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What is Zoophycos?
Zoophycos is probably
one of the strangest and
most intriguing trace fos-
sils in the world. There

are many varieties of
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Zoaphycos, but the typical B (5) Zoophyeos RHBENERICERID B § () BHBIERICTE (MITTH) - SBHOBIIERACAN— - 8551
BEINEABAERTEZEIECRIARES  ZEESEEEARBHBIAR °
form looks somewhat like Figure 1. (Right) 3D reconstruction of the trace fossil Zogphycos. (Left) Fossil example of Zoophycos from New Zealand.

Zoophycos vary wildly in size, but the largest observed specimen may reach more than one meter in diameter and have a

a huge COl’kSCI‘CW spiral— vertical extent of more than one meter.

ing down into the sedi-

ment. Often, long lobes can be seen extending out from
the central parts. The trace fossil generally consists of
three main components, a vertical shaft that connected
the structure to the seafloor, a marginal tube surround-
ing the whole structure, and sheet-like structures called
“spreiten” which mark previous positions of the mar-
ginal tube (Figure 1). Despite the fact that different
types of Zoophycos have been found in rocks as old as
the Cambrian (~540 million years old), and the young-
est Zoophycos have been found in lose sediment collect-

ed in the deep sea today, no one has ever found the ani-
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Figure 2. Construction of the spreite: (a) The spreite forms between the limbs of the marginal tube through the gradual shifting of the tube through the

mal responsible for the peculiar trace. Interestingly, the
producers of these trace fossils seem to have moved
from shallow environments in the past to being exclu-

sively found in the deep sea today.

Why was it constructed?

The first question that comes to mind when finding a
Zoophycos trace fossil in the field is of course “who did
this?” What kind of organism could have produced such
a strange structure? But more interesting is maybe to

consider why some organism built this complex struc-

sediment. The lamellae left behind in the spreite thus represent earlier positions of the marginal tube. (b) Fossil example of Zoophycos from Taiwan (provided by

Neng-Ti Yu).
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Figure 3. The open pit of the Udachnaya Diamond

Mine, Russia, from a helicopter. Photographer:

RN bt 2 RV LR AN S
I AR 5 R | SE B SRR T
AN A A

o VAR AR ) - ARBEE (AT T Rt
A REE A IREGEE AR

?%Eg?jﬁ%%q]fjlfﬁﬁ s Ly\ﬁﬁ{%%ﬁ Stapanov Alexander (CC BY-SA 3.0).

W AR T o R PR B A R ] A

EAE LT ISR HIFT !

o TR R - SR IR S SE E T R Y
R4y EEEcEER ERYE 2R L
SCIFERED LY -

BrT BRI S - SR E R Ll
FEAEIEAE TR T R RV E DU AR 2 TR
1Th > ARREEFRRERTEE - LRV
AV RV ER B BRIt T (B 225 B AT D)

() mEREEEN X TEAER (B EEHER, -

(Left) Detritus feeding model or cess-pit model, (Right) Refuse dump model

() EEEER, (A)ET &N, -
(Left) Cache model, (Right) Gardening model

S.'._-—q-

VI Z A RF I AE TR IR L TR
'Y (B AE 7k 2R B3
FRRA R - AR R R BB
AP DU R R AN 2 IIRFY -
o TS ¢ SEMER AR IR R A R S —
BRAEIR LR R VIR R R AR YRR - (5
HeEfed s AW ERYE (RY) FEHEAR - K
Fo EEEE TRREI Y YIS -

o puRE R A R R (TR IR N R
hERE RS RE BN o TEZAIEER

-
—ramom

2017 ZE MY 134 36% - 524

ture. From the shape of the trace fossil itself we can draw
certain conclusions. By looking at cross-cutting relation-
ships between different components we can see which
parts were constructed first, and which parts that must
have been constructed later. As it turns out, different
types of Zoophycos were constructed in slightly different
ways. Some seem to have started from a position deep in
the sediment and spiraled upwards, while others seem to
have been constructed downwards, growing bigger and
bigger with depth suggesting that the animal also must
have grown larger during its life cycle. A common trait,
however, is that the spreiten were formed by the gradual
shifting of the marginal tube through the sediment,
leaving pelleted material in the shape of a spreite in the
sediment (Figure 2). This shifting of the marginal tube
through the sediment led early researchers to conclude
that the structure must be a feeding trace where the ani-
mal ate its way through the sediment much in the same
way as modern strip-mines function: material is ingested
along the outer wall and secreted as fecal pellets along
the inner side of the tube (Figure 3).

Later research, however, revealed that the material in
the pellets actually must have originated from the sea-
floor. Furthermore, at least in the modern variety of
Zoophycos, the fecal pellets contain more organic mate-
rial, which means more food, than the surrounding
sediment. It therefore seems unlikely that the animal
should have been a deposit feeder. Several models were
proposed to explain the presence of organic rich pellets

that apparently stemmed from the seafloor. The “detri-
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tus feeding model”, sometimes called the “cess-pit
model” suggests that the animal fed on organic parti-
cles that settled on the seafloor, and that the feces were
excreted deep in the sediment to keep the feeding area
clean. Zoophycos would basically be a very elaborate toi-
let! Another explanation, the “refuse dump model”,
suggested that the animal was a deposit feeder after all,
but that particles from the seafloor were transported
into the burrow system to buttress the cavities against
collapse. The observation that some marine animals
collect food particles and store them in the sediment
for later usage, sometimes after letting bacteria grow on
the particles, sparked two more models explaining
Zoophycos. According to the “cache model”, the animal
collects food on the seafloor during times of plenty,
presumably related to algal blooms in the surface wa-
ters, and stores the collected material deep in the sedi-
ment where it remains available as a food source to the
organism during leaner times. Storing the collected
food deep in the sediment also has the advantage of
preventing degradation of the food because oxygen lev-
els in the sediment pore waters are usually very low.
The related “gardening model” postulates that the ma-
terial collected on the seafloor is placed deep in the
sediment where bacteria grow on the introduced organ-
ic material, thereby producing a more readily accessible
food source for the animal to return to. The observa-
tions that the Zogphycos spreiten are often constructed
in generally food-poor sediments, contains pellets

which are rich in material found on the seafloor, and
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that the whole structure reaches very deep into the sed-
iment does not agree with the deposit feeder, detritus
feeding, and the refuse dump models. However, the
above mentioned observations agree very well with a
cache or gardening behavior, and most likely the mod-
ern deep sea Zoophycos is the result of the combination
of the two behaviors. Below are the conceptual models
outlining the four new major behavioral models pro-

posed to explain the construction of Zoophycos.

Evolution of behavior

Even if the modern Zoophycos trace fossil is the result
of an organism collecting material on the surface and
storing it deep inside the sediment, how can this kind
of complex behavior have evolved?

One hypothesis that has recently been explored by sev-
eral researchers is that the evolution of Zogphycos is cou-
pled to major changes in the oceanic environment. When
the first Zoophycos appeared in the Cambrian period, the
oceanic system was quite simple with few organisms liv-
ing in the open ocean and most of the activity was fo-
cused to the shallow shelf areas. On the seafloor most or-
ganisms lived directly on the sediment surface or explored
only the topmost few centimeters. During this time, fossil
evidence suggests that worms developed an efficient way
of deposit feeding that resulted in spreiten like structures.
With time the marine system grew more complex, some
organisms ventured out into the open ocean, resulting in
an increased food flux to deeper environments, and on

the seafloor burrowing predators forced the deposit feed-
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ers ever deeper into the sediment. Later, during the Me-
sozoic, evolutionary changes among the plankton groups
that inhabited the open ocean led to a strong increase in
organic particles that rained down on the seafloor, allow-
ing a colonization of the deep oceans by new groups, and
at the same time bulldozing deposit feeders such as sea
urchins made life difficult for the producers of Zoophycos
in the shallower areas. This combined push and pull to-
wards deeper environments is reflected in a transition of
Zoophycos trace fossils from shallow environments in the
early Mesozoic to deep environments in the end of the
Mesozoic. Thus, when the Zoophycos producing animals
entered the deep ocean they were already adapted to con-
structing complex structures deep in the sediment. An
adaptation that became a powerful advantage in an envi-
ronment where food flux is often limited to food pro-
duced during seasonal algal blooms. It was probably
during this time that the Zoophycos producers incorporat-
ed the caching of food deep in their burrows into their
behavior. The ability to collect food during seasons of
plenty, and store this food resource far out of reach from
competitors likely gave the Zoophycos producers an edge
over other organisms on the deep-seafloor, which is re-
flected in the almost ubiquitous occurrence in slope and
abyssal sediments. However, until we find a fossil pro-
ducer at the end of the burrow, or can observe their mod-
ern counterparts actually constructing a Zoophycos bur-
row, all interpretations remain somewhat speculative and
we can expect many new hypotheses about this fascinat-

ing trace fossil in the future. =
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