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Abstract A neoichnological study was done at a site west of
Abha on the southern Red Sea coast of Saudi Arabia. This
area covers Wadi Hali and its surroundings (180 49′35.27″N:
410 22′44.23″E). The objective of the study is to document
biogenic traces that occur in the upper intertidal ripple-marked
sand flats and supratidal flats that include microbial mats, mud
flats, and scattered patches of mangrove stands and their mud-
dy environments. Based on morphological descriptions, four
different kinds of burrows are identified and their fossil equiv-
alents are Psilonichnus upsilon (burrow type 1), Cylindricum
(burrow types 2 and 3), and Arenicolites (burrow type 4).
Tracks of land hermit crabs Coenobita clypeatus are described
as ichnospecies Coenobichnus currani. Gastropod grazing
trails and their fossil equivalentPlanolites is identified as well.
Supratidal algal mats and their microscopic contents are pre-
sented. Fossil plant roots (rhizomes) are reported from a local-
ized fluvial deposit from a dry channel (wadi). The morphol-
ogy of the traces, trace maker, and ethology and the environ-
mental setting indicate that the ichnofauna and botanical
traces belong to the Psilonichnus ichnofacies.

Keywords Neoichnology .RedSea .Burrows . Trails .Algal
Mats . Rhizomorphs

Introduction

Biogenic sedimentary structures, both recent and fossil, are
evidence of activities by organisms inhabiting various envi-
ronments. Such structures cover the entire spectrum of sub-
strate traces or structures that reflect a behavioral function of
organisms (Pemberton et al. 2001). Bromley (1990) divided
his book on trace fossi ls into neoichnology and
paleoichnology; study of traces made by animals in modern
sediments is classified under neoichnology and their fossilized
equivalents in paleoichnology. He (Bromley 1990) includes
the following structures as trace fossils: (a) footprints, tracks,
and burrows in uncemented sediments; (b) raspings, borings,
and etchings in the rigid substrates; (c) fecal pellets,
pseudofeces, and coprolites; (d) plant root penetration struc-
tures; and (e) algal laminites and stromatolites. According to
Shapiro (2008), stromatolites are trace fossils that recorded
interaction between microbial communities and sediments
for the past 3500 million years. Pemberton et al. (2001) de-
scribed four categories of trace fossils; they are (1) bioturba-
tion structures that reflect the disruption of stratification fea-
tures or sediment fabrics by activity of organisms, e.g., tracks,
trails, burrows; (2) biostratification structures that are stratifi-
cation imparted by the activity of an organism, e.g., certain
stromatolites; (3) biodepositional structures that reflect the
production or concentration of sediments by the activity of
an organism, e.g., fecal pellets; and (4) bioerosion structures
are excavated mechanically or biochemically by an organism
into a rigid substrate, e.g., borings, gnawings, scrapings, and
bitings. However, for the purpose of binomial nomenclature,
stromatolites are not classified as traces under the
International Code of Zoological Nomenclature (Bertling
et al. 2006; Rindsberg 2012). Dashtgard and Gingras (2012)
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further elaborated the concept of neoichnology and stated,
BNeoichnology (studies of modern animal burrows, trackways
and trails) details the linkage between physico-chemical stress
and animal response, where animal response to various envi-
ronmental factors can be assessed and the resultant trace as-
semblage determined.^ They further elaborated, BBy studying
animal response, and specifically animal burrowing behavior
under varying environmental conditions, neoichnologists can
associate depositional parameters and organism response to
the environment.^

There is a paucity of ichnological studies in the Arabian
region, yet few significant papers were published in the recent
past. El-Hedeny et al. (2012) reported shallow-marine trace
fossils from the Callovian-Oxfordian Tuwaiq Mountain lime-
stone and Hanifa Formations of central Saudi Arabia. Trace
fossil assemblages in wet interdune deposits of the Wahiba
Sand Sea record environmental changes associated with the
Indian OceanMonsoon system during the Early Holocene wet
period (Rediesa et al. 2005). Significant neoichnological study
in this region is by Smith et al. (2000); they examined biotur-
bation processes at six stations along a transect across the
oxygen minimum zone (OMZ) on the Oman margin and
found that bioturbation structures are good proxies for
bottom-water oxygen concentrations under dysaerobic condi-
tions. Neoichnological studies are valuable tools in paleoeco-
logical studies and offer significant insight into the deposition-
al environments of sedimentary rocks.

The objective of the present study is to record recent bio-
genic traces, detect their trace makers, describe ethology (be-
havior of the trace maker), and the mode of their formation.
This study was conducted in the area aroundWadi Hali and its
surroundings in the southern Red Sea coastal environments of
Saudi Arabia, and numerous traces were documented from the
upper intertidal ripple-marked sand flats and supratidal flats
that include microbial mats, mud flats, and scattered patches
of mangrove stands and their muddy environments. The pres-
ent paper describes several types of burrows, tracks, trails,
fecal pellets and mounds; microbial mats and traces of plant
roots are reported and described.

Environment of the area

The Red Sea coast of the Arabian Peninsula is dry without
much vegetation except for a few species of halophytes and
mangroves (Avicennia marina) and varies from ruggedmarine
terraces to coastal sabkhas, alluvial plains and wadis (a local
term for dry river beds), and alluvial fans as well as estuaries
(Khan et al. 2010). The mountains to the east and the coastal
plains have a large number of fluvial channels that transport
water and sediment during rains either into the lagoons or in
the Red Sea. Climatically, this long coast line covers both
tropical and subtropical zones. Monsoons originating in the

Indian Ocean cause rainfall in southwestern Saudi Arabia.
Surface water temperatures in the Red Sea increase southward
in response to latitude but the salinity of surface water increases
northwards indicating the intrusion of low-salinity water of
Gulf of Aden into the Red Sea. The tidal amplitude along the
Red Sea coast is very low which is ~ 50 cm in the northern and
southern coasts that gradually decreases towards the center,
close to zero near Jeddah (Kumar et al. 2010, 2011).

The study site is located west of the town of Abha on the
southern Red Sea coast of Saudi Arabia between Jeddah in the
north and Jizan in the south (Fig. 1). This area coversWadi Hali
(also spelled Haliy) and its surroundings (180 49′35.27″N: 410
22′44.23″E). Wadi Hali is a short ephemeral stream that origi-
nates in the hilly regions east of the coastal region (Fig. 2).
There are several other such streams that originate in the hilly
regions of the Arabian Shield and flow westward through val-
leys and narrow arid coastal plains and wadi deposits, at times
forming braided channels and finally discharging into the Red
Sea forming alluvial fans (Fig. 2). There are two alluvial fans in
the area: the Wadi Hali fan in the south is larger; it covers an
area of 27,167 ha and has a 38-km-long shore line, whereas the
fan in the north is smaller, as it covers an area of 21,037 ha and
has a 27-km-long coastline. The process of erosion and depo-
sition of wadis and eolian sediments has been going on since
Quaternary (Jado and Zölt 1984; Jado et al. 1990). Prinz (1984)
describes the following surficial deposits along the Red Sea
coastal plains: pediment material, a thin veneer of poorly sorted,
and fine to coarse-grained sand and gravel that merges with the
alluvial material. Boulders and coarse-grained sand line the
channels of wadis, extensive flood plain deposits consisting of
sand; silt and clay are present along the lower parts of wadis.
Sabkha deposits occur extensively along the coast, and extend-
ed up to 3 km inland from the coast are brown to white salt
impregnated silt. Usually, small eolian sand fields consisting of
medium to fine-grained sand are characterized by low dunes
and ridges. Each depositional sub-environment is characterized
by its distinctive sedimentological and ichnological characters.

Methods

A reconnaissance survey of the area around Wadi Hali sur-
roundings and its coastal regions was conducted using
Historical Landsat Enhanced Thematic Mapper (ETM) data
of the year 2001 to identify various coastal sub environments
along the Red Sea with special emphasis on the distribution of
mangrove stands (Khan et al. 2010). A geological map of the
area was used to recognize the relative ages of various
Quaternary sedimentary deposits and depositional environ-
ments along the Red Sea coast (Jado et al. 1990; Prinz 1984).
Extensive field observations in the area were conducted to iden-
tify the presence of biogenic structures in various Quaternary
deposits and the present-day environments. Every type of
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biogenic sedimentary structures was recorded, measurements
taken, photographed, nature of their substrates noted, and a
qualitative assessment was done about their abundance. These
biogenic structures were observed only on the sediment surface
thus three-dimensional structures of burrows were not ob-
served. Except for a large number of small gastropods and ghost
crabs, no other animals were seen in these environments.

Results

Various types of burrows and trails were noted in different
environments on different substrates. Their morphological de-
scription is provided, and animals responsible for constructing
them are identified. Supratidal algal mats and their microscop-
ic contents are presented. Fossil plant roots (rhizomes) are also

Fig. 1 Geographical map of the
Arabian Peninsula and the
adjoining regions showing the
location (red star) of the study
site. (Map taken from https://
www.google.ca)

Red Sea
Saudi Arabia

Sabia Island/Jabal Alsabaya

Fan
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*3

Landsat Image: Date: 4/9/2013
180 49’ 35.27” N410 22’ 44.23” E
Scale: 15 mm = 10 Km
Study locations *

Wadi Hali

Fig. 2 Google map of the area surrounding Wadi Hali, covering the hilly regions of the Arabian Shield and the Red Sea coastal plains showing wadis,
alluvial fans, and the three study sites (1, 2, and 3)
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described from a small fluvial deposit in a wadi. Ethology
(Buatois and Mángano 2011) of each structure is discussed.

Burrows

On the basis of surface morphological features on the sub-
strates, four types of burrows were identified.

A1. Burrow type 1 (Fig. 3c, f)

Description Burrows with narrow circular openings of 2.0 to
2.5 cm diameter with one opening showing a slight depression
and the other with sediment accumulations that look like mini
volcanoes (Fig. 3f). Such burrows occur on muddy substrates,
both under water and on dry but unconsolidated soft muds.
When they are under shallow water as areas covered with
mangrove stands, sediment accumulations at the mouth of
burrows get disturbed by waves (Fig. 3c). Depth of the bur-
rows is unknown.

Trace maker Crustaceans are predatory, scavenging, and
suspension-feeding animals and commonly occur in these en-
vironments. Modern crab burrows are domiciles, unlined,
with fecal matter at their openings, and their diameter and
length commonly varies that produces simple U-, Y-, and J-
shaped burrows described as ichnogenus Psilonichnus
Fürsich, 1981(Frey et al. 1984; Dashtgard and Gingras
2012). The ghost crab Ocypode quadrata is a predatory and
deposit-feeding crustacean; it is the dominant burrower in
these coastal environments (Sakai and Turkay 2013). It is
suggested that burrow type 1 are made byOcypode quadrata.

Ethology These are domicile burrows made by Ocypode
quadrata ranging from straight vertical to J-, U-, and Y-
shaped (Domichnia). These burrows have a high preservation
potential and would form the ichnogenus Psilonichnus after
fossilization (Garrison et al. 2007). The relationship between
the burrows made by modern Ocypode quadrata and the
ichnospecies Psilonichnus upsilon is well established
(Curran 1994). Ocypode burrows in a modern unconsolidated
sandy substrate on Irino Coast, Japan, and are J-, Y-, and
multi-branched Y types; they have been well documented
(Seike and Nara 2007). The sandy beach ichnocoenosis-4 de-
scribed from the beaches of Bahama Islands and other islands
of the Caribbean region, as well as Holocene calcarenites of
Bahamas and Pleistocene calcarenites of Bermuda, are domi-
nated by modern burrows of ocypodid crabs, e.g., ghost crabs
and trace fossil Psilonichnus upsilon (Curran 2008). The
ichnospeciesPsilonichnus upsilon is typically a Y-shaped bur-
row but could also be U-shaped built by a juvenile ghost crab
(Curran 2008; Fig. 14.6). Desjardins et al. (2012) have
discussed ichnological imprints on supratidal mud flats and
mangroves on the tropical and subtropical coastal regions, and

similar environments occur in the present area of study where
grazing gastropod trails and burrow type 1 are a common
occurrence.

A2. Burrow type 2 (Fig. 4e, f)

DescriptionBurrows with narrow circular openings of around
1.0–1.5 cm diameter with a slight depression around the open-
ings. These openings are surrounded with massive amounts of
small fecal pellets of 3–5 mm diameter. These burrows occur
on semi consolidated sandy ripple-marked substrates on the
upper part of the intertidal zone.

Trace maker Similar burrows and fecal pellets are known to
be produced by earthworms, insects, beetles, and wasps.

Ethology These are domicile burrows (Domichnia). Fecal
pellets and pseudofeces commonly occur in the supratidal flats
and upper zones of the tidal flats (Buatois and Mángano,
2011) and are produced by deposit and suspension feeders.
These are composed of sediments that have a reasonable pres-
ervation potential as trace fossils (Bromley 1990). Fossilized
forms could be such as ichnogenus Cylindricum Link 1949.
These are dwelling burrows with rounded lower ends that
have smooth walls. They are preserved in clusters perpendic-
ular to a bedding plane and are formed in a variety of envi-
ronments ranging from marginal marine to alluvial, flood-
plains, lacustrine, and eolian. The ichnogenus Cylindricum
could be formed by invertebrates, insects, beetles, and sand
wasps.

A3. Burrow type 3 (Fig. 5a–c)

Description These burrows are similar to burrow type 2 but
show narrow, linear, short smooth surfaces radiating from the
burrow openings. Such burrows occur on the dry silty-sandy
substrates without ripple marks on supratidal flats.

Trace maker Such burrows are most likely made by insects,
and their fecal pellets are distributed abundantly around their
openings.

Ethology These are domicile burrows (Domichnia) made by
insects on the supratidal silty-sandy substrates, and the radiat-
ing smooth surfaces from the burrow openings appear to in-
dicate some kind of movement of the insects (probably their
crawling abdomen) that smoothen the surface covered by fe-
cal pellets. The fossilized forms of this burrow type could also
be like ichnogenus Cylindricum Link 1949.
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A4. Burrow type 4 (Fig. 4g, h)

Description These burrows are identified primarily by fecal
mounds formed by piles of coiled castings (excretions) of the
animals that made them. Burrow openings were not observed.
The dimensions of these fecal mounds range between 12 and

15 cm diameter and 3–5 cm height. These burrows occur on
sandy ripple-marked surfaces under shallow water.

Trace maker The Annelid species Arenicola marina
Linnaeus 1758 (Fig. 5d).
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Gt
G
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B2

B1

h

NtGt

a

c

B3

Fig. 3 a Environmental setting
along the Red Sea coast of
southwestern Saudi Arabia
showing the intertidal region and
the intertidal-subtidal boundary
(location Fig. 2, ×1). bMangrove
stand on the mudflats showing
burrows (location Fig. 2, ×2). c
The mangrove mudflats showing
burrows with and without
sediment mounds Psilonichnus
upsilon (location Fig. 2, ×2). d
The intertidal region with
localized areas covered by algal
mats (location Fig. 2, ×3; pen
length 12 cm). e Photomicrograph
of the algal filaments of the algal
mats (magnification ×400). f
Burrow (Psilonichnus upsilon)
opening with few volcano like
(B1) sediment mounds and other
simple burrows (B2) on the
muddy surface (location Fig. 2,
×1; marker length 14 cm). g
Gastropod (G) grazing trail (Gt)
on the surface of ripple-marked
sandy shore (location Fig. 2, ×1;
spoon length 15 cm). h Grazing
trail (Gt) made by a gastropod (G)
andNereites type trace (Nt) on the
surface of ripple-marked sandy
shore (location Fig. 2, ×1; spoon
length 15 cm)
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Ethology These are domicile burrows (Domichnia) ofArenicola
marina, a large marine worm of the phylum Annelida; it is also
known as lugworm or sandworm (Volkenborn 2005). The coiled
castings of this animal occur on tidal flats and beaches at low
tide. They produce U- and J-shaped burrows which they inhabit.

Saucer-shaped depressions are formed at the head-end and a cast
of coiled excretions at the tail-end (Fig. 5e). The distance be-
tween the two openings ranges between 5.1 and 7.6 cm. The
lugworms are deposit feeders and ingest sand particles from their
burrows and any microorganisms, and detritus stuck to the sand

g h

d

RR

a

Gt

e

Br

Fp

f

Br
Br

Fp

c Cc
Cc

b

Gt

Gt

Fig. 4 a Grazing trail (Gt) on the
surface of ripple-marked muddy
shore made by gastropods
(location Fig. 2, ×1; spoon length
15 cm). bGrazing trail (Gt) on the
surface of ripple-marked sandy
shore made by gastropods
(location Fig. 2, ×1; spoon length
15 cm). c Coenobichnus currani
(Cc) on the surface of ripple-
marked sandy shores (location
Fig. 2, ×1; spoon length 15 cm). d
Traces of plant roots
(Rhizomorphs R) in the section.
The roots most likely belong to
mangrove plants which occur
commonly in the area (location
Fig. 2, ×1). e Concentration of
fecal pellets (Fp) around burrow
openings (Br) of Psilonichnus
upsilon (location Fig. 2, ×1;
marker length 14 cm). f
Concentration of fecal pellets (Fp)
around burrow openings (Br) of
Psilonichnus upsilon (location
Fig. 2, ×1; marker length 14 cm).
g Fecal mound (radius ~ 15 cm;
height ~ 3–5 cm) (location Fig. 2,
×1). h Fecal mound (radius ~
15 cm; height ~ 3–5 cm) (location
Fig. 2, ×1)
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particles are digested as the sand passes through the worms’ gut
(Tyler-Walters 2001).

Ichnogenus Arenicolites Salter, 1857 is such a burrow
made by lugworms. These are vertical or oblique U- or J-
shaped dwelling burrows with cylindrical and smooth walls.
Burrows may also have funnel-shaped paired openings
(Pemberton et al. 2001).

Tracks

Coenobichnus currani Walker et al. 2003 (Figs. 4c and 5h)

Description These are asymmetrical tracks with the left rack
larger than the right; both sides are crescent-shaped and

Lugworm (Arenicola sp.)

g

g

a b

c d

e f

g h

======
8

Planolites8.

Fig. 5 a Burrows and fecal
pellets produced by ghost crab
Ocyopoda quadrata (location
Fig. 2, ×1; pen length 12 cm). b
Burrows and fecal pellets
produced by the ghost crab
Ocyopoda quadrata (location
Fig. 2, ×1; marker length 14 cm).
c Burrows and fecal pellets
produced by the ghost crab
Ocyopoda quadrata (location
Fig. 2, ×1; pen length 12 cm). d
Image of a Lugworm (Arenicola
sp.) from the Red Sea. (http://
photos.tradeholding.com/attach/
hash18/233234/fishing_lure_
bait_lugworm_ragworm_
sandworm03.jpg). e Burrow
pattern of Arenicola marina
(modified after Volkenborn, N.
2005 in http://evolutionbiology.
com/articles/life-history-traits-of-
the-lugworm-arenicola-marina). f
Image of Ocypode quadrata,
Fabricius, 1787 (Timquade at
English Wikipedia in https://en.
wikipedia.org/wiki/Ocypode#/
media/File:FloridaGhostCrab.
jpg). g The intertidal muddy areas
with populations of gastropods
(g) (location Fig. 2, ×1; marker
length 14 cm). h The
Psilonichnus ichnofacies model
(modified after Buatois and
Mángano, 2011)
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interior drag traces that are diagnostic of modern land hermit
crab walking traces (Walker et al. 2003).

Trace maker Land hermit crabs Coenobita clypeatus
(Coenobitidae) occur widely in tropical and subtropical coast-
al environments (Walker et al. 2003).

Ethology This ichnospecies is a walking track (Repichnia)
land hermit crab.

Trails

Gastropod Grazing Trail (Figs. 3g, h and 4a, b)
and gastropod (Fig. 5g)

Description These are simple crisscrossing meandering trails
of uniform width and smooth margins and are unbranched. At
times, they appear to be branched as well (Fig. 4a), but the
branching may not be a true bifurcation of the trails; instead,
the result of crisscrossing of trails may give the appearance of
a branching trail.

Trace maker Locomotion trails of small gastropods.

Ethology These trails result from the grazing or foraging be-
havior of gastropods (Pascichnia) on the sandy as well as
muddy surfaces in supratidal and upper intertidal
environments.

The fossil equivalent of the grazing gastropod trail ob-
served in this study is Ichnogenus Planolites Nicholson
1873. They are simple, unlined, straight or meandering,
crisscrossing but unbranched burrows. They are usually hori-
zontal but could also be oblique to bedding planes. They are
mostly cylindrical in-filled burrows where lithology of the fill
differs from that of the host rock.

Botanical structures

D1. Plant roots (rhizomorphs) (Fig. 4d)

Plant roots are fossilized in small patches of fluvial deposits
found in the dry channels in the supratidal area. These fluvial
deposits result from sediments deposited by ephemeral
streams during the past wet periods or during seasonal rains.

Plant trace fossils are known from both marine and
terrestrial facies and from aquatic and desert deposits.
Sarjeant (1975) gave an initial account of the plant trace fos-
sils; however, Bockelie (1994) discussed in detail various as-
pects of plant roots as trace fossils especially in the drilled
cores. Fossilized mangrove roots were reported from
Miocene Dam and Hofuf Formations of the eastern Arabian
Peninsula that indicated a tidal-flat environment and a tropical
coastal climate (Whybrow and McClure, 1980).

D2. Algal mats (Fig. 3d) and the algal filaments (Fig. 3e)

Since trace fossils record the interaction of animals and plants
with their environment, stromatolites are considered as trace
fossils because they record the interaction between microbial
communities and sediments extending back to 3500 mybp
(Shapiro 2008). Usually, microbial body fossils are not pre-
served in stromatolites, but they are trace fossils that record
ecology on the macroscale and ethology on the microscale
(Shapiro 2008). The taxonomy of trace fossils is governed
by the conventions of the International Code of Zoological
Nomenclature; it does not apply on stromatolites.

Since modern microbial mats are precursors of fossil stro-
matolites, they are being considered in this study as trace
fossils. Microbial facies are represented by laminated sedi-
ments, with an upper organic-rich layer and lower mineral-
rich layer; their sedimentary features are related to microbial
activity. Microbial mats observed in this study are small iso-
lated patches in the supratidal environments and appear as
green areas in an otherwise dry, arid grayish brown environ-
ment. No animal activity was observed on these mats.
Samples of the green microbial mats were macerated using
standard palynological techniques and an abundance of sim-
ple non-septate algal filaments, and brown amorphous organic
matter was observed (Fig. 3e). Unlike present microbial mats,
Baucon (2008) studied microbial mats in the peritidal envi-
ronments of Spiaggia al Bosco, Italy, and found a diverse and
abundant ichnofauna related to this ecosystem. He discovered
that insects are major trace makers and their burrows verified a
number of strategies intimately centered to the microbial mat.

Discussion

The area under the present study covers mainly a mixture of
marginal-marine and non-marine environments that include
coastal dunes and upper intertidal and supratidal flats.
Microbial mats and mud flats, scattered patches of mangrove
stands and their muddy environments, sand flats, both ripple-
marked and without ripples of the upper intertidal environ-
ments, form the major environments of this area. A localized
fluvial deposit from a dry channel was also observed.

Usually, such environments are impacted by variations in
energy levels and sediment types and thus are characterized by
different suits of trace fossils. Amphibious Ocypodid crabs,
both scavengers and surficial deposit feeders, dominate these
environments and excavate J-, Y-, or U-shaped dwelling bur-
rows (Chakrabarti 1981; Chan et al. 2006). These burrows
when fossilized belong to the ichnogenus Psilonichnus which
comprises of mainly vertical, cylindrical burrows of similar
shapes with short horizontal or oblique branches. The mor-
phology of Psilonichnus is variable and includes I-, J-, Y-, and
U-shaped burrows that depend on the ontogenesis of
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Ocypodid crabs and environmental conditions of the sub-
strates (Chakrabarti 1981; Chan et al. 2006; Knaust et al.
2012). Some of these U- and J-shaped burrows are
Arenicolites made by lugworm Arenicola marina commonly
found in the upper intertidal zones. Vertical small, unlined
burrows are primarily made by terrestrial animals like insects
and spiders such as Cylindricum; the ephemeral tracks, trails,
and fecal pellets of insects and worms and plant roots are also
common in the studied environments. This assemblage of
trace fossils, their ethology and depositional environments,
belongs to the Psilonichnus ichnofacies defined by Frey and
Pemberton (1987).

The current concept of ichnofacies has evolved since the
original idea was published by Seilacher (1953a, b), and now,
it involves a deep understanding of dominant ethologies,
ichnodiversity levels, and feeding strategies along with eco-
logic factors and depositional processes (Buatois and
Mángano 2011; MacEachern et al. 2008, 2012). A schematic
model of the Psilonichnus ichnofacies is presented by Buatois
andMángano (2011) which is characterized by the dominance
of vertical J-, Y-, or U-shaped burrows created by ghost crabs;
the presence of small unlined vertical dwelling burrows of
arachnids and insects; invertebrate trails and trackways, ver-
tebrate tracks; root traces, coproplites, and low ichnological
diversity and abundance. Arachnid and insect burrows are
assigned to Cylindricum and associated with Psilonichnus
ichnofacies (MacEachern et al. 2008; Buatois and Mángano,
2011), and these traces (burrow type 2) are present in the
upper intertidal zone of the area.

Since these ichnofacies indicate transitional conditions be-
tween marine and continental environments; variations in en-
ergy, grain size, and salinity; subaerial exposure; and periodic
influx of fresh water due to rains and storm surges are signif-
icant features (Buatois and Mángano 2011). Additional envi-
ronmental constraints of these ichnofacies are soft to stiff
grounds, low deposition rates, and availability of food as de-
tritus found in supratidal to upper intertidal settings, subject to
low to moderate energy levels in marine or eolian settings like
beach backshore and dunes, washover fans, and supratidal
flats (MacEachern et al. 2012).

The above discussion about the morphology of the traces,
their ethology and the animals responsible for their construc-
tion and the environmental settings, indicates that the
ichnofauna and botanical traces reported in this study belong
to the Psilonichnus ichnofacies.

Conclusions

1. An assemblage of recent trace fossils are described from
the Wadi Hali (180 49′35.27″N: 410 22′44.23″E) area of
the southern Red Sea coast of Saudi Arabia

2. The objectives of the study were to document and de-
scribe various biogenic traces that occur in a range of
environments of this coastal region. Such studies are
significant in interpreting depositional environments of
the sedimentary rocks and understanding complex rela-
tionship between animals and sediments in the geologi-
cal past.

3. The study area is a mixture of marginal-marine and non-
marine environments that include coastal dunes, upper
intertidal ripple-marked sand flats and supratidal flats
that include microbial mats and mud flats, and scattered
patches of mangrove stands and their muddy
environments.

4. Such coastal environments are commonly impacted by
variations in energy levels, and sediment types thus are
characterized by different suits of trace fossils.

5. A localized fluvial deposit from a dry channel (wadi)
was observed with traces of fossil plant roots.

6. Morphology of four different types of burrows (types 1,
2, 3, and 4) is described; their trace maker and ethology
is discussed.

7. Fossil equivalents of these burrows are Psilonichnus
upsilon (type 1), Cylindricum (types 2 and 3), and
Arenicolites (type 4).

8. Amphibious Ocypodid crabs, both scavengers and sur-
ficial deposit feeders, dominate these environments and
excavate J-, Y-, or U-shaped dwelling burrows. These
burrows when fossilized belong to the ichnogenus
Psilonichnus which comprises of mainly vertical, cylin-
drical burrows of similar shapes with short horizontal or
oblique branches.

9. Tracks of land hermit crabs Coenobita clypeatus are de-
scribed as ichnospecies Coenobichnus currani.

10. Gastropod grazing trails are common; ichnogenus
Planolites represents such trails.

11. Botanical traces include microbial mats and their algal
filaments and plant roots.

12. The morphology of the traces and their trace fossil
equivalents, trace maker, and ethology and the environ-
mental setting indicate that the ichnofauna and botanical
traces belong to the Psilonichnus ichnofacies defined by
Frey and Pemberton (1987).

13. Since these ichnofacies indicate transitional phase be-
tween marine and continental environments, variations
in energy, grain size, and salinity; subaerial exposure;
and periodic influx of fresh water due to rains and storm
surges are its significant features.
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