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Clues to the Behavior of Juvenile Crustaceans from a Peculiar Trace Fossil (Ophiomorpha) at Fanziao
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Figure 1. Drawing showing the main parts of

an Ophiomorpha tube
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Figure 2. The branching tubes of an Ophiomorpha system

In the wild and perilous sea, small creatures can easily
become food on larger animals’ dinner table. In order
to survive, organisms have developed various strategies
to avoid or escape from their predators. Recent findings
demonstrate how some baby shrimps avoided falling into
the belly of a predator. In Miocene sandstones from
northeastern Taiwan, researchers recently found
something peculiar: vertical shrimp burrows

(Ophiomorpha) with a miniature tube in the center!

Building with recycled materials—
Ophiomorpha and Pellets

An old Chinese saying goes, “The footprint in the
sand shows where you have been”. Trace fossils preserve
an archive of diverse ancient biological behaviors, such
as feeding, hiding, or moving. These precious traces
can also help the geologists to identify different paleo-
environments.

Ophiomorpha is a widely-distributed group of
dwelling burrows characterized by multiple branches
and a lining constructed from sandy pellets, generally
produced by decapod crustaceans such as shrimps.

Tunnels excavated by different individuals may be
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interconnected, and the final result often resembles a
huge maze of winding tunnels. (Figure 1 and 2).

The pellets used to construct the burrow walls are an
important characteristic of Ophiomorpha. To keep the
open burrows from collapsing in the loose, sandy
substrate, shrimps use their forelimbs to produce pellets
consisting of sediment grains and mucus. The pellets are
kneaded into the tunnel walls to enhance the stability
and eventually give the external side of the wall a knobby
appearance, while the inner side is typically smooth.

Pellets are composed of many little sub-pellets. Under
the microscope, sub-pellets usually show a concentric

pattern made up by concentrated angular grains.

What can sedimentary rocks tell us?

Different types of trace fossils can reflect specific biological
behavior representing an organism’s response to its
paleoenvironment. To adapt to diverse water depth, salinity,
energy and turbidity, distinct communities of organisms
colonize different environments, leaving typical sets of trace
fossils behind. By observing the assemblage of trace fossils,
geologists can translate the information into stories of what
happened in the ancient communites that inhabited those
environments. For example, in shoreface environments
influenced by strong waves, creatures mainly catch organic
particles or plankton, and many organisms burrow deeply
into the sea bed to resist the strong currents. The occurrence
of Ophiomorpha usually indicates shallow water environments,
although the traces can also be found in lagoons, abyssal fans

and even in terrestrial environments (Figure 3)!
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Figure 3. Sedimentary environment and biological behavior
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A room inside a room? The double-tubed
Ophiomorpha

Our study area in the Fanziao section in northeastern
Taiwan belongs to the Nankang Formation, which
ranges in age from 17 million to 12 million years ago.
From the primary sedimentary structures and trace
fossils found in the sandstone, geologists have figured
out that this place was a shallow, near shore marine
environment, often influenced by storms. In the sections
at Fanziao, we found a special kind of Ophiomorpha
(Figure 4). These tubes are L-shaped and 2-3 cm in
diameter. The L-shaped tubes typically contain a small
tube running through the center of the larger vertical
tube. The walls of these inner tubes are thin but also
consist of small pellets. How were these peculiar inner
tubes formed? Were they made by animals, or were they
produced by non-biologic diagenetic processes in the
sediment? If they were made by animals, what was their

purpose for building these strange tubes?

The new discovery under microscope

In order to understand the nature of the inner tubes,
we collected double-tubed samples and studied them in
thin-sections with a microscope. As it turns out, both
the outer and inner tubes have similar features.

First, similar sub-pellets made by shrimp are found
in both the outer and inner tubes, meaning that both
the outer and inner tubes were produced by the same
kind of organisms. However, there are some differences

between the sub-pellets in the outer and inner tubes,
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Figure 4. The double-tubed Ophiomorpha
such as texture and arrangement. In the outer wall, the
grains in the sub-pellets are close to each other; while
grains in the sub-pellets of the inner walls are more
loosely arranged (Figure 5).

Second, in addition to the rock-forming minerals such
as quartz and feldspar, we found that a black matrix
consisting of goethite fills the space between the mineral
grains. The existence of goethite is regarded as evidence
of biological alteration of the mucus used by the shrimp
to cement their pellets. As a result, we can confirm that

both tubes are made by animals.

Size difference

The observations described above, that both tubes
have certain similarities in mineral composition and
arrangement, indicate that both the outer and inner
tubes were produced by crustaceans that had a close
genetic relationship. Because it seems highly unlikely
that a large shrimp that fit in outer tube could maintain
the much smaller inner tube over distances of more
than 10 centimeters, the conclusion must be that the
outer and inner tubes were made by two individuals of

distinctly different sizes. However, the similarities in
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Figure 5. Microscopic images of the double tube
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Figure 6. The life cycle of the shrimp responsible for constructing the L-shaped Ophiomorpha tubes with inner tubes.

pellet arrangement and construction suggest that they
were excavated by two individuals of the same taxon,

but of different size, most likely adults and juveniles.

Who are the mysterious architects?

With these results, we can summarize two main
characteristics of the double tubed Ophiomorpha. First,
both outer and inner tube walls contain goethite and
sub-pellets. This indicates that both tubes are the
products of shrimps that are close to each other
phylogenetically. Second, although the burrowers of
both tubes might be similar, or even of same species,
they were not the same individuals, because their body
sizes were distinctly different. Research has shown that
the larvae of some modern shrimp belonging to

Palaemonidae and Thalassinoidea have a planktonic
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stage in the pelagic ocean. After this stage, the larvae
swim back to shallow waters where they enter burrow
systems prepared by the parental generation.

In light of the present observations on the collected
samples in combination with our knowledge of certain
modern shrimps’ behavior, we use our imagination to
explain how these double-tubed Ophiomorpha were
constructed 17 million years ago, when a group of
shrimps built L-shaped burrows to provide a safe way for
juvenile shrimps to return (Figure 6). After the young
generation was mature enough to build their own burrow
system, they connected their burrow to the parents’
system and started their new lives as members of the
larger maze. The disposable L-shaped tubes were
abandoned to become the mysterious traces that we see

in the Fanziao section in northeastern Taiwan! E
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