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Abstract
The exposed calcareous rocky area of the Abu Qir Headland, east of Alexandria, Egypt which
range from coarse grains, through pebbles, cobbles, and boulders to rocky platforms, was signiﬁcantly
colonized by sclerobionts (epibionts and endobionts). The epibiont species diversity was comparatively
higher than that of endobionts. Epibiont communities included bryozoans (the anascan-grade cheilostome
Biflustra savartii), serpulid (Hydroides elegans, Spirobranchus cf. tetraceros, Vermiliopsis striaticeps
and Protula or Apomatus) and spirorbid (Spirorbis) wormtubes, and balanoid barnacles (Amphibalanus
amphitrite, Balanus trigonus, and Perforatus perforatus). The cheilostome bryozoan colonies, which
developed extensive sheets, proliferated on the study rocky shore either encrusting the bioeroded basement
directly, or encrusting other epilithic taxa, particularly balanoid barnacles and serpulid worms. Encrusters
displayed a remarkable marginal competitive interaction (overgrowth and stand-oﬀ) for space on the study
rocky shore. On the other hand, endobionts were not well represented on the studied rocky shore exposure.
It was possible to identify three ichnotaxa: Gastrochaenolites, Maeandropolydora, and Finichnus. The
ﬁndings documented represent a signiﬁcant contribution to our knowledge of sclerobionts composition,
sequence of their colonization and/or bioerosion, and their mutual relationships on the intertidal rocky shore
of the Abu Qir Headland.
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1 INTRODUCTION
Rocky shores are common intertidal environments
in coastal areas, making up approximately 33% of the
coasts worldwide (Reading and Collinson, 1996).
Owing to the reduced or null sedimentation rates in
this transitional environment, rocky shores may be
colonized by a diverse array of endobionts, in addition
to suspension feeding epibionts (among others; Taylor
and Wilson, 2003; Santos and Mayoral, 2008; de
Gibert et al., 2012).
Modern rocky shore environments provide good
information on the ecology and habitat of epi- and
endolithic communities (Devescovi, 2009; Furlong et
al., 2016), and can provide analogues for ancient hard

ground substrates, as well as information about biotic
assemblages and environmental conditions (Bromley
and Asgaard, 1993; Santos et al., 2008; Baarli et al.,
2013; Furlong et al., 2016; Bagur et al., 2019).
Rocky shores are a common feature in the Egyptian
Mediterranean coast. They appear as strongly
contorted and broken and sometimes ﬂat or horizontal
platforms. Among these rocky shores, the Abu Qir
Headland is considered one of the most important
natural habitats for numerous endolithic and epilithic
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Fig.1 Simpliﬁed location map showing the ﬁve sampling sites of the study area

marine organisms (Figs.1–2). Despite most of the
Mediterranean coast (about 63%) being rocky
(Johnson, 2006; Furlani et al., 2014), studies on
encrusting and endolithic bionts (sclerobionts sensu
Taylor and Wilson, 2002) on these rocks are rare
(Benedetti-Cecchi et al., 2003; Devescovi, 2009;
Wilson, 2013; Furlong et al., 2016).
The aim of this contribution is threefold: 1) to study
the sclerobiont (epi- and endolithic) communities on
the rocky shore of the Abu Qir Headland, eastern coast
of Alexandria, Egypt; 2) demonstrate and explain the
successive stages of their infestation and settlements;
3) and discuss the ecological signiﬁcance of epi- and
endobionts recorded in the studied area.

a

b

2 MATERIAL AND METHOD
The Abu Qir area is located at the eastern tip of the
Mediterranean coast of Alexandria (Fig.1). The
shoreline there has a characteristic landform called
the Abu Qir Headland which consists of solid rocks,
rocky pools, variably sized boulders, and many
erosional features (Fig.2). The Abu Qir Headland is
situated between Abu Qir Bay to the east and Abu Qir
open sea to the west (Fig.1).
Rocks in the studied area consist primarily of
limestone and, because of the continuous action of the
tides and waves, are characterized by many erosional
features (e.g., pitted and broken surfaces, deep gutters
and channels; Fig.2).
The present work is based on ﬁeld and laboratory
examinations of the limestone that primarily forms
the headland of the Abu Qir. Samples were collected
from ﬁve sites to cover most of the Abu Qir Headland
area (Fig.1). In the ﬁeld, the morphological features,
and encrusting and bioeroding fauna, were recorded,
described, and photographed. In the laboratory, the
epi- and endolithic organisms were carefully

Fig.2 View of the rocky shore sampling area in the Abu Qir,
east of Alexandria, Egypt

examined using a hand lens and binocular microscope.
All specimens examined are housed in the Department
of Geology, Faculty of Science, Alexandria University,
Egypt. Specimen numbers are preﬁxed with EpAQ or
EnAQ.

3 RESULT
3.1 Epilithic fauna
Epilithic organisms in the calcareous rocky shore
of the Abu Qir are low in biodiversity, but abundant
and complex, including among the most important
taxa, serpulid and spirorbid worms, bryozoans, and
balanoid barnacles.
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Fig.3 Spatial competition of epibionts (a); well-developed calciﬁed scars (arrowheads), appeared when balanoid barnacles
dislodged from the basement rock, together with other sclerobionts (balanoid barnacle and serpulid polychaetes) (b);
hierarchical sequence of serpulid polychaetes (black arrowhead), encrusting Balanus sp., and the latter encrusting
bivalve shell of Brachiodontes pharaonis (white arrowhead) (c); cheilostome bryozoan Biflustra savartii overgrowing
Balanus sp. (black arrowhead), and small sized serpulids overgrowing bryozoan colony (black arrows), note the
presence of serpulid polychaetes (white arrowhead) occupying the aperture of the balanoid barnacles indicating
post-mortem encrustation (d); cheilostome bryozoan Biflustra savartii overgrowing Perforatus perforatus (white
arrowheads) and the bivalve Brachiodontes pharaonis (black arrowhead); note the intraspeciﬁc stand-oﬀ between
two individuals of Perforatus perforatus (white arrow)

3.1.1 Serpulid and spirorbid tubeworms
Tubeworms are common on the studied rocky
shore, represented by serpulids and spirorbids. These
worms dwell in calcium carbonate tubes made of
aragonite, calcite, or a mixture of aragonite and calcite
(Bornhold and Milliman 1973; Vinn et al., 2008).
Tubeworms represented the most abundant encrusters
in terms of area occupied, and serpulids are usually
more abundant than spirorbids.
Serpulids are represented by Spirobranchus
tetraceros (Schmarda, 1861), Protula and/or
Apomatus sp., Vermiliopsis striaticeps (Grube, 1862)
and Hydroides elegans (Haswell, 1883) (Figs.3a–c,

4a, 5a). Among these, Hydroides elegans was the
most common species, usually appearing in dense
clusters ﬁlling rock cavities (Fig.5a), or accumulated
in the eroded or concave parts of the rocky shore
(Figs.3b & 5a, 6a–c). In some cases, serpulids
appeared as post-mortem encrusters over other
sclerobionts, e.g. balanoid barnacles and bryozoan
sheets (Figs.3b–c & 4a). On the other hand, spirorbid
worms (identiﬁed as Spirorbis) were less common
(Fig.5b). These tubes range from 1 mm to 3 mm in
diameter. They are most commonly found attached to
the basement rock and rarely overgrow the other
sclerobionts.
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Fig.4 Spatial competition of epibionts (a); cheilostome bryozoan Biflustra savartii overgrowing Balanus sp. (black
arrowhead). Note the small sized serpulid worm tubes (black arrow) and Balanus sp. (white arrow) overgrowing
bryozoan (b); cheilostome bryozoan Biflustra savartii overgrowing two Balanus individuals (black and white arrows).
Note the aperture coverage the left balanoid barnacle (black arrow), which suggests post-mortem overgrowth (c);
fatal overgrowth of Cheilostome bryozoan Biflustra savartii over serpulid polychaetes (note the xenomorphic shape
of bryozoan surface (black arrows), and bryozoan sheet overgrowing Balanus trigonus (black arrowhead) (d);
multilayered colony of Cheilostome bryozoan Biflustra savartii. Note encrustation of serpulid worm over the bivalve
shell Brachiodontes pharaonis (white arrowhead)

3.1.2 Balanoid barnacles
Balanoid barnacles represented the second most
abundant encrusters in terms of area occupied. Three
main species were observed in the study area: the
striped barnacle Amphibalanus amphitrite (Darwin,
1854) (Figs.3a, 5d, 6b & 6d), the triangle barnacle
Balanus trigonus Darwin, 1854 (Figs.4c & 5d), and
the volcano-shaped Perforatus perforatus (Bruguière,
1789–1792) (Fig.3d). Single individuals or
aggregations of some of these species can be observed.
In this study, balanoid barnacles are commonly
attached directly to the basement rock and overgrown
by bryozoans (Figs.4a–c) or serpulids (Fig.3b) or

sometimes by other balanoid species. When individuals
are dislodged from the basement rock, they leave a
well-developed calciﬁed scar behind (Fig.3a).
3.1.3 Encrusting Bryozoans
Cheilostome bryozoan colonies appeared as
moderately to well-preserved extensive sheets, either
encrusting the bioeroded basement directly (Fig.5d),
or encrusting other epilithic taxa, e.g. balanoid
barnacles (Figs.3c–d & 4a–d) and serpulid worms
(Fig.4c). Generally, bryozoans are capable of winning
and retaining space in competitive interactions. They
are frequently attributed to diﬀerent varieties of

202

J. OCEANOL. LIMNOL., 39(1), 2021

a

Vol. 39

b

1 cm

c

4 mm

d

3 mm

5 mm

Fig.5 Spatial competition of epibionts (a); dense cluster of serpulid polychaetes occupying rock cavity (b); concave rock
surface encrusted by the spirorbid worms (Spirorbis) (c); intraspeciﬁc stand-oﬀ between two Balanus sp. (white arrow)
(d); diﬀerent cases of overgrowth, bryozoans overgrowing Balanus sp. (black arrowheads), and small sized Balanus
overgrowing other balanoid barnacles (black arrow). Note the under-cut encounter pattern between balanoids (white
arrow)

Biflustra savartii (Audouin, 1826; Taylor, personal
communication).
3.2 Endolithic fauna
The biological community recorded in this study
generated bioerosional structures on the rocky shore,
as shown in our analyses. All the organisms identiﬁed
(i.e. polychaetes, barnacles, bivalves and bryozoans)
modiﬁed their respective inhabited substrates, by both
attaching and boring. There were three types of
bioerosive structures identiﬁed, those generated by
bivalves, by annelids, and by bryozoans. The traces of
bivalves included dwelling structures (Figs.6a–c), the
shape of which resembled a bottle or a tear of up to
3 cm long and 1 cm wide (Fig.6c). In general, the
traces presented circular to subcircular in crosssections, and sometimes the trace-maker was preserved
(Fig.6a). These characteristic features are typical of

the ichnogenus Gastrochaenolites (Kelly and Bromley,
1984). In other cases, after the abandonment of the
dwelling structure by the bivalve, the surface could be
eroded, leaving the substrate available for other
organisms like barnacles and polychaetes (Fig.6c).
Annelids, generally left several circular apertures
(Fig.6d) and tortuous galleries (Fig.6e & f) in the rock.
The apertures had a maximum diameter of 3–4 mm,
and the galleries were of similar size, being visible
only in some eroded areas of the rocks (Fig.6e & f).
These characteristic traces were identiﬁed to belong to
the ichnogenus Maeandropolydora (Voigt, 1965), and
were interpreted as dwelling structure of several
polychaete families, especially Spionidae (Bromley
and D’Alessandro, 1983). Usually, a higher degree of
erosion enabled identiﬁcation of the relationship
between diﬀerent traces (Fig.6g). The traces of
bryozoan ichnogenus Finichnus were observed as
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Fig.6 Endolithic fauna (a); bivalves traces of Gastrochaenolites containing trace-makers preserved in situ (black arrowheads).
Note the dense cluster of serpulid polychaetes occupying rock cavity in the middle (b); balanoid barnacle occupied
by bivalves (white arrowhead), the nestling clam invade the borehole at a later stage (post-mortem) (c); cluster
serpulid polychaetes occupying a large rock cavity (d, e, f); traces of annelids (Maeandropoldora; white and black
arrowheads) (g); clean sector of the rocky shore showing diﬀerent traces of Gastrochaenolites (black arrowheads) and
Maeandropolydora? (white arrowheads) (h); small etching pits (Finichnus) after detaching of bryozoan colony from
the basement rock (white circle)
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Fig.7 Diagrammatic succession of epilithic communities in the Abu Qir rocky shore area
a. the ﬁrst stage of encrustation dominated by serpulid polychaetes and Balanus sp., with bivalve shells nestling the rock cavities; b. the second stage
characterized by multilayered bryozoans overgrowing the previous epilithic community; c. the last stage showing continuous overgrowth of bryozoans with
the appearance of new individuals of serpulids and balanoid barnacles overgrowing bryozoans.

small etching pits (less than 1 mm), left by cheilostome
bryozoans on the rocky shore (Fig.6h), and were only
visible when the bryozoan colonies were detached
from substrates (Taylor et al., 1999, 2013). The empty
borings in the rocky shore of the Abu Qir were often
inhabited by nestling bivalve species [e.g. Brachidontes
pharaonic (Fischer, 1870), Figs.4d & 6b].

4 DISCUSSION
The rocky shore of the Abu Qir Headland represents
an important natural laboratory to observe the
distribution of diﬀerent taxa (and associated traces) in
marine warm-water environments. The area under
study here showed a low diversity of inhabitants, but
excellent examples of biotic interactions.

4.1 Stages of epibiont and endobiont emplacements
In the rocky shore studied here, it is possible to
identify several stages of encrusters and bioeroders,
as not all of the organisms recorded were coeval. In
this sense, we observed three successive stages of
organism activities (Fig.7).
During the ﬁrst stage (Fig.7a) the lower levels of
the rocky shore were intensively bioeroded with
Gastrochaenolites isp. and Maendropolydora isp.
(Fig.6f & g). Most of the large borings, comprising
Gastrochaenolites isp., contained evidence of their
producers (Fig.6a & b). Concerning epibionts, they
were mostly represented by dense accumulations of
serpulids and spirorbids, which generally inhabited
the borings, grooves, and balanoids apertural margins
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to evade the strong currents (Fig.6c). Balanoid
barnacles, ranging from juvenile to adults, frequently
appear in clusters and usually competed with each
other for space (see below). Bryozoans were very rare
in this phase.
During the second stage (Fig.7b), bryozoans
formed ﬂat sheets that spread out over most areas of
the rocky shore as well as the epibionts (serpulids,
Balanus spp. and even boring bivalves) of the ﬁrst
stage (Figs.3c–d & 4a–c). The bryozoan colonies
were identiﬁed as the Anascan-grade cheilostome
Biflustra savartii. It was apparent that the balanoid
barnacles were not completely covered, especially on
their apertures (Figs.3c–d, 4a–c, 6e), possibly
indicative of a pre-mortem condition (i.e. Balanus sp.
were still alive during the spreading sheets formation).
Finally, the third stage (Fig.7c) was characterized
by a new layer of epibionts that encrusted over the
bryozoan sheets formed during the second stage.
These epibionts were restricted to rare occurrences of
Balanus spp. and small isolated patches of serpulids
(Figs.3c & 4a).
4.2 Spatial competition of epibionts of the Abu Qir
rocky shore
Hard substrates communities in rocky shore areas
mainly consist of sessile sclerobionts. During their
growth, these sclerobionts compete for consuming
microplankton and oxygen, or to dominate the living
space. The latter is the main reason for their
competition because it is the principal limiting
resource (Knight-Jones and Moyse, 1961; Buss and
Jackson, 1979; Ferguson et al., 2013; Taylor, 2016).
In the study area, the hard substrate was highly
variable, comprising shells and skeletons (biotic
substrate), variable sized grains (pebbles to boulders),
and rocky platforms. Sclerobionts mainly consist of
three major types: bryozoans, serpulid polychaetes,
and balanoid barnacles. In some cases, some bivalve
shells were observed to nest in the rocks. Their exact
spatial relationships were studied in order to determine
the type of competition between adjacent individuals
and their hierarchical sequence.
Two types of competitive interactions were
recorded: 1) Fouling, including larval settling of
balanoid barnacles on an empty hard surface (Fig.3a).
Post-mortem fouling of encrusting sclerobionts is not
considered a case of space competition (Fig.3b & c;
McCook et al., 2001); 2) marginal, which describes
the relationship between two organisms when they
come in contact during their growth. Two possible
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outcomes were recorded: overgrowth and stand-oﬀ
(Fig.3d).
In communities containing more than two species,
the vertical succession of individuals can be described
as a competitive hierarchy (Fig.3b–d; Centurión and
López Gappa, 2011).
The studied sclerobionts displayed overgrowth in
many cases, with some of them being fatal, depending
on the shape and size of the encrusting organisms.
Bryozoans are colonial species; their plasticity in
shape and size allow them to survive from multiple
partial overgrowth (Fig.4a). In contrast, overgrowth
of solitary species (such as serpulids and Balanus)
was often more fatal, especially when their functional
feeding opening was covered (Figs.3d, 4b, c; Taylor,
2016). Several multilayered growth sheets of
bryozoans were recorded in the studied specimens
(Fig.4d). This type of growth strategy was used to
overgrow the organisms that had encrusted the
colony surface (Fig.4b & c), and to increase the
height of the colony and consequently prevent
overgrowth by these organisms (Liow et al., 2019).
When a growing bryozoan colony meets another
encrusting organism (e.g., serpulids, balanoid
barnacles, or another bryozoan), it may overgrow or
be overgrown and ﬁnally the survival and
reproduction of the overgrown will be aﬀected (Liow
et al., 2016, 2017, 2019).
The studied serpulids are generally found as
clusters ﬁlling rock cavities (Fig.5a) or accumulated
in concave areas (Fig.5b). This living strategy may be
a type of symbiotic overgrowth in order to obtain
possible trophic beneﬁts, or to escape complete
overgrowth by other competitors, or even to avoid
transportation by currents to unfavorable habitats.
On the other hand, balanoid barnacles are
commonly observed as being solitary individuals,
generally overgrown by bryozoans and serpulids
(Figs.3b–d & 4a–c). In some cases, balanoids show a
stand-oﬀ relationship with other barnacles (Figs.3d &
5c) or appear as overgrowth on bryozoans’ colonies
and other balanoids (Figs.4a & 5d). In rare cases,
barnacles have the ability to undercut competitors and
lift them oﬀ the substrate (Fig.5d).
According to these observations, the ability to win
space is clearly dependent upon taxon type (bryozoans
vs. serpulids vs. balanoids), form (sheets vs. tubular),
and the growth rate (fast vs. slow) (Jackson, 1977;
Russ, 1982; Keough, 1984; Nandakumar et al., 1993).
Bryozoans are considered a superior competitor for
winning the substrate space.
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Apart from the competitive point of view, another
interesting idea to explore is that empty bioerosion
structures help increase the biodiversity in rocky
shores (Bagur et al., 2019). In the case under study,
although it is not possible to conﬁrm, this idea could
be applied, as it was demonstrated that several empty
Gastrochaenolites acted as refuges for serpulids,
balanids or bivalves (Figs.3b & 4d).
The ﬁndings documented herein act as a signiﬁcant
contribution to our knowledge of sclerobiont
composition, sequence of their attachments and/or
bioerosion, and their mutual relationships in the
intertidal rocky shore of the Abu Qir Headland.

5 CONCLUSION
The exposed calcareous rocky area of the Abu Qir
Headland was signiﬁcantly colonized by sclerobionts
(epibionts and endobionts).
The epilithic community, with little boring
organisms, was predominant and characterized by the
balanoid barnacles, bryozoans and polychaete worms.
These organisms displayed a remarkable overgrowth
relationship.
Encrusting bryozoans were the most common
epibionts attempting to cover everything (basement,
epibionts and bioerosion structures) on the rocky
shore.
Morphological analysis of the recorded bioerosion
structures revealed three ichnogenera. These structures
were produced by bivalves (Gastrochaenolites isp.),
polychaete annelids (Maeandropolydora isp.) and
bryozoans (Finichnus isp.).
In the present study, encrusting sclerobionts
(bryozoans) competed actively for living space in the
form of skeletal overgrowths.
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