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ABSTRACT: Research on shade-dwelling scleractinian corals involved the study of more than 120
caves, tunnels, a n d shaded overhangs from various reef types within the Great Barrier Reef Province.
Study was concentrated in the Lizard lsland region (14c15"S), with comparative work in the central
(19 "S) a n d especially the southern (23 "S) sectors of the province. Numerical classification was used to
analyse patterns of distribution and association within these shade-dwelling assemblages. Analysis
confirmed the existence of definite regional differences in the shade-dwelling coral fauna, with caves
in the southern part of the Barrier Reef having a generally impoverished scleractinian fauna compared
with that found in more northerly areas. Observations of other shade-dwelling biota suggest that at
higher latitudes, certain algal groups are more successful than corals in cryptic habitats, with the algae
tending to exclude their scleractinian competitors. This suggestion is borne out by records from the
southwest Indian Ocean. These and other studies indicate that while there are some basic similarities
between the cryptic biota from many reef regions, generalizations about the structure of the shadedwelling communities should not be made from studies within a limited area.

INTRODUCTION

Recent studies of skiophilous (shade-loving) communities in tropical and warm temperate regions have
revealed the presence of a wide range of sessile
benthos in cryptic habitats. The major groups represented are sponges (notably pharetronid, lithistid
and silico-calcareous sponges),algae (especially coralline forms), bryozoans, brachiopods, encrusting
foraminiferans, ascidians, bivalve molluscs, and various coelenterates (Laborel, 1960; Peres and Picard,
1964; Vacelet, 1967a, b ; Hartman and Goreau, 1970;
Jackson et al., 1971; Pouliquen, 1971; Vasseur, 1974,
1977; Bonem, 1977; Cuffey a n d Fonda, 1977; Logan,
1977). The distribution of these organisms is determined principally by irradiance levels, and to a lesser
extent by hydrodynamic conditions.
Various workers have emphasized the importance of
cryptic or shaded environments within the reef
framework (e.g.Hartman and Goreau, 1970; Jackson et
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al., 1971; Jaubert a n d Vasseur, 1974; Bonem, 1977;
Vasseur, 1977). Despite the increasing attention being
focused on these cryptic habitats, very few studies
have been carried out of the shade-dwelling coral
fauna of Indo-Pacific reefs. The only detailed records
hitherto available are those of Jaubert and Vasseur
(1974) and Vasseur (1974, 1977) from Madagascar, in
the southwest Indian Ocean.
The aim of the present study was to conduct a survey
of the shade-dwelling scleractinian fauna in various
sectors of the Great Barrier Reef Province. A full list of
the fauna recorded (over 150 species of corals) is given
in Dinesen (1980a). It is significant that the majority of
these species are hermatypic forms. Of those species
commonly encountered, some occur also in d e e p water
below the range of most hermatypes, a n d these seem to
be corals of a generally skiophilous nature. However,
the cave-dwelling fauna is not only representative of a
deep water coral fauna displaced into shallow, shaded
conditions, at comparable low light intensities (Dinesen, 1980a). Several species appear to prefer a shallow
but cryptic environment, while a considerable number
of shade-dwelling species are common also in well
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illuminated areas of the 'open' reef, but are able to
adapt to conditions of low light intensity. Because of
the low irradiance levels, most coral colonies are small
and fragile, and are restricted to a two-dimensional,
encrusting or laminar growth form (Dinesen, 1980a).
This paper discusses variations in the structure and
species richness of entire assemblages. Numerical
classification has been used to determine whether patterns reflect differences between various types of caves
and/or differences between assemblages from different reef areas, on a local and regional basis.
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Field work was concentrated on reefs in the Lizard
Island region of the Great Barrier Reef Province
(Fig. 1). These included fringing reefs around high
islands, platform reefs, and several outer barrier reefs
close to the edge of the continental shelf. Comparative
work was carried out in the central part of the Province
(Keeper Reef' 'latform reef' Townsville' 18045'S1
and in the
Group, platform reefs; Fig. 2).
All habitats investigated were within the reef slope,
in a depth range of 4 m to 21 m below datum (approximately). Details of cave structure and dimensions were
recorded. Cave size was determined from maximum
measurements of height, width, and length (from aperture to back). Three basic types of cave structure were
distinguished: (1) true caves: well defined recesses
with definite side walls; (2) tunnels: open-ended
caves, usually encountered in rather shallow water,
where cavities in the reef slope connected with the reef
flat; (3) overhangs: the most commonly encountered
type, well shaded recesses but with one or both side
walls, and/or the floor lacking, thus affording a less
enclosed environment compared to true caves. For
brevity, the term 'cave' is used as a general term
including all these shaded environments.
Each cave was treated as a sampling unit. Since the
survey sought to record as many shade-dwelling corals
as possible, and the habitats investigated were often
relatively small (usually < 2 m in largest dimension), a
quadrat sampling method was not considered appropriate. Every coral in each cave was recorded, and
material was removed for laboratory examination
where not identifiable in the field. Specimens were
identified whenever possible to species level (in the
case of Montipora, apparent species were designated
species numbers). However, some smaller specimens
could not be identified beyond genus or family level.
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Fig. 1. Reefs of the Lizard Island region. Study sites are listed
in Table 1. Inset of Queensland coast shows general locations
of study areas
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Fig. 2. Reefs of the Capricorn region. Study sites are listed in
Table l

The small ahermatypic Tubastraea and Dendrophyllia
presented particular difficulties. These occurred in
great abundance in some caves, and their very similar
appearance suggested they belonged to a single
species. These are collectively referred to as 'Tubastraea cf. aurea', to which species I believe the majority
of these specimens belong, but included also in this
category are a few other species of Tubastraea and
small Dendrophyllia.
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Analytical Methods

Since each cave was treated as a sampling unit, the
units were of variable size. Cave 'maximum volun~e'is
positively and significantly correlated with the number
of coral colonies ( p = < 0.001) and with the number of
species (p = < 0.01) recorded in the cave. However,
the purpose of numerical classification is to generate,
not to test, hypotheses (Williams, 1976). Variable size
of the sampling unit is not problematic, provided that
the patterns produced are not primarily a reflection of
cave size (Williams, pers. comm., 1979).
A total of 100 species and species groups was used
for analysis. Those species found in only 1 or 2 caves
(< 2 % of the total number of caves) were omitted,
since many of these were apparently 'accidental'
among the shade-dwelling fauna. Because of the large
number of records per cave for some species, data were
transformed using a log(n + 1) transformation.
A 'normal' agglomerative classification to group
caves was carried out using the Bray-Curtis dissimilarity measure (sensu Clifford and Stephenson, 1975).
This index does not pair zero-zero matches, a n important consideration since many of the species used for
analysis were not commonly recorded. As similar
results were obtained using the Lance-Williams fusion
strategy (Lance a n d Williams, 1967) with p = -0.25,
a n d Ward's method (Ward, 1963; Burr, 1968), results
are presented for Ward's method only.
In interpreting cluster diagnostics, the mean values,
F-ratios, and T-values (Wishart, 1975) of species within
a cluster were used to identify species important in a
particular cluster. High mean values indicate species
well represented within a cluster; small F-ratios indicate those with comparatively low variability in the
cluster, and large T-values indicate species having
cluster mean values which are substantially different
from the mean for the entire population. These values
can be used in a comparative sense only, and should
only be compared for the same level of fusion within a
dendrogram. In presenting cluster diagnostics, mean
values for species are shown if these were 0.10, and/
or if T-values were +0.4 or more. Large negative Tvalues (-0.4 or higher) are also shown, and low F-ratios
(< 1.0) are indicated for mean values of 0.10 or greater.

RESULTS AND DISCUSSION

During the survey, 127 true caves, overhangs, and
tunnels were investigated, from which over 3,000 coral
specimens were recorded.
The major groupings of the dendrogram are shown
in Fig. 3, and the composition of these clusters, in
terms of the localities represented, is indicated in

Mostly cevee
from the Lizard
Island reglon
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Mostly cave.
from the
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I

Fig 3 . Major clusters of dendrogram for 'normal' classification of shade-dwelling coral assemblages. Numbers in brackets indicate number of caves per cluster

Table 1. Cluster diagnostics are shown in Tables 2 to 4 ;
a n d the results are discussed with particular reference
to the 2 a n d 4 cluster levels.
Comparison of the cluster groupings with cave size
showed that, despite the inclusion of some large caves
from the northeast side of Lizard Island in Cluster 1,
the patterns generated are not primarily a reflection of
the size of the sampling unit. Thus cave size does not
seem to be influencing the cluster patterns. Furthermore, cluster patterns d o not seem to be related in any
way to depth. This is doubtless because, although
sampling depth varied from 4 m to 21 m, the decrease
in light intensity with increasing depth within this
range is much less than the reduction in light intensity
caused by shading in cryptic environments.
The dendrogram falls into 2 principal groups. The
first group (Clusters 1 and 2) is composed chiefly of
caves from the Lizard Island region, in which a considerable range of species is well represented. The second
group (Clusters 3 and 4) includes most of the caves
from the Capricorn Group, with a definitely impoverished, a n d qualitatively somewhat different,
coral fauna.
In Cluster 1, many species have much higher cluster
mean values than in other clusters, including most of
those species conspicuous in the first group at the 2
cluster level. Notable in Cluster 1 are caves from the
northeast side of Lizard Island, where the fringing
reefs, with numerous caves a n d gullies, seem to provide a particularly favourable habitat for a wide variety of shade-dwelling corals (own obs.). Also included
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Table 1. Localities represented in cluster groups in Fig 3. Numbers indicate number of caves per locality In each cluster

Lizard Island
Group '

Outer Barrier Reefs

Eyrie
Reef

Outer Reef channels Back reef
NE- NW- LaSE
SW goon slopes (Carter, Yonge, (Yonge,
sides sides
(Jewell, No Name, No Name,
Carter, South Ribbon) South
Yonge)
Ribbon)
Cluster 1
Subcluster 2A
Subcluster2B
Subcluster 3A
Subcluster 3B
Cluster 4

17
19
10

2
10
3
1

2

MC North Kee- Heron Reef
Gil- Direc- per
livray tion Reef
Reef Island'
SW
SE
SE
SE
N
S
side side side side side slde

3
1

6
7

1
3

2
2

1
2

1

1

I

1
1

2
1
1
4
6

Wis- Wiltari
son
Reef Reef
NE
side

SW
side

1
1
3

Fringing reefs

Table 2. Cluster diagnostics for 'normal' classification of
shade-dwelling coral assemblages. 2 cluster level. 'F-ratios
t 1 . 0 ; + and - T-values 20.4 - (1.0, positive or negative
Species
Cluster number
l +2
3+4
Stylocoeniella guentheri
Echinophylla aspera
Leptoseris m ycetoseroides
Psammocora superficialis
Pach yseris speciosa
Cyphastrea microphthalma
Gonjastrea pectina ta
Leptoseris scabra
Young pectiniid
Pavona cf. explanula ta
Scolymia cf. vitiensis
Galaxea cf. astreata
Lithophyllon cf. edwardsi
Pa vona vm.ans
Porites lichen
Tubastrea cf. aurea
Seria topora hystrix
Montipora sp. 8
Leptoseris ha waiiensis
Montipora sp. 1
Stylophora pistillata
Goniastrea a ustralensis

0.28
0.24
0.23
0.22
0.22
0.21
0.17
0.17
0.15
0.13
0.11
0.11
0.18
0.19
0.14

-

0.110.23
0.57 +
0.24+
0.15+
0.14+
0.13+
O.O?+
0.06+

here are caves from various reefs in the northern region. Nearly all localities represented are relatively
exposed to wave action, with rather clear water, few
sites being particularly sheltered.
In the second and largest cluster, many species conspicuous in Cluster 1 a r e well represented, though
generally with somewhat lower mean values. However, a few species notable in the first cluster (e.g.
Leptoseris mycetoseroides, Pavona cf. explanulata,

a n d Psammocora profundacella) are not common here,
while other species (especially Porites lichen, Scolymia cf. vitiensis, Galaxea cf. astreata, a n d Lithophyllon
cf. edwardsi) are more conspicuous in Cluster 2. Small
differences in the relative abundance of a few species
differentiate Subclusters 2A and 2B. Cluster 2 contains
caves from a variety of biotopes, including the majority
of caves from the Lizard Island Group, plus several
caves from other Barrier Reef localities.
In Cluster 3, many species notable in Clusters 1 and
2 are obviously lacking. A few corals are more evident
than in other clusters, especially Seriatopora hystrix,
Leptoseris ha waiiensis, Montipora sp. 8 , and Stylocoeniella armata. Subcluster 3 A (mostly caves from
the outer barrier reefs) and Subcluster 3B (Capricorn
Group caves only) differ to some extent in species
composition. Similarly, Cluster 4 , containing only
caves from the Capricorn region, has a rather
impoverished fauna1 list, with only a few species in
common with Clusters l and 2. A few relatively
uncommon shade-dwelling corals, despite low mean
values, are notable in this group, while Tubastraea cf.
aurea is extremely conspicuous, having a much greater
mean value than any other species in any cluster.
In many caves of the Capricorn region, this coral was
very abundant. This ahermatype often flourishes in
shallow water in strong current (own obs.). The strong
tidal currents in this region may in part account for the
abundance of Tubastraea, particularly in those overhangs allowing good flow of water. However, abundance of this coral is not considered responsible for the
rather different nature of the Capricorn Group caves.
Tubastraea cf. aurea occurs principally on cave ceilings, so it does not exclude corals from other cave
surfaces. More importantly, some caves from further
north in which this species was also very abundant are

121

Dinesen: Regional variation in coral assemblages

Table 3. Cluster diagnostics for 'normal' classification of
shade-dwelling coral assemblages. 4 cluster level. 'F-ratios
< 1 0, + and - T-values 5 0 . 4 - 11.0, positive or negative;
+ + T-values 21.0 - <l6; + + T-values 31.6

+

Table 4. Cluster diagnostics for 'normal' classification of
shade-dwelling coral assemblages. 6 cluster level. 'F-ratios
C1.0; + and - T-values 20.4 - <1.0, positive or negative;
T-values 51.0 - <1.6. Diagnostics given only for species
which serve to differentiate between pairs of subclusters

++

Cluster number

Species
1

2

3

4

Species

Subcluster number
2A

Leptoseris mycetoseroides
Stylocoeniella guentheri
Psammocora superficialis
Pavona varians
Pachyseris speciosa
Cyphastrea microphthalma
Pavona cf. explanulata
Leptoseris scabra
Physogyra lichtensteini
Psammocora profundacella
Echinopora lamellosa
Psammocora explanulata
Podabacia crustacea
Porites sp. 1
Echinoph yllia aspera
Porites lichen
Goniastrea pectina ta
Lithophyllon cf. edwardsi
Scolymia cf. vitiensis
Young pectiniid
Galaxea cf. astreata
Seria topora hystrix
Leptoseris ha waiiensis
Stylocoeniella arrnata
Montipora sp. 13
Stylophora pistillata
Leptoseris glabra
Plesiastrea versipora
Tubastraea cf. aurea
Montipora sp. 8
Coscinaraea colurnna
Cyphastrea serallia
Montipora sp. 1
Favites abdita
Goniastrea australensis
Montipora sp. 9

0.60
0.50++
0.43+
0.35+
0.29'
0 29+
0.25'
0.23+
0.20+
0.17 +
0 09'
0.08
0.07+
0.03+
0.29+
+

-

+

0.20'
0.14'
0.11' 0.16
0.20
0.18'
-

0.12'

-

0.15'
0.13

-

0.22
0.23
0.18
0.16
0.12
0.16
0.13

-

-

-

0.17'

-

-

-

+

-

0.14'
0.1 1'
0.10'
0.15
0.23)

0.45+
0.16+

-

-

0.28' 0.21
0.24+ 0.11+
0.08+
0.08'
0.04+
0.03+
1.19'++'
0.11+ 0.20'+
0.19'
0.18'
0.18'
0.10+
0.09'
0.04'

grouped with caves from the Lizard Island region,
while a number of caves from the Heron Island area in
which T. cf. aurea was not conspicuous are still separately grouped (in Subcluster 3B).
Although the reefs investigated in the south did not
generally contain such extensive cavities as some
northern reefs, the caves, overhangs, and recesses
below coral heads were of a size, structure, and shadiness comparable to many of those investigated further
north. The rather different nature of the shade-dwelling assemblages in the Capricorns is not, therefore,
attributed to cave size or type, but rather to fauna1
differences which appear to be related to latitude.
Such geographical differences are considered in more
detail below.
About half of the caves from the outer barrier reefs

2B

Pachyseris speciosa
Stylocoeniella guentheri
Psammocora superficialis
Physogyra lichtensteini
Scolymia cf. vitiensis
~ o r j i e lichen
s
Cyphastrea microphthalma
Leptoseris mycetoseroides
Merulina ampliata
Young Fungia
Oxypora lacera

Leptoseris ha wailensis
Porites lichen
Stylocoeniella armata
Leptoseris mycetoseroides
Tubastraea cf. aurea
Leptoseris glabra
Plesiastrea versipora
Mon tipora sp. 8
Montipora sp. 2
Stylophora pistillata
Montipora sp. 1
Goniastrea australensis

(Subcluster 3A) are linked with those of the Capricorn
Group. The species Leptoseris hawaiiensis, L, glabra,
and Stylocoeniella armata are conspicuous in this subcluster, these Leptoseris species being generally more
common in outer barrier situations than around Lizard
Island itself (Dinesen, 1980b). However, the cluster
grouping of these outer barrier caves is not due to the
presence of these species, since these corals are not
notable in the Heron Island region. These caves are
apparently linked with those of the southern region
because of a paucity of many species commonly
encountered in the northern region. These outer barrier caves represent a variety of cave sizes and types
from outer slope, channel, and back reef biotopes. Why
these particular caves should have a rather poorer
species composition compared to other caves in the
northern region (including other outer barrier samples)
is therefore unclear.
From Madagascar, Jaubert and Vasseur (1974) and
Vasseur (1974) have distinguished various types of
shaded habitats from different sectors of the reef, and a
definite stratification of species within caves and overhangs. A clear zonation of skiophilous organisms has
also been reported from temperate regions such as the
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Mediterranean (Laborel, 1960; Peres and Picard, 1964).
Apart from the abundance of Tubastraea cf. aurea on
the ceilings of some caves, definite zones or facies
within caves were not detected here (Dinesen, 1980a).
There are, however, sound reasons for such lack of
zonation. The Barrier Reef studies focused on a single
aspect of shade-dwelling communities, the scleractinians, which a r e typical only of less 'obscure' (dark)
cryptic environments. Moreover, in contrast to patterns
found at Madagascar, the Australian studies did not
reveal clear differences in the distribution of hermatypic a n d ahermatypic corals according to irradiance
levels (Dinesen, 1980a).
Certainly, a smaller range of cryptic habitat types
a n d conditions was encountered on the Barrier Reef
than at Madagascar (hence t h e extensive terminology
used by Jaubert and Vasseur [l9741 for Madagascan
caves was not required here). Nonetheless, the habitats
investigated occurred in a wide variety of reef
biotopes, a n d these cryptic habitats included some
gradients i n terms of illumination and hydrodynamic
conditions (Dinesen, 1980a). It is significant that numerical classification has not revealed major differences between cave types, or between caves from
different reef biotopes. Shade-dwelling corals presumably represent a type of assemblage to b e found in
shaded parts of many different reef biotopes, at least
within the same region - a common assemblage which
serves to link these reef biotopes, rather than differentiate between them. The primary differences between
the shade-dwelling coral assemblages studied have a
much broader, regional basis.
The most obvious difference between the Capricorn
Group a n d the more northerly stations is the latitude.
Latitudinal effects in terms of shorter daylength can be
discounted, because reefs are flourishing in the southern region; moreover, the corals considered here are
living a t low light intensities. Mean temperatures a n d
winter minima a r e certainly lower at the southern end
of the Great Barrier Reef Province than further north
(Brandon, 1973), but many shade-dwelling species living also in d e e p water tolerate temperatures lower
than those they would experience in the Capricorns
(Wells, 1957). Moreover, corals such as Leptoseris are
known from marginal, subtropical areas (Dinesen,
1980b). However, it is quite possible that temperature
may influence the structure of shade-dwelling communities in a n indirect manner.
There is a n interesting parallel between reef caves
studied a t Madagascar in the southwest Indian Ocean
(about 23 "S), a n d those from the Capricorn Group, at
about the same latitude. In both regions, hermatypic
corals are not generally abundant in cryptic habitats,
although many shade-tolerant and truly skiophilous
coral species a r e known to occur here.

The list of corals recorded from caves in the Capricorn region is indeed fairly extensive (Dinesen,
1980a), but many of these species were only rarely
encountered. For example, Leptoseris mycetoseroides,
L. hawaiiensis, Lithophyllon cf. edwardsi, Echinophyllia aspera, Pavona varians, and Psammocora profundacella, frequently recorded in the northern Barrier Reef
region, were found in only one or a few southern caves.
Other corals, such a s Pachyseris speciosa, Galaxea
clavus (= Galaxea cf. astreata), Scolymia, a n d Physogyra, were not found in caves in the Capricorn Group,
but they are known to occur on these reefs (Stephenson
and Wells, 1956; Woodhead and Domm, unpubl.). Various shade-dwelling species, including Stylocoeniella
guentheri, Pachyseris speciosa, Porites lichen,
Cyphastrea microphthalma, Coniastrea pectinata, and
species of Leptoseris, pectiniids, and solitary mussids,
have been reported from Tulear by Pichon (1978).They
were not, however, encountered by Jaubert and Vasseur in their studies of skiophilous communities at
Madagascar.
In most of the caves in the Capricorn region, certain
groups of algae were very conspicuous. These
included fleshy green algae (aff. Anadyomene), and
especially the red coralline alga Peyssonnelia, which
was often extremely abundant, covering a high proportion of cave surfaces. Although present further north,
these algae were rarely observed there in such abundance. Significantly, at Tulear, hermatypic corals were
notable only in those parts of the 'algal-dominant
biocoenosis' in which crustose coralline algae were
also conspicuous (Vasseur, 1974). In those facies where
non-crustose coralline algae and fleshy algae were
dominant, corals were apparently less conspicuous.
These observations suggest that shade-dwelling corals in less tropical reef regions are less common in
cryptic habitats than in lower latitude reef areas. It
seems, therefore, that with increasing latitude and
hence cooler water, certain algal groups may b e more
successful than corals in these habitats, with the algae
tending to exclude their scleractinian competitors.
Further evidence is, of course, required to confirm this
view. Although many fast-growing species typical of
the 'open' reef are excluded from these cryptic
habitats, the environment nevertheless supports a
wide range of organisms which may compete with one
another for space. Competition among cryptic organisms has been documented previously (Glynn, 1973;
Cuffey a n d Fonda, 1977; Jackson, 1977), and is further
suggested by the very high cover achieved by some
shade-dwelling species (Hartman and Goreau, 1970;
Jackson et al., 1971; Jaubert and Vasseur, 1974).
Differences have also been found between assemblages of cryptic bryozoans from nearshore and offshore reefs, and between such bryozoan assemblages
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i n t h e B a h a m a s c o m p a r e d t o t h o s e a t B e r m u d a (Cuffey
a n d F o n d a , 1977). All t h e s e s t u d i e s of cryptic c o m munities therefore indicate that while there a r e doubtl e s s s o m e b a s i c similarities b e t w e e n t h e cryptic b i o t a
from m a n y r e g i o n s , g e n e r a l i z a t i o n s a b o u t t h e s t r u c t u r e
of s h a d e - d w e l l i n g c o m m u n i t i e s s h o u l d not b e m a d e
from s t u d i e s w i t h i n a s i n g l e g e o g r a p h i c a l a r e a .
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