in that 
m aterial (F. N euw eiler, p e rso n a l com m unication, 1996). 
S ch lag in tw eit (1991; pi. 10, figs. 13 -14), describ ing  upper 
A ptian  rud istid  lim estones o f  th e  N orthern  C alcareous A lps 
illu strated  boring  foram in ifera  resem bling  T roglotella  in
crustons (D. U. S chm id , p erso n a l com m unication, 1996). In 
this m aterial m ost often boring  fo ram in ife ra  are no t assoc i
a ted  w ith Lithocodium , bu t an  associa tion  o f  bo th  foram inif-
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ers is also  p resen t (F. S ch leg in tw eit, person a l com m unica
tion, 1996). It is d ifficu lt to say w hether structures v isible 
inside o f  cham bers o f  L ithocodium  from  the U pper A lbian  
o f  Spain (see C herchi e t a l., 1995, pl. II) represen t foram i- 
n iferal tes ts , or are on ly  norm ally  developed  phrenotheca- 
like structures.
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Streszczenie

DRĄŻĄCE OTWORNICE Z WAPIENI 
EGZOTYKOWYCH TYPU SZTRAMBERSKIEGO 

(TYTON-DOLNY BERIAS, KARPATY)

B ogusław  K o łodzie j

W wapieniach egzotykowych typu sztramberskiego (tyton- 
dolny berias) z polskich Karpat fliszowych (Fig. 1) stwierdzono

liczne występowanie drążących otwornic z gatunku Troglotella in
crustans Wernli & Fookes, 1992. Występują one w ścisłej aso
cjacji z organizmem inkrustującym Lithocodium aggregatum 
Elliot, 1956. Autor zgadza się z interpretacją przedstawioną przez 
Schmida i Leinfeldera (1996), że takson ten należy zaliczyć do 
Foraminiferida. Troglotella drążyła podłoże szkieletowe (badano 
głównie szkielety koralowców) inkrustowane przez Lithocodium 
(Fig. 2C-F) lub żyła w komorach Lithocodium (Fig. 2A, B). Po
jedyncza komora Lithocodium mogła być zamieszkana przez 
więcej niż jednego osobnika Troglotella (Fig. 2B). Na 5 mm 
podłoża szkieletowego można miejscami stwierdzić ok. 10-15 
bardziej lub mniej wyodrębniających się drążeń (Fig. 2J). W 
obrębie inkrustowanego podłoża występują również drobne, fila- 
mentowe drążenia (Fig. 2H). Powierzchnie elementów szkieleto
wych inkrustoweane przez Lithocodium i drążone przez Troglo
tella wyraźnie kontrastują z powierzchniami pozbawionymi inkru- 
stacji lub inkrustowanymi przez inne organizmy (cf. Fig. 21, J. 
Skorupki Troglotella często nie są  zachowane w wydrążeniach 
(Fig. 2G, J). Występowanie tej otwornicy poza asocjacją z Litho
codium jest niepewne (Fig. 3).

Współwystępowanie obu otwornic po raz pierwszy opisano z 
osadów oksfordu i kimeiydu Portugalii, Hiszpanii i południowych 
Niemiec (Leinfelder et al., 1993) oraz przeanalizowano przez 
Schmida i Leinfeldera (1996). Pęcherzykowate struktury w ko
morach Lithocodium uważane były wcześniej za jego element 
szkieletowy. Wernli i Fookes (1992) uważali, że Troglotella żyła 
w istniejących zagłębieniach. Na podstawie badanego materiału 
można stwierdzić drążący tryb życia tej otwornicy oraz symbio- 
tyczny (w szerokim znaczeniu) charakter jej współwystępowania 
z Lithocodium (Schmid & Leinfelder, 1996). Brak współczesnego 
odpowiednika dyskutowanej asocjacji otwornic utrudnia jednak 
dokładne określenie jej charakteru. Korzyści jakie mogła odnosić 
Troglotella z drążącego trybu życia to możliwość zasiedlania 
wysokonergetycznych środowisk, ochrona przed drapieżnikami 
lub możliwość uzyskiwania materiału do budowy skorupek 
(Vénec-Peyré, 1996). Dyskutowana asocjacja była dotychczas 
opisywana z górnej jury, jednak nowe dane z innych obszarów 
sugerują, że jej zasięg stratygraficzny należy rozszerszyć do albu.

Przypadki zarówno współczesnych jak i kopalnych otwornic 
drążących są  nieliczne. Znanych jest zaledwie około 20 gatunków 
takich otwornic, głównie współczesnych i trzeciorzędowych. Jed
nak znaczenie otwornic w bioerozji mogło być znacznie większe 
niż można to szacować na podstawie znanych przykładów. Nie
które mikrodrążenia przypisywane zwykle glonom mogły być wy
konane przez otwornice.

W badanym materiale stwierdzno również mikrodrążenia w 
elementach szkieletowych inkrustowanych przez problematyczny 
organizm Bacinella irregularis, który część autorów uważa za 
synonim Lithocodium aggregatum  (Fig. 4).




