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Ori ented clus ters of the deep-sea trace fos sil Tubulichnium rec tum in the Eocene
flysch of the Pindos foreland basin, west ern Greece
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The trace fos sil Tubulichnium rec tum, prob a bly pro duced by a soft-bod ied worm like an i mal, nor mally con sists of a sin gle
tube lined with or ganic-rich pel lets, which were stored as a food re source dur ing pe ri ods of scar city (etho log i cal cat e gory:
sequestrichnia). On a large sand stone bed ding sur face in the Eocene flysch of west ern Greece, this trace fos sil oc curs in
fan-shaped clus ters ori ented al most per pen dic u lar to the di rec tion of sand trans port within the host bed. This un usual con fig -
u ra tion, doc u mented here for the first time, is at trib uted to spe cific palaeoenvironmental con di tions in this part of the
deep-sea fan depositional sys tem, where the pe ri odic sup ply of or ganic mat ter and the pre vail ing cur rent di rec tion re mained
sta ble over ex tended pe ri ods. The for ma tion of these clus ters re flects an adap tive re sponse to changes in flow di rec tion. The 
near-per pen dic u lar align ment of the tubes to the cur rent may have re duced ven ti la tion, thereby de lay ing the ox y gen a tion of
the stored or ganic mat ter within the pel lets.

Key words: ichnology, palaeo ec ol ogy, sequestrichnia, deep-sea en vi ron ment.

INTRODUCTION

Trace fos sils show ing pre ferred ori en ta tion likely re flect a
rheotactic be hav iour of their tracemakers. In aquatic sed i -
ments, such traces are typ i cally aligned with the di rec tion of cur -
rent or the per co la tion path ways of pore wa ter. Most ex am ples
are known from shal low-ma rine de pos its, with re cords dat ing
back to the Ediacaran (Uchman and Martyshyn, 2020) and con -
tin u ing through out the Phanerozoic (e.g., Salter, 1856; Seila -
cher, 1953, 1959; Hill, 1979; Ma son, 1980; Hary et al., 1981;
García-Ramos et al., 1984; Pickerill, 1995; Wors ley and MÝrk,
2001; Bromley et al., 2009; Pandey et al., 2014; Boyer and
Mitch ell, 2017; Uchman et al., 2016). Ori ented re cent traces
(lebensspuren) are also known from shal low-ma rine and mar -
ginal ma rine set tings, in clud ing bur rows of deca pod crus ta -
ceans (Hohenegger and Pervesler, 1985; Pervesler and Ho -
henegger, 2006), isopod bur rows (Koyama, 1983), and sur face
traces pro duced by am phi pods or isopods (Uchman and
Pervesler, 2006). Pre ferred ori en ta tions have also been re -

ported, though more rarely from hard rocky sub strates, where
bi valve bor ings may ex hibit con sis tent align ment (Cachão et al., 
2011).

Ori ented trace fos sils from deep-sea de pos its are much
rarer. Simpson (1970) re ported Cardioichnus (his “n.f. cf. Sa -
gitti chnus”) from the Eocene Hi ero glyphic Beds in the Magura
Nappe (Carpathians, Po land), which was ori ented par al lel to
the main flow di rec tions doc u mented by sed i men tary struc -
tures. From the Aberystwyth Grits (Lower Si lu rian, Wales),
Crimes and Crossley (1980) de scribed Paleodictyon and Squa -
mo dictyon ex hib it ing elon gated mesh struc tures, which are
pref er en tially ori ented par al lel to flow on the soles of turbiditic
sand stones. Uchman (1995) doc u mented Ophiomorpha rudis
(as Ophiomorpha isp.) from the Mio cene turbidites of the
Marnoso-arenacea For ma tion in the Apennines (It aly), also
aligned with sed i ment trans port di rec tions. Ad di tion ally, Gaillard 
(1991) de scribed the so-called “FC trace”, ori ented downslope
on the mod ern muddy slope at depths of 1600–2000 m in the
New Cal edo nia re gion of the SW Pa cific.

In this pa per, the trace fos sil Tubulichnium rec tum (Fischer -
-Ooster, 1858) de scribed from a large bed ding sur face of a
turbiditic sand stone in the Eocene deep-sea de pos its of west -
ern Greece. Un til now, this trace fos sil has been known as an in -
clined, sol i tary tube lined with pel lets, in ter preted as a sequestri -
chnion – i.e. a bur row used for food stor age (Uchman and
Wetzel, 2017, 2024). How ever, the spec i mens de scribed herein 
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form fan-shaped, ori ented clus ters, a con fig u ra tion not pre vi -
ously doc u mented. This study de scribes and in ter prets this
newly rec og nized ar range ment, con trib ut ing to a deeper un der -
stand ing of the palaeo eco logi cal sig nif i cance of T. rec tum in the 
deep-sea en vi ron ment.

GEOLOGICAL SETTING

The study area is lo cated in south west ern Greece (Fig. 1)
and forms part of the Pindos fore land ba sin, which is bounded
to the east by the Pindos Thrust and to the west by the Ionian
Thrust. Mi nor thrusts, in clud ing the Gavrovo Thrust and the In -
ter nal and Mid dle Ionian thrusts, sub di vide the ba sin into elon -
gate, nar row sub-bas ins that trend roughly par al lel to the ba sin
axis in a NNW–SSE di rec tion. The ac tiv ity of the Pindos Thrust
led to the for ma tion of a foredeep ba sin dur ing the Mid dle
Eocene (IGSRG and IFP, 1966; Avramidis et al., 2002) within
the pre-ex ist ing do mains of the Gavrovo and Ionian zones
(Underhill, 1985, 1989; Al ex an der et al., 1990; Botziolis et al.,
2021). Sub se quent in ter nal thrust ing dur ing the Late Oligocene
trans formed the fore land in its north ern part into a com plex fore -
land ba sin (Avramidis et al., 2002). Later, dur ing the early Plio -
cene (in the Zakynthos area; Zelilidis et al., 1998, 2023) or the
Mid dle Mio cene (in the Corfu, Paxoi, and Zakynthos ar eas;
Maravelis et al., 2012; Bourli et al., 2022), it evolved into a pig -
gy back ba sin.

From the Mid dle Eocene to the Early Mio cene, the Pindos
foredeep was infilled with sub ma rine fan de pos its (Fig. 2; Pavlo -
poulos, 1983; Al ex an der et al., 1990; Konstantopoulos and
Zelilidis, 2012). In the study re gion, they the ba sin fill is >2350 m 
thick (Fig. 3A). The source of these de pos its was lo cated at the
lead ing edge of the Pindos Thrust (Piper et al., 1978;
Wilpshaar, 1995; Faupl et al., 1998; Avramidis et al., 2002;
Konstantopoulos and Zelilidis, 2012). The evo lu tion of the ba sin 
and its depositional en vi ron ments was fur ther in flu enced by
strike-slip faults, which acted syn chro nously with the main
thrust sys tems (Avramidis and Zelilidis, 2001; Konstanto poulos
et al., 2013; Bourli et al., 2022; Botziolis et al., 2023). The ac cu -
mu la tion of turbiditic se quences was ul ti mately driven by west -
wards-di rected de for ma tion within the ex ter nal Helle nides.

The sec tion stud ied (Charavgi 2) is lo cated in the Tritea re -
gion of south ern Achaia, in the Peloponnese. The Ce no zoic
sed i men tary suc ces sion in this area is de vel oped over the
pre-ex ist ing Gavrovo Zone, bounded to the east by the Pindos
Thrust and to the west by Gavrovo Thrust, near Skolis Moun -
tain. The sec tion stud ied rep re sents part of the up per por tion of
sub ma rine fan de pos its and is pri mar ily ex posed in a small,
aban doned road side quarry (GPS co or di nates: N37.98330°,
E21.62302°), sit u ated along the road con nect ing the vil lages of
Charavgi and Roupakia, south-west of Patras (Fig. 1C). The
bed ding planes dip to wards the W–NW at 40° (295°/40°). The
mea sured sec tion is 14 m thick (Fig. 3B) and com prises fine-
 grained, quartz-rich sand stones interbedded with green ish-
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Fig. 1. Lo ca tion maps

A – lo ca tion of the study re gion on a con tour map of Greece (Bourli et al., 2022); B – gen eral sketch map of the west ern Peloponnese,

with in di ca tion of the study area; B – study area with in di ca tion of the sec tions stud ied (1–3) (based on Mpornovas et al., 1981)
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Fig. 2. Gen eral strati graphic col umn of the Up per Cre ta ceous-Ho lo cene de pos its in the Gavrovo Zone

The de pos its stud ied are shaded in grey; the gen eral phases of geo log i cal evo lu tion

 of the area are in di cated (based on Koukouvelas, 2019)



 grey, poorly cal car e ous mudstones con tain ing scat tered, very
fine mus co vite flakes and carbonised plant de bris.

The lower part of the sec tion (0–5.7 m) is dom i nated by
thick- to me dium-bed ded sand stones, which grade up wards
into a suc ces sion of thin-bed ded sand stones in ter ca lated with
mudstones or sand stone/siltstone-mudstone heterolithic de -
pos its, with an in creas ing pro por tion of mudstones to wards the

top. Two thick sand stone beds in the lower part of the sec tion
are well-ex posed over wide sur faces mea sur ing ~70 m2 (with
Tubulichnium) and 50 m2, re spec tively (Fig. 4). The up per sur -
faces of sev eral beds dis play linguoid rip ples, which also form
rip ple cross-lam i na tion in the up per parts of the sand stone
beds. These rip ples in di cate sed i ment trans port to wards the
west (az i muth 240°). Groove and flute casts on the lower sur -
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Fig. 3. Strati graphic col umn of the Pindos Fore land Ba sin (A) and the Charavgi 2 sec tion (B)

Red ar row points to the large sur face bear ing clus ters of Tubulichnium rec tum; Co – Cosmorhaphe gracilis, 
Go – Gordia arcuata, Ha – Halopoa imbricata, Oa – Ophiomorpha annulata, Or – Ophiomorpha rudis, 

Th – Thalassinoides cf. suevicus, Tu – Tubulichnium rec tum



faces of some beds re cord also cur rents to wards the south-
 west. The mid dle part of the sec tion (5.7–10.8 m) is com posed
of heterolithic de pos its, dom i nated by thin and very thin sand -
stone/siltstone beds in ter ca lated with mudstones. The up per
part of the sec tion (10.8–14 m) is char ac ter ized by thick-  and
me dium-bed ded sand stones with in ter ca la tions of finer-grained 
de pos its.

TUBULICHNIUM AND ASSOCIATED

 TRACE FOSSILS

The trace fos sils de scribed were ob served in the field, pri -
mar ily on well-ex posed bed ding sur faces in the lower part of the 
sec tion. Their po si tions are in di cated in the strati graphic col umn 
(Fig. 3B). The beds in the up per part of the sec tion, con sist ing
mainly of heterolithic de pos its, are ei ther heavily weath ered or
poorly ex posed. Con se quently, ichnological data from this part
of the sec tion are lim ited or un ob tain able.

Tubulichnium rec tum (Fischer-Ooster, 1858; Figs. 5 and 6)
is pres ent in sev eral beds, but is only readily ac ces si ble on the
main, ex ten sive up per bed ding sur face in the quarry. It oc curs
ei ther as in di vid ual tubes or as fan-shaped clus ters. The in di vid -
ual tubes are straight to slightly curved and range from sub -
horizontal to in clined up to 20°. They are 4–18 mm wide, with a
char ac ter is tic grad ual wid en ing in the mid dle seg ment and nar -
row ing to wards the tips that gives them a car si lencer-like
(pinch ing and swell ing tube) ap pear ance. The tubes are com -
monly open at one end, with el e vated mar gins sur round ing the
ap er ture. Their in te rior is thickly lined with elon gate, ovoid,
muddy pel lets (Fig. 5A), which can be as cribed to Coprulus
oblongus Mayer, 1952 (see Knaust, 2020). These pel lets mea -
sure up to 1.5 mm in length and up to 1 mm in width, are
densely packed, and show vari able ori en ta tions. The tubes ar -
ranged in clus ters show the same mor phol ogy. Each clus ter is
com posed of up to five tubes, which di verge from a sin gle point
at an gles rang ing from 15° to 30° and pen e trate up to 7 cm into
the bed. The clus ters are fan-shaped, with an gles of di ver gence 
reach ing up to 65°. In some spec i mens, the lat eral tubes di -
verge slightly out wards, giv ing the en tire struc ture a pal mate

out line (Figs. 5C and 6A). On the large bed ding sur face, the
den sity is ~10–15 tubes per square metre, though lo cally it may
be about half that. The tubes have a con sis tent ori en ta tion, gen -
er ally trending in a N–NE to S–SW di rec tion (Fig. 7). Tubuli -
chnium rec tum is in ter preted as be long ing to the etho log i cal
cat e gory sequestrichnia, in which the tracemaker (pos si bly a
polychaete worm) lined its bur row with pel lets to serve as a food 
re serve dur ing pe ri ods of scar city (Uchman and Wetzel, 2017,
2024).

Cosmorhaphe gracilis Ksi¹¿kiewicz, 1977 (Fig. 8A) ap pears 
as a hypichnial ridge, ~1.5 mm wide, ex hib it ing two or ders of
me an ders. The first-or der me an ders are closely spa ced, while
the sec ond or der may par tially in ter lock. The higher parts of the
sec ond-or der me an ders widen to 6–8 mm, with am pli tudes
rang ing from 10 to 15 mm. Cosmorhaphe is a grapho glyptid
trace fos sil, pri mar ily known from Cre ta ceous to Neo gene flysch 
de pos its (Uchman, 1998).

Gordia arcuata Ksi¹¿kiewicz, 1977 (Fig. 8B) is a hypichnial
ridge, 1.0–1.2 mm wide, form ing com plete or in com plete loops.
Gordia is con sid ered to be a graz ing trace pro duced by small in -
ver te brates and is known from both low-en ergy ma rine (e.g.,
Gibert et al., 2000) and non-ma rine de pos its (e.g., Buatois and
Mángano, 1993; Uchman et al., 2009).

Halopoa imbricata Torell, 1870 (Fig. 8A, C) is ob served as
straight to slightly curved, mostly sim ple, and oc ca sion ally bran -
ched ridges, ~10 mm wide, marked by lon gi tu di nal, dis con tin u -
ous, un even striae and wrin kles. This trace fos sil is com mon in
the Eocene turbiditic de pos its of the Pindos fore land ba sin in
the Peloponnese. It was pro duced by de posit feed ers (prob a bly
priapulids) in the sandy por tions of beds, with the striae and
wrin kles re sult ing from ten sion dur ing the in tru sion of the trace -
maker into the sed i ment (Uchman, 1998).

Helminthoidichnites isp. (Fig. 8C) is a hypichnial, semi cyl -
indri cal, smooth, wind ing ridge, rarely form ing loops, 0.8–1.0
mm wide. Helminthoidichnites is in ter preted as a lo co mo tion
and pos si bly feed ing trace; it oc curs in both ma rine and non -
-ma rine en vi ron ments (e.g., Fillion and Pickerill, 1990; Uchman, 
1995, 1998; Wetzel et al., 2007). It may show tran si tional forms
to Gordia (Hofmann and Patel, 1989).

Thalassinoides cf. suevicus (Rieth, 1932; Figs. 6A, B and 8D) 
is mainly found on the sec ond large bed ding sur face of the ad ja -
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Fig. 4. The Charavgi 2 ex po sure

A metre-long stick is placed within the white el lipse on the up per bed ding plane bear ing
 the clus ters of Tubulichnium rec tum
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cent bed. It is an epichnial, straight to wind ing, cy lin dri cal, bran -
ched, sand-filled bur row, 10–25 mm wide. The branches are
Y-shaped, and the branch ing points are en larged. These fea -
tures re sem ble T. suevicus (Rieth, 1932), al though the dis tance
be tween branch ing points ap pears greater than in the typ i cal ex -
am ples of this ichnospecies. Thalassinoides is a feed ing and
dwell ing bur row, pri mar ily pro duced by deca pod crus ta ceans,
typ i cally in shal low ma rine set tings (e.g., Schlirf, 2000), al though
it may also oc cur in deep-sea de pos its (e.g., Uchman, 1998).

DISCUSSION

Stud ies of the Pindos foreland basin (e.g., Avramidis et al.,
2002; Botziolis et al., 2022, 2023), along with sed i men tary fea -
tures, ba sin fill char ac ter is tics, and trace fos sils from the sec tion 
stud ied, point to a deep-sea fan depositional sys tem. In par tic u -
lar, graphoglyptid trace fos sils such as Cosmorhaphe, which
are also found in nearby ex po sures of the same suc ces sion
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Fig. 5. Tubulichnium rec tum on the large, up per bed ding sur face

A – tube lined with pel lets; B – a sin gle tube along side a clus ter com posed of two suc ces sive tubes (tube 2 over laps tube 1); C –
clus ter com posed of sev eral tubes; D – two clus ters of tubes (clus ter a is over lapped by clus ter b); E – an other clus ter com posed
of sev eral tubes; F – clus ter com posed of three suc ces sive tubes (tube 2 over laps tube 1 and is over lapped by tube 3)
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(e.g., Paleodictyon, Helminthorhaphe, Spirorhaphe in the
Charavgi 3 sec tion; for the lo ca tion, see Figs. 1 and 3) are char -
ac ter is tic of the Nereites ichnofacies (Uchman and Wetzel,
2012), fur ther sup port ing in ter pre ta tion of a deep-sea en vi ron -
ment. In the sec tion Charavgi 1, Ophiomorpha rudis, Tubu -
lichnium rec tum, and Halopoa imbricata have been iden ti fied.
The lower part of the Charavgi 2 sec tion, where the large bed -
ding sur face with Tubulichnium incertum is lo cated, dis plays a
thin ning- and fin ing-up wards trend within a broader thick en ing-
and coars en ing-up wards in ter val of the sed i men tary suc ces -
sion of the Pindos foreland basin in the study area (Fig. 3A).
This ar range ment of beds in the part of the Charavgi 2 sec tion
dis cussed sug gests a lo cal chan nel-fill de posit de vel oped on a
depositional lobe within a deep-sea fan sys tem.

The most in trigu ing as pect is the oc cur rence of Tubuli -
chnium rec tum in clus ters and their ori en ta tion. This is un usual,
as the ori en ta tion is al most per pen dic u lar to the in ferred di rec -
tion of sed i ment trans port. T. rec tum is in ter preted as a
sequestrichnion, pro duced by a tracemaker that stored its own
fae cal pel lets along the bur row walls dur ing pe ri ods of or ganic

mat ter abun dance on the sea floor, sub se quently us ing them as 
a food re source dur ing times of scar city. Feed ing was likely me -
di ated by mi cro bial ac tiv ity (Uchman and Wetzel, 2017, 2024).

Un til now, Tubulichnium rec tum has mostly been re ported
as sol i tary bur rows, pri mar ily from Up per Cre ta ceous to Paleo -
gene turbiditic de pos its (Uchman and Wetzel, 2017). The oc -
cur rence in the form of clus ters, as de scribed in this pa per, is
ex cep tional. It is pos si ble that such oc cur rences are not re ally
rare, but that pre vi ous ob ser va tions, com monly re stricted to
small bed ding sur faces, have sim ply failed to cap ture these
clus ters. Al ter na tively, the clus ters may rep re sent three-di -
men sional struc tures that man i fest on ex posed bed ding
planes only as a sin gle vis i ble bur row, thereby ob scur ing their
true com plex ity.

In some clus ters, the tubes over lap, with older tubes be ing
par tially trun cated by youn ger ones (Fig. 5B, F). This sug gests
that the tubes were pro duced suc ces sively, and more likely by a 
sin gle tracemaker rather than dif fer ent in di vid u als. If so, the
clus ters would have de vel oped over a rel a tively ex tended pe -
riod. The trace mak ers ap pear to have dom i nated the sea floor
hab i tat, at least within the deeper tier as shown by the bur rows
pen e trat ing up to 7 cm into the beds, and the ob served ab sence 
of other trace fos sils. In rare cases, the clus ters are cross-cut by 
sand-filled Thalassinoides (Fig. 6A), likely orig i nat ing from a
youn ger colo nis ation sur face at the top of one of the over ly ing
sand stone beds. This pat tern sug gests that an older tube was
aban doned, and a new one pro duced from ap prox i mately the
same prox i mal po si tion, di verg ing dis tally in a slightly dif fer ent
di rec tion. Some clus ters over lap such that tubes of one clus ter
cross cut those of an other (Fig. 6D), in di cat ing that the cut clus -
ter had al ready been aban doned. If so, col o ni za tion by the
tracemaker oc curred in mul ti ple phases.

This pro longed colo nis ation of the sea floor sug gests that
the sup ply of or ganic mat ter for se ques tra tion was not in ci den tal 
but re cur rent and pre dict able. It is plau si ble that each tube in a
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Fig. 6. Tubulichnium rec tum and Thalassinoides cf.

 suevicus (Th) on the large, up per bed ding sur face

Fig. 7. Rose di a gram show ing the ori en ta tion of Tubuli -
chnium rec tum gal ler ies on the large, up per bed ding
sur face, with an in di ca tion of the di rec tion of trans port
based on linguoid rip ples
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clus ter rep re sents a re sponse to one such ep i sode of or ganic
mat ter avail abil ity. How ever, this raises the ques tion: Why were
new tubes cre ated, rather than re us ing the ex ist ing one? A pos -
si ble ex pla na tion is that the clus tered ar range ment was a be -
hav ioural ad ap ta tion to fluc tu at ing cur rent di rec tions. Al ter na -
tively, though less likely, ex tended pe ri ods be tween food sup ply 
events may have com pelled the tracemaker to con struct mul ti -
ple storages – that is, tubes lined with pel lets for fu ture feed ing.
The cur rent re spon si ble for de pos it ing the sand was not nec es -
sar ily the same as the one in flu enc ing bur row ori en ta tion, as the 
ap er tures of the tubes were prob a bly sit u ated on the sur face of
the over ly ing mud, and the bur rows may have been in use long
af ter the sand was de pos ited. Un for tu nately, the mudstone is
heavily weath ered, hin der ing re li able anal y sis of its sed i men -
tary and bioturbation struc tures. If the bur rows were aligned
with a cur rent roughly per pen dic u lar to the sand-trans port ing
cur rent, the clus ters would be ex pected to di verge con sis tently
in one di rec tion. How ever, ex am ples of clus ters di verg ing in op -
po site di rec tions (Fig. 6B) sug gest that the bur rows were more
likely ori ented rel a tive to cur rents roughly par al lel to the
depositional cur rent. This raises an other ques tion: Why, then,
are the clus ters gen er ally ori ented per pen dic u lar to the in ferred
cur rent di rec tion?

An i mals typ i cally align their bur rows with pre vail ing cur rents
to en hance ven ti la tion, par tic u larly pas sive ven ti la tion in bur -
rows with two ap er tures (e.g., Vogel, 1978; Pervesler and
Hohenegger, 2006). Ven ti la tion may oc cur not only through the
bur row ap er tures but also through sed i ment pore spaces
(Meysman et al., 2005). In the case of Tubulichnium the op po -
site strat egy may have been ben e fi cial. Deg ra da tion of or ganic
mat ter within the fae cal pel lets would pro ceed more slowly un -
der low-ox y gen con di tions, thereby pre serv ing the nu tri tional
value of the pel lets for a lon ger pe riod. If this in ter pre ta tion is
cor rect, the ori en ta tion of the clus ters may re flect a be hav ioural
ad ap ta tion aimed at re duc ing ven ti la tion and thus en hanc ing
food con ser va tion. Nev er the less, the clus ter ori en ta tions may
re cord be hav ioural ad just ment by the tracemaker to am bi ent
cur rent di rec tions, and the ori en ta tion of in di vid ual tubes may
re flect an op ti mi za tion in re sponse to cur rent de vi a tions.

A work ing hy poth e sis to ex plain the oc cur rence of (1) clus -
tered and con sis tently ori ented Tubulichnium ver sus (2) iso -
lated and ran domly ori ented forms could be as fol lows: the for -
mer sug gests long-term, pre dict able ep i sodes of or ganic mat ter 
sup ply, sep a rated by ex tended in ter vals, in an en vi ron ment in -
flu enced by a sta ble, ox y gen-rich bot tom cur rent. The lat ter may 
in di cate more fre quent but less pre dict able ep i sodes of or ganic
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Fig. 8. As so ci ated trace fos sils

A – Cosmorhaphe gracilis (Co) and Halopoa imbricata (Ha); B – Gordia arcuata; C – Halopoa imbricata (Ha) 
and Helminthoidichnites isp. (He); D – Thalassinoides cf. suevicus
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mat ter avail abil ity, oc cur ring in the ab sence of sta ble bot tom
cur rents or in set tings where the cur rents were ox y gen-de -
pleted and/or vari able in di rec tion.

CONCLUSIONS

The trace fos sil Tubulichnium rec tum, oc cur ring in fan -
-shaped clus ters ori ented al most per pen dic u lar to the di rec tion
of sed i ment trans port, is in ter preted as an ad ap ta tion by its
tracemaker to fa cil i tate the pro longed se ques tra tion of food to
be used dur ing pe ri ods of scar city. Such be hav iour could have
mini mised the ox i da tion of or ganic mat ter stored within the
pelleted lin ings of the tubes. This dis tinc tive oc cur rence of T.

rec tum sug gests long in ter vals be tween ep i sodes of or ganic
mat ter sup ply and a sta ble, ox y gen ated bot tom cur rent of pre -
dict able di rec tion.
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