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Abstract Modern scleractinian corals can display high
phenotypic plasticity, which reflects an interplay among
various environmental controls, such as sediment input,
water hydrodynamics or light intensity. In particular, the lat-
ter can strongly influence the morphology of coral species
living across broad depth gradients. Light intensity was also
a factor shaping the colonies of extinct Palaeozoic tabulate
corals (Anthozoa: Tabulata). Based on gradual transitions in
morphology observed in corals from the Middle Devonian
(Givetian stage, ~385 Ma) mesophotic coral ecosystems
(MCE) of the Aferdou el Mrakib reef (Anti-Atlas moun-
tains, Morocco) and comparative material originating from
different palaecobathymetric and biogeographical settings, we
show that Devonian tabulate corals, such as Roseoporella
and Alveolites, were characterised by high phenotypic
plasticity and the ability to dramatically change their mor-
phology depending on the inferred light conditions. Such a
mechanism is similar to that observed in modern scleractin-
ians, e.g. Porites sillimaniana. This recurring morphological
theme suggests that Palacozoic tabulate corals shared many
functional characteristics of modern scleractinians.
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Introduction

Life has an impressive potential to adjust to environmental
conditions. One of the key adaptations that enable organisms
to cope with environmental variations is phenotypic plastic-
ity. This term refers to the phenomenon that one genotype
can be expressed as diversified phenotypes depending on
the environmental factors influencing an organism during
its ontogeny (e.g. DeWitt et al. 1998; Pigliucci 2005). It
can be expressed by changes in morphological (sometimes
described as morphological plasticity), physiological or
behavioural characteristics (DeWitt et al. 1998; Pigliucci
2005; Fusco and Minelli 2010). Phenotypic plasticity is of
major evolutionary importance and occurs across a broad
spectrum of clades (Stearns 1989; Pigliucci 2005; Fusco
and Minelli 2010), including the scleractinian corals (Bruno
and Edmunds 1997; Shaish et al. 2007; Todd 2008; Barshis
et al. 2010).

In scleractinian corals, phenotypic plasticity has been
widely studied in terms of the impact of sediment input
(Segal and Castro 2011), water movement (Todd 2008;
Padilla-Gamifio et al. 2012), water chemistry (Tambutte
et al. 2015) and light intensity (e.g. Graus and Macintyre
1976; Kiihlmann 1983; Muko et al. 2000; Kaniewska et al.
2009; Kahng et al. 2019) and may be crucial to understand
the potential adaptations of corals to climate change (e.g.
Todd 2008; Torda et al. 2017; Fox et al. 2019; Voolstra et al.
2021). In particular, light availability can have a profound
effect on the morphology and physiology of zooxanthellate
(i.e. photosymbiotic) corals (e.g. Muko et al. 2000; Hoogen-
boom et al. 2008; Kahng et al. 2019). It is especially visible
in mesophotic coral ecosystems (MCEs), where flattening
of the coral morphologies becomes a vital adaptation for
efficient light harvesting (e.g. Lesser et al. 2009; Kahng et al.
2012, 2019). Particularly vivid examples of light-connected
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phenotypic plasticity are members of the genus Porites
(Muko et al. 2000; Padilla-Gamifio et al. 2012). For exam-
ple, under light-depleted conditions, Porites sillimaniana
produces a platy morphology, but with increasing light
intensity it develops a branching growth form. Intermediate
stages can display a platy colony base with some finger-like
outgrowths growing perpendicular to the rest of the corallum
(Muko et al. 2000).

Phenotypic plasticity is broadly studied in modern eco-
systems, including coral reefs, and a number of attempts
were also made regarding the fossil record of this phenom-
enon. Despite this concentrated research effort, unequivocal
fossil examples of phenotypic plasticity remain rare, largely
due to taphonomic biases or difficulties in distinguishing
phenotypic plasticity from intraspecific variations or evolu-
tionary innovations (see Lister 2021 and references therein).
Because of the nature of the fossil record, the morphological
traits of phenotypic plasticity are the easiest to recognise.
It is no surprise then that the investigations are focussed,
especially on colonial animals, which generally display high
morphological plasticity and, due to the significant num-
ber of genetically identical individuals in the colony, the
environmental control on their morphology can be relatively
easily recognised (Budd et al. 1994; Hageman 1995; Lister
2021). The Palaeozoic colonial reef builders seem to be per-
fect candidates for such studies.

The Palaeozoic acme of the reef ecosystems falls within
the Devonian (~419-359 Ma)—the time of the most exten-
sive reef development in the Earth’s history, with the peak of
the reef growth reached during the Givetian to early Frasnian
(~388-378 Ma) and reefs present as far as~50°S (Fager-
strom 1994; Copper and Scotese 2003; Kiessling 2009;
Jakubowicz et al. 2019). This exceptional development was
facilitated by a number of favourable, co-occurring factors,
including the warm climate (Copper 1994, 2002; Copper
and Scotese 2003; Bridge et al. 2022; Scotese et al. 2021),
high global sea level and associated expansion of broad
shelf seas (Haq and Schutter 2008), favourable continent
arrangement (Jakubowicz et al. 2019), as well as ecology
of tabulate corals and their symbionts (Coates and Jackson
1987, see also discussion in Majchrzyk et al. 2022). The
main role of massive, calcifying organisms, most notably
stromatoporoids and tabulate corals, in building the middle
Palacozoic reefs had a substantial impact on the preservation
of these structures in the fossil record (Wood 2001). For the
tabulates, of significant importance for their success in the
mid-Palaeozoic reefs was probably their cooperation with
photosymbionts (e.g. Talent 1988; Zapalski 2014; Zapalski
et al. 2017a, b; Zapalski and Berkowski 2019), in which they
resembled the modern scleractinian corals.

Phenotypic plasticity of the Palacozoic tabulate corals
is still poorly understood. Previous studies showed that
tabulates were able to develop a suite of ecological and
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morphological adaptations to high sediment input (Krél
et al. 2018), water movement (Scrutton 1998 and references
therein; Zapalski et al. 2022) and light deficiency (e.g.
Zapalski et al. 2017a, 2021). Like modern scleractinians,
tabulate corals formed various types of communities depend-
ing on the light availability, including the construction of
MCEs (Zapalski et al. 2017a; Zapalski and Berkowski 2019;
Majchrzyk et al. 2022; Zaton et al. 2022). The coenitid
and alveolitid tabulates, common inhabitants of Devonian
MCEs (Zapalski et al. 2017a; Majchrzyk et al. 2022), seem
to have been well adapted to low-light conditions, although
they were also present in abundance in shallow-water envi-
ronments (Lecompte 1939, 1959; Stumm 1964). Therefore,
these groups seem to be suitable for studies on light-induced
phenotypic plasticity.

Here, we analyse the morphological variability of the
Middle Devonian coenitid and alveolitid tabulate corals
from different palacobathymetric and biogeographic set-
tings (Fig. 1), showing peculiar examples of the plasticity
of these organisms, which strikingly resembles the light-
inducted morphological plasticity of modern Porites corals.
This pattern shows that light was already an important factor
in the morphogenesis/astogenesis of Devonian reef-building
corals, and suggests that the ecology of the Palaeozoic and
modern corals was more similar than previously thought.

Material and methods

This research is mainly based on observations and material
collected during field expeditions to Morocco in 2014 and
2020 (21 thin sections and 25 polished slabs were used) and
supported by comparative studies on collections of fossils
from Belgium (~200 examined specimens—mainly thin sec-
tions) and Poland (~ 100 studied specimens).

Due to the firm lithification of the fossil-bearing lime-
stones, the fauna of the studied bioherms from Morocco
could not be examined as fully extracted specimens. The
tabulate corals from Morocco were identified using standard
techniques based on thin section and polished slab observa-
tions. The observations were performed with a polarising
microscope Nikon Eclipse LV100 Pol and a stereoscopic
microscope NIKON SMZ1000. Microphotographs and scans
were obtained using a Nikon DS-5Mc camera, working on
NIS Elements software, and a Delta Optical DLT-CAM PRO
camera, both connected with the microscopes.

Studied specimens are housed in the Museum of the Fac-
ulty of Geology, University of Warsaw (collection number:
MWGUW ZI/106), the Institute of Palaeobiology of the
Polish Academy of Sciences, Warsaw (collection numbers:
ZPAL T. II; ZPAL T. XVII; ZPAL T. XVIII), and Royal
Belgian Institute of Natural Sciences, Brussels (abbreviated
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Fig. 1 Location (a) and palacogeographic position (b) of the collec-
tion areas: Anti-Atlas, Morocco (Aferdou el Mrakib reef), Holy Cross
Mountains, Poland (Skaty and Laskowa sections), and Ardennes, Bel-

RBINS; collections of the Devonian corals of Lecompte:
1933, 1939).

Geological settings
Aferdou el Mrakib, Morocco

The studied tabulate corals from Morocco were collected at
Aferdou el Mrakib (eastern Anti-Atlas), one of the largest
Devonian reefs (~ 1 km in diameter and 100 m in height;
Kaufmann 1998) exposed in northern Africa (Fig. 1).
The reef grew during latest Eifelian—earliest Givetian
(~387-385 Ma) time in the semi-restricted, intra-shelf
Mader Basin, located on the northern Gondwana margin
(Kaufmann 1998; Jakubowicz et al. 2019; Zaton et al. 2023).
Aferdou el Mrakib was situated close to the southern limit of
the extensive Devonian reef zone (~45° south of the equator)
and represents one of the most poleward Palaeozoic reefs
known to date (Jakubowicz et al. 2019; Majchrzyk et al.
2022). The Aferdou el Mrakib reef reveals many character-
istics typical of Devonian coral-stromatoporoid reefs, includ-
ing its ecological succession, the limited role of calcareous
algae and development within the photic zone, emphasising
the cosmopolitan character of the Middle Devonian reef eco-
system. However, the presence of some features distinctive
from those of the tropical, most notably Laurussian Devo-
nian reefs, like the dominance of heliolitid tabulate corals
and the minor role of stromatoporoids, apparently reflects
the high-latitude position of the reef and its development in

Y Holly Cross Mountains ¢ Ardennes

I Ocean  [[]Landareas [ | Shelfseas

gium (Couvin, Rochefort and Wellin reefs). The Middle Devonian
palacogeographic framework adapted from Scotese (2001; slightly
modified after Jakubowicz et al. 2019)

the semi-restricted, high-turbidity basin (Krél et al. 2018;
Jakubowicz et al. 2019).

The material originates from the numerous small (up to
3 m in height) carbonate banks (bioherms) that developed
at the base of the Aferdou el Mrakib reef (Jakubowicz et al.
2019; Majchrzyk et al. 2022). These buildups hosted a pecu-
liar fauna dominated by platy tabulate corals (Roseoporella
and Alveolites) and stromatoporoid sponges (Stromato-
porella), with abundant solitary cystyphillid rugose corals.
Based on the morphology of the tabulates and the palaeo-
bathymetric and sedimentological data, these communities
have recently been interpreted as MCEs, the most poleward
ones known to date (Majchrzyk et al. 2022).

Holy Cross Mountains, Poland

The material from Poland originates from the Skaty and
Laskowa sections in the Holy Cross Mountains, Eifelian
to Givetian in age. During the Devonian, this area was
part of the tropical, southern shelf of Laurussia, located
at~20°-25°S (Golonka 2007; Fig. 1). The Devonian strata
of the Holy Cross Mountains can be divided into two main
palaeogeographical units: the Lysogéry palacolow and
the Kielce palaeohigh, with the Kostomtoty Transitional
Zone separating them (Racki 1992). Reef communities are
widely present in all these zones, with the shallowest-water
ecosystems typical of the Kielce region (Racki 1992). The
Skaty (Lysogéry region) and Laskowa (Kostomtoty Zone)
communities developed in deeper-water settings and, based
on the taxonomic, morphological and palaeoecological
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constraints, have been interpreted as MCEs (Zapalski et al.
2017a; Zaton et al. 2018). These communities are dominated
by tabulate corals, most notably Alveolites, Roseoporella and
Platyaxum, the rugose coral Phillipsastrea, and chaetetid
sponges. Majchrzyk et al. (2022) compared the MCEs from
the Holy Cross Mountains to their counterparts from the
Aferdou el Mrakib reef and suggested development of the
former under more light-depleted conditions.

Ardennes, Belgium

The Ardennes are the area with the most extensively stud-
ied Devonian reefs exposed in Europe (e.g. Lecompte 1959;
Tsien et al. 1980; Burchette 1981; Copper and Scotese 2003;
Hubert et al. 2007; Zapalski et al. 2007; Bridge et al. 2022).
During the Devonian, this region was part of the tropical,
southern shelf of Laurussia, located west of the Holy Cross
Mountains at a similar latitude (Golonka 2007; Fig. 1).
The origin of the extensive reef ecosystem took place here
during the latest Emsian (~390 Ma; Mabille and Boulvain
2007; Denayer 2019). The reef growth continued through-
out the Eifelian, reaching its acme during the Givetian to
Frasnian (Boulvain et al. 2005; Da Silva et al. 2011). The
Devonian reefs are exposed in the Ardennes within several
tectonic units, especially close to the margins of the Dinant

Synclinorium (Denayer 2019). The studied corals come
from three main areas: Couvin (Mabille and Boulvain 2007),
Rochefort (Boulvain et al. 2005; Da Silva et al. 2011) and
Wellin (Krdl et al. 2021). The specimens are late Emsian to
Frasnian (~390-370 Ma; mostly — especially the coenitids
— Eifelian) in age. Unfortunately, due to a lack of detailed
locality information in the RBINS collections, it was not
possible to assign the studied specimens to particular sites
and, therefore, to precisely determine their palaeoenviron-
mental backgrounds.

Results
Aferdou el Mrakib

All studied tabulates belong to the coenitid (Tabulata:
Favositida: Coenitidae) genus Roseoporella which is also the
most common coral in the MCEs of the Aferdou el Mrakib
reef. The studied specimens form prostrate, mostly encrust-
ing coralla, up to 2 cm in thickness and 15 cm in width.
The coralla are unifacial, with the corallites at the proximal
parts of the colonies oriented parallel or subparallel to the
lower surface of the corallum (Fig. 2a). The walls are thick
and connecting pores between the corallites are scarce. A

Fig. 2 Photomicrographs of Roseoporella sp. specimens from the
mesophotic communities of the Givetian of the Aferdou el Mrakib
reef, Morocco (collection number: MWGUW ZI/106). a longitu-
dinal section of a specimen with small outgrowths projecting above
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the sediment layer (arrowed). b longitudinal section of a major out-
growth. Note the presence of encrusters (Allonema) on the sides of
the outgrowth (marked with squares); ¢ transverse section of several
outgrowths (arrowed)



Coral Reefs (2023) 42:893-903

897

peculiar feature of the studied Roseoporella coralla is the
presence of finger-like outgrowths. The outgrowths are up to
several centimetres high and grew upwards, approximately
perpendicular to the base of the corallum (Fig. 2b). In some
cases, additional, subordinate outgrowths deriving from the
larger ones are present, giving the coralla a semi-branching
appearance (Fig. 2b). The axial zone of the outgrows is
very narrow; the corallites reach the corallum surface at an
angle of ~20°. In the transverse section, corallites in the out-
growths reveal a specific, vortex-like arrangement (Fig. 2c¢).
The sides of some of the outgrows, especially the large ones,
are encrusted by Allonema (a probable foraminifer; Jaro-
chowska and Munnecke 2014) (Fig. 2b). In some cases, the
presence of numerous small outgrowths gives the coralla an
“undulating” appearance (Fig. 2a). The specimens with such
morphology are sometimes partially covered by sediment,
with the outgrowths protruding above the sediment layer
(Fig. 2a). Growth interruption surfaces are absent. These
coralla are mostly preserved in situ, presumably in growth
positions, and dislocated specimens are rare. Most com-
monly, Roseoporella encrust other tabulates or stromato-
poroids, but specimens growing on soft substrate are also
present.

Holy Cross Mountains

As in the case of the material from Aferdou el Mrakib, all
the studied tabulates from the Holy Cross Mountains belong
to the genus Roseoporella. The size and morphology of these
coralla are similar to those of their Moroccan counterparts.
The coralla are mostly encrusting, up to 1-2 cm thick and
10-15 cm across. The Roseoporella specimens commonly
encrust each other or other reef builders, forming a series of
mutual overgrowths. The most notable difference between
the morphology of Roseoporella from the Holy Cross Moun-
tains and Morocco is the almost entire lack of the finger-
like outgrowths observed in the former. Only a few of the
examined specimens possess some outgrowths, typically
relatively small (~2 cm) and sparse (most commonly 1-2
per specimen; Fig. 3 d-e).

Ardennes

Because the original identification of most of the tabulates
hosted at the RBINS was carried out in 1930s, the taxonomy
of the corals from the Ardennes needed to be re-evaluated
for the sake of the present study. Most of the examined
specimens represent the species Roseoporella gradata and
R. media, rather than Coenites gradatus and C. medius,
as originally described (see Zapalski 2012). The studied
coralla are mostly encrusting and prostrate, in some cases
slightly thicker than the specimens from Morocco or Poland
(Fig. 3a). Some rare specimens of Roseoporella (especially

R. media) produced outgrowths morphologically similar to,
although not as prominent as, those from Morocco (Fig. 3b-
¢). Roseoporella coralla commonly encrust each other or
other organisms, with some specimens also apparently grow-
ing unattached in soft sediment (Fig. 3a). Branching mor-
photypes are represented by other coenitids, most notably
Coenites clathratus (Fig. 3f-g). The branching coralla are
composed of slender branches (typically < 1 cm in diameter),
with narrow axial zones and corallites reaching the surface at
an angle of ~25°. In transverse section, the corallites reveal a
vortex-like arrangement similar to that observed in the out-
grows of Roseoporella, although this characteristic is not as
profound due to the slightly wider axial zone of the C. clath-
ratus branches. Interestingly, some of the alveolitid corals,
such as Alveolitella subaequalis, Alveolites tenuissimus and
Alveolites saleei, produced intermediate, semi-branching
morphotypes, to some extent similar to those displayed by
the Moroccan specimens of Roseoporella (Fig. 3i), although
with different corallite arrangement in the longitudinal sec-
tions of the branches (compare Figs. 2b and 3i).

Discussion

Morphological plasticity in modern Porites
and Devonian Roseoporella

Morphological variations associated with light intensity
are common among numerous scleractinian species pre-
sent across broad depth gradients, for example Platygyra
lamellina, Turbinaria reniformis and Goniastrea retiformis
(Kahng et al. 2019). In general, zooxanthellate corals living
under light-depleted conditions exhibit platy growth forms
to collect light in the most efficient way (Lesser et al. 2009;
Kahng el al. 2019). The genus Porites is characterised by
particularly high morphological variability, and light inten-
sity is one of the major factors influencing its growth pat-
tern (Budd et al. 1994; Muko et al. 2000; Forsman et al.
2009; Padilla-Gamifio et al. 2012). Based on experimental
data on Porites sillimaniana, Muko et al. (2000) presented
a model linking the changes in the corallum shape during
the colony growth to variations in light conditions. In well-
irradiated environments, P. sillimaniana develops a fully
branching morphology, while with decreasing light avail-
ability the number of branches decreases, and finally the
corallum becomes entirely platy. Such growth forms are very
peculiar for a branching coral species; under light-depleted
conditions such corals usually do not develop fully platy
coralla, but rather their branches become laterally flattened
(Muir et al. 2015). P. sillimaniana is not the only species
with such morphological plasticity; other representatives of
the genus Porites, P. latistellata, P. rus and P. nigrescens, as
well as Montipora stellata may develop similar morphotypes
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Fig. 3 Coenitid and alveolitid tabulate corals from the Ardennes
(a—c, f-i; collections of the Devonian corals of Lecompte: 1933,
1939) and Holy Cross Mountains (d—e; collection numbers: ZPAL T.
II, XVII, XVIII); a longitudinal section of platy Roseporella gradata
(Eifelian, Rochefort); b transverse section of Roseporella media with
several outgrowths (arrowed; Givetian, Wellin); ¢ transverse section
of a Roseporella media outgrowth (Givetian, Wellin); d top surface of
Roseporella sp. with a single, broken outgrowth (arrowed; Givetian,
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Skaty); e polished slab (longitudinal section) of Roseoporella sp. with
a visible single outgrowth (arrowed; Givetian, Skaty); f longitudinal
section of branching Coenites clathratus (Eifelian, Couvin); g trans-
verse section of a branch of Coenites clathratus (Eifelian, Couvin);
h top surface of Alveolites suborbicularis with numerous broken out-
growths; i longitudinal section of an outgrowth of Alveolites tenuis-
simus (Frasnian, Couvin)
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(Veron 2000; Padilla-Gamifio et al. 2012; Fig. 4). Recent
studies showed that physiological adaptations in intermedi-
ate growth forms of Porites are also of major importance
in the environmental acclimatisation of this genus. Padilla-
Gamifio et al. (2012) showed that the platy areas of P. rus
colonies had larger tissue biomasses and higher chlorophyll
concentrations than the branching regions. Also, the §'°C
signatures of the corals’ tissues suggested different rates of
photosynthesis and/or capacity for heterotrophy between the
platy and branching areas of the coralla (Padilla-Gamifio
et al. 2012). Muko et al. (2000) and Padilla-Gamifio et al.
(2012) showed that Porites can acclimatise to changes in
environmental conditions on the short timescales of several
weeks.

The relation between the light intensity and morphology
of tabulate corals was recently recognised for several Pal-
aeozoic MCEs (Zapalski et al. 2017a, 2021; Zapalski and
Berkowski 2019; Majchrzyk et al. 2022; Zatoti et al. 2022).
One of the taxa present in these MCEs were the representa-
tives of the coenitid tabulate Roseoporella. The morphology
of the Devonian Roseoporella skeletons studied here shows
some variability, especially the corals from the Moroccan
MCEs produced a range of morphologies. These corals
can display a fully platy morphology, or possess additional
outgrowths—a morphotypes highly similar to the inter-
mediate growth form of Porites (Fig. 5). This pattern can
be explained by the former presence of photosymbionts in
Roseoporella and thus the coral’s morphological responses
to changes in light availability. The variations in the coenitid
morphology documented in the present study fit well to the
model of Muko et al. (2000), suggesting a remarkably simi-
lar response to the light-limited conditions revealed by some
modern scleractinians and Palaeozoic tabulates, i.e. the two
groups of calcifying corals capable of forming large reefal
buildups owing to their photosymbiotic nourishment. This
pattern is in line with recent studies documenting a suite of
functional characteristics shared by both tabulate and scle-
ractinian corals, including the photosymbiosis (Zapalski
2014), and development of similar ecological and morpho-
logical adaptations to both typical (Zapalski et al. 2017a;
Zapalski and Berkowski 2019; Majchrzyk et al. 2022) and
“brown-water” mesophotic environments (Zapalski et al.
2021; for more information on ‘“brown-water’” communities
see Renema 2019), as well as to environments with strong
bottom currents (Zapalski et al. 2022).

Hoogenboom et al. (2008) demonstrated that variations
in zooxanthellate coral morphology are especially visible at
niche boundaries, at which the environmental conditions are
often more stressful. Majchrzyk et al. (2022) showed that
the communities from the base of the Moroccan Aferdou el
Mrakib reef developed most likely at water depths between
20 and 60 m and represent an upper mesophotic ecosystem,
which implies that the reef builders were probably exposed

to intermediate to low-light conditions. In addition, changes
in water clarity, and thus light availability, could have also
been caused by variations in water turbidity or suspended
sediment supply. The taxonomical structure of the Afer-
dou el Mrakib MCEs, with the presence of the cystiphyllid
rugosans, a group well adapted to high sedimentation rates
(Sorauf 2003; Berkowski 2012), may support the involve-
ment of episodes of increased sediment influx. Accordingly,
Krél et al. (2018) and Jakubowicz et al. (2019) proposed that
the dominance of the climax stage of the Aferdou el Mrakib
reef growth by Heliolites tabulates reflects increased water
turbidity in the reef-hosting marine basin. Such an environ-
ment seems particularly favourable for the development of
the various morphologies observed in Roseoporella. An
open question remains as to whether all of these morpho-
types existed simultaneously, occupying slightly different
micro-ecological niches, or rather we see the fossil record
of numerous communities living at different times, undistin-
guishable because of the taphonomical biases and available
stratigraphic resolution.

An alternative explanation for the origin of the finger-like
outgrowths in Devonian Roseoporella, not involving changes
in light conditions, might be a morphological response to
episodes of high sediment input, preventing the corallum
from entire burial. For the Aferdou el Mrakib reef, the
presence of specimens partially covered by sediment, with
some outgrowths projecting above the sediment layer, might
favour such an explanation (Fig. 2a). However, the sides of
the most prominent outgrows are commonly encrusted by
Allonema (Fig. 2b), attesting to their significant relief over
the basal, platy part of the colony. Therefore, the episodic
sediment influx is unlikely to have been the dominant con-
trol on the morphological variability observed in the studied
Roseoporella coralla.

The fossil material from the European sites fits well
in the proposed model. Roseoporella is one of the most
common taxa in the MCEs from the Holy Cross Moun-
tains (Zapalski et al. 2017a). The taxonomic composi-
tion of these communities, with the very rare occurrence
of stromatoporoids and green algae, showed that their
development took place under more light-depleted condi-
tions than it was the case for their Moroccan counterparts
(Majchrzyk et al. 2022). The morphology of Roseoporella
present in the MCEs from the Holy Cross Mountains is
almost exclusively platy, with only a few specimens that
produced some singular outgrowths. The platy morphol-
ogy would be more beneficial under low-light conditions
than the intermediate morphotypes characteristic of the
Aferdou el Mrakib reef, where the light availability was
probably less restricted (Majchrzyk et al. 2022). The mor-
phological variability typifying Roseoporella from the
Ardennes, similar to that observed at Aferdou el Mrakib,
shows that the described pattern in the light-induced
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Fig. 4 Examples of modern scleractinian coral assemblages with
numerous intermediate forms of Porites cf. rus from Bougainville
Reef (Coral Sea, Australia). a side view of the compound colonies of

phenotypic plasticity was present in Devonian tabulates
not only in restricted, peculiar environments, but was more
widespread. We did not find fully branching specimens of
Roseoporella in our material. Nevertheless, close relatives
of Roseoporella, such as Coenites clathratus, may serve
as a model of the potential branching morphotype of this
coral, which developed under well-irradiated conditions
(Fig. 5). To our knowledge, similar evidence of the mor-
phological plasticity has not been presented so far for tabu-
late corals, except for very brief notes on the possible pres-
ence of some outgrowths in alveolitids (Lecompte 1939;
Hill 1981) or photographs of such specimens (Lecompte
1939). Some of the specimens described by Lecompte
(1939), present in the RBINS, indeed display similar inter-
mediate, semi-branching morphotypes. These observations
show that, as in the case of scleractinian corals, this type
of light-controlled morphological variability was rather
rare, but likely not restricted to a single tabulate genus,
and probably also present in several species within the
suborder Alveolitina.

@ Springer

P. cf. rus; b. view on top surfaces of P. cf. rus colonies; ¢ buildup
made by P. cf. rus colonies; note the progressive decrease in the num-
ber of outgrowths with depth. Photographs courtesy of Tom Bridge

Taxonomic implications of the morphological
variability in tabulate corals

Our observations on the morphology of Roseoporella are
of importance also for the taxonomy of the coenitid tabu-
lates. For nearly two centuries (at least since the work by
Eichwald 1829), the systematics of the Coenitidae was a
subject of numerous, sometimes inconsistent changes,
which created an ambiguous image of the taxonomy of this
group (see details in Zapalski 2012). Corals currently iden-
tified as members of Roseporella were long attributed to
different coenitid and alveolitid genera, such as Alveolites,
Planocoenites or Coenites (e.g. Lecompte 1939; Stasiriska
1959; Niko 2003). Roseoporella was distinguished from the
other coenitids mainly based on its platy, prostrate colony
shape and thus separated from the branching genus Coenites
(Zapalski 2012). The high phenotypic plasticity of Roseo-
porella documented here may suggest that some coenitid
genera were congeneric, as some specimens analysed in the
present study display a range, or a combination, of morphol-
ogies considered indicative of the two different genera. How-
ever, the outgrowths described here for Roseoporella differ
in some aspects from the branches of Coenites. Although the



Coral Reefs (2023) 42:893-903

901

Light intensity

Fig. 5 Reconstructed morphological plasticity of Roseoporella colo-
nies depending on different light conditions. Drawings by B. Waks-
mudzki

Coenites and Roseoporella corallites reveal a similar vortex-
like arrangement when observed in transverse sections, the
axial zone in the branches is usually broader than observed
in the studied Roseoporella coralla. Some specimens of alve-
olitids, like Alveolitella subaequalis illustrated by Lecompte
(1939), also highly resemble the analysed Roseoporella
specimens. However, these specimens may have been incor-
rectly determined and may in fact represent coenitids. It can-
not be excluded that the observed morphological diversity of
Roseoporella could be an interspecific variation; however, in
such a case we should rather observe two (or more) specific
morphotypes representing different species, which is not the
case in our material. Instead, especially in the Aferdou el
Mrakib reef, we see gradual transitions between completely
platy forms, morphotypes with single outgrowths and coralla
with multiple outgrowths and semi-branching appearance,
a pattern consistent with the observations of the intraspe-
cific variations in modern scleractinian corals (Muko et al.
2000). In general, the morphological variability observed
in Roseoporella emphasises the need of major reevaluation
of the validity of some genera within the family Coenitidae.

It cannot be excluded that, as it was suggested for the scle-
ractinian genus Porites (Budd et al. 1994; Forsman et al.
2009), intraspecific morphological variations in tabulate
genera such as Roseoporella and/or Coenites may be so pro-
found and continuous that the classical, morphotype-based
approach based on traditional taxonomical methods (such
as visual examination or measurements) can be insufficient
to distinguish between separate species. Unfortunately, the
nature of the fossil record excludes or restricts using some
of the methods applied in modern coral taxonomy, such as
molecular studies, making the taxonomical assignment of
tabulate corals even more challenging.
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