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ABSTRACT:

Zaton, M., Nawrot, R., Krdl, J.J., Zapalski, M.K., Majchrzyk, A., Jakubowicz, M., Ernst, A., Stowinski, J. and
Berkowski, B. 2024. Skeletobiosis on favositid corals: a case study from the Middle Devonian of the Mader
Basin, Morocco. Acta Geologica Polonica, 74 (4), ¢30.

Tabulate corals of the genus Favosites Lamarck, 1816 from the Middle Devonian of Madéne el Mrakib
(eastern Anti-Atlas, Morocco) were qualitatively and quantitatively studied with respect to their encrust-
ing and boring organisms (skeletobionts). The assemblage, comprising 18 taxa, is numerically dominated
by bryozoans, microconchid tubeworms, and auloporid tabulates. Although less diverse, the recognised
Favosites-hosted skeletobiont fauna contains taxa described previously from co-occurring brachiopods. As
evidenced by the lower mean abundance and density of the skeletobionts, in contrast to the brachiopod hosts,
the favositid corals were, however, not preferred substrates for colonisation. Although the skeletobionts
occur on both the upper and lower sides of the host colonies, the majority of colonisers thrived on the latter.
Such a colonisation pattern may indicate that the favositids were colonised first on the surfaces devoid of the
hosts’ soft tissue. The upper sides, in turn, were largely covered by polyps, so these areas might have been
either colonised post mortem, or the larvae settled on those parts of the living hosts that were devoid of soft
tissue. The lack of any skeletobiont group present exclusively on the lower sides indicates that none of the
abundant taxa were obligate cryptobionts. The favositids lack any traces after parasitic endobionts, such as,
e.g., Chaetosalpinx Sokolov, 1948 and allied cecidotaxa, which may either point to the general absence of
such endobionts in the habitat, limited survival of their larvae, or an efficient immune system of the hosts,
preventing their settlement.
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INTRODUCTION

The Middle Devonian was a unique interval in
Earth’s history, during which many invertebrates
with calcitic skeletons flourished in marine habitats,
starting to play important ecological roles. Tabulate
corals and stromatoporoids constructed massive
reef structures (Talent 1988; Wood 1998; Copper
2002; Edinger et al. 2002; Copper and Scotese 2003;
Zapalski et al. 2017; Krol et al. 2018; Jakubowicz
et al. 2019). Along with the tabulates and stromato-
poroids, diverse brachiopod and rugose coral assem-
blages inhabited reefs, peri-reef environments, and
vast areas of both shallow and deeper parts of car-
bonate platforms and ramps (e.g., Baird and Brett
1983; Webb and Schneider 2013; Zapalski et al.
2017; Jakubowicz et al. 2019; Zaton and Wrzolek
2020; Chang et al. 2021; Wozniak et al. 2022; Zaton
et al. 2022a). These organisms also provided ‘ben-
thic islands’ in soft-bottom environments, and thus
increased the small-scale habitat heterogeneity by
serving as hard substrates for cementing and bor-
ing organisms, collectively known as skeletobionts
(sensu Taylor and Wilson 2002). Both encrusters
(episkeletobionts) and endobionts (endoskeletobi-
onts) are preserved in situ with respect to their host,
providing valuable information on the colonisers’
spatial distribution, dominance, ecological prefer-
ence, and relationships to the host organisms, as
well as to the associated skeletobionts (e.g., Zapalski
2005, 2009; Taylor 2016; Peters et al. 2024; Zaton
and Nawrot 2024a; see also Taylor and Wilson 2003
for a comprehensive review).

For the Middle Devonian, the problem of skel-
etobiosis (see also Romero et al. 2022 for the term
sclerobiosis), or the use of skeletal remains of other
organisms by colonising biotas, has been much
more extensively studied on rhynchonelliformean
brachiopods (e.g., Sparks et al. 1980; Bordeaux and
Brett 1990; Bose et al. 2011; Mistiaen et al. 2012;
Zaton et al. 2022a; Brychcey ef al. 2023) than on ru-
gose (e.g., Baird and Brett 1983; Zaton and Wrzotek
2020; Zaton et al. 2022b, 2023a) and tabulate corals
(e.g., Copper 1996; Zapalski 2009; Zaton et al. 2018,
2023a). This difference may be related not only to
the generally greater abundance of brachiopod shells
in the Middle Devonian deposits, but also to their
more common occurrence in siliciclastic and marly
facies from which they are easily collected in large
quantities.

In the present paper, Middle Devonian favositid
tabulate corals, which inhabited soft substrates pre-
served at the present day Madéne el Mrakib locality

in Morocco, have been analysed with respect to their
preserved skeletobionts. Previously, a large collection
of brachiopods from the same locality provided the
first quantitative data on the diversity, abundance,
and colonisation patterns of skeletobionts from the
northern shelf of Gondwana (Zaton et al. 2022a). A
later inspection of the site furthermore revealed also
that favositid tabulates were a conspicuous element
of the local Devonian ecosystem. Thus, in order to
trace the colonisation patterns, diversity, abundance,
and distribution of the associated skeletobionts, their
relation to the hosts, and their similarity to the assem-
blage present on the co-occurring brachiopods, the
newly collected favositids have been studied. The re-
sulting data are compared to the colonisation patterns
documented for other hosts, and used for decipher-
ing the possible steps of colonisation of the tabulate
corals. The gathering and analysis of such data on
sclerobionts preserved on different but co-occurring
hosts provide a wider and more detail picture of hard
substrate communities and their palaeoecology in a
given palaeoenvironment.

This paper is addressed to the jubilee of Prof.
Michat Szulczewski, who is especially known for his
work concerning the Devonian system.

GEOLOGICAL BACKGROUND

The Madene el Mrakib section is located in the
eastern Anti-Atlas, Morocco, in the southern part
of the Mader Basin, ~30 km SE of the village of
Fezzou (Text-fig. 1B). The basin formed during the
Devonian as a result of the extensional breakup of
the broad shelf marking the passive margin of NW
Gondwana (Text-fig. 1A; Wendt 1985, 2021). By
the Middle through Late Devonian, a distinct plat-
form-and-basin topography originated, with several
basins typified by different sedimentary histories
and accompanying rich, partially endemic faunas
adapted to a variety of bathymetries, insolation,
current regimes, and substrates (e.g., Wendt and
Belka 1991; Berkowski 2008; Lubeseder et al. 2010;
Frey et al. 2018; Berkowski ef al. 2019; Dworczak
et al. 2020). The Middle Devonian deposits of the
Mader Basin are predominantly neritic, argillaceous
wackestones to mudstones; the most fossiliferous,
shallowest facies, rimming the partially emerged
Mader Platform, occur along the southern, west-
ern, and northern margins of the basin (Kaufmann
1998). During the latest Eifelian—early Givetian,
these areas contained rich coral-stromatoporoid
communities, forming small bioherms and bios-
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Text-fig. 1. Location of the study site. A — Palacogeographic map for the Middle Devonian (adapted from Scotese 2001; slightly modified after

Jakubowicz et al. 2019) with the position of the study site indicated. B — Schematic geological map of the Mader Basin showing the distribution

of the Middle Devonian outcrops and the study site at Madéne el Mrakib (MM) (adapted from Doring and Kazmierczak 2001 and Jakubowicz

et al. 2019). C — Lithostratigraphic column of the Middle Devonian deposits at Madéne el Mrakib with the studied fossiliferous interval indi-
cated (slightly modified after Zaton et al. 2022a).

tromes (Schroder and Kazmierczak 1999; Doéring
and Kazmierczak 2001; Frohlich 2003; Berkowski et
al. 2023; Majchrzyk et al. 2024), and a single, large
reefal buildup (Aferdou el Mrakib; Kaufmann 1998;
Krél et al. 2018; Jakubowicz et al. 2019; Majchrzyk
et al. 2022, 2023; Zaton et al. 2023a).

The Madéne el Mrakib section exposes Middle
Devonian carbonates and Upper Devonian siliciclas-
tics (Kaufmann 1998; Doring and Kazmierczak 2001;
Becker et al. 2018). The lower part of the section,
attributed to the lower Eifelian, comprises a fossil-
poor succession of marls, shales, and hemipelagic
carbonate mudstones with rare bioclast-rich interca-
lations (Text-fig. 1C). Throughout the upper Eifelian—
lower Givetian, a general shallowing-upward trend
is marked by the up-section increase in the thickness
and number of increasingly fossiliferous, carbonate
intervals, culminating with a diverse, shallow-water
reef assemblage, dominated by branching tabulate
corals (Majchrzyk et al. 2024). The upper, Frasnian—
Famennian, siliciclastic part of the succession is
widely known owing to its remarkably well-preserved

chondrichthyan fishes (e.g., Frey ef al. 2019, 2020) and
cephalopods (e.g., Klug et al. 2016).

The studied favositids have been collected from
an interval of fossiliferous, thin-bedded, nodular car-
bonates (mudstones to packstones) which contains,
in its upper part, abundant remains of the phacopid
trilobite Drotops megalomanicus Struve, 1990 (Text-
fig. 1C). The deposit represents the transition between
the uppermost Eifelian (ensensis Zone) and lowermost
Givetian (hemiansatus Zone; Zaton et al. 2022a); co-
eval Drotops-rich strata are exposed in several parts
of the southern Mader Basin, providing a locally im-
portant marker horizon (Kaufmann 1998; Jakubowicz
et al. 2019). The horizon can be easily traced in both
the field and satellite images owing to the extensive
commercial exploitation of the Drotops fossils. The
studied limestones contain abundant brachiopods,
branching and, more rarely, massive tabulate cor-
als, solitary rugose corals, tentaculitoids, as well as
fragments of bryozoans, gastropods, crinoids and os-
tracods (Struve 1990; Halamski and Balinski 2013;
Jakubowicz et al. 2015; Zaton et al. 2022a, 2023b).
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MATERIAL AND METHODS

In total, 86 colonies of favositids were collected
from the scree closely adjacent to the section at
Madeéne el Mrakib. After cleaning, the specimens
were inspected under a Nikon SMZ1000 binocular
microscope, and all detected fossils of encrusters
and traces left by boring organisms were identified
to the lowest possible taxonomic level and counted.
Such a procedure was applied separately to the upper
(exposed) and lower/inwardly sloping sides (usually
forming the hidden surfaces; from now on referred to
as the lower sides) of the colonies. As in previous sim-
ilar studies (e.g., Zaton and Wrzotek 2020; Zaton et al.
2022a, 2023b), each well-separated colony of colonial
encrusters was counted as one specimen. In order to
obtain accurate data on the size of the specimens, the
volume of each of the 47 best-preserved colonies was
measured by displacement of water using measuring
cylinders. Later, the colonies were cut transversely to
the growth direction, polished, and further inspected
for additional skeletobionts (especially borings and
bioclaustrations) which might have potentially been
present in older parts of the favositids.

Selected skeletobionts were coated withammonium
chloride and photographed using a Canon EOS 350D
digital camera. Some other specimens, however, were
also photographed using a Nikon SMZ1000 equipped
with an Imaging Source DFK NME 33UX265 camera
and NIS-Elements D imaging software.

To evaluate the relationship between the colony
size and skeletobiont colonisation patterns, we re-
stricted the analyses to the well-preserved colonies
whose volume had been measured. The same set of
specimens was also used to compare the skeleto-
biont assemblages present on the lower and upper
sides of the corals, and to assess the differences
in colonisation metrics between the favositids and
the co-occurring brachiopods. We quantified the
colonisation frequency (proportion of corals host-
ing skeletobionts), abundance (the number of indi-
viduals) and richness (the number of genera/higher
taxa) of the skeletobionts for both the entire coral
colonies and for each side separately. To avoid over-
estimation of the skeletobiont richness, unidentifi-
able epibionts (Bryozoa indet., Brachiopoda indet.
and other indeterminate taxa) were counted only
when no other bryozoan, brachiopod, or skele-
tobiont taxon was present on a given host (as in
Rodland et al. 2014; Zaton et al. 2022a). However,
undetermined specimens were still included in the
analyses of the skeletobiont abundance, as they rep-
resent successful recruitment events. The surface

area of the corals potentially available for skele-
tobiont colonisation was approximated based on
their volume by assuming a spherical shape of the
colonies. The area of colonised and non-colonised
specimens was compared using the non-parametric
Wilcoxon test. Differences in the abundance and
richness of skeletobionts present on the lower and
upper side of the colonies were evaluated using the
paired Wilcoxon test, while the diversity of the en-
tire assemblages (abundance data from each side
pooled together across the colonies) was compared
with individual-based rarefaction and extrapolation
curves (Colwell et al. 2012).

Rarefaction was also used to assess the differ-
ences in diversity of the skeletobiont assemblages
present on favositids and brachiopods and was based
on the pooled data from all specimens (see Zaton et
al. 2022a, and Zaton and Nawrot 2024b for details
of the brachiopod dataset). However, given the im-
portance of substrate area in controlling colonisation
patterns (Zaton and Nawrot 2024a), we only used
measured specimens when comparing colonisation
metrics (average abundance and density of skeleto-
bionts). Thus, the analysis was restricted to a sample
of the best preserved and complete brachiopod shells
representing the five most abundant brachiopod taxa
(15 to 93 colonised shells per taxon depending on the
available material, see Zaton and Nawrot 2024a). In
order to account for differences in host size, we cal-
culated skeletobiont density for each colony and shell
as the number of individuals per unit area (ind/cm?)
and compared host area, skeletobiont abundance, and
density between the favositids and brachiopods us-
ing the Wilcoxon test. Statistical analyses were per-
formed in R 4.2.1 (R Core Team 2022) using ‘iN-
EXT’ package (Hsieh et al. 2022).

The material is housed at the Institute of Earth
Sciences in Sosnowiec, abbreviated GIUS 4-3794.

RESULTS
Favositid hosts

Favositid tabulate corals are relatively abundant
in the studied deposits and represented predomi-
nantly by Favosites goldfussi d’Orbigny, 1850 (Text-
fig. 2A—C). Other species are rare, including only
a single small, juvenile specimen of F. ?hohemicus
Maurer, 1896 (Text-fig. 2D), and two specimens of
Favosites sp. (Text fig. 2E, F) sensu Krél et al. (2018),
previously described from the Aferdou el Mrakib
reef in the Mader Basin.
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Text-fig. 2. Favositids from the Middle Devonian of Madéne el Mrakib, Mader Basin, Morocco. A — Upper (exposed) side of Favosites

goldfussi d’Orbigny, 1850. B — Lower (cryptic) side of Favosites goldfussi d’Orbigny, 1850; encrusting auloporids and rugose corals are

indicated with white and black arrows, respectively. C — Favosites goldfussi d’Orbigny, 1850, transverse thin section. Arrows indicate
Trypanites-like borings. D — Juvenile Favosites ?bohemicus Maurer, 1896, transverse thin section. E, F — Two views of a circumrotatory
corallum of Favosites sp.
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Text-fig. 3. Selected skeletobionts colonising favositids from the Middle Devonian of Madéne el Mrakib, Mader Basin, Morocco. A— Tentaculitoid
microconchids (arrowed). B — Tentaculitoid Anticalyptraea Quenstedt, 1867 (arrowed). C — Rugose coral. D — Crinoid holdfast (arrowed). E —
Productid brachiopod with preserved lateral spines (arrowed). F — Trepostome bryozoan Eostenopora aff. clivosa (Schliiter, 1889).

Favosites goldfussi is characterised by cerioid
coralla comprised of polygonal, 3- to 9-sided coral-
lites with diameters of 1.9-3.0 mm (mean = 2.45 mm).
The corallite walls are typically 0.15-0.25 mm thick.
The mural pores are circular and reach 0.38 mm
in diameter. The septal spines are very abundant,
sharp, and relatively short. The tabulae are thin, com-
plete, and irregularly spaced. Favosites ?bohemicus

differs from F. goldfussi in having larger corallites
(up to 5.3 mm in diameter), rare septal spines, and
more variable wall thickness (0.1-1.1 mm). The lat-
ter characteristic could, however, be related to the
juvenile age of the specimen (cf. Berkowski ef al.
2023). Favosites sp., on the other hand, is typified by
smaller corallites, 1.2-2.4 mm in diameter, and fewer
septal spines compared to F. goldfussi.
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Text-fig. 4. Selected skeletobionts colonising favositids from the Middle Devonian of Madéne el Mrakib, Mader Basin, Morocco. A — Sheet

stromatoporoid (strom.) encrusted by the cyclostome bryozoan Corynotrypa sp. (black arrow) and the cystoporate bryozoan Cyclotrypa cyclos-

toma (Schliiter, 1889) (white arrow). B — Cystoporate bryozoan Fistulipora sp. C — Aulopora sp. tabulate encrusted by a trepostome bryozoan

Eostenopora aff. clivosa (Schliiter, 1889) (arrowed). D — Abraded hederelloid colony (arrowed). E — Rugose coral (arrowed) embedded within
a favositid skeleton.

The favositids exhibit predominantly bulbous
growth forms with convex bases and commonly
flattened tops. Tabular and irregular morphologies
are also relatively common. The size of the colonies
varies widely. The smallest ones have only 4 cm?,
whereas the largest measured colony has 355 cm?
(mean = 71.11 ¢cm?). Their horizontal outlines range
from circular to oval. Growth interruption surfaces
and rejuvenations were not observed, despite the
common occurrence of sediment infills in the cor-
allites. The growth axes of the coralla are commonly
tilted in one direction or curved. Two small, spherical
specimens exhibit a circumrotatory mode of growth.

Skeletobionts

Skeletobionts were found on 65 favositid colonies.
The remainder of the colonies is either worn or does
not possess visible encrusters (episkeletobionts sensu
Taylor and Wilson 2002) and borer (endoskeletobionts
sensu Taylor and Wilson 2002) traces. The detected
skeletobionts comprise 18 taxa. Due to their preser-
vation state, however, some bryozoans and brachio-

pods are difficult to identify to lower taxonomic lev-
els and thus have been left as Bryozoa/Brachiopoda
indet. Some other encrusters are also preserved as
remnants of their attachment bases and thus have
been grouped together as indeterminate fossils.
Identified solitary encrusters are numerically domi-
nated by spirally-coiled microconchids (Text-fig. 3A).
Although usually preserved as attachment bases, the
complete specimens are very similar to the species
Palaeoconchus sanctacrucensis Zaton and Kraw-
czynski, 2011, recently noted on brachiopods from
the same locality (Zaton et al. 2023b). With respect
to abundance, the next solitary skeletobionts are rep-
resented by rugose corals (Text-figs 2A, B, 3C, 4E),
tentaculitoid anticalyptraeids (likely Anticalyptraea
madenensis Zaton, Stowinski, Vinn and Jakubowicz,
2023b; Text-fig. 3B), crinoids (holdfasts, Text-fig. 3D)
and brachiopods. The latter are represented by rem-
nants of attachment valves of indeterminate forms,
as well as by productids (Text-fig. 3E) and craniids
(Deliella sp.). Conical tentaculitoids, assigned to cor-
nulitids, are rare. When we take the number of the
favositids colonised by these encrusters into account,
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Text-fig. 5. Abundance of skeletobionts on the favositid corals. A — Abundance of the skeletobiont taxa (all are shown). B — Number of coral
colonies colonised by each skeletobiont taxon. In A the number above the bars represents the percentage abundance of each taxon, and in B they
refer to the percentage of colonies in the entire coral sample (n = 65) which are colonised by a given skeletobiont taxon.

the pattern is quite similar (Text-fig. 5). Compared
to the other abundant taxa, microconchids occur on
a lower number of coral colonies, suggesting their
tendency to aggregate on selected hosts.

The colonial encrusters are dominated by bryo-
zoans, of which trepostomes (Text-figs 3F, 4A, C)
are the most numerous. Apart from some indeter-
minate colonies, the trepostomes are represented
by such species as Leioclema decipiens (Hall, 1883)
and Eostenopora aff. clivosa (Schliiter, 1889) (Text-
fig. 3F). Cystoporates are represented by Cyclotrypa
cyclostoma (Schliiter, 1889) (Text-fig. 4A), as well
as Fistulipora sp. (Text-fig. 4B), and Cyclostomata
are represented by the uniserial genus Corynotrypa
sp. (Text-fig. 4A). Except Cyclotrypa cyclostoma, the
above genera were also detected on the co-occurring
brachiopods (Zaton et al. 2022a). Less numerous are
auloporid tabulates (small and slender, and larger ro-

bust species, Text-figs 2A, B, 4C), stromatoporoids
(Text-fig. 4A) and favositids, whereas alveolitids,
coenitids (?Roseoporella sp.) and hederelloids (Text-
fig. 4D) are relatively rare. With respect to the num-
ber of coral colonies colonised, the pattern is also
similar (Text-fig. 5).

The traces after endoskeletobionts consist of
branching microborings and circular, deep pits likely
representing the ichnogenus Trypanites isp. (Text-
fig. 2C). Both traces occur rather rarely compared
to the majority of skeletobionts present (Text-fig. 5).
A single favositid specimen also records a syn vivo
interaction with a rugose coral in the form of dis-
tinct embedment of the epibiont within the tabulate
skeleton (Text-fig. 4E). Symbiotic relationship be-
tween these coral groups is already known from the
Silurian, but generally such relationship is rarely no-
ticed (see Vinn et al. 2017). The observed interac-
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Text-fig. 6. Relationship between the skeletobiont assemblages and favositid colony size. A — Comparison of the size of non-colonised and

colonised corals. Thick horizontal lines and diamond points denote median and mean values, respectively. B — Relationship between the skele-

tobiont abundance and host colony surface area. C — Relationship between the richness of skeletobionts and host colony surface area. In B and
C only the colonised colonies are shown. p — Spearman rank-order correlation coefficient, p — p-value for Spearman correlation.

tions between particular episkeletobionts consist of
non-reciprocal overgrowths and thus they rather do
not indicate any competition for space.

For the 55 favositid colonies (47 with skeleto-
bionts) having both the upper and lower sides pre-
served, the mean skeletobiont abundance per host

colony is low (3.11), and the mean skeletobiont rich-
ness per host colony is even lower (1.80). Restricting
the analyses to the 47 measured specimens gives sim-
ilar results (Table 1).

A comparison of the size of the non-colonised
and colonised corals, as well as the relationship
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Parameter Whole colony Lower side Upper side

Colonization frequency 0.85 0.77 0.53
Number of skeletobionts 151 112 39

Number of skeletobiont taxa 18 16 14

Mean skeletobiont abundance per colony 3.21 2.38 0.83
Mean skeletobiont richness per colony 1.83 1.49 0.74
Mean skeletobiont abundance per colonized colony 3.78 2.80 0.98
Mean skeletobiont richness per colonized colony 2.15 1.75 0.88
Mean colony volume (cm?) 71.11 NA NA
Mean colony area (cm?) 73.99 NA NA
Mean skeletobiont density (ind/cm?) 0.05 NA NA
Mean volume of colonized specimens (cm?) 77.80 NA NA
Mean area of colonized specimens (cm?) 78.72 NA NA
Mean skeletobiont density on colonized specimens (ind/cm?) 0.06 NA NA

Table 1. Colonisation metrics for Favosites Lamarck, 1816 colonies from the Devonian of Morocco with measured volume. The approximate
area of the colonies is calculated from the volume by assuming a spherical shape.
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Text-fig. 7. Skeletobiont abundance (A) and richness (B) on each side of coral colonies, plotted as frequency distributions, i.e., as the number
of corals hosting a given number of skeletobionts or skeletobiont taxa on their lower and upper side. Grey lines connect abundance/richness
values observed on each side of individual coral specimens.

between the skeletobiont abundance/richness and
host colony surface area, is shown in Text-fig. 6.
Although the average area of the colonised corals
(78.7 cm?) is larger than that of the non-colonised
colonies (46.9 cm?), the difference is not statistically

significant (Wilcoxon test: W = 183, p = 0.204) likely
due to the small sample size of the latter (7 speci-
mens). The same result was obtained when using
volume instead of the surface area. However, there is
a significant positive correlation between the colony
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size and skeletobiont abundance and richness (Text-
fig. 6B, C).

The analysis of the skeletobiont distribution on the
upper and lower sides of the coral colonies showed
that the lower sides tend to be more frequently col-
onised (Table 1; Pearson’s chi-squared test: y- =
4.6696, df =1, p = 0.031) and host more skeletobionts
(paired Wilcoxon test: p < 0.001 for both abundance
and richness). Although the skeletobiont richness is
only slightly higher on the lower sides of the col-
onised colonies (Table 1), the skeletobiont abundance
tends to be evidently higher there (Table 1; Text-
figs 7, 8). This observation is especially valid for

the microconchids, bryozoans, rugose corals, anti-
calyptraeids, and even crinoids; in contrast, the au-
loporids and stromatoporoids are more common on
the upper sides (Text-fig. 8). Pooling data across the
colonies suggests, however, that the total richness of
the skeletobiont assemblage is similar on both sides
(16 vs. 14 taxa, Table 1) and not significantly different
when standardized to the same number of individuals
(Text-fig. 9A).

In comparison to the skeletobiont assemblage col-
onising the brachiopods from the same strata (Zaton
et al. 2022a), the relative abundances of the skeletobi-
onts present on the favositids are distinctly different
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(Text-fig. 10). However, the higher total richness ob-
served in the brachiopod-hosted assemblages (26 vs.
18 taxa on brachiopods and corals, respectively)
can be largely explained by the sample-size effect
(Text-fig. 9B). Although the favositid colonies have a
greater surface area than the brachiopod shells (Text-
fig. 11A), the skeletobiont abundance and density per
host colony are significantly lower (Text-fig. 11B, C,
Wilcoxon test; p < 0.001 for all three comparisons).

DISCUSSION
Diversity of Favosites-hosted skeletobionts

The skeletobiont assemblage colonising the favo-
sitid tabulate corals from Madéne el Mrakib is charac-
terised by a low abundance but high diversity of skel-
etobionts (Berger-Parker dominance index = 0.20).
Obviously, as in other fossil hard-substrate assem-
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Text-fig. 10. Relative abundance of skeletobiont taxa found on coral and brachiopod hosts. Indeterminate skeletobionts and taxa representing
less than 2% of specimens in both assemblages are not shown.
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blages, the number of encruster taxa is biased by the
presence of exclusively skeletonized organisms, and
thus originally it could have been much higher. The
assemblage is dominated by a few groups, namely
bryozoans, microconchids, and auloporids, the abun-
dance of which significantly exceeds that of the other
skeletobionts. Although the total skeletobiont richness
(18 taxa) is lower than that present on the associated
brachiopods (26 taxa, Zaton et al. 2022a), likely due
to the differences in sample size, it is still higher than
that noted in many other Middle Devonian skeletobi-
ont assemblages from Laurussia and the South China
craton. For example, with respect to its richness, it
may rival the rugose-hosted assemblage from New
York, USA (Baird and Brett 1983), and is higher than
the rugose-hosted assemblages from the Holy Cross
Mountains, Poland (Zaton and Wrzotek 2020) and
brachiopod-hosted assemblages from New York,
USA (Bordeaux and Brett 1990), Iowa, USA (Webb
and Schneider 2013), Alberta, Canada (Barclay et al.
2013), and South China (Chang et al. 2021). Such a
high diversity of skeletobionts noted on the Moroccan
favositids and co-occurring brachiopods may have re-
sulted from suitable normal-marine conditions devoid
of any distinct palacoenvironmental changes, and the
availability of the vast amount of hard substrates ex-
posed for colonising and developing organisms.
Interestingly, for both favositid and brachiopod
hosts from Madeéne el Mrakib, the bryozoans are the
dominant group and tentaculitoids (especially micro-
conchids) are very common as well. However, the
other most abundant skeletobionts present on the
brachiopods, such as foraminifers and ascodictyids,
have not been found on the inspected favositids. In
turn, the favositids display 7rypanites isp. borings,
which have not been observed on the brachiopods,
but are found on rugose corals from the nearby local-
ity of Aferdou el Mrakib (Zaton et al. 2023a). Such
host-specific differences in the composition of the
skeletobiont assemblages from the same environment
may suggest a role of substrate specificity in shaping
the skeletobiont community structure, underlining
the importance of inspecting different types of hard
substrates before any wider comparisons are made
(see also Zaton et al. 2022b). The composition of the
skeletobiont assemblage inhabiting the favositids gen-
erally falls within the taxonomic variability reported
previously for the co-occurring brachiopod-hosted
assemblages, as well as within the skeletobiont com-
position characteristic for the Mader Basin in general
(Zaton et al. 2023a). However, the mean skeletobiont
abundance (Text-fig. 11B) and richness (see Zaton et
al. 2022a) observed for the brachiopods are higher

than those noted for the favositids. The same con-
cerns the density of skeletobionts (Text-fig. 11C).
This pattern may suggest that the brachiopods were
a preferable substrate for skeletobiont larvae, which
may be related to both the abundance of brachiopods
and microhabitat type provided by the brachiopod
shells. Although smaller in individual size, the large
quantity of shells spread on the seafloor provided
an abundant source of hard substrate for colonising
larvae. Except for the strophomenid Schizophoria sp.
having punctate shells (e.g., Halamski 2012) which
potentially could have been deterrent for endoskele-
tobionts (see Curry 1983), the rest of the brachiopod
shells were devoid of any soft tissue and thus could
have been colonised both during the life of the hosts
and post mortem until their final burial. Some sur-
faces of the living favositid colonies, were, in turn, at
least in part occupied by closely spaced polyps. Thus,
the colonies were only partly available for colonisa-
tion, and the only suitable side for the larvae settle-
ment, at least during the host’s life, was the lower
side, which was often directed toward the sediment
surface and formed a microhabitat favourable for
cryptic species. Another possible mechanism are the
antifouling properties of corals, either by avoidance
(passive) or active defence (Wahl 1989), certainly
stronger and more effective in corals than in brachio-
pods. Moreover, the death of the favositid colonies
might have been caused by abrupt sediment influx
events covering the upper colony surface, making it
unavailable for skeletobionts.

Colonisation patterns

A characteristic feature of the investigated fa-
vositids is a distinct polarization of the colonisation
patterns depending upon the substrate orientation.
The tendency of various Palaeozoic skeletobionts for
colonisation of a particular side of their hosts has al-
ready been noticed for various organisms, such as
alveolitids and chaetetids (e.g., Struve 1980; Suchy
and West 1988; Copper 1996; Zaton et al. 2018), stro-
matoporoids (e.g., Kershaw 1980; Segars and Liddell
1988; Vinn 2012; Vinn and Wilson 2012a, b) or pecu-
liar, mushroom-like rugose corals (Zaton et al. 2020).
For the studied favositids, the majority of the encrust-
ers settled on the lower sides of the colonies (Text-
fig. 8). Such a colonisation pattern could have resulted
from various factors, including cryptic preferences of
some skeletobionts (i.e., coelobionts or cryptobionts,
e.g., Kobluk 1981, 1988; Wilson 1986; Vinn 2012;
Vinn and Wilson 2012a, b; Berkowski et al. 2019;
Vinn et al. 2024), seeking low-light niches or refuges
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from predators and environmental stress (e.g., Taylor
and Wilson 2003). In other instances, the lower side of
a colony was the only space available for colonisation,
as the upper side was covered by the soft tissue of
the host organism. For example, Copper (1996) pro-
posed that the lack of davidsoniid brachiopods on the
upper surfaces of alveolitid tabulates resulted from
the activity of polyps and their cnidae, discouraging
the colonisation of larvae. It was also suggested that
during life the upper surface of the mushroom-shaped
Silurian coral Schlotheimophyllum patellatum (Schlo-
theim, 1820) was entirely covered by the soft tissue,
with tentacles and nematocysts preventing its colo-
nisation by skeletobionts (Zaton et al. 2020). The up-
per sides of the stromatoporoids are also considered
to have been covered by soft tissue during their life
(Kershaw 1980; Segars and Liddell 1988). These con-
straints complicate the recognition of obligate cryptic
(or coelobiontic) skeletobionts. This is well-exempli-
fied by the microconchids, which overwhelmingly en-
crusted the lower sides of the investigated favositids
and were previously reported as colonising the cryptic
undersides of alveolitid tabulates (Zaton et al. 2018),
Schlotheimophyllum rugosans (Zaton et al. 2020) and
stromatoporoids (e.g., Kershaw 1980; Vinn 2012).
However, they were also found dominating the up-
per, exposed surfaces of other stromatoporoids from
Gotland (Segars and Liddell 1988), Estonia (Vinn and
Wilson 2012a, b), and the USA (Lebold 2000). The
controls on the polarization in the skeletobiont coloni-
sation patterns observed on different hosts are, there-
fore, not straightforward to identify and may have
included a complex interplay of environmental (sedi-
mentation rate, substrate topography and consistency)
and biological (skeletobiont population dynamics, mi-
crohabitat preference and host growth, host’s antifoul-
ing mechanisms) factors (e.g., Kershaw 1980; Segars
and Liddell 1988; Gibson and Broadhead 1989; Wahl
1989; Kershaw et al. 2018; Zaton et al. 2018, 2020),
the combination of which might have been unique in a
particular palacoenvironment.

The lack of skeletobionts preserved on or very
close to the initial part of the colonies may potentially
indicate that the favositids were colonised while they
were still attached to (or embedded within) the sub-
strate. During their growth and even for some time
after the death of the corals, the colonies could have,
at least periodically, been colonised. Taking into ac-
count the low mean density of skeletobionts on these
hosts, it seems that they were not the main target
substrate for colonising larvae, most probably due to
the presence of polyps in different parts of the col-
ony. However, as evidenced by the positive and sta-

tistically significant correlation between the colony
size and skeletobiont abundance and richness (Text-
fig. 6B, C), the favositids could have been more or
less continuously colonised during their growth, so
that the larger colonies hosted more abundant and di-
verse skeletobiont assemblages. Although favositids
could have been colonised post mortem, the presence
of the embedded rugose coral indicates that some
colonies were certainly colonised during their life.
In the investigated favositids, the calices occur
on the upper side of the colonies; however, they may
also be present on the lateral sides and undersides
of the colonies. Anyhow, a distinct dominance of
skeletobionts on the lower side of the colonies sug-
gests that those parts were more often polyp-free and
thus available for larvae settlement. Nevertheless,
the space between the sea bottom and the favositid’s
underside could have been filled by sediment, sig-
nificantly limiting or completely preventing coloni-
sation. The studied favositids exhibit predominantly
bulbous growth forms with distinctly convex bases,
which are typically interpreted as an adaptation to
an increased sedimentation rate, as the colony had
to grow vertically to keep up with the accumulating
sediment. This is opposed to expanding laterally to
form a flat-based dome, which, if possible, would be
favourable for the corals living in soft-bottom con-
ditions, as a type of the snow-shoe survival strategy
(Philcox 1971; Gibson and Broadhead 1989). This
limiting factor may explain the generally low abun-
dance of skeletobionts on the favositids, and can also
be responsible for similar colonisation patterns ob-
served on Silurian stromatoporoids and some rugose
corals (see also Kershaw 1980; Kershaw et al. 2018;
Zaton et al. 2020). However, the lack of clear growth
interruption surfaces and rejuvenations in the colo-
nies studied here may indicate that, unlike the favo-
sitids from a shallower setting of the nearby Aferdou
el Mrakib reef (see Krol et al. 2018; Jakubowicz et
al. 2019), the colonies from Madéne el Mrakib were
not affected by any serious high-energy sedimentary
events. It is also possible that the favositids from the
latter locality were able to actively remove sediment
blankets, as the genus Favosites is generally regarded
as well-adapted to conditions related to increased
sedimentation rates (e.g., Seilacher and Thomas
2012; Krol et al. 2018). The episodic occurrence of
stronger currents may be supported by the presence
of the circumrotatory mode of growth in some rare,
spherical specimens (Text-fig. 2E, F) which, due to
their small size, could have been rolled on the bottom
(e.g., Zapalski et al. 2022). This is consistent with the
depositional environment of Madéne el Mrakib, in-
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terpreted as an offshore, low-energy setting situated
between the storm and normal wave bases, character-
ised by rather low to medium turbidity and low water
turbulence (see Zaton et al. 2022a).

The majority of the studied skeletobionts are tiny
encrusters, which likely first colonised the polyp-free,
lower and lateral sides of the favositid colonies. The
much lower abundance of skeletobionts on the upper
sides implies that these exposed areas might have
been permanently, or nearly so, covered by the coral
soft tissues. Thus, those skeletobionts which occur
on these exposed sides likely colonised them after
death of the host corals, or colonised only small spots
which were devoid of living polyps — small lesions of
soft tissue commonly occur in modern scleractinian
corals (Work et al. 2014; Hawthorn et al. 2023) and
may provide available substrate for epizoan recruits.
Interestingly, crinoids are also more numerous on
the lower and lateral sides. It is known that crinoids
were able to grow downward when encrusting cav-
ity roofs (Jakubowicz et al. 2014; Berkowski et al.
2019) or overhangs produced by some rugose corals
(Zaton and Wrzotek 2020). Crinoids could have also
settled on the dead, overturned colonies. Two skele-
tobiont groups, the auloporids and stromatoporoids,
are more abundant on the exposed sides of the cor-
als. Interestingly, auloporids also dominate the upper
sides of alveolitids from the Holy Cross Mountains,
Poland (Zaton et al. 2018), whereas stromatoporoids
occur exclusively on the tops of Schlotheimophyllum
corals from Gotland (Zaton et al. 2020). However, as
proposed also for the favositids from the Aferdou el
Mrakib reef, stromatoporoids likely encrusted these
tabulates after their death, as the hosts do not display
any signs of growth disturbance (see Krol et al. 2018).

The dominance of the auloporids on the exposed
sides of the alveolitids from Poland could have been
caused by the light requirements of these possibly
photosymbiotic tabulates (see Zapalski 2014) in an
otherwise light-depleted, mesophotic ecosystem
(Zaton et al. 2018). However, in the present case, the
favositids lived in a shallower, apparently well-illu-
minated environment, as implied by the presence of
the encrusting alga Rothpletzella sp. (see Kaufmann
1998; Zaton et al. 2022a). Thus, the auloporids may
well have inhabited both the lower and upper sides of
the host corals, as indicated by the rather small dif-
ference in their abundance between both sides (Text-
fig. 8). On the other hand, auloporids are known to
selectively choose substrate (Zapalski 2005; Mistiaen
et al. 2012), so that subtle differences in the substrate
texture might have also played a role in their pref-
erential settlement. The Aulopora sp. from Madéne

el Mrakib belong, however, to a species with quite
large corallites which, potentially, could have to some
extent invaded the upper sides of the favositids still
covered with polyps.

In summary, although the majority of the skeleto-
biont taxa more often colonised the lower sides of the
favositid colonies, they also include individuals pres-
ent on the upper, exposed surfaces. Among the abun-
dant taxa, there is no group which would be present
exclusively on the lower sides, indicating that none of
them were obligate cryptobionts. This interpretation
is further supported by the associated brachiopods,
both valves of which were colonised by the same
groups of skeletobionts (Zaton et al. 2022a). The ob-
served colonisation pattern supports the earlier con-
sideration of Kobluk (1988) that obligate cryptobionts
became particularly prominent during the Mesozoic,
when the predation pressure increased (Palmer and
Fiirsich 1974; Palmer 1982).

Chaetosalpinx endobionts — where are they?

Palaeozoic corals have often been reported to host
endosymbionts, usually of unknown taxonomic af-
finity (e.g., Oekentorp 1969; Stel 1976; Zapalski 2007,
Motus and Vinn 2009; Borisenko et al. 2022). Among
a wide array of hosts, representatives of the genus
Favosites and related taxa were the most commonly
infested, especially in the Early/Middle Devonian
(e.g., Stasinska 1958; Oekentorp 1969), as the peak
of their diversity took place in the Middle Devonian
(Tapanila 2005). While in some environmental set-
tings, such endosymbionts occur commonly (e.g.,
Sokolov 1962; Plusquellec 1968), in others they are
absent. These endosymbionts can also be massively
present in some taxa, while absent in others (Tapanila
2005). Such endosymbionts, or rather bioclaustration
traces produced by them, are commonly attributed
to cecidotaxa (see e.g., Bertling et al. 2022, Wisshak
et al. 2023) such as Chaetosalpinx, Helicosalpinx
Oekentrop, 1969 or Actinosalpinx Sokolov, 1962
(e.g., Tapanila 2005; Zapalski 2007). Especially the
elongate and circular in outline Chaetosalpinx traces
are very common within the colonies of favosit-
ids. For example, Zapalski (2009) noticed abundant
Chaetosalpinx in Emsian—Eifelian favositids from
the Holy Cross Mountains, Poland, and found that
their number increased during the coral astogeny.
He counted over 400 traces in a single colony of
Favosites and proposed that such a high infestation
intensity may indicate insufficient protection of the
host by cnidae and its insufficient immune system
response.
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Thus, in an environmental setting similar to
the one described in this paper, the favositid corals
would be expected to host a number of endosymbi-
onts, also given their taxonomic affinity and ana-
tomical features, such as cerioid coralla and small
corallites (Tapanila 2005). However, among the more
than 80 sectioned Favosites colonies from Madéne el
Mrakib, no Chaetosalpinx or related endobionts have
been found. We may only speculate about the poten-
tial causes of their absence. As these structures are
in fact bioclaustrations, their absence is not a result
of a taphonomic bias. Of importance may have been
the absence of invasive forms of endosymbionts at
the time of the coral growth, limited larval survival,
development of the community in high-latitude set-
tings (e.g., Jakubowicz et al. 2019), suppressive for
particular endosymbionts, or the coral’s antifouling
properties that prevented the larval settlement. Last,
but not least, the immune system of the host could
prevent the parasite settlement.

CONCLUSIONS

Favositid tabulate corals are a common constit-
uent of the Middle Devonian soft-substrate benthic
communities preserved in the Madéne el Mrakib sec-
tion, Mader Basin, Morocco. They are predominantly
represented by the species Favosites goldfussi d’Or-
bigny, 1850, which inhabited offshore, low-energy
palacoenvironments situated between the storm and
normal wave bases. Any serious high-energy sed-
imentary events may be excluded as the favositids
are devoid of clear growth interruption surfaces and
rejuvenations. However, episodic stronger currents
may have occurred as evidenced by the presence of
the circumrotatory mode of growth in some rare,
spherical specimens.

Compared to the associated brachiopods, the fa-
vositid colonies were infrequently colonised by en-
crusting and boring organisms. However, a total of
18 taxa (including two boring ichnotaxa) of skeleto-
bionts have been recognized, making the assemblage
less diverse than the one described on the co-oc-
curring brachiopods, but more diverse than many
coeval, coral- and brachiopod-hosted skeletobiont
assemblages known from Laurussia and the South
China craton. Although the assemblage lacks some
taxa present on the brachiopods, its diversity and
composition are similar to those of the other skele-
tobiont assemblages known from the Mader Basin.
However, the lower mean abundance and density of
skeletobionts noted on the favositids indicate that, in

contrast to the brachiopod shells, the corals were not
a preferred substrate for colonisation.

The assemblage is dominated by bryozoans, mi-
croconchids, and auloporids. The skeletobionts oc-
cur on both the upper (exposed) and lower sides of
the favositid colonies, but the majority of individ-
uals occurs on the latter. Only auloporids and stro-
matoporoids occur more often on the upper surfaces.
The lack of any skeletobiont group present exclu-
sively on the lower sides indicates that none of the
abundant taxa were obligate cryptobionts. Such a pat-
tern may indicate that the favositids were colonised
during life, so that the skeletobiont larvae settled first
on those parts of the colony which were devoid of
the host’s soft tissues. A much lower abundance of
skeletobionts on the upper colony surfaces may, in
turn, indicate that they were mostly covered with the
coral polyps. Thus, these areas were either colonised
post mortem or the larvae settled on those parts of the
living host which were devoid of soft tissue. Some
auloporids, due to their larger corallites, could have
potentially overgrown the host’s polyps.

The complete lack of any Chaetosalpinx parasitic
endobionts, usually infesting favositid colonies in
large numbers, could have resulted from the general
absence of these endobionts at the sites of the corals’
growth or, alternatively, from limited survival of the
larvae or an efficient immune system of the hosts,
preventing their settlement.

Acknowledgements

The research was supported by the National Science Centre
grant no. 2019/33/B/ST10/00059 (to BB). We are greatly in-
debted to the representatives of the Ministry of Energy
Transition and Sustainable Development (Rabat, Morocco),
Ahmed Benlakhdim, Khalid El Hmidi, and Aissam El Khlifi
for the work permit and logistic advice. We would also like to
warmly thank Zdzislaw Belka for his assistance in the field,
establishing the conodont dating of the sampled interval, as
well as generous help in the transportation of the fossils. Julien
Denayer and an anonymous reviewer are thanked for comments
and suggestions which helped to improve the manuscript.

REFERENCES

Baird, G.C. and Brett, C.E. 1983. Regional variation and pale-
ontology of two coral beds in the Middle Devonian Hamil-
ton Group of western New York. Journal of Paleontology,
57, 417-446.

Barclay, K.M., Schneider, C.L. and Leighton, L.R. 2013. Palaco-



N

www.czasopisma.pan.pl P N www journals.pan.pl

SKELETOBIOSIS ON FAVOSITID CORALS 17

ecology of Devonian sclerobionts and their brachiopod hosts
from the Western Canadian Sedimentary Basin. Palaeogeo-
graphy, Palaeoclimatology, Palaeoecology, 383-384, 79-91.

Becker, R.T., Hartenfels, S., Klug, C., Aboussalam, Z.S. and
Athiippe, L. 2018. The cephalopod-rich Famennian and
Tournaisian of the Aguelmous Syncline (southern Maider).
Miinstersche Forschungen zur Geologie und Paldontolo-
gie, 110, 273-306.

Berkowski, B. 2008. Emsian deep-water Rugosa assemblages
of Hamar Laghdad (Devonian, Anti-Atlas, Morocco). Pa-
laeontographica Abteilung A, 284, 17-68.

Berkowski, B., Jakubowicz, M., Belka, Z., Krol, J.J. and Zapal-
ski, M.K. 2019. Recurring cryptic ecosystems in Lower to
Middle Devonian carbonate mounds of Hamar Laghdad
(Anti-Atlas, Morocco). Palaeogeography, Palaeoclimatol-
ogy, Palaeoecology, 523, 1-17.

Berkowski, B., Krél, J., Jakubowicz, M. and Zapalski, M.K.
2023. Early life strategies and juvenile mortality in Favo-
sites (Anthozoa, Tabulata) from the Middle Devonian of
the Mader Basin (Anti-Atlas, Morocco). Palaeogeography,
Palaeoclimatology, Palaeoecology, 625, 111684.

Bertling, M., Buatois, L.A., Knaust, D., Laing, B., Mangano,
M.G., Meyer, N., Mikulas, R., Minter, N.J., Neumann,
C., Rindsberg, A.K., Uchman, A. and Wisshak, M. 2022.
Names for trace fossils 2.0: theory and practice in ichno-
taxonomy. Lethaia, 55, 1-19.

Bordeaux, Y.L. and Brett, C.E. 1990. Substrate specific associa-
tions of epibionts on Middle Devonian brachiopods: Impli-
cations for paleoecology. Historical Biology, 4, 203-220.

Borisenko, T., Vinn, O., Grytsenko, V., Francovschi, I. and Zaika,
Yu. 2022. Symbiosis in corals and stromatoporoids from the
Silurian of Baltica. Palaeontologia Electronica, 25, al7.

Bose, R., Schneider, C.L., Leighton, L.R. and Polly, P.D. 2011.
Influence of atrypid morphological shape on Devonian
episkeletobiont assemblages from the lower Genshaw For-
mation of the Traverse Group of Michigan: A geometric
morphometric approach. Palaeogeography, Palaeoclima-
tology, Palaeoecology, 310, 427—441.

Brychey, A., Zaton, M., Nawrot, R., Halamski, A.T. and Ra-
kocinski, M. 2023. Middle Devonian brachiopod-hosted
sclerobiont assemblage from the southern shelf of Laurus-
sia, Holy Cross Mountains, Poland. Lethaia, 56, 1-24.

Chang, X., Hou, M., Shi, H., Wang, H., Lai, J. and Zhang, H.
2021. Encrustation patterns on brachiopods from the Mid-
dle—Upper Devonian and their paleo-environmental implica-
tions. Palaeogeography, Palaeoclimatology, Palaeoecology,
584, 110703.

Colwell, R.K., Chao, A., Gotelli, N.J., Lin, S.Y., Mao, C.X.,
Chazdon, R.L. and Longino, J.T. 2012. Models and estima-
tors linking individual-based and sample-based rarefaction,
extrapolation and comparison of assemblages. Journal of
Plant Ecology, 5,3-21.

Copper, P. 1996. Davidsonia and Rugodavidsonia (new genus),

cryptic Devonian atrypid brachiopods from Europe and
South China. Journal of Paleontology, 70, 588—602.

Copper, P. 2002. Silurian and Devonian reefs: 80 million years
of global greenhouse between two ice ages. In: Kiessling,
W., Flugel, E. and Golonka, J. (Eds), Phanerozoic Reef
Patterns, SEPM Special Publication, 72, 181-238.

Copper, P. and Scotese, C.R. 2003. Megareefs in Middle Devo-
nian supergreenhouse climates. Special Publications of the
Geological Society of America, 370, 209-230.

Curry, G.B. 1983. Microborings in Recent brachiopods and the
functions of caeca. Lethaia, 16, 119—-127.

Doring, S. and Kazmierczak, M. 2001. Stratigraphy, geometry
and facies of a Middle Devonian Ramp-to-Basin Transect
(Eastern Anti-Atlas, SE Morocco). Facies, 44, 137-150.

Dworczak, P.G., Berkowski, B and Jakubowicz, M. 2020. Epi-
zoans immured in the heterocoral Oligophylloides maroc-
canus Weyer, 2017: a unique record from the Famennian
(Upper Devonian) of Morocco. Lethaia, 53, 452—461.

Edinger, E.N., Copper, S.P., Risk, M.J. and Atmojo, W. 2002.
Oceanography and reefs of recent and Paleozoic tropical
epeiric seas. Facies, 47, 127-149.

Frey, L., Rucklin, M., Korn, D. and Klug, C. 2018. Late Devo-
nian and Early Carboniferous alpha diversity, ecospace oc-
cupation, vertebrate assemblages and bio-events of south-
eastern Morocco. Palaeogeography, Palaeoclimatology,
Palaeoecology, 496, 1-17.

Frey, L., Coates, M., Ginter, M., Hairapetian, V., Riicklin, M.,
Jerjen, 1. and Klug, C. 2019. The early elasmobranch Phoe-
bodus: phylogenetic relationships, ecomorphology and
a new time-scale for shark evolution. Proceedings of the
Royal Society B, 286 (1912), 20191336.

Frey, L., Coates, M., Tietjen, K., Riicklin, M., and Klug, C.
2020. A symmoriiform from the Late Devonian of Moroc-
co demonstrates a derived jaw function in ancient chon-
drichthyans. Communications Biology, 3, 681.

Frohlich, S. 2003. Facies pattern and genesis of the Jebel Rhesis
Biostromes (Givetian, Eastern Anti-Atlas, Morocco). Fa-
cies, 49, 209-220.

Gibson, M.A. and Broadhead, T.W. 1989. Species-specific
growth responses of favositid corals to soft-bottom sub-
strates. Lethaia, 22, 287-299.

Halamski, A.T. 2012. Diversity of the Schizophoria lineage
(Brachiopoda: Orthida) in the Lower and Middle Devonian
of Poland and adjacent areas. Paldontologische Zeitschrift,
86, 347-365.

Halamski, A.T. and Balinski, A. 2013. Middle Devonian bra-
chiopods from the southern Maider (eastern Anti-Atlas,
Morocco). Annales Societatis Geologorum Poloniae, 83,
243-307.

Hall, J. 1883. Bryozoans of the Upper Heldelberg and Hamilton
groups. Transactions of the Albany Institute, 10, 145-197.

Hawthorn, A., Berzins, 1.K., Dennis, M.M., Kiupel, M., Newton,
A.L., Peters, E.C., Reyes V.A. and Work, T.M. 2023. An in-



www.czasopisma.pan.pl P N www journals.pan.pl

18 MICHAL ZATON ET AL.

troduction to lesions and histology of scleractinian corals.
Veterinary Pathology, 60 (5), 529-546.

Hsieh, T.C., Ma, K.H. and Chao, A. 2022. iNEXT: iNterpolation
and EXTrapolation for species diversity. R package version
3.0.0. URL: http://chao.stat.nthu.edu.tw/wordpress/software-
download/

Jakubowicz, M., Berkowski, B. and Belka, Z. 2014. Cryptic
coral-crinoid “hanging gardens” from the Middle Devoni-
an of southern Morocco. Geology, 42, 119-122.

Jakubowicz, M., Berkowski, B., Lopez Correa, M., Jarochows-
ka, E., Joachimski, M. and Belka, Z. 2015. Stable Isotope
Signatures of Middle Palacozoic Ahermatypic Rugose Cor-
als — Deciphering Secondary Alteration, Vital Fractionation
Effects, and Palacoecological Implications. PLOS ONE, 10,
¢0136289.

Jakubowicz, M., Krdl, J., Zapalski, M.K., Wrzotek, T., Wol-
niewicz, P. and Berkowski, B. 2019. At the southern limits
of the Devonian reef zone: Palacoecology of the Aferdou el
Mrakib reef (Givetian, eastern Anti-Atlas, Morocco). Geo-
logical Journal, 54, 10-38.

Kaufmann, B. 1998. Facies, stratigraphy and diagenesis of
Middle Devonian reef and mud-mounds in the Mader
(eastern Anti-Atlas, Morocco). Acta Geologica Polonica,
48, 43-106.

Kershaw, S. 1980. Cavities and cryptic faunas beneath non-reef
stromatoporoids. Lethaia, 13, 327-338.

Kershaw, S., Munnecke, A. and Jarochowska, E. 2018. Under-
standing Palaecozoic stromatoporoid growth. Earth-Science
Reviews, 187, 53-76.

Klug, C., Frey, L., Korn, D., Jattiot, R., and Riicklin, M. 2016.
The oldest Gondwanan cephalopod mandibles (Hangen-
berg Black Shale, Late Devonian) and the mid-Palaeozoic
rise of jaws. Palaeontology, 59 (5), 611-629.

Kobluk, D.R. 1981. The record of cavity-dwelling (coelobion-
tic) organisms in the Paleozoic. Canadian Journal of Earth
Sciences, 18, 181-190.

Kobluk, D.R. 1988. Cryptic faunas in reefs: ecology and geo-
logic importance. Palaios, 3, 379-390.

Krol, J.J., Jakubowicz, M., Zapalski, M.K. and Berkowski, B.
2018. Massive tabulates in competition for space: A case
study from Aferdou el Mrakib (Middle Devonian, Anti-
Atlas, Morocco). Palaeogeography, Palaeoclimatology,
Palaeoecology, 497, 105-116.

Lamarck, J.B. 1816. Histoire naturelle des animaux sans
vertebres, 2, 568 pp. Verdiere; Paris.

Lebold, J.G. 2000. Quantitative analyses of epizoans on Siluri-
an stromatoporoids within the Brassfield Formation. Jour-
nal of Paleontology, 74, 394—403.

Lubeseder, S., Rath, J., Riicklin, M. and Messbacher, R. 2010.
Controls on Devonian hemi-pelagic limestone deposition
analyzed on cephalopod ridge to slope sections, Eastern
Anti-Atlas, Morocco. Facies, 56, 295-315.

Majchrzyk, A., Jakubowicz, M., Berkowski, B., Bongaerts, P.

and Zapalski, M.K. 2022. In the shadow of a giant reef:
Palacoecology of mesophotic coral communities from
the Givetian of Anti-Atlas (Morocco). Palaeogeography,
Palaeoclimatology, Palaeoecology, 602, 111177.

Majchrzyk, A., Jakubowicz, M., Bongaerts, P. and Zapalski,
M.K. 2023. Different times, similar mechanism? Conver-
gent patterns in light-induced phenotypic plasticity in De-
vonian and modern corals. Coral Reefs, 42, 893-903.

Majchrzyk, A., Jakubowicz, M., Berkowski, B., Krol, J.J.,
Zaton, M. and Zapalski, M.K. 2024. Modern-type reef in
ancient time — Palaeoecology of a Middle Devonian coral
community from Madéne el Mrakib (Anti-Atlas, Moroc-
c0). Palaeogeography, Palaeoclimatology, Palaeoecology,
633, 111876.

Maurer, F. 1896. Palaecontologische Studien im Gebiet des
rheinischen Devon. 10. Nachtrige zur Fauna und Stratig-
raphie der Orthoceras-Schiefer des Rupbachthales. Neues
Jahrbuch fiir Mineralogie, Geologie und Paldontologie,
10, 613-756.

Mistiaen, B., Brice, D., Zapalski, M.K., and Loones, C. 2012.
Brachiopods and their auloporid epibionts in the Devonian
of Boulonnais (France): comparison with other associa-
tions globally. In: Talent, J. (Ed.), Earth and Life: Global
Biodiversity, Extinction Intervals and Biogeographic Per-
turbations Through Time, 159-188. Springer; Dordrecht.

Motus, M.-A. and Vinn, O. 2009. The worm endosymbionts in
tabulate corals from the Silurian of Podolia, Ukraine. Esto-
nian Journal of Earth Sciences, 58, 185-192.

Ockentorp, K. 1969. Kommensalismus bei Favositiden. Miin-
ster Forschungen zur Geologie und Paldontologie, 12,
165-217.

Orbigny, A. d’ 1850. Prodrome de Paléontologie stratigraphique
uni-verselle des animaux mollusques et rayonnés, 394 pp.
Victor Masson; Paris.

Palmer, T. 1982. Cambrian to Cretaceous changes in hardground
communities. Lethaia, 15, 309-323.

Palmer, T.J. and Fiirsich, F.T. 1974: The ecology of a Middle
Jurassic hardground and crevice fauna. Palaeontology, 17,
507-524.

Peters, G.T.F., Schneider, C.L. and Leighton, L.R. 2024. Com-
parison of sclerobiont communities between three brachio-
pod host species from the Upper Ordovician Fairview For-
mation, Eastern USA. Lethaia, 57, 1-16.

Philcox, M.E. 1971. Growth forms and role of colonial coelen-
terates in reefs of the Gower Formation (Silurian), lowa.
Journal of Paleontology, 45 (2), 338-346.

Plusquellec, Y. 1968. Commensaux des Tabulés et Stromato-
poroides du Dévonien armoricain. Annales de la Société
Géologique du Nord, 88, 47-56.

Quenstedt, A. 1867. Handbuch der Petrefaktenkunde, 2, 982 pp.
Auflage; Tiibingen.

R Core Team. 2022. R: A Language and Environment for Statis-
tical Computing. Version 4.2.1. R Foundation for Statistical



N

www.czasopisma.pan.pl P N www journals.pan.pl

SKELETOBIOSIS ON FAVOSITID CORALS 19

Computing, Vienna, Austria. URL: https://www.R-project.
org/

Rodland, D.L., Simdes, M.G., Krause Jr., R.A. and Kowalews-
ki, M. 2014. Stowing away on ships that pass in the night:
sclerobiont assemblages on individually dated bivalve and
brachiopod shells from a subtropical shelf. Palaios, 29,
170-183.

Romero, M.V., Casadio, S.A., Bremec, C.S. and Giberto, D.A.
2022. Sclerobiosis: A term for colonization of marine hard
substrates. Ameghiniana, 59, 265-273.

Schlotheim, E.F. 1820. Die Petrefactenkunde auf ihren jetzi-
gen Standpunkte durch die Beschreibung seiner Sam-
mlung versteinerter und fossiler Uberreste des Their- und
Pflanzenreichs der Vorwelt erldutert, 436 pp. Beckerschen
Buchhandlung; Gotha.

Schliiter, C. 1889. Anthozoen des rheinischen Mittel-Devon.
Abhandlungen zur geologischen Specialkarte von Preussen
und den Thiiringischen Staaten, 8 (4), 1-X, 259-465.

Schroder, S. and Kazmierczak, M. 1999. The Middle Devonian
“coral reef” of Ouihlane (Morocco) — new data on the geo-
logy and rugose coral fauna. Geologica et Palaeontologica,
33,93-115.

Scotese, C.R. 2001. Atlas of Earth history, 58 pp. PALEOMAP
Project, University of Texas; Arlington.

Segars, M.T. and Liddell, W.D. 1988. Microhabitat analyses of
Silurian stromatoporoids as substrata for epibionts. Palaios,
3,391-403.

Seilacher, A. and Thomas, R.D.K. 2012. Self-organization and
emergent individuality of favositid corals adapted to live
on soft substrates. Lethaia, 45, 2—13.

Sokolov, B.S. 1948. Commensalism among the favositids. /zvies-
tia Akademii Nauk SSSR, seria biologicheskaya, 1, 101-110.
[In Russian]

Sokolov, B.S. 1962. A widespread commensal associate of De-
vonian favositids. Paleontologicheskiy Zhurnal, 1962 (2),
45-48. [In Russian]

Sparks, D.K., Hoare, R.D. and Kesling, R.V. 1980. Epizoans
on the brachiopod Paraspirifer bownockeri (Stewart) from
the Middle Devonian of Ohio. Papers on Paleontology, 23,
1-105.

Stasinska, A. 1958. Tabulata, Chaetetida et Heliolitida du Dévo-
nien Moyen des Monts de Sainte-Croix. Acta Palaeontolo-
gica Polonica, 3, 161-282.

Stel, JH. 1976. The Palacozoic hard substrate trace fossils
Helicosalpinx, Chaetosalpinx and Torquaysalpinx. Neues
Jahrbuch fiir Geologie und Paldontologie, Monatshefte,
1976, 726-744.

Struve, W. 1980. Zur Palddkologie fixo-sessiler articulater Bra-
chiopoden aus dem Rhenischen Gebirge. Senckenbergiana
Lethaea, 60, 399-433.

Struve, W. 1990. Paldozoologie 111 (1986—1990). Courier For-
schung, Institut Senckenberg, 127, 251-279.

Suchy, D.R. and West, R.R. 1988. A Pennsylvanian cryptic

community associated with laminar chaetetid colonies.
Palaios, 3, 404-412.

Talent, J.A. 1988. Organic reef-building: episodes of extinction
and symbiosis? Senckenbergiana Lethaea, 69, 315-368.

Tapanila, L. 2005. Palacoecology and diversity of endosym-
bionts in Palacozoic marine invertebrates: trace fossil ev-
idence. Lethaia, 38, 89-99.

Taylor, P.D. 2016. Competition between encrusters on marine
hard substrates and its fossil record. Palaeontology, 59,
481-497.

Taylor, P.D. and Wilson, M.A. 2002. A new terminology for
marine organisms inhabiting hard substrates. Palaios, 17,
522-525.

Taylor, P.D. and Wilson, M.A. 2003. Palaeoecology and evolu-
tion of marine hard substrate communities. Earth-Science
Reviews, 62, 1-103.

Vinn, O. 2012. Palaeobiology of cryptic fauna beneath early
Sheinwoodian (Silurian) stromatoporoids from Saaremaa,
Estonia. GFF, 134, 335-337.

Vinn, O., Emnst, A., Isakar, M., El Hedeny, M., Almansour, M.I.
and Al Farraj, S. 2024. Cryptic fauna in abandoned bivalve
shells and taphonomy of bivalve steinkerns in the Late Or-
dovician of Baltica. Historical Biology, https://doi.org/10.1
080/08912963.2024.2383702.

Vinn, O., Liang, K. and Toom, U. 2017. Endobiotic rugose coral
symbionts in Silurian tabulate corals from Estonia (Baltica).
Palaios, 32, 158-165.

Vinn, O. and Wilson, M.A. 2012a. Encrustation and bioerosion
on late Sheinwoodian (Wenlock, Silurian) stromatoporoids
from Saaremaa, Estonia. Carnets de Géologie, CG2012_
A07, 183-191.

Vinn, O. and Wilson, M.A. 2012b. Epi- and endobionts on the
late Silurian (early Pridoli) stromatoporoids from Saare-
maa Island, Estonia. Annales Societatis Geologorum Polo-
niae, 82, 195-200.

Wahl, M. 1989. Marine epibiosis. I. Fouling and antifouling:
some basic aspects. Marine Ecology Progress Series, 58,
175-189.

Webb, A.E. and Schneider, C.L. 2013. Ecology of an encrusting
fauna on Desquamatia (Atrypida, Brachiopoda) from Ce-
dar Valley Formation (Givetian, Devonian) of lowa, USA.
Palaeogeography, Palaeoclimatology, Palaeoecology, 377,
102-109.

Wendt, J. 1985. Disintegration of the continental margin of
northwestern Gondwana: Late Devonian of the eastern Anti-
Atlas (Morocco). Geology, 13, 815-818.

Wendt, J. 2021. Middle and Late Devonian paleogeography of
the eastern Anti-Atlas (Morocco). International Journal of
Earth Sciences, 110, 1531-1544.

Wendt, J. and Belka, Z. 1991. Age and depositional environ-
ment of Upper Devonian (early Frasnian to early Famen-
nian) black shales and limestones (Kellwasser facies) in the
Eastern Anti-Atlas, Morocco. Facies, 25, 51-90.



www.czasopisma.pan.pl P N www journals.pan.pl

20 MICHAL ZATON ET AL.

Wilson, M.A. 1986. Coelobites and spatial refuges in a lower
Cretaceous cobble-dwelling hardground fauna. Palaeon-
tology, 29, 691-703.

Wisshak, M., Schneider, S., Mikulas, R., Richiano, S., Ramil,
F. and Wilson, M.A. 2023. Putative hydroid symbionts re-
corded by bioclaustrations in fossil molluscan shells: a re-
vision and reinterpretation of the cecidogenus Rodocanalis.
Papers in Palaeontology, 9, e1484.

Wood, R. 1998. The ecological evolution of reefs. Annual Re-
view of Ecology, Evolution and Systematics, 29, 179-206.

Work, T.M., Aeby, G.S., Lasne, G. and Tribollet, A. 2014.
Gross and microscopic pathology of hard and soft cor-
als in New Caledonia. Journal of Invertebrate Pathology,
120, 50-58.

Wozniak, P., Halamski, A.T. and Racki, G. 2022. Cyclic eco-
logical replacement of brachiopod assemblages in the
top-Eifelian Dobruchna Brachiopod Shale Member (Skaty
Formation) of the Holy Cross Mountains (Poland). Annales
Societatis Geologorum Poloniae, 92, 445-463.

Zapalski, M.K. 2005. Paleoecology of Auloporida: an example
from the Devonian of the Holy Cross Mts., Poland. Geobios,
38(5), 677-683.

Zapalski, M.K. 2007. Parasitism versus commensalism: the case
of tabulate endobionts. Palaeontology, 50 (6), 1375-1380.

Zapalski, M.K. 2009. Parasites in Emsian—Eifelian Favosites
(Anthozoa, Tabulata) from the Holy Cross Mountains (Po-
land): changes of distribution within colony. Geological
Society, London, Special Publications, 314 (1), 125-129.

Zapalski, M.K. 2014. Evidence of photosymbiosis in Palaecozo-
ic tabulate corals. Proceedings of the Royal Society B, 281
(1775),20132663.

Zapalski, M.K., Krol, J.J., Halamski, A.T., Wrzotek, T., Rako-
cinski, M. and Baird, A.H. 2022. Coralliths of tabulate corals
from the Devonian of the Holy Cross Mountains (Poland).
Palaeogeography, Palaeoclimatology, Palaeoecology, 585,
110745.

Zapalski, M.K., Nowicki, J., Jakubowicz, M., and Berkowski,
B. 2017. Tabulate corals across the Frasnian/Famennian
boundary: architectural turnover and its possible relation to
ancient photosymbiosis. Palaeogeography, Palaeoclimato-
logy, Palaeoecology, 487, 416—429.

Zaton, M., Jakubowicz, M., Krol, J.J., Zapalski, M.K., Stowins-
ki, J., Rakocinski, M. and Berkowski, B. 2023a. Tiny inhabi-
tants of a large Middle Devonian reef of northern Gondwana:
Sclerobionts of the coral-stromatoporoid Aferdou el Mrakib

Manuscript submitted: 12" August 2024
Revised version accepted: 19" November 2024

buildup, eastern Anti-Atlas, Morocco. Palaeogeography,
Palaeoclimatology, Palaeoecology, 612, 111392.

Zaton, M. and Krawczynski, W. 2011. New Devonian micro-
conchids (Tentaculita) from the Holy Cross Mountains,
Poland. Journal of Paleontology, 85, 757-769.

Zaton, M., Malec, J., Wrzolek, T., Kubiszyn, B. and Zapalski,
M.K. 2022b. Episkeletobionts of large rugose corals from the
Middle Devonian mesophotic palacoenvironment recorded
in the Pokrzywianka Beds (Holy Cross Mountains, Poland).
Annales Societatis Geologorum Poloniae, 92, 465-484.

Zaton, M. and Nawrot, R. 2024a. Influence of substrate size and
morphology on skeletobiont assemblages: a case study from
the Middle Devonian brachiopods of Morocco. Lethaia, 57,
1-16.

Zaton, M. and Nawrot, R. 2024b. Abundance of skeletobionts
on Middle Devonian brachiopods from Madéne el Mrakib,
Morocco (Eifelian—Givetian transition, Taboumakhloif
Formation) and R code for analysing colonization patterns
[dataset]. PANGAEA. Doi: 10.1594/PANGAEA.964199.

Zaton, M., Nawrot, R., Jakubowicz, M., Ernst, A., Rakocinski,
M., Berkowski, B. and Belka, Z. 2022a. Middle Devonian
brachiopod-hosted sclerobiont assemblage from the northern
shelf of Gondwana (Mader Basin, Morocco): Diversity, col-
onization patterns and relation to coeval palacocommunities.
Palaeogeography, Palaeoclimatology, Palaeoecology, 594,
110947.

Zaton, M., Stowinski, J., Vinn, O. and Jakubowicz, M. 2023b.
Middle Devonian microconchids and anticalyptraeids
(Tentaculita) from the northern shelf of Gondwana (Mo-
rocco): palacoecological and palacobiogeographical impli-
cations. Historical Biology, 35, 1112-1123.

Zaton, M. and Wrzotek, T. 2020. Colonization of rugose corals
by diverse epibionts: dominance and syn vivo encrustation
in a Middle Devonian (Givetian) soft-bottom habitat of the
Holy Cross Mountains, Poland. Palaeogeography, Palaeo-
climatology, Palaeoecology, 556, 109899.

Zaton, M., Wrzotek, T. and Ebbestad, J.O.R. 2020. Patterns of
sclerobiont colonization on the rugose coral Schlotheimo-
phyllum patellatum (Schlotheim, 1820) from the Silurian
of Gotland, Sweden. Lethaia, 53, 486—499.

Zaton, M., Zapalski, M., Berkowski, B. and Wrzotek, T. 2018.
Cryptic encrusting communities in a Middle Devonian me-
sophotic paleoenvironment of the Holy Cross Mountains,
Poland. Palaeogeography, Palaeoclimatology, Palaeoeco-
logy, 501, 82-91.





