
Bollettino della Società Paleontologica Italiana, 59 (3), 2020, 281-289. Modena

ISSN  0375-7633 doi:10.4435/BSPI.2020.23  

Intraspecific competition in Guadalupian fasciculate rugose coral clusters 
(Hawasina Nappes, Oman Mountains)

Oliver Weidlich

O. Weidlich, Technical University Berlin, Institute of Applied Geosciences, Ernst-Reuter-Platz 1, D-10587 Berlin, Germany; o_weidlich@yahoo.co.uk

KEY WORDS - Live-live interactions, intra-clonal aggression, Praewentzelella regulare.

ABSTRACT - Guadalupian (middle Permian) reef blocks of the Al Jil and Bai’d formations (Hawasina Nappes, Oman Mountains) contain 
rugose corals. Praewentzelella regulare, a fasciculate coral, is found in clusters, with more than 80% of the colonies in growth position. The 
good preservation of microstructure and minimal taphonomic alteration (e.g., lack of postdepositional tilt or transport of colonies) allow to 
discuss whether or not live-live interactions for space, particularly intraspecific competition, has been preserved. The evaluation is based 
on the distribution of coral colonies mapped in the field, three-dimensional reconstruction of coral growth using serial cuts of a block and 
microfacies evaluation of thin sections. 

A rarely observed phenomenon of intraspecific competition is described herein and the term “intra-clonal aggression” is proposed for 
interactions between sedentary organisms of the same species leading to the distortion of skeletal elements of one colony.

INTRODUCTION

In modern reef ecosystems, competition for substrate, 
light, space or nutrients are key factors controlling 
the distribution of sedentary organisms and the spatial 
dynamics of calcified scleractinian corals vs non-
calcified algae (Sandin & McNamara, 2012). Regarding 
competition for space, understanding factors defining 
competitive outcomes among neighbors is relevant for 
predicting changes in the composition of reef organisms 
in time and space. Scleractinian corals, for example, 
developed different expansion strategies depending on 
their prevailing morphology (Sandin & McNamara, 2012). 
Sensu Connell (1976), competition among reef corals is 
direct in the case of physical contact of the soft tissues 
or indirect if expansion continues without touching each 
other. 

In a more generic sense, inter- and intraspecific 
live-live interactions for space comprise: 1) stand-off or 
distance avoidance; 2) aggression between neighboring 
reef builders; 3) overgrowth and overtopping of the 
neighboring colony; and 4) peripheral growth of one 
colony around another (Rinkevich & Loya, 1983; Logan, 
1984; Fagerstrom et al., 2000; West et al., 2011; Liow et 
al., 2016). Assumed live-live interactions are not the topic 
of this paper, but set the broader frame and are considered 
in the discussion. In the fossil record, the recognition of 
live-live interactions, or more specifically competition for 
space, is difficult to prove as neighboring reef builders 
preserved in rocks have not necessarily grown at the 
same time. Fagerstrom et al. (2000) analysed extant reef 
communities and concluded that live-live interactions 
observed in modern reefs are useful indicators to interpret 
Paleozoic communities despite taxonomic differences. 
These authors summarised many examples of live-live 
interactions of fossil reef builders. Götz (2003) paid 
special attention to interactions between rudists and 
corals in a Upper Cretaceous biostrome. More recently, 

interactions interpreted as fusion of probable clones 
were presented by Stanton et al. (2016: Chaetetes sp.), 
Fagerstrom & West (2011: stromatoporid) and West et al. 
(2011: Chaetetes sp., fistuliporiid bryozoans).

The rugose coral Praewentzelella regulare Flügel 
in Weidlich & Flügel (1995), found in well preserved 
Guadalupian reef blocks of the Oman Mountains 
(Figs 1-2), was investigated with emphasis on live-
live interactions, particularly intraspecific competition 
for space. The body of data presented here includes: 
1) quantitative outcrop data of coral coverage and 
distribution patterns of corallites (area analysed covers 
0.7 m2); 2) serially cut slabs of one reef block (out of 
four) allow to detect spatial trends in vertical coral growth 
and clone interaction; 3) complementary petrographic 
microfacies observations from thin sections. 

GEOLOGICAL SETTING 
OF RUGOSE CORAL-BEARING BLOCKS 

In the Oman Mountains, deposits of Permian age 
with rugose corals are found in: 1) (par)autochthonous 
Arabian platform carbonates (e.g., Jebel Akhdar and Saih 
Hatat); 2) mixed carbonate-siliciclastic slope deposits 
of the Arabian platform lumped as Sumeini Group; 3) 
deposits of a basin North of the Arabian Plate with relicts 
of collapsed seamounts (Hawasina Complex) (Fig. 1). 
In the Hawasina Basin, Guadalupian reef blocks with 
rugose corals are found, with the Ba’id area as most 
prolific sample location for Praewentzelella regulare (Fig. 
2). There, isolated seamounts situated in the Hawasina 
Basin have been proposed as a source for the reef blocks, 
whereas the slope of the Arabian platform has been 
discarded as provenance area (Blendinger, 1988). The 
Bai’d area is located to the south of the autochthonous 
Arabian platform and is tectonically located below the 
Semail ophiolite. The area of interest forms an anticline 
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with a roughly N-S trending axis that exposes imbricate 
slices of the Hawasina sedimentary and volcanic units. 
The Wadi Wasit in the center of the Ba’id tectonic window 
provides unique exposures of Permian and Triassic Al Jil 
and Ba’id formations. Pillevuit et al. (1997) described 
a 250 m thick middle Permian volcano-sedimentary 
sequence, containing basal pillow basalts, radiolarian-
bearing cherts, volcaniclastic breccias, gravity flow 
deposits with Permian platform carbonates, reef boulders 
and deep-water sediments. The Guadalupian reef blocks 
represent cosmopolitan reef-types, notably sponge reefs 
and algal/cement reefs which flourished for approximately 
30 million years, while rugose coral reefs flourished for 
a few million years. 

The rugose corals of reef blocks collected in the 
Ba’id area are represented by seven genera, including 
Yokoyamella, Monothecalis, Wentzelella, Wentzelloides, 
Multimurinus, Lonsdaleiastraea, Praewentzelella; 
Tabulata are represented by Multithecopora. These taxa 
are typical of the Tethyan realm, where rugose corals were 
extraordinarily diverse during the Guadalupian (Wang et 
al., 2018).

MATERIAL AND METHODS

Rugose coral-bearing reef blocks of the Al Jil and 
Ba’id formations were collected between 1990 and 
2008 at the western flank of Jebel Rahbah (Loc RA: 
23°06’21.0”N 58°18’25.6”E, Fig 2b, see sample RA2) 
and in Wadi Wasit (Loc W: 23°06’43.2”N 58°19’33.5”E, 
Fig. 2a, see samples W30 and W31-8). More recently, 
these coral bearing outcrops were revisited during the 12th 
International Symposium on Fossil Cnidaria and Porifera 

in Oman (Pre-conference FT 1; see also Baud et al., 2010). 
Hitherto unpublished observations were updated and are 
now to be published for the first time. 

The database consists of a mapped reef block (0.7 m2), 
six samples from different blocks and 12 thin sections. 
Sample W-30 was cut into seven slabs perpendicular to 
coral growth with the aim to analyse the vertical growth. 

The figured specimens are stored at the Dipartimento 
di Scienze Chimiche e Geologiche, Università di Modena 
e Reggio Emilia, Italy. Repository numbers are as follows: 
IPUM 29855, thin section RA2; IPUM 29856, thin section 
W30; IPUM 29857, thin section W31-8.

DATA

H.W. Flügel (in Weidlich & Flügel, 1995, p. 
236) provided the following original description for 
Praewentzelella regulare: “Mature calices attain a diameter 
of 30 mm with 28 to 32 major septa. The number of minor 
septa between two major septa is always odd, fluctuating 
between 1 and 13. The septa are peripherally thickened 
into a septal wall. The wall is approximately 1 mm thick. 
The axial zone is complex with a diameter of 4.5 to 5 mm. 
Median lamellae are dilated and occasionally connected. Up 
to 15 sections of tabellae occur between the radial lamellae. 
The tabularium is well developed. The boundaries between 
the columella and the dissepimentarium are distinct.” 
Flügel concluded that P. regulare had a fasciculate growth 
with closely spaced calices.

Field mapping of a P. regulare reef block cut 
perpendicular to growth exhibits that 80% of the corals are 

Fig.1 - Simplified geological map of the Oman Mountains showing 
the location of the Ba’id area. Fig. 2 - (color online) Satellite images of locations in the Ba’id 

area. a) Location RA (23°06’21.0”N 58°18’25.6”E). b) Location 
W (23°06’43.2”N 58°19’33.5”E); from Google Maps.
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in growth position; coral coverage attains 20% over an area 
of 0.7 m2 (Fig. 3). Praewentzelella regulare is associated 
with sphinctozoans (e.g., Sollasia ostiolata Steinmann, 
1882; Parauvanella paronai Senowbari-Daryan & Di 
Stefano, 1988; Colospongia sp.; Thaumastocoelia sp.; 
and chaetetids [Chaetetes sp.]). 

Polished slabs and thin sections exhibit a biogenic 
framework stabilising the corals built by calcareous algae 
(Ungdarella sp. and Parachaetetes sp.) and fenestellid or 
dendroid bryozoans. Archaeolithoporella hidensis Endo, 
1959, Tubiphytes obscurus Maslov, 1956, Tubiphytes 
cylindricus Senowbari-Daryan & Flügel, 1993 and 
microbes provide additional strength by forming distinct 
crusts. Primary growth framework pores are rimmed 
by marine phreatic cements and filled with peloidal 
mud of microbial origin. Brachiopod shells, crinoid 
ossicles, bioclasts from solenoporacean algae and thalli 
of dasycladacean algae (Imperiella sp.) form bioclastic 

wacke- to grainstones. Reef dwelling foraminifers 
are represented by Climacammina sp., Tetrataxis sp., 
Dunbarula sp. and Kahlerina sp. 

Some calices of P. regulare are partly silicified. The 
incomplete replacement started from the center of calices. 
The boundary between the silicified and non-silicified parts 
is lined by mega-quartz crystals which are idiomorphic 
towards the unsilicified peripheral coral skeleton. Despite 
this overprint, most corals are well preserved exhibiting 
the microstructure of the skeleton in detail. 

Within clusters of P. regulare with minimal taphonomic 
overprint, three patterns of assumed intraspecific live-live 
interactions can be recognised:

1. No obvious live-live interaction or possibly distance 
avoidance (Fig. 4)

Observation - Calices with no visible interaction; the 
distance between the calices exceeds 4 mm. Calices are 

Fig. 3 - (color online) Field map of Praewentzelella regulare (location W); after Weidlich & Flügel (1995). View perpendicular to growth 
direction. Circular to elliptical calyx outlines indicate that more than 80% of the corals are in growth position; after Weidlich & Flügel (1995). 
Scale bar is 20 cm.

Fig. 4 - (color online) Photomicrograph of two calices without observable live-live interaction. Sample W31-8 (Location W, thin section 
IPUM 29857). Scale bar is 5 mm.
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circular in cross section and lack any distortion of the 
microstructure. Skeletal elements are well developed, 
especially the septal wall is regular and lacks deformation.

 
Interpretation - Absence of live-live interactions is 

obvious; it can be speculated, however, that these corals 
kept a given distance, while growing at the same time.

2. Contact between corallites of one colony (Figs 5-6)
Observation - Individual calices touch each other. 

Major and minor septa of the neighboring calices 
are slightly bent, indicating contemporaneous calix 
growth while space for growth was limited. Despite 

contemporaneous calyx growth, fusion of calices did 
not happen. Thin section analysis suggests that the 
calices developed thick septal walls without skeletal 
distortion.

 
Interpretation - Considering the fasciculate coral as 

a special form of dendroid growth strategy, it is concluded 
that touching calices belong to one colony.

3. Aggression and avoidance between corallites of two 
colonies (Figs 7-9)

Observation - The serial slabs highlight the 
development of two contemporaneously growing P. 

Fig. 5 - (color online) Overview of Praewentzelella regulare perpendicular to growth direction. Red rectangle is outline of Fig. 6. Sample 
RA2 (Location RA, thin section IPUM 29855). Scale bar is 5 mm.
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regulare colonies with juvenile growth stage in slabs 
1-2 and adult stages with the development of fasciculate 
colony growth in slabs 3 to 5 (Figs 7 and 9a). If the adult 
corals come closer than 5 mm (left coral is specimen B, 
right coral is specimen A, Fig. 7), significant deformation 
of one calyx (specimen A) becomes obvious. The outline 
of specimen A changes from circular to slightly bean-
shaped caused by the limited growth of the septa wall. 
Finally, as documented in slabs 6 and 7, the distance 
between the calices increases and the septal wall is 
developed again. It is likely that the deformation of 
specimen A ceased with increasing distance. Thin-section 
analysis exhibits the following pattern (Fig. 8):  in the case 
of distances > 4 mm, no deformation of the skeleton is 
observed; smaller distances between corallites, e.g., less 
than 3 mm, lead to deformation of one calyx, as indicated 
by irregularities of the septal wall and changes in the 
formation of dissepiments.

Interpretation - The observed pattern is interpreted 
as competition for space between two colonies. This 
phenomenon has been rarely described and the term 
“intra-clonal aggression” is proposed to describe this 
type of interaction between sedentary organisms of the 
same species.

DISCUSSION

Taphonomic biases such as transport, post-mortem 
damage and mixing of sediments or organisms are 

sometimes perceived as insurmountable problems 
for the paleoecologic interpretation of organisms and 
communities (Leighton & Schneider, 2004). With regard 
to the discussion of assumed live-live interactions in 
reef communities, minimal taphonomic and diagenetic 
overprint is vital. The preservation of microstructure is 
relevant as the distortion of skeletal elements acts as 
indicator of aggression between coral clones (Rinkevich & 
Loya, 1983, 1985). It has been demonstrated with this data 
set that P. regulare colonies exhibit minimal postmortal 
degradation due to a stable biogenic framework. The 
diagenetically stable skeleton of the calcitic Rugosa 
recorded distortions of the microstructure of nearby 
clones. Thus, description of live-live interactions is 
possible and subject to discussion. 

The observations presented provide evidence for two 
types of intra-specific live-live interactions of P. regulare: 

1. Live-live interactions, leading to physical contact 
of corallites of one colony (microstructures indicate 
contemporaneous corallite growth) without distortion of 
skeletal elements. This pattern has been widely observed 
among reef builders and may even lead to the fusions 
of clones as described for chaetetids or stromatoporoids 
(Fagerstrom et al., 2000; Stanton et al., 2016).

2. Aggressive live-live interaction, causing physical 
damage of skeletal elements and distance avoidance of two 
different colonies growing next to each other. There exist 
few published data, but Rinkevich & Loya (1983, 1985) 
documented and described in detail how the growth of the 
scleractinian Stylophora pistillata Esper (1797) changes 
from normal growth to retreat growth of one specimen, if 
calices dominant and subordinate clones grow at the same 
time.

CONCLUSIONS

This contribution analyses the spatial pattern of the 
rugose coral Praewentzelella regulare under consideration 
of the preservation potential of coral competition for space 
in the rock record. It provides evidence for intra-specific 
live-live interactions or, more specifically, for intraspecific 
competition between specimens of P. regulare based on 
field data, slabs and thin sections. Minimal taphonomic and 
diagenetic alteration of the corals provide a suitable data 
set for the discussion of assumed live-live interactions. 

Two types of intraspecific live-live interactions are 
described: 

1. Corallites which touch each other during lifetime 
and lack distortion of skeletal elements are interpreted 
as part of one colony (genetically identical clone). This 
observation has been made many times before and is 
typical of colonial corals when they grow next to each 
other. 

2. Aggressive live-live interaction among rugose 
corals is believed to cause distorted skeletal elements of 
corallites of one colony and, at the end, maintains a given 
distance avoidance between the coral colonies again. This 
aggressive interaction causes macro- and microscopic 
deformation of one corallite as seen in thin sections. 
As this phenomenon has rarely been described in the 
literature, the term “intra-clonal aggression” is proposed 

Fig. 6 - (color online) Close-up view of Fig. 5. Dashed line indicates 
boundary between calices.
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to describe this aggressive interaction between sedentary 
organisms of the same species.

Observation of intra-clonal aggression provides the 
basis for further questions to be considered:

1. Van Veghel et al. (1996) investigated intra- 
versus interspecific interactions in modern coral reefs 
and observed that the majority of interactions were 

interspecific. Is this applicable to Guadalupian rugose 
corals in reefs as well? 

2. Did rugose corals “invent” the principle of chemical 
interference (allelopathy), which is common for modern 
scleractinians (e.g., Bak & Borsboom, 1984)?

3. Did rugose coral develop sweeper tentacles as 
observed in modern corals (Hidaka & Yamazato, 1984)?

Fig 7 - (color online) Slabs showing the growth of Praewentzelella regulare, slab 1 represents juvenile growth and slabs 3-7 adult growth 
stages. Sample W30 (location W, thin section IPUM 29856). Rectangles refer to outlines of photomicrographs of Fig. 8. Scale bars are 1 cm.
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