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Abstract.—The aims of this study were to identify the species of Millepora
occurring in Brazil and compare the skeletal morphology of M. braziliensis from
Brazil and M. squarrosa from the Caribbean (to address confusion over their
synonymy). One hundred and three colonies of Millepora were collected from
various sites along the Brazilian coast. In an attempt to facilitate delineation among
species, diameters of the gastropores and dactylopores were compared in addition
to other morphological characters. We proposed that the colonies collected from
Brazil comprised four species: M. alcicornis (34 colonies). M. braziliensis (453),
M. nitida (13), and one previously undescribed species (11). Analyses of variance
of the diameters of gastropores and dactylopores among the various species
showed considerable intra-specific variability and some inter-specific spatial var-
iation. At the Abrolhos Islands, significant differences were detected between M.
alcicornis, M. braziliensis and M. nitida for the mean diameter of the dactylopores,
but not the gastropores. In contrast, significant differences in mean diameter of
the gastropores were detected between M. braziliensis and M. alcicornis across
three other locations. We hypothesized that Caribbean M. squarrosa is a species
distinet from M. braziliensis, although the use of molecular systematics may be
required to eliminate doubts about their synonymy.

Edmunds

1999). Despite this and their

species, globally distributed throughout
tropical oceans and generally down to
depths less than 40 m (Cairns et al. 1999).
Of the species currently described, eight oc-
cur in the Indian Ocean, nine in the western
and central Pacific Ocean, four in the east-
ern Pacific Ocean, and six in the western
Atlantic Ocean (Cairns et al. 1999). Since
they often form an integral component of
reef structures, Millepora is considered im-
portant to the ecology of reef systems
throughout their distributions (Lewis 1989,

abundance, compared to scleractinians there
is little information available on their ecol-
ogy and life histories. Lewis (1989) attri-
buted this in part to their relatively lower
diversity and less spectacular growth forms,
although perhaps the main contributing fac-
tor concerns the difficulties associated with
taxonomy and distinction among the vari-
ous species.

Historically, there have been many prob-
lems associated with the identification of
Millepora (see Dana 1846; Quelch 1884,
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1885, 1886: Hickson 1891, 1897, 1898a,
1898b, 1899, 1900; Duerden 1899). Their
identification predominately has been based
on the morphology of gastropores and dac-
tylopores (Boschma 1948a, 1948b, 1949a,
1949b, 1950, 1956, 1961, 1962, 1964,
1966, 1968). in addition to gross skeletal
characters (e.g., colony growth form) tra-
ditionally used to separate scleractinians
(Vaughan & Wells 1943; Fishelson 1973;
Amaral 1991, 1994; Gattuso et al. 1991).
There is, however, considerable disagree-
ment over appropriate homologous charac-
ters that might be used to facilitate identi-
fication. For example, Hickson (1898a)
suggested that important characters include:
colony form, size of the pores and their de-
gree of isolation, presence or absence of
ampullae, texture of the colony surface, rel-
ative number of dactylopores and gastro-
pores, and anatomy of the soft parts. Bosch-
ma (1948a) questioned many of these var-
iables and postulated that growth form, al-
though often highly variable, was the only
character that could be used for positive
identification. In later studies, Boschma
(1949a, 1950) indicated that size and form
of the ampullae could also have taxonomic
value. Similarly, Weerdt (1981, 1984) and
Lewis (1989) suggested that, except for
growth form and attributes of the gastro-
pores and dactylopores, there are few char-
acters of taxonomic value. This is primarily
because each species often has highly var-
iable phenotypic forms (Stearn & Riding
1973; Weerdt 1981, 1984: Lewis 1989) that
are influenced by numerous inter-related
abiotic factors such as available light
(Stromgren 1976), current and water clarity
(Weerdt 1981). Given their plasticity and
the lack of definitive characters that might
be used to facilitate identification, it seems
appropriate to collect information on a
range of variables.

There has been little work on the species
of Millepora occurring in Brazil. Laborel
(1970) showed that there are some prob-
lems with their identification and suggested
that Verrill (1868) and Boschma (1948a) in-
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correctly identified M. nitida (Verrill, 1868)
as M. alcicornis (Linnaeus 1758) and M.
alcicornis as M. braziliensis (Verrill 1868),
respectively. In other studies, Boschma
(1962) and Weerdt (1990) showed that M.
squarrosa (Lamarck, 1816) and M. brazil-
iensis co-exist across Brazilian reefs, al-
though it is possible that the species iden-
tified as M. squarrosa by Weerdt (1990)
may have been M. braziliensis (Amaral
1995, 1997; Amaral et al. 1997, 1998a).
Given the lack of information describing
species of Millepora and their taxonomy
across Brazilian reefs, our aims in this study
were to identify the various species and
provide a preliminary overview of their
skeletal morphometry. In addition, because
of possible confusion in taxonomy between
M. squarrosa and M. braziliensis, we com-
pared local specimens of M. braziliensis
with specimens of M. squarrosa from the
Caribbean.

Materials and Methods

This study was done using a total of 112
colonies of Millepora, including 103 colo-
nies collected from various reef sites along
the Brazilian coast (Fig. 1) and 9 colonies
of M. squarrosa trom the National Museum
of Natural History at the Smithsonian In-
stitution (originally collected from Marti-
nique, Puerto Rico, St. Lucia, Guadeloupe
and Grenada in the Caribbean). The Brazil-
ian specimens are currently stored at the In-
vertebrate Department of the National Mu-
seum of Rio de Janeiro, the Systematic and
Ecology Department of the Federal Univer-
sity of Paraiba, and the Laboratory of Reef
Environment at the Federal Rural Univer-
sity of Pernambuco.

The Brazilian colonies were collected at
various sites (see Fig. 1) from depths down
to 35 m and immediately placed in labeled
plastic bags for transportation to the labo-
ratory. Coralla were cleaned in a solution
of 30% sodium hypochlorite, dried, and an-
alyzed under a stereoscopic microscope
equipped with an ocular micrometer. Data
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collected from all samples included: growth
form; height and transverse diameter of the
colony; characteristics of the upper part of
the colony; number and diameter of the
principal and terminal branches; form, den-
sity and diameter of the dactylopores and
gastropores (a minimum of 18 replicate
measurements); surface texture of the col-
ony; distribution of the pores in several
parts of the colony; presence or absence of
ampullae and their diameter; and numbers
of epibionts and cyclosystems.

Analyses of data.—Quantitative delinea-
tion among species was done with regard
to various skeletal characteristics, refer-
enced against descriptions provided in pre-
vious studies of Millepora (e.g., Boschma

T T
359 300w

Locations of reef sites from which specimens were collected in Brazil.

1962, Weerdt 1981). To provide some as-
sessment of intra- and inter-specific vari-
abilities in morphology, where there were
sufficient data (i.e., at least two specimens
of each species from the various locations),
the diameter of dactylopores and gastro-
pores of species were compared in separate
balanced, nested analyses of variance (AN-
OVA) (Underwood 1981). Prior to analy-
ses, data were tested for heteroscedasticity
using Cochran’s test (Winer 1971) and then
transformed if necessary. Using the avail-
able data, 4 analyses were done including:
a one-nested factor ANOVA for M. alci-
cornis, M. braziliensis and M. nitida at the
Abrolhos Islands; a two-factor nested AN-
OVA for M. alcicornis and M. braziliensis
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at three locations in Brazil (Maceid, Japar-
atinga and Tamandaré); and a one-nested
factor ANOVA for M. squarrosa at three
locations in the Caribbean. Because M. bra-
ziliensis and M. squarrosa showed no sig-
nificant spatial variability in mean diame-
ters of dactylopores and gastropores among
their respective locations (e.g., in Brazil and
the Caribbean—see Results), 5 specimens
of each were randomly selected across all
locations and analyzed with 5 specimens of
Millepora sp. a from Manuel Luiz Parcel in
a one-nested factor ANOVA. Means were
separated following significant f~tests using
the Student-Newman-Keuls (SNK) test
(Underwood 1981).

Results

Quantitative delineation among species:
Based on differences in growth form and
skeletal characteristics, the 103 colonies
collected from Brazil were separated into 4
species: M. alcicornis (34 colonies—Figs.
2, 3), M. bracziliensis (45 colonies—Fig. 2),
M. nitida (13 colonies—Figs. 2, 3) and Mil-
lepora sp. a (11 colonies—Fig. 2) (Tables
1, 2}

Millepora alcicornis (Figs. 2 and 3) was
identified at 9 locations from Cabo Frio in
the south to Manuel Luiz Parcel in the north
and was easily distinguished from its con-
generics (Fig. 1 and Table 1). In most col-
onies, the growth form typically was finely
ramified, varying to totally incrusted,
whereas surface textures were irregular
having shallow ampullae (Table 1). The
dactylopores and gastropores were predom-
inantly rounded and larger than those in all
other species examined (see Results below)
(Table 2). M. alcicornis also had the great-
est mean numbers of epibionts (mostly Me-
gabalanus  stultus), gastropores per cm?,
and ampullae (Table 2). Additional charac-
teristics that distinguished M. alcicornis
from its cogenerics included the presence of
gorgonians as substratum in some colonies
and relatively fewer cyclosystems per cm?.

Millepora braziliensis (Fig. 2) showed a
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similar spatial diversity as M. alcicornis,
occurring at 9 locations from Guarapari in
the south to Manuel Luiz Parcel in the north
(Fig. 1, Table 1). Unlike other species of
Millepora from Brazil, the growth form in
most colonies typically was honey-combed,
comprising several different types including
ramified, hemispheric, columnar, laminate,
fan forms and totally incrusted colonies
(Table 1). M. braziliensis had a very irreg-
ular surface texture, ampullae that varied
from shallow to deep (Table 1), and the
greatest mean number of dactylopores per
gastropore (Table 2). The mean diameters
of gastropores and dactylopores were sim-
ilar to M. nitida (Table 2).

Millepora nitida (Figs. 2, 3) was identi-
fied at the Abrolhos Islands and Macei6
(Fig. 1, Table 1). Its predominant growth
form was ramified with short and round
branches, although in some colonies hemi-
spheric forms were also observed (Table 1).
Surface texture was smooth, with few cir-
ripeds (Table 1). Millepora nitida had shal-
low and isolated ampullae, comparable
mean diameters of gastropores and dacty-
lopores to M. braziliensis and a similar
mean ratio of dactylopores per gastropore
(Table 2). Unlike M. alcicornis and M. bra-
ziliensis, the form of the pores was predom-
inantly irregular (i.e., not circular) (Table
1). Compared to all other species examined,
M. nitida showed a greater transverse di-
ameter, an intermediate colony height, and
had greater and fewer mean numbers of cy-
closystems and gastropores per cm?, respec-
tively.

Millepora sp. a (Fig. 2) was identified
only at Manuel Luiz Parcel, but was very
abundant in this region. The species was
brown and grew in the form of pillars or
fans at a depth of 30-32 m. Nearly all col-
onies examined were bleached and many
incrusted with algae. Unlike the other spe-
cies examined, Millepora sp. a had a
growth form that was always columnar (av-
erage height of 162.7 mm) and a compar-
atively smoother and flatter texture (Tables
1 and 2). The density of gastropores was
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% o )
the characteristic g

) [number of measurements pooled across specimens] of various skeletal characters from the 5 Millepora species. (—)

SE

.

Table 2.—Means (
was not recorded, Dia

number. All measurements are in mm.

No =

diameter,

ZE

M. bra:

M. aleicornis

M. squarrosa

Millepora sp. a

(9 colonies)

{11 colonies)

(34 colonies)

Characteristic

(13 colonies)

(45 coloni

109.00 (7.04) [41] 102.70 (8.96) [13] 162.30(15:32) [11] 60.90 (7.67) [9]

138.20(11.31) [23]

Height of colony

102.10 (5.73) [35] 129.30 (10.51) [13] 83.78) (11.98) [11] 61.70 (5.64) [9]

103.60 (8.82) [22]

Transverse diameter

1.00 (0.00) [11]

1.40 (0.30) [10]
84.10 (8.45) [15]

3.20 (0.62) [16]

20.20 (2.63) [50]

24.60 (1.56) [144]
6.50 (1.41) [23]

1.90 (0.22) [23]
22.85 (1.913) [26]

No prinicipal branches

Dia of principal branch
Dia of terminal branch

No of ampullae
Dia of ampullae

11.55 (0.93) [72]
10.60 (7.94) [6]

6.65 (0.34) [491]
11.08 (2.08) [23]

2.00 (0.00) [1]

1.00 (0.00) [1]

0.36 (0.03) [11]

0.45 (0.02) [22]

2.10 (0.07) [11]

5.40 (2.64) [7]

0.53 (0.01) [136]
2.00 (0.10) [38]
5.40 (2.07) [14]

7.75 (0.72) [4]

0.41(0.02)[171]
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1.60 (0.073) [9]

1.45 (0.21) [11]

1.10(0.037) [32]

16.80 (5.18) [12]

No of cyclosystems
No of epibionts

6.30 (0.41) [11] 6.50 (0.50) [4]

6.80 (0.14) [6]

5.20 (0.13) [8]

Dactylopores per gastropore

Dia of dactylopores
Dia of gastropores

0.07 (0.002) [166]
0.22 (0.003) [187]
21.30(2.49) [9]

0.08 (0.002) [200]
0.11 (0.004) [203]

23.27 2.54)[11]

0.10 (0.002) [240]
0.24 (0.003) [259]
11.00 (1.00) [12]

0.10 (0.001) [1130]

0.14 (0.001) [872]
0.29 (0.002) [827]

29.25(3.17) [35]

0.25 (0.001) [1152]
18.15 (1.41) [39]

No of gastropores per cm?

23.3 per cm® and therefore similar to M.
alcicornis. Millepora sp. a had similar sized
dactylopores as M. squarrosa; however, the
mean diameter of the gastropores was con-
siderably less (see Results below). Com-
pared to the majority of other species ex-
amined, the mean number of dactylopores
per gastropore was intermediate, whereas
ampullae were substantially smaller and
fewer (Table 2).

Intra- and inter-specific variation among
diameters of dactylopores and gastropores:
Significant differences were detected
among specimens in all analyses, indicating
substantial intra-specific variability. Signif-
icant differences were detected between M.
nitida, M. braziliensis and M. alcicornis
collected from the Abrolhos Islands, for the
diameter of the dactylopores, but not the
gastropores (Fig. 4A, B, Table 3). Student-
Newman-Keuls tests showed that compared
to M. nitida and M. braziliensis, M. alci-
cornis had dactylopores with a significantly
greater mean diameter (Fig. 4A).

Two-factor nested ANOVA examining
the differences in diameter of gastropores
and dactylopores between M. braziliensis
and M. alcicornis at three locations (Ma-
ceio, Japaratinga and Tamandaré) detected
significant differences in diameter of gas-
tropores and an interaction between loca-
tion and species of Millepora for diameter
of dactylopores (Table 4). SNK tests of
these data showed that compared to M. bra-
ziliensis, M. alcicornis had a greater mean
diameter of dactylopores at Tamandaré and
Maceid and a significantly greater mean di-
ameter of gastropores at all locations (Fig.
5A, B, Table 4). Millepora braziliensis
showed no significant differences in diam-
eter of dactylopores across the three loca-
tions (Fig. 5A).

One-nested factor ANOVA examining
differences in the diameters of gastropores
and dactylopores of M. squarrosa (Fig. 2)
at three locations in the Caribbean (St. Lu-
cia, Guadeloupe and Grenada) failed to de-
tect any significant differences due to lo-
cation (Table 5). Subsequent analysis of
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Fig. 2. Photographs of (A) ramified Millepora alcicornis, (B) ramified M. braziliensis, (C) honey-combed
M. braziliensis, (D) ramified M. nitida, (E) honey-combed M. squarrosa, and (F) columnar Millepora sp. a.
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0.20 1

0.15 1

0.10 1

0.05 4 = <

0.00

Mean diameter of dactylopores (mm)

0.3 1

0.2

09

0.0

M. nifida M. braziliensis M. alcicornis

Mean diameter of gastropores (mm)

Fig. 4. Differences in mean diameter (£SE) for
(A) dactylopores and (B) gastropores of M. nitida, M.
braziliensis and M. alcicornis at the Abrolhos Islands.
< represents significant differences detected in SNK
tests.,

these specimens with M. braziliensis and
Millepora sp. a pooled across their respec-
tive locations detected significant differenc-
es in mean diameter of gastropores, but not
dactylopores (Fig. 6A, B, Table 6). SNK
tests showed that Millepora sp. a had a sig-

Table 3.
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nificantly smaller mean diameter of gastro-
pores than M. braziliensis and M. squarrosa
(Fig. 6B).

Discussion

The identification of Millepora species
collected in this study was based on various
morphological characteristics, including di-
ameters of the gastropores and dactylo-
pores. From the morphological observa-
tions made and the various significant dif-
ferences detected, it is apparent that, like
the results from previous studies (e.g.,
Boschma 1948a; Weerdt 1981, 1984;
Amaral 1997), Millepora shows consider-
able intra-specific variability. As the syn-
onymy lists are very extensive, we suggest
that Boschma (1948a) be consulted for
more details on M. alcicornis and M. bra-
ziliensis and Verrill (1868) for M. nitida as
suggested by Weerdt (1984). Despite their
high phenotypic plasticity, sufficient infor-
mation was collected to facilitate separation
of the collected colonies into four species:
M. alcicornis, M. braziliensis, M. nitida and
Millepora sp. a.

Laborel (1970) observed that M. alcicor-
nis is an important reef building component
off northeast Brazil (e.g., at Tamandaré
8°41'S, 35°05'W, where it forms a great part
of the reef structure), occurring to depths of
15 m. The results from this study show that
the geographical distribution of M. alcicor-
nis is extended to Manuel Luiz Parcel
(0°46'S, 44°5'W) (see also Amaral et al.
1998b, 2000) and that its bathymetric limit
off Brazil is at least 30 m (based on samples
collected at Manuel Luiz Parcel). This

Summaries of f~ratios from one-nested factor analysis of variance to investigate differences in the

diameter (mm) of gastropores and dactylopores between M. braziliensis, M. nitida and M. alcicornis at the
Abrolhos Islands. ** significant (P < 0.01), * significant (P < 0.05).

Diameter (mm)

Source of variation df Gastropores Dactylopores
Species of Millepora = Sm 2 1.94 6.61%
Specimens(Sm) = S(Sm) 6 34.49%:* 20.23%*

Residual 171
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M. braziliensis

0.20 -

0.15 4

||\J

0.10:+

0.05 A

0.00

Maceio Japaratinga Tamandaré

Mean diameter of dactylopores (mm)

Mean diameter of gastropores (mm)
o
&

M. braziliensis M. alcicornis

Fig. 5. Differences in mean diameter (=SF) for (A) dactylopores and (B) gastropores of M. alcicornis and
M. braziliensis across three locations in Northeast Brazil. < represents significant differences detected in SNK
tests,

Table 4.—Summaries of fratios from two-factor nested analysis of variance to investigate differences in the
diameter (mm) of gastropores and dactylopores (data were sqrt(x + 1) transformed) between M. braziliensis,
and M. alcicornis at three locations in northeastern Brazil (Macei6, Japaratinga and Tamandaré). ** significant
(P < 0.01), * significant (P < 0.05).

Diameter (mm)

Source of variation df Gastropores Dactylopores
Location = L 2 5.36% 16.20%%
Species of Millepora = Sm I s 7.57
L% Sm 2 0.14 8.40%*
Specimens(L % Sm) = S((L X Sm) 2 20.63%* 9.50%*

|
Residual 17




690

PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

Table 5.—Summaries of f~ratios from one-nested factor analysis of variance to investigate differences in the
diameter (mm) of gastropores (data were In(x + 1) transformed) and dactylopores of M. squarrosa at three
locations (St. Lucia, Guadeloupe and Grenada) in the Caribbean. ** significant (P < 0.01).

Source of
variation df

Diameter (mm)

Gastropores Dactylopores

Location = L 2
Specimens(L) = S(L) 3
Residual 102

3.10
12.17%%

0.06
20.58%*

depth is still within the limits proposed by
Lewis (1989) (i.e., 50 m).

Boschma (1948b) affirmed that M. alci-
cornis is a species with an extremely vari-
able growth form, having branches divided
in ramifications, which generally are com-
pressed. In this study, we observed varia-

Mean diameter of dactylopores (mm)

0.3

0.2+

0.14

0.0

M. braziliensis M. squarrosa  Milleporasp. a

Mean diameter of gastropores (mm)

Fig. 6. Differences in mean diameter (=SE) for
(A) dactylopores and (B) gastropores of M. brazilien-
sis, M. squarrosa and Millepora sp. a pooled across
all locations. > represents significant differences de-
tected in SNK tests.

tion in growth forms of M. alcicornis, in-
cluding fine and thick ramified branches as
well as totally incrusting colonies. Weerdt
(1984) also considered the growth form as
being ramified, with delicate or thick
branches often united by plates and flat-
tened in the extremities. Using specimens
collected from the Caribbean, Weerdt
(1984) defined the surface texture of M. al-
cicornis as flat. Gastropores and dactylo-
pores were studied in six colonies and ob-
served to vary from 0.15 to 0.30 mm and
from 0.06 to 0.17 mm, in diameter, respec-
tively, whereas the density of gastropores
was low, varying from 5 to 50 per cm?. In
contrast, we observed the surface texture as
being intermediate, varying from flat (ma-
jority of colonies) to wrinkled (few colo-
nies). Gastropores and dactylopores had av-
erage diameters of 0.29 and 0.1 mm, re-
spectively, whereas the gastropore density
ranged from 4 to 84 per cm?, with a mean
of 29.3 per cm? (Table 2). The differences
between the results of Weerdt (1984) and
this study might be attributed to sample size
(i.e., 6 versus 34 colonies, respectively), or
may be due to the influences of different
ecological conditions between the Carib-
bean and Brazil.

According to Boschma (1949b), the di-
ameters of the ampullae of two colonies of
M. alcicornis varied from 0.3 to 0.45 mm
and from (.5 to 0.7 mm. In this study, am-
pullae were observed in % of the colonies,
with a mean of 11.08 ampullae per colony
and diameters that ranged from 0.25 to 1.33
mm, with an average of 0.41 mm (Table 2).
This species had the greatest number of epi-
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Table 6.—Summaries of f-ratios from one-nested factor analysis of variance to investigate differences in the
diameter of gastropores and dactylopores between M. braziliensis, M. squarrosa and Millepora sp. a pooled
across their respective locations. ** significant (# < 0.01).

Diameter (mm)

Source of variation df Gastropores Dactylopores
Species of Millepora = Sm 2 14.21%* 0.91
Specimens(Sm) = S(Sm) 12 17.59%% 12.76%*
Residual 253

bionts (mostly the barnacle Megabalanus
stultus), similar to the observation made by
Lewis (1992) for M. complanata.

Laborel (1970) suggested that like M. al-
cicornis, M. braziliensis is an important reef
building component in Brazil and noted
colonies with diameters of between 2 and 3
m. The growth form occurring in sheltered
sites was observed to be arborescent. In
more exposed sites, colonies revealed a
more massive honey-combed form, whereas
in very calm sites morphology varied from
laminate and fine branching, similar to M.
complanata and M. squarrosa. Although
the size of colonies observed by Laborel
(1970) were substantiated herein, the latter
observations were not confirmed. For ex-
ample, the majority of colonies of this spe-
cies collected from only one part of a reef
at Tamandaré had several different growth
forms. The results presented here have
shown that the geographical distribution of
M. braziliensis is extended to Manuel Luiz
Parcel (00°46’S and 44°15'W) (see also
Amaral et al. 1998b, 2000).

According to Boschma (1962), M. bra-
ziliensis contains comparatively fine rami-
fications which, in its upper parts, are di-
vided into a certain number of short lateral
branches radiating in several directions.
Boschma (1962) also found other colonies
of hemispheric or globular form, bearing a
great number of close and fine branches,
with round extremities. Millepora brazilien-
sis examined in this study had various
growth forms, including: honey-combed
(found in the majority of the colonies), ram-
ified honey-combed, hemispheric honey-
combed, ramified hemispheric, hemispheric

to laminate, ramified columnar, columnar to
laminate, flat laminate, ramified thick, fan-
like, and colonies totally incrusting (Table
1). Boschma (1962) mentioned two colo-
nies that had heights of 14.5 and 13 cm and
large transverse diameters of 7 and 19 cm,
respectively. The holotype is 7.3 cm in
height and has a transverse diameter of 3.2
cm (Boschma 1962). The results obtained
in this study (from 45 colonies) extend this
variability (e.g., mean height and transverse
diameter were 10.9 ecm and 10.2 cm, re-
spectively; see Table 2). Boschma (1962)
found a great number of ampullae in this
species, with diameters that varied from 0.3
to 0.4 mm. Of the 45 colonies studied here,
23 had ampullae with an average of 6.5 am-
pullae per specimen and a mean diameter
of 0.53 mm (Table 2).

There was clear delineation between M.
braziliensis and M. alcicornis in relation to
the gastropores at the coastal locations ex-
amined, with M. alcicornis having a greater
mean diameter of gastropores (Fig. 5 and
Table 4). However, no significant difference
was detected for the diameter of the gastro-
pores between these species at the Abrolhos
Islands: only the dactylopores were signif-
icantly larger in M. alcicornis than in the
other studied Millepora (Fig. 4, Table 3).
One possible explanation for this result is
the better water quality and environmental
conditions at the Abrolhos Islands. For ex-
ample, higher sedimentation rates (or pol-
lution) in coastal localities may have a
greater effect on the development of gastro-
zooids of M. alcicornis than M. braziliensis.

We compared M. braziliensis and Mille-
pora sp. a from Brazil and M. squarrosa
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from the Caribbean, after first testing for
intra-specific differences among respective
distributions of M. braziliensis and M.
squarrosa. Despite no significant differenc-
es in diameters of the gastropores and dac-
tylopores between M. braziliensis and M.
squarrosa (Fig. 6), the observed morpho-
logical differences, including number of
ampullae, dactylopores per gastropore and
number of gastropores per cm’ provide
some evidence to suggest that these species
should be considered separate. However, to
eliminate doubts over their synonymy, we
suggest the use of molecular systematics
studies (i.e., using DNA and isoenzymes).
SNK tests did detect significant differences
between these two species and M. sp. a,
with the latter having a significantly smaller
mean diameter of gastropores (Fig. 6, Table
6). Combined with the other qualitative and
skeletal characters recorded (Tables 1, 2),
this result provides some evidence to sug-
gest that Millepora sp. a from Manuel Luiz
Parcel is a new species; however, its status
should also be confirmed via molecular sys-
tematics studies.

Laborel (1970) noted that M. nitida had
a dense and compact skeleton and should
be considered endemic to the state of Bahia
(17°20'S, 038°35"W). The results presented
here have shown that the geographical dis-
tribution of M. nitida is extended to the
reefs of Ponta Verde (Alagoas State).
Boschma (1962) found that M. nitida forms
a round mass of close, fine branches, which
possess lateral branches, each of these di-
viding into smaller branches. The external
parts of the branches are rounded, cylindri-
cal or slightly compressed and surface tex-
ture considered flat. Similarly. in this study,
the predominant growth from of M. nitida
was observed as being ramified with short
and rounded branches, but hemispheric
forms were also collected. With regard to
the dimensions of the colonies, Boschma
(1962) observed colonies with heights of
8.5 cm, 6.8 cm, and 3.8 cm and respective
transverse diameters of 11, 11.5, 6.7 and
4.3 cm. We examined 13 colonies of this
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species and enlarged the variation of mean
height and transverse diameter to 10.3 and
12.9 cm, respectively (Table 2).

The results from this study have shown
that Brazilian Millepora colonies with to-
tally incrusting forms can be identified
based on their coenosteal pores. However,
identification of Millepora based on growth
form alone contains much imprecision, pri-
marily because intermediate forms fre-
quently occur, making it almost impossible
to identify incrusting colonies (Amaral
1997). In such cases it is necessary to study
other characters to facilitate identification.
According to Boschma (1948a) and Weerdt
(1981), incrusting colonies that conform to
the shape of their substrata don’t exhibit
enough characters for a specific identifica-
tion. Nevertheless, several authors contin-
ued to define the species of Millepora based
on growth form of the colony and geo-
graphical distribution (e.g., Boschma
1948a, 1948b, 1961, 1962, 1966; Stearn &
Riding 1973; Weerdt 1981, 1984, 1990). In
a revision of taxonomic problems with this
genus, Weerdt (1981, 1984) emphasized the
need for additional characters and acknowl-
edged a shortage of holotypes and the lack
of ecological data associated with speci-
mens in museum collections.

Since last century, Boschma (1948b)
considered that the specific characters
should be those related to growth form of
the colony. Other skeletal characters. such
as size and density of the gastropores and
dactylopores, were intensely studied in the
past, but were considered insufficient be-
cause of high intra-specific variability
(Boschma 1948a, 1948b, 1949a, 1950,
1964). Despite this, we showed that these
characters were beneficial in separating
some of the Brazilian species. Other char-
acters have been used in Millepora system-
atics with varying degrees of success.
These characters include: the morphology
of the zooids (Kruijf 1975), ampullae and
medusae (Lewis 1991), the density and di-
ameter of the zooxanthellae (Amaral &
Costa 1998), and isoenzymes (Manchenko
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et al. 1993, Amaral et al. 1997). Moshchen-
ko (1993) studied M. platyphylia and M. di-
chotoma and found that the zooids, ampul-
lae, coenosarc, gastropores and dactylo-
pores were similar in ramified and laminate
Millepora and that these characters could
not be used in taxonomic studies. In later
work, Moshchenko (1994, 1995) applied a
quantitative method of estimating the struc-
ture of the pores and found that the pores
of laminate Millepora were different from
those of ramified colonies and more specit-
ically. that the pores of M. platyphylla were
characteristically different from ramified
Millepora (Moshchenko 1995). According
to Moshchenko (1996), only two species of
Millepora could undoubtedly be distin-
guished in the Indo-Pacific region: M. pla-
typhylla and M. dichotoma.

Given the above and the results from this
study, it is apparent that a range of variables
are required to facilitate taxonomy of Mil-
lepora and that in some cases. the use of
only growth form and attributes of the gas-
tropores and dactylopores is unlikely to be
sufficient. Whereas it may be feasible to ex-
amine other morphological characteristics
(such as those discussed above) to aid de-
lineation among species, studies involving
molecular systematics may be required to
confirm identification.

Acknowledgments

We would like to thank Dr. C. Castro and
Dr. D. Pires of National Museum of Rio de
Janeiro (UFRJ) and Dr. M. Christoffersen
of UFPB for permission to study the Mil-
lepora colonies of their scientific collec-
tions. Also, we would like to thank Dr. E
[.. da Silveira of USP, Dr. M. J. da Costa
Belém, CNPq research, M. M. Hudson and
C. E da Costa of UFRPE for technical as-
sistance. Many thanks to the Fundacdo de
Amparo a Ciéncia e Tecnologia do Estado
de Pernambuco for the financial support.

Literature Cited

Amaral, E D. 1991. Variagio morfologica dos esque-

letos de Monrtastraea cavernosa (Linnaeus,

693

1767) e Favia gravida Verrill, 1868 (Cnidaria,
Scleractinia). Rio de Janeiro. Dissertaciao (Mes-
trado). Museu Nacional, Universidade Federal
do Rio de Janeiro, 120 pp.

. 1994, Morphological variation in the reef cor-
al Montastrea cavernosa (Linnaeus, 1767) in
Brazil.—Coral Reefs 13:113-117.

. 1995, Formas de crescimento de Millepora
spp do Brasil (Cnidaria, Hydrozoa).—Resumos
do X Encontro de Zoologia do Nordeste. Joao
Pessoa. pp. 3.

. 1997. Milleporidae (Cnidaria, Hydrozoa) do
litoral brasileiro. Tese de Doutorado. Universi-
dade de Sao Paulo, 204 pp.

. R. S. Silva, L. Mauricio-da-Silva, & A. M.
Solé-Cava. 1997. Molecular systematics of Mil-
tepora alcicornis Linnaeus, 1758 and M. bra-
zitiensis Verrill, 1868 (Hydrozoa: Milleporidae)
from Brazil.—Proceedings of the 8" Interna-
tional Coral Reef Symposium Balboa 2:1577-
1580.

, & C. E Costa. 1998. Zooxantelas dos hidro-
corais Millepora alcicornis e Millepora brazil-

iensis e dos corais Favia gravida e Siderastrea

stellata de Pernambuco.—Trabalhos Oceano-

graficos da Universidade Federal de Pernam-

buco. Recife 1:242-252,

, S. D. Cairns, & E. Schlenz. 1998a. Micros-

copia eletrénica de varredura dos esqueletos dos

hidrocorais (Cnidaria, Hydrozoa) do Brasil.—

Resumos do XXII Congresso Brasileiro de

Zoologia, Recife, 1998, 7 pp.

. M. M. Hudson, & M. E Coura. 1998b. Lev-
antamento preliminar dos corais e hidrocorais
do Parque Estadual Marinho do Parcel do Ma-
nuel Luiz (MA)—Resumos do Simpédsio do
CEBIMar- USP, 13 pp.

L & . 2000. Levantamento da
cnidofauna do Arquipélago de Sdo Pedro e Sio
Paulo e do Parcel do Manuel Luiz (MA).—Re-
sumos do XXIII Congresso Brasileiro de Zool-
ogia. Cuiaba, 46 pp.

Boschma, H. 1948a. The species problem in Millepo-
ra.—Zoologische Verhandelingen 1:1-115.

1948b. Specific characters in Millepora.—

Proceedings, Koninklijke Nederlandse Akade-

mie van Wetenschappen 51:818-824.

. 1949a. The ampullae of Millepora.—Proceed-

ings, Koninklijke Nederlandse Akademie van

Wetenschappen 52:3—15.

. 1949b. Notice on specimens of the genus Mil-

lepora in the collection of the British Muse-

um.—Proceedings of the Zoological Society of

London 119:661-672.

. 1950. Further notices on the ampullae of Mil-

lepora.—7Zoologische Mededelingen 31:49-62.

. 1956. Milleporina and Stylasterina, part E Pp.

90-106, figs. 75-85 in R. C. Moore, ed., Trea-




694

tise on invertebrate paleontology. Geological

Society of America, New York.

. 1961. Notice on Millepora braziliensis Verrill,

1868.—Proceedings, Koninklijke Nederlandse

Akademie van Wetenschappen 64:292-297.

. 1962, On Milleporidae corals from Brazil.—

Proceedings, Koninklijke Nederlandse Akade-

mie van Wetenschappen 65(C):302-313.

. 1964. Notice on the ampullae of two colonies

of Millepora.—Proceedings, Koninklijke Ned-

erlandse Akademie van Wetenschappen 67(C):

195-200.

1966. On new species of Millepora from

Mauritius with notices on the specific characters

of M. exaesa.—Proceedings, Koninklijke Ned-

erlandse Akademie van Wetenschappen 69(C):

409-419.

. 1968. The Milleporina and Stylasterina of the
Israel South Red Sea Expedition.—Bulletin of
Marine Fisheries Research 49:8—14.

Cairns, S. D., B. W. Hoeksema, & J. van der Land.
1999. Appendix: list of the extant stony cor-
als.—Atoll Research Bulletin. 459:13—-46.

Duerden, I. E. 1899. Zoophyte collecting in Bluefields
Bay.—Journal of the Institute of Jamaica 2:
619-624.

Edmunds, P. J. 1999. The role of colony morphology
and substratum inclination in the success of
Millepora alcicornis on shallow coral reefs.—
Coral Reefs 18:133-140.

Fishelson. L. 1973. Ecological and biological phenom-
ena influencing coral species composition on
the reef tables at Eilat (Gulf of Agaba, Red
Sea).—Marine Biology 19:183-196.

Gattuso, 1. P, M. Pichon, & J. Jaubert. 1991. Physi-
ology and taxonomy of scleractinian corals: a
case study in the genus Stylophora.—Coral
Reefs 9(4):173-182.

Hickson, S. J. 1891. The medusae of Millepora and
their relations to the medusiform gonophores of
the hydromedusae.—Proceedings of Cambridge
Philosophical Society 7:147—148.

. 1897. On the ampullae in some specimens of

Millepora in the Manchester Museum.—Mem-

oirs and Proceedings of the Manchester Literary

and Philosophical Society 41(2):4 pp.

. 1898a. On the species of the genus Millepora:

the preliminary communication.—Proceedings

of the Zoological Society of London 1898:246—

297,

. 1898b. Notice on the collection of specimens

of the genus Millepora obtained by Mr. Stanley

Gardiner at Funafuti and Rotuma.—Proceed-

ings of the Zoological Society of London 1898:

828-833.

. 1899. Report on the specimens of the genus

Millepora collected by Dr. Willey.—Willey, Ar-

thur, Zoolegical results based on material from

PROCEEDINGS OF THE BIOLOGICAL SOCIETY OF WASHINGTON

New Britain, New Guinea, Loyalty Islands and
elsewhere, collected during . . . 1893, 1986, and
1897, Pt. 2. Pp. 121-132, pls. 12-16.

. 1900. The medusae of Millepora.—Proceed-
ings of the Zoological Society of London 66:3—
10, figs. 1-10.

Kruijf, H. A. M. de. 1975. General morphology and
behaviour of gastrozoids and dactylozoids in
two species of Millepora (Milleporina, Coelen-
terata).—Marine Behavior and Physiology 3:
181-192.

Laborel, J. 1970. Madréporaires et hydrocoralliaires ré-
cifaux gives cotes brésiliennes. Systématique,
écologie, répartition verticale et géogra-
phique.—Résultates Scientifiques des Campag-
nes de la “Calypso™ 9:171-229.

Lewis, J. B. 1989, The ecology of Millepora. The re-
view.—Coral Reefs 8:99-107.

. 1991. The ampullae and medusae of the cal-

careous hydrozoan Millepora complanata. Pp.

165-169 in R. B. Williams, P. E S. Cornelius,

R. G. Hughes, Robson E. A., eds., Coelenterate

biology: recent research on Cnidaria and Clen-

ophora. 216-217.

. 1992, Recruitment, growth and mortality of
the coral-inhabiting barnacle Megabalanus stul-
tus (Darwin) upon the hydrocoral Millepora
complanata Lamarck.—Journal of Experimen-
tal Marine Biology and Ecology 162:51-64,

Manchenko, G. P, A. V. Moshchenko, & V. S. Odint-
sov. 1993. Biochemical genetics and systemat-
ics of Millepora (Coelenterata: Hydrozoa) from
the shore of south Vietnam.—Biochemical Sys-
tematics and Ecology 21(6/7):729-735.

Moshchenko, A. V. 1993. Anatomy and morphology
of skeleton and soft tissues of Millepora spp
(Hydrozoa, Athecata, Milleporidae).—Zoologi-
cal Journal 72:5-14.

. 1994, Method of quantitative estimation of the

structure of the pore apparatus of millepore hy-

droids.—Russian Journal of Marine Biology.

20:465-471.

. 1995, Quantitative evaluation of the structure

of the pore apparatus of millepore hydroids in

Vietnam.—Russian Journal of Marine Biology

21:299-306.

. 1996. Variability of the pore apparatus of Mil-
leporidae of Vietnam.—Russian Journal of Ma-
rine Biology 22:32—-40.

Quelch, J. I. 1884. The Milleporidae.—Nature 30 pag-
&1

. 1885. On some deep-sea and shallow water

Hydrozoa.—Annals and Magazine of Natural

History 16(5):1-22.

. 1886. Report on the reef corals collected by

H. M. S. Challenger during years 1873—1876.—

Report on the Scientific Results of the Voyage

of H.M.S. Challenger, Zoology 16(46):1-203.




VOLUME 115, NUMBER 3

Stearn, C. W., & R. Riding. 1973. Forms of the hy-
drozoan Millepora on the recent coral reef.—
Lethaia 6:187-200.

Stromgren, T. 1976. Skeleton growth of the hydrocoral
Millepora complanata Lamarck in relation to
light—Limnology and Oceanography 21:156—
160.

Underwood, A. J. 1981. Techniques of analysis of var-
iance in experimental marine biology and ecol-
ogy.—Annual Review of Oceanography and
Marine Biology 19:513-605.

Vaughan, T. W., & J. W. Wells. 1943. Revision of the
suborders, families and genera of the Sclerac-
tinia.—Special Papers of the Geological Society
of America 44:1-363.

Verrill, A. E. 1868. Notice of corals and echinoderms
collected by Prof. C. E Hartt, at the Chapeirdes

695

reefs, Province of Bahia, Brazil, 1867.—Trans-
actions of the Connecticut Academy of Arts and
Science New Haven 1:351-364.

Weerdt, W. H. de. 1981. Transplantation experiments
with Caribbean Millepora species (Hydrozoa,
Coelenterata), including some ecological obser-
vations on growth forms.—Bijdragen tot de
Dierkunde 51:1-19.

. 1984, Taxonomic characters in Caribbean Mil-

lepora species (Hydrozoa, Coelenterata).—

Bijdragen tot de Dierkunde 54:243-262.

. 1990. Discontinuous distribution of the trop-
ical west Atlantic hydrocoral Millepora squar-
rosa.—Beaufortia 41(27):195-203.

Winer, B. J. 1971. Statistical principles in experimental
design, 2nd edition. McGraw-Hill Kogakusha,
Ltd., Tokyo, 907 pp.






