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Chapter 2 

Scleractinian stony corals (hexacorals) 

Vermeij M.J.A., Barnes D.J. and S. Muko 
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Corals are most common in shallow, clear, oligotrophic, tropical waters 
where they help to form coral reefs. The taxonomie classification of 
corals relies traditionally upon the morphological characteristics of coral 
skeletons and, especially, upon fine scale (1 mm) morphological 
characteristics which were believed to be non-variable within species. 
This classification is still the backbone of today's coral identification 
where corals are seen as stable morphological entities that show a degree 
of plasticity due to environmental influences. For example, reef corals 
were shown to change their morphology from massive or branching 
forms in shallow water to plate-like colonies 

Figure 1. Range of colony shapes of the stony coral Montastraea annularis. The 
colony gradually transforms from hemispherical (a), column shaped (b) and tapered 
forms (c) to a substrate covering plate (d) when the light intensity decreases. 

in deeper water. An example of this is the colony shapes of the Caribbean 
coral Montastraea annularis (Fig. 1), where the colony gradually 
transforms from hemispherical form into a plate-like colony at deep 
locations. The branching stony coral Pontes sillimaniani, a common 
species in a variety of reef environments of the tropical Pacific, displays a 
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striking variation of the whole colony morphology with respect to light 
availability. Fig. 2 shows a typical branching morphotype from a shallow 
site, which gradually changes into a plate-like growth form at deeper 
sites. 
Another example of this morphological plasticity was shown in Fig. 3, 
where the growth form of the Indo-Pacific stony coral Pocillopora 
damicornis gradually transforms from a thin-branching growth form into 
a more compact shape when the exposure to water movement increases. 
Since it was well known that most reef corals contained symbiotic algae 
within their tissues, this shift in morphology was thought to optimize light 

Figure 2. Range of growth forms of the stony coral Pontes sillimaniani (after Muko et 
al. 2000). (a) shows a typical branching morphotype from a shallow site, (c) is a plate 
like growth form originating from deeper sites, while (b) is a colony form from an 
intermediate site. 

capture as light diminished with depth. These observations were often 
projected to other species as well, causing simplifications and 
generalizations in coral behavior. Scuba diving broadened coral research 
and permitted studies of coral reef ecology and coral physiology and 
reproduction in addition to the traditional taxonomie studies. This led to 
the finding that morphological species boundaries did not necessarily 
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correspond to the ecological or behavioral differences found in the field. 
In several Indo-Pacific coral species reproductive boundaries did not 
correspond to morphological classifications. Furthermore hybridization 
between presumed morphological species is found frequently (Veron, 
1995) which indicates a need to allow for much greater skeletal plasticity 
than is permitted by classical coral taxonomy within presumed species. 

Figure 3. Range of growth forms of Pocillopora damicornis from sites with different 
intensity of water movement (after Veron, 1995). Form (a) is from the most exposed 
site, form (f) from the most sheltered site. In the range (a-f) the exposure to water 
movement gradually decreases. 

Corals are not restricted to shallow, well-lit tropical seas. They survive 
and grow without light. The branching coral Lophelia pertusa grows at 
depths around 250 m in the North Sea, most commonly in Norwegian 
waters (70°N). It forms frameworks up to 10 m high. Some species grow 
in abyssal Antarctic waters and have to extend their tissues around their 
entire skeleton to prevent skeletal dissolution at high pressure. Although 
these examples illustrate their adaptive capabilities, it is in warm, mostly 
tropical seas (< 18° latitude) that corals are most diverse and common. 
The major calcifying organisms on coral reefs, such as corals, have 
developed an endosymbiotic relationship with unicellular plants. The 
most widely distributed endosymbiotic alga is the unicellular 
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dinoflagellate, Symbiodinium microadriaticum, which in its various 
species resides in a large range of reef invertebrates including hydrozoan 
corals, scleractinian corals, and the various species of giant clam in the 
Pacific. The symbiotic algae, or zooxanthellae, within the tissues of most 
tropical corals provide their hosts with carbon products of photosynthesis 
and considerably enhance their rate of skeletal growth (calcification). 
Photosynthesis allows reef organisms to precipitate calcium carbonate 
faster than physical, chemical, and biological agencies can disperse it. 
The success of this symbiosis has allowed corals to form reefs, which are 
major geological structures on the earth's surface. Living reefs cover 
about 15% of the seabed in the 0-30 m depth range and they form about 
0.2% of the world's ocean area. Geologists originally used the term 
"hermatypic" for corals that form reefs. Biologists have used this term to 
describe corals with zooxanthellae, which again emphasizes the 
importance of zooxanthellae to reef formation and maintenance. 
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Figure 4. Diagram of a scleractinian polyp (after Schumacher, 1976). 

Light is considered to be the single most important environmental factor 
affecting coral growth. Light levels change most profoundly over the first 
10-15 m of the water column. Over these depths, 60-75% of the surface 
light is being absorbed or scattered. The decrease in light intensity 
becomes more gradual deeper in the water column. The presence of 
zooxanthellate corals at 100 m depth indicates the ability of corals to live 
under very low light levels. Reduced growth rates with depth have been 
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Figure 5. X-ray photograph of a longitudinal section through a column-shaped colony 
of the stony coral Montastraea annularis. 

found for many corals. Increasing depth results in changes in growth form 
(mostly from rounded to flattened morphologies), changes in polyp and 
zooxanthellar densities, and changes in the types and concentrations of 
pigments associated with photosynthesis (Falkowski and Dubinsky, 
1981). Corals acquire essential nutrients other than organic carbon by 
capturing zooplankton from the water column. The relative contribution 
of autotrophy (photosynthesis) and heterotrophy (particle feeding) may 
depend upon local availability from each source. Porter (1976) suggested 
that morphological variation might be related to this. In his model, corals 
with larger polyps are better able to feed heterotrophically while corals 
with high surface-to-volume ratios (e.g. branching species) depend more 
on autotrophy because of better light capturing capabilities. 
Corals are marine animals of the phylum Cnidaria. Cnidarians are, after 
the sponges, the simplest form of metazoan life. They differ from sponges 
in that their cells are organized into two distinct layers: the ectoderm and 
endoderm (literally outer and inner skin). The two layers share a common 
basal, mostly non-cellular, connective layer known as the mesoglea. In a 
coral polyp (Fig. 4), which is the fundamental unit of a coral, the two 
layers of cells form a sack. Most corals are colonial and made up of many 
interconnected polyps, with no obvious diversity of function amongst the 
polyps. Each polyp is a cylindrical sack whose upper end is closed by a 
disk which bears six tentacles and has a centrally located mouth. The 
polyp can expand; this normally happens during the night when corals 
expand their tentacles to allow feeding whereas they are contracted 
during the day. The tissue which closes the lower end of the cylindrical 
polyp is strongly invaginated into pockets. The skeleton is formed within 
these pockets and around the outside of the polyp. The result is a calcium 
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carbonate cup, the corallite, which is divided radially by a series of walls, 
the septa. The skeleton is composed of nearly pure calcium carbonate 
such as aragonite. The shape of the skeleton reflects the folding of the 
skeleton-secreting layers of the polyp. The polyp is earned upwards by 
growth of the skeleton and vacates the lower regions. These unoccupied 
regions of skeleton are separated from occupied regions by dissepiments, 
which form as very thin bulkheads between the vertical skeletal elements. 
Skeletal growth involves three process: (1) upward or outward extension 
of the vertical skeletal elements, (2) thickening of these vertical elements 
throughout the depth of the skeleton occupied by tissue and (3) periodic 
uplift of the lower regions of tissue with sealing off of the vacated regions 
by dissepiments (see Barnes and Lough, 1992; Taylor et al. 1993). The 
skeletal growth of many corals can be visualized by sectioning the 
colony. If a slab is taken from such a section and x-rayed, it is possible to 
trace the growth process morphologically. In Fig. 5 a longitudinal section 
is made through the colony. The annual growth is visible as dark and light 
density bands in x-radiographs (see Graus and Macintyre, 1982) and it is 
possible to distinguish growth lines. Corals cannot grow tissue without 
skeleton and they cannot grow skeleton without tissue. Tissue growth and 
skeletal growth are affected by different environmental factors. 
Accommodation of the two forms of growth is thought to give rise to 
variations in growth form (see Barnes and Lough, 1992). Variation is not 
only restricted to over all colony morphology but is also found at the 
corallite level, where intra-colonial variation sometimes exceeds inter
specific or environmental variation. A dimorphism between radial and 
axial corallites in the genus Acropora is an extreme example of this 
variation (Veron and Wallace, 1984). Furthermore geographic distance 
(say one to thousands of kilometers) can result in morphological variation 
in response to changed environmental conditions. This adaptation may be 
evolutionary and result in sub-species or species or it may simply reflect a 
plasticity that allows accommodation to altered conditions. Examples of 
such broad-scale variation in environmental factors are: increasing cloud 
cover resulting in lower irradiation, decreasing temperatures with 
increasing latitude, and decreasing nutrient concentrations and increasing 
water clarity with increasing distance from large landmasses or river 
deltas. The many factors now proven to affect coral growth partly explain 
the huge variation found in corals on the reef. Phenotypic plasticity 
within presumed morphological species boundaries questions the use of a 
morphological species concept for the Scleractinia. Accurate 
morphological analysis and understanding of the underlying processes 
affecting a coral's shape will be an important next step in coral research. 
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