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ABSTRACT

In this study we examined the skeletal morphometry of five populations of the corals Montastrea cavernosa  and Siderastrea
stellata from the northeastern coast of Brasil. The colony shape of S. stellata from the state of Maranhão is predominantly
flattened and the corallite diameter and columellar distance varied significantly among the populations of both species. The
number of septa varied significantly in S. stellata. This variations may reflect the colonies’ adaptations to different levels of
sedimentation and different light conditions, as well as the intrinsic genetic variability of scleractinian corals.
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RESUMO

Examinamos a morfologia esquelética em cinco populações dos corais Montastrea cavernosa  e Siderastrea stellata, do litoral
do nordeste do Brasil. A forma das colônias de S. stellata do Maranhão é predominantemente achatada, o diâmetro do coralito
e a distância columelar variaram significativamente entre as populações das duas espécies. O número de septos variou signi-
ficativamente para S. stellata. Possivelmente estas variações reflitam adaptações das colônias a diferentes condições de
sedimentação e luminosidade, além da variabilidade genética intrínseca às espécies de corais escleractínios.
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INTRODUCTION

Morphological variation is an interesting

property of several sessile organisms (Bradshaw, 1965;

Boardman et al., 1969; West et al., 1993), including

corals (Wijsman-Best, 1974; Foster, 1977; Veron,

1981; Willis, 1985; Veron, 1995; Veron & Stafford-

Smith, 2000). Coral species are identified by

morphological characters of their calcareous skeleton,

such as: corallite size; the number, arrangement, and

structural details of the septa; colony habit (free or

adhered to the substrate); coral form; and differrent

aspects of the coenosteum (region between corallites).

Together, these characters form the basis for the

taxonomy of the order Scleractinia (Vaughan & Wells,

1943; Wells, 1956; Cairns, 1978, 1982; Zlatarski &

Estalella, 1982; Zlatarski, 1990; Amaral, 1991).

At it provokes misinterpretations in studies with

large temporal and spatial scales, this morphological

variation is the main problem in scleractinian

systematics (Wijsman-Best, 1974; Best et al., 1983;

Miller, 1994; Veron, 1995). The description of patterns

of variation in morphological characters is necessary

for the elaboration of a stable classification system



that permits increased accuracy and greater advances

in ecological and evolutionary research (Knowlton et

al ., 1992; Amaral, 1994; Palumbi, 1994).

The cause of this variability has not yet been

determined. It may be due to environmental factors

(Foster 1977, 1978, 1980, 1983), genetic

differentiation (Brakel, 1977; Carlon & Budd, 2002;

Maté, 2003), or even to a combination of both

(Futuyma, 1992; Knowlton et al., 1992). The principal

environmental factors know to influence variation in

zooxanthellate corals are the quantity of light (Barnes,

1973; Fricke & Schuhmacher, 1983; Willis, 1985;

Amaral, 1991; Beltrán-Torres & Carricart-Ganivet,

1993; Amaral, 1994; Antônio-de-Souza & Amaral,

2001), hydrodynamics (Foster, 1980), and

sedimentation levels (Barnes & Lough, 1999; Todd

et al., 2001). Environmental effects have been

investigated in studies involving the translocation of

colonies, although the heterogeneity of reef

environments may conceal the relative importance of

each physical variable (Gattuso, 1985; Miller, 1994;

Bruno & Edmunds, 1997).

Whereas differences in qualitative characters

have been described (Laborel, 1970; Mayal & Amaral,

1990), quantitative approaches are necessary to

identify the more variable characters (Foster, 1980;

Amaral, 1994). The aim of the present study was to

describe, both qualitatively and quantitatively, the

variation in morphological characters of the skeletons

of different populations of Montastrea cavernosa

(Linnaeus, 1767) and Siderastrea stellata Verrill, 1868

from northeastern Brasil.

MATERIAL AND METHODS

Localities
Samples were collected  in three northeastern

Brasilian localities: Manuel Luiz Coral Banks and

Picãozinho, Paraíba; Tamandaré, Pernambuco. The

Manuel Luiz Coral Banks are part of a State Marine

Park (Parque Estadual Marinho do Parcel do Manuel

Luiz) located on the continental shelf, at 00º 50’S and

44º 15’W, 86 km from the coast of the Brasilian state

of Maranhão and 180 km from the city of São Luís.

The reefs are pinnacle shaped, covering an area of 69

km2 . The temperature is approximately 28ºC (Rocha,

1999), and the cnidarian fauna is composed of twelve

species of corals and four species of calcified hydroids,

as well as some species of gorgonians (Amaral et al.,

2000; Castro & Pires, 2001).

The reefs of Picãozinho (between 06º42’05”/

07º07’30”S and 34º48’37”/ 34º50’00”W), are located

at the city of João Pessoa, in the Brasilin state of

Paraíba. They are composed of small rectangular

platforms of no more than 300 m in extension, aligned

parallel to the coast at a distance of 700 to 1,600 m

from the beach. The annual temperature of this locality

varies from 24º to 27ºC. The cnidarian fauna is

composed of six species of corals, as well as some

species of calcified hydroids and zoanthids (Young,

1984; Vuelta, 2000).

The region of Tamandaré (08º47’02”S and

35º06’45”W) is located approximately 110 km south

of the city of Recife, in the Brasilian state of

Pernambuco. A considerable coral fauna grows on

beachrocks parallel to the coast. The temperature is

approximately 24ºC in the rainy season (“winter”) and

35ºC in the dry season (“summer”), and visibility

varies from 1 to 20 m according to the season,

precipitation, winds, and currents (Maida & Ferreira,

1997; Amaral, 1998; Castro & Pires, 2001).

Field studies
The field studies took place between June 1999

and July 2000. Five colonies of Montastrea cavernosa

(Figure 1) were collected from Picãozinho and

Tamandaré, and five colonies of Siderastrea stellata

were collected in each of the three localities (Figure

2). The specimens were collected at a depths of 25m

in Maranhão and up to 5m in Paraíba and

Pernambuco. The colonies were removed with the aid

of a hammer and chisel, at locations at least 2m apart,

in order to avoid collecting clones (Foster, 1980).

The specimens were deposited in the Cnidaria
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Figure 1. Montastrea cavernosa: Skeleton from Tamandaré.

Figure 2. Siderastrea stellata : Skeleton from  Manuel Luiz Coral
Banks.

collection of the Reef Environment Laboratory of  the

Universidade Federal Rural de Pernambuco

(LAR/UFRPE) with the following numbers: M.

cavernosa – LAR/UFRPE 029; 109; 185; 161; 173;

448; 449; 450; 451; 452 and S. stellata – LAR/UFRPE

012a; 012b; 012c; 012d; 012e; 020; 022; 063; 175;

160; 453; 454; 455; 456; 457.

Laboratory study
The sample’s soft parts were removed with a

30% solution of sodium hypochlorite, and then washed

in distilled water and allowed to dry naturally. Skeleton

characters were measured with a caliper (0.05 mm)

and a stereoscopic microscope. The following

qualitative and quantitative characters  were recorded:

colony shape, corallite shape, corallite diameter,

columellar distance, and number of septa per corallite.

Ten corallites per colony, chosen randomly, were

measured and had their septa counted (Amaral, 1994).

Statistical analysis
In this study, the term population refers to all

the colonies collected at same locality (Foster, 1980).

The significance of the  variations between populations

of M. cavernosa  was tested using the Student’s  t test

for independent samples, and ANOVA among

populations of S. stellata. Before applying ANOVA,

variance homogeneity was ascertained using Levene’s

test, and posterior analyses were undertaken using

Tukey’s test (Zar, 1999). A p=0,05 significance level

was used, and all tests were run on Statistica, version

4.0.

RESULTS

Montastrea cavernosa
The colonies of M. cavernosa  were

hemispheric and flattened in shape in Picãozinho and

Tamandaré. Corallites were predominantly rounded.

Corallite diameters of  M. cavernosa  from Tamandaré

(Table 1) were significantly larger than those of

Picãozinho (t=6.69; t
0.05(2)98

=1.98; p<0.05), and

columellar distances were significantly smaller (t= -

3.58; t
0.05(2)98

=1.98; p<0.05). The number of septa did

not vary significantly between the two populations (t

= - 0.86; t
0.05(2)98

 = 1.98; p>0.05).

Siderastrea stellata
Most of the S. stellata colonies collected from

the Manuel Luiz Coral Banks were flattened in shape,

whereas those from Picãozinho and Tamandaré were

mostly hemispheric. Corallites were predominantly

rounded. Corallite diameter varied significantly

among populations (F=21.05; F
0.05(2)147

=3.78; p<0.05),

with the colonies from the Manuel Luiz Coral Banks

and  Picãozinho differing significantly from those of

Tamandaré (Tables 2 and 3).

The columellar distance, which refers to the
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Table 1. Montastrea cavernosa: Descriptive statistics of the skeletal characteriss at Picãozinho and Tamandaré.

a = corallite diameter; b = columellar distance; c = number of septa; (*) = measurements in millimeters; N = number of corallites;
A = amplitude; x = mean ± standard error; s = standard deviation; V = variance; I(x) = confidence limits of mean (95%).

Table 2. Siderastrea stellata: Descriptive statistics of the skeletal characters at Manuel Luiz Coral Banks,
Picãozinho and Tamandaré.

a = corallite diameter; b = columellar distance; c = number of septa; (*) = measurements in millimeters; N = number of corallites;
A = amplitude; x = mean ± standard error; s = standard deviation; V = variance; I(x) = confidence limits of mean (95%).

space between the colony’s corallites, differed

significantly among the populations of S. stellata

(F=48.83; F
0.05(2)147

=3.78; p<0.05). The columellas of

the specimens from Maranhão were significantly more

widely spaced in comparison with the other

populations (Tables 2 and 4).  The total number of

septa also varied significantly  (F=8.44; F
0.05(2)147

=3.78;

p<0.05), with the Manuel Luiz Coral Banks and

Picãozinho having a similar number, significantly

larger than that recorded at Tamandaré (Tables 2 and

5).

DISCUSSION

Colonies of Montastrea cavernosa were both

hemispheric and flattened in Pernambuco and Paraíba,

suggesting shape heterogeneity in shallow

environments. Several studies link the flattened form

to deep environments (Laborel, 1970; Barnes, 1973;

Locality N Character A x s V I(x) 
a * 4.60 – 6.90 5.62±0.07 0.52 0.27 5.47 – 5.77 
b * 6.50 – 9.70 7.90±0.12 0.84 0.71 7.67 – 8.14 

 
Picãozinho 

 

 
50 

c 32 – 51 41.82±0.67 4.78 22.84 40.46 – 43.18 
        

a * 5.10 – 8.30 6.46±0.10 0.72 0.51 6.25 – 6.66 
b * 5.90 – 9.10 7.31±0.12 0.83 0.69 7.07 – 7.54 

 
Tamandaré 

 
50 

c 31 – 49 41.02±0.64 4.51 20.39 39.74 – 42.30 
 

Table 4. Siderastrea stellata: Tukey’s teste for the
columellar distance.

m = mean; N = number of corallites.

Table 3. Siderastrea stellata: Tukey’s test for corallite
diameter.

Table 5. Siderastrea stellata: Tukey’s test for the number
of septa per corallite.
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 Locality m N 
Manuel Luiz Coral Banks 43.04 50   
Picãozinho 43.18 50 

 Tamandaré 38.80 50 

 

Locality m N 
Manuel Luiz Coral Banks 3.51 50 
Picãozinho 3.07 50 
Tamandaré 2.60 50 

 

 Locality m N 
Manuel Luiz Coral Banks 3.50 50   
Picãozinho 3.56 50 

 Tamandaré 3.01 50 

 

Locality N Character A x s V I(x) 
 a * 2.40 – 4.70 3.50±0.06 0.46 0.21 3.36 – 3.63 
b * 2.60 – 4.50 3.51±0.07 0.47 0.22 3.37 – 3.64 

 
Manuel Luiz 
Coral Banks 

 
50 

c 30 – 55 43.04±0.68 4.79 22.98 41.68 – 44.40 
        

a * 2.40 – 4.70 3.56±0.06 0.45 0.20 3.43 – 3.69 
b * 2.60 – 4.50 3.07±0.06 0.43 0.19 2.94 – 3.19 

 
Picãozinho 

 
50 

c 30 – 55 43.18±0.97 6.86 47.01 41.18 – 45.13 
        

a * 1.90 – 3.80 3.01±0.07 0.47 0.22 2.88 – 3.15 
b * 1.60 – 3.90 2.60±0.07 0.48 0.23 4.46 – 2.73 

 
Tamandaré 

 
50 

c 29 – 50 38.80±0.89 6.33 40.08 37.00 – 40.60 

 



Fricke & Schuhmacher, 1983; Amaral, 1994; Bruno

& Edmunds, 1997), although a species can exhibit

several patterns within a single type of environment

(Brakel, 1977; Maÿal & Amaral, 1990; Veron, 1995;

Carlon & Budd, 2002). There are no records of M.

cavernosa corallite shape in Brasil (Laborel, 1970;

Amaral, 1991, 1994) and in this study we observed

predominantly rounded corallites.

The significant differences between-localities

in corallite diameter and columellar distance indicate

the plasticity of these characters in M. cavernosa .

However, the absence of variation in the number of

septa per corallite suggests stability in this character.

It might also indicate similarity in the deposition of

calcium in the two populations given that, according

to Beltrán-Torres & Carricart-Ganivet (1993), this last

character directly reflects calcification effort.

Considering the geographic proximity and

physical similarity of the reef environments of

Picãozinho and Tamandaré, this explanation for the

sililarity in the number of septa is plausible despite

other factors that influence calcium deposition.

Nevertheless, the marked variability in M. cavernosa

corallite diameter corroborates the observations of

Amaral (1991, 1994) at bothe intra and

interpopulational levels. This author indicated that

this character, along with septa thickness, exhibits

relatively high plasticity.

Siderastrea stellata appears to adopt the general

colony form described by Barnes (1973) and Fricke

& Schuhmacher (1983), with predominantly

hemispheric colonies in shallow waters, and more

flattened colonies at greater depths. As for M.

cavernosa the corallite was invariably rounded.

The significant variation in corallite diameter,

columellar distance, and number of septa indicates

that the skeletal morphometry of S. stellata can vary

considerably  at the interpopulational level. Todd et

al . (2001) noted that large polyps are characters of

Favia speciosa (Dana, 1846) colonies from shallow

environments near the coast, where the levels of water

turbidity is often high. However, S. stellata  was

characterizes by significantly smaller corallites at

Tamandaré in comparison with Manuel Luiz, located

in deep water far from the coast. Despite the lack of

quantitative data for the studied areas’ environmental

variables, the results of this study suggest that S .

stellata may not follow the morphological pattern of

F. speciosa.

The columellar distance differed significantly

among all populations of Montastrea cavernosa  and

Siderastrea stellata. The differences in the distance

between columellas occur due to the colony’s

adaptations to light intensity (Barnes, 1973; Foster,

1980; Amaral, 1994). We observed a tendency for

increasing mean columellar distance in a south-north

direction in both species. In S. stellata, the largest

mean distance was recorded in Maranhão. In deep

areas, the need to improve the exposure of tissue  (and,

consequently, of zooxanthellae), is translated into

flattened colonies with distant columellar centers,

which generates a larger coenosteum.

Foster (1977, 1980) relates variations in

Montastrea annularis to factors such as light and

nutrient availability, and Lasker (1979, 1981) points

to behavioral differences that influence morphology

in M. cavernosa. Sunlight may be equally abundant

at the two M. cavernosa  study localities, and thus may

not influence the variation in columellar distance,

although no data are available on the quantity of

sediment particles in the water.

We consider that the considerable variability

in the morphological characters of M. cavernosa and

S. stellata  may reflect the combined action of

environmental stimuli and the genetic potential of

these species. The unique characteristics of Brasilian

reef environments and the endemic condition of S .

stellata indicate a need for more detailed studies, with

a view to creating a profile of variation in this species.
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