C. EFH for Management Unit Species — Sessile Benthos

The concept of essential fish habitat (EFH) is of obvious value when used as a tool to protect
individual fisheries. It is defined as that habitat necessary for their various stages of managed
species life histories to perpetuate. To consider the sessile benthos (SB) as required by the Interim
Final Rule (IFR) for EFH, the concept must be qualified. This is because it is applied to broad
groups of organisms, many of which form the habitat upon which all other species depend. Due to
the large numbers of species of coral, algae and other sessile benthos (450 spp algae; 99 Scleractinia
and 150 spp. of the other groups considered in Hawaii (Eldredge and Miller, 1995) and a total of
approximately 1200 spp of the combined groups in the total AFPI), the concept loses definition and
becomes too generalized to be of value. The vast numbers of SB do not represent a managed
fishery. This is particularly the case when considering the benthos of coral and algae.

The fauna and flora, generally, lack mobility in the adult stages with the intermediate stages are
transported in the water column until settlement. Once they have settled they largely become
habitat. They are instrumental in the ecosystems primary production and are largely responsible for
supporting the higher trophic levels, many with predator-prey relationships. The high degree of
symbiosis begins with the zooxanthellate associations and encompasses a wide degree of
associations involving all groups of the fauna and flora. Much of the physical relief of the reef is
the result of the living environment as is the deposition of the coral reef itself. An overly simplistic
assessment of the habitat requirements for the sessile benthos are suitable substrate, water quality
and light. This, however, negates the history of the substrate development and the myriad of
biological interactions, which qualify as a coral reef. Due to these considerations, the species and
their fundamental roles in the ecosystem define the EFH as the coral reefs themselves. As such, all
coral reefs in the AFPI should be designated EFH for the sessile benthos. This is because all of the
coral reef associated fisheries for which the Magnuson-Stevens Fisheries Conservation and
Management Act was designed to protect and conserve depend on the coral reef ecosystem.

As there is no fisheries extraction of the sessile benthos in the AFPL, the objective of the concept
discussion shifts to the life history characteristics of the fauna and flora of the coral reef
environment. It is the life history stages of the selected benthic groups that comprise the discussion
of their importance in the EFH description. It is important in the consideration of the management
unit species (MUS). ‘

Life histories and habitat requirements rely on an understanding that the coral reef is a variable and
dynamic entity. The composition of the reefs responds to environmental parameters such as
temperature, dilution and sedimentation. Regionally, their composition varies in response to
temperature by virtue of latitude, current regimes and events brought on by unique climatic events
such as El Nino hot spots. Such major discontinuities in taxa occurrence such as the absence of the
genus Acropora in Hawaii or reef cementing coralline alga in extra-tropical areas, require that we
consider reefs on a regional basis, as well as, locally. The history of a particular area is as important
as short-term community cycles and is often seen to be decadal in time frame, and most probably
represents longer cycles. The fossil record of reefs shows a process of progressive change in the
nature of reefs. Current concern for global warming and the effects of some of the hotspots may
require this to be added to the equation, when human induced impacts are considered.
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The interconnectivity of the coral reef, in terms of potential recruitment, provide us with an
understanding of the reef environment that is at once very robust and able to restore itself after the
most destructive natural events. The coral reef is fragile, in that, if the composition of a reef is
changed then the effect is likely to be manifest down current as well. A chronic change in the
environmental parameters of an area is likely to result in a permanent change in the community
composition. In summary, EFHs are not a useful concept for the numerous sessile benthos at the
species level but rather a conformation of the importance of the many non-commercial species that
comprise the coral reef ecosystem. In developing this as an operational framework, Conservation of
these broad groups may be accomplished in two ways. 1) It may be appropriate to establish criteria
for the amount of reef that is allowed to be affected by development, fishing practices or tourism.
This quantity would be established in relation to the amount of area of unaffected reef, within the
range of the ocean currents that would allow restoration or maintenance of this area through
recruitment. 2) Equally useful is the concept of the management unit species (MUS) in making the
description of the ecosystem more manageable with better resolution in its definition. Here generic
assemblages or their interactions are considered entities, which allow a more categorical method of
management.

The Management Unit Species (MUS): An Ecosystem Approach

The concept of the management unit species (MUS) is a useful concept when considering a resource
composed of species or higher taxa who share the same habitat, have the same trophic ecology or
respond to changing environmental variables in a predictable way. Coral reef zonation, as the result
of an environmental regime, reflects a natural MUS organization. Whether through tolerance or
requirement, benthos is sorted into a zonation with respect to the proximity to land, depth or wave
action. Impacts which add nutrients, as the result of some human activity, to a naturally low-nutrient
coral reef and the community changes from being micro-algal and coral dominated, to being
macro-algal and with a great reduction in the hard coral component. In the case of increases in
sediments and freshwater, there is a reduction in species numbers in both groups to those which are
resistant to such effects. Tidal influences of periodic exposure, ponded waters or exposure to wave
action have a dramatic effect in conditioning species compliments.

The MUS may be defined in relation to the environmental variables, be it natural or induced. With
respect to this, taxonomic classification does not conform to groupings by environmental tolerances.
As aresult, a wide range of taxonomic groups is considered depending on the type of organism.
This section describes these groups as general taxonomic entities. Depending on the availability of
information or scale of consideration, in an operational sense, the appropriate taxonomic level
should be used. As an example, Porites/Favid assemblages are characteristic of areas of periodic
flooding. Acropora assemblages and a micro-algal assemblage are characteristic of normal
seawater salinity with clear, flowing aerated water. Add wave action to this and the coral
assemblages become reduced in diversity and morphology characterized by robust or encrusting
forms. Coralline alga dominated. The dynamic potential inherent in coral reef communities
becomes apparent with a change in the environment as the result of some change in a natural
parameter resulting from development or terrestrial activity.

In conforming to the MUS approach, using the general taxonomic groupings of sessile benthos was
considered for designations of the MUS. Within these groups species can be clumped based on
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selection by environmental parameters. Suggested divisions are the hard and soft coral and the
micro and macro-alga. Other benthic groups of reef associated organisms (Porifera, Actinaria,
Hydroidea, Gorgonacea and Zooanthidea), generally, are less dominate in reef communities and
more liable to conform, in terms of abundance, to the dominance exhibited by the primary
groupings. In terms of the reef community composition, these more minor groups are largely coral
or algal associated with the type and abundance of coral or alga conditioning their occurrence. It is
useful to consider the light limited environments of depth or caves where the groups such as the
Gorgonacea and Porifera may be dominant.

It would be in error not to emphasize considering the regionality of such a framework. The
Caribbean and Florida seaboard are very different than the Indo-Pacific. Within the Indo-Pacific,
species occurrence, generally, winnows from west to east and is limited when approaching the
temperate boundaries. As a result, geographic locations may vary in terms of their species
complements. This gives rise to variability in dominance but does not change the relationship
within the four major groupings. The species within the groupings become less consequential,
varying in dominance depending on the region.

Habitat Areas of Particular Concern (HAPC)

Habitat areas of particular concern for the benthos of coral reefs may include a variety of situations.
These may be the same as those which give rise to marine protected areas or where a conservation
area has been set aside to protect organisms which may have been depleted through fishery harvest.
Particular concern may be for an area where coastal development has adversely impacted near shore
areas. With respect to this, it may be that areas within ocean current range should be protected to
conserve areas which are unprotectable due to a requirement for subsistence fishing, recreational
usage, damage done by circumstances of coastal development or activities inland such as
agriculture. It may be that an area is of concern due to the long history of research at a particular
site or area and the encroachment of development (e.g. Pago Pago Harbor, American Samoa).
Reserves, national parks, wildlife refuges and other protected areas are existing operational areas of
particular concern.

1. Algae

Algal Life Cycles

Both sexual and asexual reproduction are widespread in algae, and the predominance of one or the
other is mainly linked to the class of algae in question (Cyanobacteria, Chlorophyta, Phaeophyta or
Rhodophyta) and the predominant geographical and environmental conditions affecting the algal
populations (Bold and Wynne, 1985). Unicellular algae reproduce mainly asexually, while
multicellular algae have asexual or sexual life cycles of varying complexity. Sexual life cycles are
classified into four basic types, according to the site of meiosis or reduction-division of the algal
genome (table I). By far the most common type is the sporic life cycle, in which a usually diploid
sporophyte stage alternates with a usually haploid gametophyte stage. The recurring sequence of
these two stages is called alternation of generations, which can be either isomorphic (when both
generations are morphologically similar) or heteromorphic (where one generation can differ
markedly in morphology from the other).
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Table I1.C.1: Classification of sexual algal life cycles (after South and Whittick, 1987)

Life cycle type Site of meiosis Main algal groups concerned
Zygotic zygote Unicellular algae (Chrysophyceae)
Sporic sporangia Rhodophyta, Phaeophyta,

Chlorophyta
Gametic J.gametangia Chlorophyta ;
Somatic thallus cells Chlorophyta, Rhodophyta
Cyanophyta

In the Cyanophyta, reproduction is primarily by the production of asexual spores, which are released
into the environment and grow into new individuals. These spores can be produced by budding from
the free ends of the filaments, or by the fission of large vegetative cells within the thallus.

Phaeophyta

In most members of the Phaeophyta, sexual reproduction is sporic, with the alternation of a haploid
gametophyte generation with a diploid sporophyte generation; both generations may or may not be
morphologically similar. Spores are usually numerous and motile, being produced in unilocular
sporangia.

Chlorophyta

The Chlorophyta life cycle is variable, but a typical case can be demonstrated in the common genera
Ulva, where zoospores are produced in the thallus which are released and fuse to produce a new
individual. ‘

Rhodophyta

Most members of the Rhodophyta exhibit a sporic life cycle, a majority of which are of the triphasic
Polysiphonia-type. The gametophytes and the tetrasporophyte are often isomorphic (although in
some algae the tetrasporophyte can be crustose and alternate with large fleshy gametophytes). The
Carposporophyte is reduced, and attached to the female gametophyte. The gametes are non-motile.

Distribution patterns of algae amongst the American Flag Pacific Islands (AFPI) (with
nomenclature updated (following taxonomy in Silva et al. 1996), from available literature; excludes
varietal status of species). The attached AFPI algae distribution table lists 815 taxa of marine algae,
statistically broken down as follows: '
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Table I.C.2: Algae distribution in the American Affiliated Pacific Islands (AFPI)

AFPI locality Cyanophyta Chlorophyta Phaeophyta Rhodophyta Total
American 15 31 14 68 128

. samoa eereedsimaisieserenensncasattdacensnsncntereresnonereraonsnarnenesdonctnenertenenusterurneneraresneonansarnsranasansrnnanres

Bakerls. D 6 3 6 16

_ Howland Is. 0 5 1 3 9
Jarvis Is. ! - - - - .
Palmyra Is. 19 39 11 64 133

. Kingman Reef1 N ereeeeeseesenesneasraneone e - .

.Johnston Atoll 119 ... 24 2 A 9
Hawaii ? 3 48 29 343 423

'_NWHI 0 43 32 121 196
Wake Island 2 8 10 3 23
CNMI 5 55 20 57 137

. Guam 16 58 29 98 201
Total 52 142 70 333

! no data available at this time
2 Abbott (1995) estimates the total Hawaiian flora at about 400 species

Comments

Because the reported distribution is related to the sampling effort in each particular locality,
the comparisons are largely artificial at this stage. For instance, the Guam and North West
Hawaiian floras are fairly well-known, while the Jarvis Is., Kingman Reef, Wake Is, Baker
and Howland Islands floras are seriously under-collected or unknown. For the Hawatian
flora, there is a large amount of as yet unpublished material which will drastically increase

the number of known species in the near future (Abbott 1995).

The most comparable groups of algae are the Phacophyta and Chlorophyta, because they are
mostly intertidal in habitat and thus most easily collected and inventoried, and there is a
relatively constant number of common species across the AFPI islands for the better
investigated localities.

Distribution Among Islands

From an examination of the species distribution table, the most commonly reported species
(those which occur in 50% or more of the localities under study) for the islands of the AFPI
are as follows, according to class:
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Table 11.C.3: Most commonly reported species for the islands of the AFPI

Class Most common species Typical reef habitat
Cyanophyta Lyngbya majuscula inner reef flat
Schizothrix calcicola inner reef flat
Chlorophyta Boodlea spp. inner / outer reef flat
Bryopsis pennata inner reef flat / lagoon
Caulerpa racemosa inner / outer reef flat
Caulerpa serrulata inner reef flat / lagoon
Dictyosphaeria spp. inner reef flat / lagoon
Halimeda discoidea inner reef flat
Halimeda opuntia inner reef flat
Neomeris annulata inner reef flat
Ventricaria ventricosa reef flat / outer reef slope
Phaeophyta Dictyota friabilis reef flat
Feldmannia indica reef flat
Hincksia breviarticulata reef crest / exposed shoreline
Lobophora variegata reef flat / lagoon
Sphacelaria spp. reef flat / epiphytic
Turbinaria ornata reef flat / bommies in lagoon
Rhodophyta Amphiroa fragilissima inner reef flat
Asparagopsis taxiformis reef crest / outer reef slope
Centroceras clavulatum reef flat / epiphytic
Gelidiopsis intricata inner reef flat / lagoon
Gelidium pusillum inner reef flat
Hydrolithon reinboldii reef crest
Hypnea esperi inner reef flat
Jania capillacea reef flat
Martensia fragilis outer reef slope
Neogoniolithon brassica-florida | reef crest
Polysiphonia spp. reef flat
Porolithon onkodes reef crest
Portieria hornemanni outer reef slope

Habitat distribution of the common algal species in the AFPI (After N' Yeurt, 1999)
The Flora of Fringing Reefs

In shallow, calm fringing areas where sediment accumulations are predominant, green and brown
algae are most abundant with the most characteristic species being Caulerpa spp., Chlorodesmis
Jastigiata, Halimeda spp., Neomeris spp., Ventricaria ventricosa and Boodlea spp. for the greens,

and Padina spp. and Dictyota spp. for the browns. Common red algae include Galaxaura spp. and
Laurencia spp. When water depth and movement are more important, hard substrata (coral colonies
and rubble) are more numerous and ubiquitous species such as Turbinaria spp. and Sargassum spp.
thrive. In very exposed places, the marine scenery is generally rocky or limited to small shelves
below the border road. The violent wave action increases sea spray and enables the rise of certain
species notably the two brown algae Chnoospora minima and Hincksia breviarticulata. On this type
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of shelf we generally find the flora of external reef shelves described later, confined to a few square
meters owing to the intensity of the hydrodynamic factors such as wave action.

The Flora of the Barrier Reef

On barrier reefs, coral bommies are generally dominant, between which are spread out well
sorted-out sediments. The pavement of the lagoon floor is visible in areas of strong hydrodynamism.
Water level rarely exceeds 2.5 m. The flora is essentially one of hard substrata, and species exist in
close link with the coral colonies, resulting in a mosaic pattern of species distribution. The summit
of coral bommies skimming the water surface are generally colonised by the large brown algae
Turbinaria ornata and Sargassum spp., that form an elevated layer under which grow species such
as Amansia sp., and coralline algae. In areas where grazing by herbivores is more important, the
bommies are covered by a fine tuft where a great number of discrete species belonging to the
Ceramiaceae and Rhodomelaceae intermingle. In areas where hydrodynamism is more important,
the encrusting coralline algae form pinkish, yellowish and bluish blotches on the upper parts of the
substratum.

At the base of bommies, it is common to see large bunches of brown algae such as Dictyota
bartayresiana, intermingled to the spread-out thalli of Halimeda opuntia and tufts of the red algae
Galaxaura fasciculata and G. filamentosa. Most crevices are colonised by Ventricaria ventricosa,
Valonia fastigiata, and Dictyosphaeria spp. Finally, where direct sunlight does not reach, live a
range of encrusting coralline algae whose pink, violet and purple hues mingle with the soft green
colours of Halimeda spp. and Caulerpa spp.

The Flora of the Outer Reef Flats

It is probably the richest and most diversified flora of the reef complex. On high islands, it is
represented by a belt of the brown algae Turbinaria ornata and Sargassum spp.. We find in
particular the erect and stiff tufts of Laurencia spp. and Gelidiella spp., to which are attached the
little bright green balls of Chlorodesmis fastigiata, or the light pink hemispherical cushions of the
articulated Corallinaceae Amphiroa spp. and the opportunistic Jania spp. It is here that the
encrusting calcified algae form the most important growths, with notably Hydrolithon spp.
However, it is on the reef flats of atolls that Corallinaceae formations are the most exuberant. They
form a compact pad of a beautiful brick-red colour, and in very exposed places even construct
spectacular corbellings several tens of centimetres thick. The dominant species is Hydrolithon
onkodes with a rather smooth texture. On atolls, large brown algae are absent and the fleshy species
are limited to yellowish-brown rosettes of Lobophora variegata and Turbinaria spp.

The Flora of the Lagoons of Atolls

The sandy bottoms of the lagoons are often in deeper parts, covered with a mucous film rich in
bacteria or of a carpet of Cyanobacteria where mingle tufts of filamentous red algae such as
Polysiphonia, Ceramium. The hard substrata are always much richer in various green algae such as
Caulerpa and Halimeda. Bommies in the lagoon offer a habitat for green genera such as
Cladophoropsis spp. and very large varieties of Dictyosphaeria cavernosa.
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The Flora of the Outer Reef Slope

It extends beyond 10 meters depth. The red algae are most abundant and diversified. It is the main
area of encrusting coralline algae (mainly in the atolls), but also of elegant and fleshy forms such as
Gibsmithia hawaiiensis and Asparagopsis taxiformis. As one goes deeper, coralline algae become
the dominant species, although occasionally species of the green algal genus Halimeda and the
brown algal genus Lobophora have been found up to depths of 130 metres (Littler e al. 1985) while
the green alga Caulerpa bikinensis has been reported beyond depths of 70 metres (Meinesz et al.
1981).

The Ecological Role of Algae in the Coral Reef Ecosystem

Benthic algae are a very important, yet often overlooked component of any reef biome. Marine
plants are responsible for the primary productivity of the reef ecosystem, owing to their
photosynthetic ability which inputs solar-derived energy into the reef community. This energy is
made available to other reef organisms in a variety of forms, ranging from direct input (grazing by
hervibores; symbiotic relationships with invertebrates and fungi) or indirectly by the breaking down
of plant products and detrital residues after death.

Algae play an important role in organic and inorganic material cycles within the reef community, by
being able to retain and uptake key elements such as nitrogen and carbon. The primary role of
marine algae in the carbon and nutrient cycles of coral reef ecosystems cannot be underestimated
and has been the focus of much research (Dahl 1974; Wanders 1976; Hillis-Colinvaux 1980; Payri
1988; Charpy and Charpy-Roubaud 1990; Charpy-Roubaud and Sournia 1990; Charpy-Roubaud et
al. 1990, Charpy et al. 1992; Gattuso et al. 1996).

Calcified (Halimeda and Amphiroa spp.) and crustose coralline algae play a major but easily
overlooked role in coral reef construction and consolidation, and contribute a major part of reef
carbonate sediments (Payri 1988). These organisms lay down calcium carbonate as calcite, which is
much stronger than the brittle aragonite produced by corals, thus cementing and consolidating the
reef structure. In particular, coralline algae are of primary importance in constructing the algal ridge
that is characteristic of exposed Indo-Pacific reefs, which prevent oceanic waves from striking and
eroding coastal areas (Nunn 1993; Keats 1996). At the other extreme, penetrating or boring algae
such as Cyanophyta are important contributors to bioerosion and breakdown of dead reef structures
(Littler and Littler 1994).

Marine macroalgae contribute significantly to organism interrelationships in reef ecosystems, either
by the production of chemical or structural by-products on which other organisms depend, the
providing of protective micro-habitats for other species of algae or marine invertebrates, or by
offering surfaces promoting the settlement and growth of other algal species or the larvae of some
herbivorous invertebrates such as abalone (Dahl 1974; Keats 1996). Symbiosis is also an important
aspect of algal interrelationships in reef communities, with hermatypic corals relying on
photosynthetic zooxanthellae for food. Marine plants thus offer a remarkable potential as
experimenting organisms in the elucidation of the complex chemical and biological interactions that
make up the fragile, closed ecosystems of tropical coral reefs (Littler and Littler 1994).
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The Effects of Human Activities on Coral Reefs, in Relation to Algae

The impact of human habitation, and activities linked to industries and waste processing and
disposal have proven negative impacts on coral reef ecology. An "healthy ecosystem" is a
self-regulating unit where ecological productivity and capacity is maintained, with a diversity of
flora and fauna present (Federal Register 1997: 66551). Some reef organisms are very sensitive to
disruptions, and can act as timely indicators of changes in the natural balance of the ecosystem. For
instance, the absence of Acropora coral on the backreef areas could indicate polluted waters with
high levels of siltation, a situation reported from the stressed Aua Reef on Tutuila Island, American
Samoa (Dahl and Lamberts 1977). The green algae Enteromorpha spp. and Ulva spp. thrive in
high-nutrient areas, acting as bio-indicators of organic pollution linked to sewage outfalls, and also
accumulate heavy metals present in industrial effluents (Tabudravu 1996). Dredging and increasing
reclamation of coastal mangrove for industrial and urban use further contribute to siltation of the
lagoon and the destruction of algal habitats and marine nursery areas. In this respect, algae can be
classified as essential fish habitats (EFH) as they are direct contributors to the well-being and
protection of fish species, both as a source of food and offering protection to larvae and small fish
species. Overfishing in the lagoon reduces the number of herbivorous fishes, destroying the fragile
equilibrium between reef organisms, while the input of excess nutrients via sewage and domestic
effluents into the lagoon contributes to algal blooms. This can lead to the ecosystem shifting from
coral dominance to algal dominance, and abnormal blooms of turf algae have been known to
overgrow and kill healthy coral (Dahl 1974; Littler and Littler 1994) while >red tide= dinoflagellate
blooms lead to anoxic conditions killing a wide range of marine organisms (Horiguchi and Sotto
1994). Increased chemical pollution of the lagoon could also lead to a bloom of reef-destroying
organisms such as the crown-of-thorn starfish (Randall 1972).

Coral reefs have been known to recover relatively well if the stressing factors are removed soon
enough before permanent damage is done (Dahl and Lamberts 1977). A strong and healthy barrier
reef, in particular the Porolithon algal ridge of atolls, acts as a natural breakwater offering
protection to coastal areas in the event of cyclones and such natural disasters, which are frequent in
the region (Nunn 1993). However, the coral structure can be severely damaged and weakened as a
result of siltation, eutrophication and the overgrowing of coral colonies by opportunistic
filamentous algae (such as for instance happened in Kaneohe Bay, Hawaii; see Smith 1981),
necessitating the construction of artificial barriers.
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2. Porifera (sponges)

Important Summary Documents

Moore (1955) described the paleosponges and their dominance in ancient reefs.

Early records of Pacific sponges Bowerbank (1873) and Agassiz (1906). Bergquist (1965,1967,
and 1977) catalogued sponges in Micronesia and Hawaii. Kelly-Borges and Valentine (1995) have
reviewed the status of the sponges of Hawaii.

Taxonomic Issues

No overall classification of the Porifera exists. Calcarea: Burton (1963); Vacelet (1970).
Demospongiae Levi (1973) and Bergquist (1978). Sclerospongiae: Hartman & Goreau (1970,
1975) Hexactinellida: Ijima (1927). De Laubenfels (1950a,b 1951, 1954; 1957) recorded the
sponges from Hawaii. Species numbers: 84 species in Hawaii Berquist (1977); Chave and Jones
(1991); 5000-9000 spp. (Colin and Arneson, 1991) and 10,000 spp. George and George (1979)
world-wide.

Habitat Utilization

Use of chemical agents in competing for substrate. Often found at depth, in caves, and vertical
areas where not colonized by hard coral. Rutzler and Rieger (1973) described the burrowing sponge
Cliona into a calcareous substrate.

Life History
Adult: Appearance and Physical Characteristics

Vary greatly in size. The majority are irregular and exhibit massive, erect, encrusting, or branching
growth pattern. Many are brightly colored. The body of the sponge is a system of water canals,
where with incurrent pores allow water to flow into the atrium and out through the osculum
(asconoid, syconoid, and leuconoid plans). The skeleton may be composed of calcareous and
silaceous spicules, protein spongin fibers. The spicules exist in a variety of forms and are important
in the identification and classification of species.

Of pharmaceutical interest due to the biologically active compounds, most probably used in defense.
Some compounds affective against certain tumors and potential effective in treating other diseases.

Reproductive Strategies

Sexual (viviparous and oviparous), asexual and hermaphroditic. Synchronous release of gametes
triggered by lunar or daily cycles. Eggs develop into larvae which swim or creep along the bottom.
Asexual reproduction is through budding, fragmentation and gemmules (Barnes, 1987, Fromont,
1994). Recruitment may occur by fragmentation from predation (Kelly-Borges and Berguist, 1988).

Distribution
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Table 5 shows the distribution of the sponges in some of the AFPI. In Guam and Mariana Islands
Bryan(1973). Briggs (1974) provided information on broad distributions as did Hooper and Levi,
1994. In Hawaii, biological interactions affect the occurrence of the sponge Damiriana hawaiiana
Casper (1981). Encrusting sponges may kill corals (Plucer-Rosario, 1987).

Feeding and Food

Particle feeding and ingestion of plankton and bacteria (Reiswig 1971,1975a)
Utilization of DOM, directly or indirectly, by symbiotic cyanobacteria (Barnes 1987; Wilkinson,
1979, 1983).

Behavior

Symbiosis common which includes shrimps, crabs, barnacles, worms, brittlestars, holothurians, and
other sponges (Colin and Arneson, 1991). Tethya sp. produces filamentous extensions for mobility.
Placospongia rapidly closes its plate-like surface when touched. Tedania (fire sponge) causes
burning due to spicules and chemicals. Hippospongia and Spongia are used as bath sponges.

Diurnal rhythm in the active flow of water (Reiswig, 1971)

Spawning: Spatial and Temporal Distribution

Lunar and diurnal periodicity

Appearance and Physical Characteristics of Eggs (size. shape, color, etc) and

Duration of Phase

During mass spawning events (Reiswig, 1971), sperm appears as clouds of smoke. In some cases,
release of eggs causes appearance of opaque mucous covering sponge (Colin and Arneson, 1995).

Larvae: Appearance and Physical Characteristics of Larvae
The larval metamorphosis is described by Simpson (1986).
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Table II.C.5: Distribution of sponges within the American Affiliated Pacific Islands (AFPI) (after
Kelly-Borges and Valentine, 1995)

AS: American Samoa; HI: Hawaiian Islands; NMI: Commonwealth of Northern Mariana Islands;
GU: Guam

Taxonomy/occurrence AS HI CNMI GU

DEMOSPONGIAE

Homosclerophorida

Oscarella tenuis

Ancorina acervus X

Asteropus kaena X

Dorypleres splendens X

Erylz)s caliculatus

Erylus proximus

Erylus sollasi

t
<
g
i3
i S
=
g
X ix ix ix ix

Geodia gibberella

Jaspis stellifera X

Melophlus sarasinorum X

Rhabdastrella pleopora X

Stelletta debilis

Zaplethes digonoxea

Lithistida

Aciculites papillata X

Cinachyra porosa

Paratetilla bacca

Hadromerida

Anthosigmella valentis X
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Taxonomy/occurrence AS HI CNMI . GU

Chondrosia chucalla X

Chondrosia corticata X

Chondrosia sp

Diplastrella spiniglobata

X i X X X

Kotimea tethya

Placospongia carinata X

Prosuberites oleteira X

Spheciospongia aurivilla

Spheciospongia purpurea

Spheciospongia vagabunda X X

Spirastrella coccinea

Spirastrella keaukaha

Terpios aploos X

Terpios granulosa X

Terpios hoshinoto

Terpios sp

Terpios zeteki X

Tethya coccinea X

Tethya diploderma X

Tethya robusta X

Timea xena X

Halichondrida

Axechina lissa

Axinella solenoides

Axinyssa aplysinoides X

Axinyssa xutha

Ciocalypta pencillus X
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Taxonomy/occurrence

Hi

CNMI

GU

Cymbastella cantherella

Eurypon nigra

Halichondria coerulea

Halichondria dura

Halichondria melanadocia

X X X X X

Higginsia anfractuosa

Higginsia mixta

Homaxinella anamesa

Hymeniacidon chloris

Myrmekioderma granulata

Myrmekioderma sp.

Phycopsis aculeata

Pseudaxinella australis

Raphisia myxa

Rhabderemia sorokinae

Stylotella aldis

Stylotella aurantium

Ulosa rhoda

Adocia gellindra

Adocia turquosia

Adocia viola

Aka mucosa

Amphimedon sp

Callyspongia aerizusa

Gellius gracilis
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Taxonomy/occurrence

AS

Hi

CNMI

GU

Haliclona acoroides

Haliclona aquaeducta

Haliclona koremella

Haliclona lingulata

Haliclona pellasarca

Haliclona permollis

Haliclona streble

Haliclona viridis

Niphates cavernosa

Niphates spinosella

Sigmadocia amboinensis

Sigmadocia symbiotica

X iX iX iX iX iX

Toxadocia violacea

Petrosida

Pellina eusiphonia

Pellina pulvilla

Pellina sitiens

Petrosia puna

Acamas caledoniensis

Amphinomia sulphurea

Axociella kilauea

Biemna fortis

Clathria frondifera

Clathria vulpina

Coelocartaria singaporense

Crella spinulata
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Taxonomy/occurrence

AS

Hi

CNMI GU

Damiriana hawaiiana

Desmacella lampra

Echinodictyum antrodes

lotrochota protea

Kaneohea poni

Lissodendoryx calypta

Microciona haematodes

Microciona maunaloa

Mycale cecilia

Mycale contarenii

Myxilla rosacea

Naniupi ula

X iX X iX iX iX iX

Prianos phlox

Strongylacidon sp.

Tedania ignis

Xytopsiphum kaneohe

Xytopsiphum meganese

Xytopsues zukerani

Zygomycale parishii

X X i X X iX iX iX

Dictyoceratida

Fasciospongia chondrodes

Hippospongia densa
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Taxonomy/occurrence

AS

HI

GU

Hyrtios erecta

Lendenfeldia dendyi

Spongia irregularis dura

Spongia irregularis lutea

Spongia oceania

Stelospongia lordii

X X X X

Aplysinella tyroeis

Ianthella basta

Psammaplysilla purpurea

Dendroceratida

Aplysilla rosea

Aplysilla sulphurea

Aplysilla violacea

Dendprilla cactus

X X X iX

Dendrilla nigra

Dysidea avara

Dysidea fragilis

Dysidea herbacea

Dysidea sp

Euryspongia lobata
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Taxonomy/occurrence

HI

CNMI

GU

Pleraplysilla hyalina

Acanthochaetetes wellsi

Astrosclera willeyana

Leucetta avacado

Leucetta solida

Leuconia kaiana

Leucosolenia eleanor

Leucosolenia vesicula

X iX iX iX

Murrayona phanolepis

Sycandra coronata

Sycandra parvula

Sycandra staurifera

HEXACTINELLIDA

Euplectella sp

Stylocalyx elegans
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3. Millepora sp. (Linnaeus, 1758) (stinging or fire coral)

Important Summary Documents
Lewis (1989) discussed the ecology of Millepora. Growth and age were investigated (Lewis, 1991).

Taxonomic Issues

Class Hydrozoa: Order Milleporina (Hydroidea): Family Milleporidae: 48 species
The history of Millepora taxonomy has been the opposite of scleractinian taxonomy where each
minor growth form was often described as a new species (Veron, 1986).

Habitat Utilization

Found on projecting parts of the reef where tidal currents are strong. They are also abundant on
upper reef slopes and in lagoons and may be a dominant component of some coral communities
(Veron, 1986).

Life History
Adult: Appearance and Physical Characteristics

Colonial and hermatypic. Arborescent, plate-like, columnar or encrusting with a smooth surface
perforated by near-microscopic pores. These are of two sizes: the larger are the gastropores, with
each surrounded by five to seven smaller dactylopores. Fine straight hairs, visible under water,
project from the colony surface. The growth variation is often based on environmental influences.
Colors are green, cream or yellow. May be tan-coloured antler-like sheets with branch ends whitish.

Distribution

Globally, the genus is distributed from as far south as South Africa and southern Western Australia
to the Kyushu Islands. From the African coast of western Indian Ocean and the Red Sea and the
Marquesas in the east. The genus also occurs in the Central and Eastern Pacific and the Caribbean
Sea.

Following is a summary of some Indo-Pacific species (adapted from Lewis 1989): their
morphology, depth and reef zone and water circulation requirements.
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Table 11.C.6: Species summary of the genus Millepora (Lewis 1989).

Species Form Location on reef Habitat type
Millepora Fan, branches, vertical | 0-5m, reef edge Turbulent, area of the
dichotoma sheets and walls surf
M. exaesa Robust branches or 0-10m, reef edge, Moderate to turbulent

solid and round outer reef slope

M. platyphylla Sheets, leaves fans 0-10m, reef edge, Strong to powerful,

branches reef flat turbulent
M. tenella Fans, branches, sheets | 0-10m, reef edge, medium to strong
outer reef slope

Feeding and Food

Gastrozoiids consume food and are the colony polyps have tentacles and a gastrovascular cavity.
The dactylozoiids are used for prey capture and have numerous tentacles, which convey a fuzzy
appearance. They have a potent sting. Autotrophic due to zooxanthellae but may rely on small
plankton and dissolved nutrients.

Reproductive Strategies

Alternation of generations: a sessile, asexual polyp stage and a free-living, sexual medusa stage.
Medusa are reproduced by asexual division or budding. The medusa has separate sexes and
produce eggs or sperm, which unite and develop into free-swimming planula larvae. Planula larvae
are able to swim freely, though largely planktonic.

References

Lewis J.B. (1989). The ecology of Millepora. Coral Reefs 8 (3): 99-107.

Lewis J.B. (1991). Banding age and growth in the calcareous hydrozoan Millepora complanata
Lamark. Coral Reefs 9 (4): 209-214

Veron J. E. N. 1986: Coral of Australia and the Indo-Pacific. Angus and Robertson. ISBN 0 207
15116 4.
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4. Stylasteridae (Gray, 1847) (Stylasterines; lace corals)

Important Summary Documents

Veron (1986) Colin and Arneson (1995) and Fossa and Nilsen (1998) provide description of the
family.

Taxonomic Issues

Class Hydrozoa; Class Stylasterina; Family Stylasteridae

Approximately 15 genera. Two are common reef genera: Stylaster Gray 1831 (48 species);
Distichopora Lamarck 1816 (34 species) (Veron, 1986).

Taxonomy at the species level poorly known.

Habitat Utilization
With in the reef, sciaphilic or low light, often abundant under overhangs or on the roof of caves.

Also found in deep reef conditions particularly if swept by tidal currents (Colin and Arneson, 1995)

Life History
Adult: Appearance and Physical Characteristics

Colonial, ahermatypic, usually arborescent, with tubular gastropores surrounded by smaller
dactylopores and usually forming cyclosystems (Veron, 1986). Colour is bright and may be red,
pink, orange, purple or white.

Stylaster spp.: Colonies are arborescent with fine branches, growing in one plane, which seldom
anastomose. Cyclosystems alternate left and right side of branches.

Distichopora spp.: Colonies are arborescent with flattened, blunt-ended, non-anastomosing
branches of uniform width, growing in one plane. There are no cyclosystems: gastropores are
aligned along the lateral margins of branches with rows of dactylopores on either side (Veron, 1986;
Sheer and Obrist, 1986).

Distribution

Stylaster spp.: Worldwide, extending to the Arctic and Antarctic.
Distichopora spp.: Circum-Australia, Central and the Indo-Pacific.

Feeding and Food

No zooxanthellae so heterotrophic, feeding presumably on small plankton. Dissolved nutrient
absorption must be important.

Reproductive Strategies

Sexual individuals, the gonophores, develop in ampullae between the gastropores and release
planula larvae.
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5. Solanderidae (Gray) (hydroid fans)

Important Summary Documents

Cooke (1977) described Hawaiian fauna all, of which, have a wider distribution.

Taxonomic Issues

Class Hydrozoa; Order Hydroida; Suborder Athecata (=Anthomedusa; Gymnoblastea); Family
Solanderiidae (George and George, 1977; Barnes, 1987).

Habitat Utilization

Shallow water to 100 metres (Colin and Arneson, 1995).
Often found in deeper water ore cave or overhang environment (Cooke, 1977).

Life History
Adult: Appearance and Physical Characteristics

Similar in appearance to gorgonians and other sea fans. May be branching, ramose or encrusting.
Branching in one plane, perpendicular to the current or wave action. Commonly found in exposed
areas on wave swept shallow outer reefs (Colin and Armeson, 1995). Solanderia spp. is branching
and may be 30cm high. Family is characterized by the presence of a perisarc composed of
anastomosing chitinous fibers with scattered capitate tentacles (Cooke, 1977).

Defense is accomplished by the specialized tentacle the dactylozooids.
Colour species dependent: dark brown to yellow brown, red with white tentacle.

Distribution
Occur from western Africa through the central Indo-Pacific. Northerly limit Japan and Hawaii.

From Cooke (1977):

Solanderia minima: Zanzibar, Africa; Hawaii.
S. secunda: Central Pacific

S. misakinensis: Japan; Hawaii

S. sp.: New Guinea (Colin and Arneson 1995)

Feeding and Food

Gastrozooids capture and ingest zooplankton that is small enough to be handled. Extra-cellular
digestion takes place in the gastrozooid. The partially digested broth the passes into the common
gastrovascular cavity where intracellular digestion occurs.

Reproductive Strategies

Reproduction is by means of fixed gonophores or gonozooids. Applying generalized hydroid
reproduction, the gonophores bud off both male and female, mobile medusae, which develop
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gonads and reproduce. The fertilized egg divides and develops into free-swimming larvae that
attach to substrate to form a new hydroid.

References

Barnes, R. D. 1987. Invertebrate zoology. Saunders College, Philadelphia.
Colin, P. L., and C. Arneson. 1995. Tropical Pacific Invertebrates. San Diego: Coral Reef Press.

Cooke, J. 1977. Order Hydroida. In Devany D. M. & L. G. Eldredge (eds.) 1977. Reef and Shore
Fauna of Hawaii. Bernice P. Bishop Museum Special Publication 64 (1).

George, D. & J. George, 1979. An Illustrated Encyclopedia of Invertebrates in the Sea Marine Life.
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6. Scleractinia (stony corals)

Important Summary Documents

Veron (1986) provides a popular taxonomic guide for stony corals and their biology. Birkeland
(1997) is a modern synthesis of coral reef dynamics.

Fadlallah, (1983), Harrison and Wallace (1990) reviewed coral reproduction. Richmond and
Hunter (1990) compared coral reproduction geographically.

Taxonomic Issues

Veron and Pichon (1976); Veron, Pichon and Wijsman-Best (1977); Veron and Pichon (1979);
Veron and Pichon (1982); Veron and Wallace (1984) have revised the taxonomy of the order
Scleractinia in the AIMS Monograph series. Many of the earlier checklists require revision for
comparison. References for description and checklists of the AFPI are: Hawaii -Maragos (1977,
1992,1995); Guam - Jones and Randall (1973); CNMI - Randall (1995); American Samoa -
Birkeland,, Randall and Amesbury (1994); Lamberts (1980); Wake I. - Anon. (1999); Midway
Atoll, Northern Hawaiian Islands - DeFelice, Coles, Muir, Eldredge (1998); Johnston Atoll -
Maragos and Jokiel (1986); Jokiel and Tyler (1992); Palmyra Atoll - Maragos (1979, 1988, in

prep.) ‘
Habitat Utilization

Stony coral attach to the reef substrate creating a variety of biological habitats on which many other
groups rely for shelter and symbiosis. Coral skeletons with the aid of coralline algae create the reef
structure.

The distribution of hard coral over the reef is the result of fortuitous settlement and environmental
sorting. The history of disturbance in an area plays a large role in the nature of the coral
assemblage. Generally, there is a near shore assemblage which is dominated by genera resistant to
the influence of the terrestrial factors and tidal variation. (eg. siltation, flooding, and variation in
temperature). The genus Porites, Montipora and Pavona, in that order to dominate the reef
seleractinians in Hawaii. In Hawaii, the predominantly branching coral genus Acropora is rare and
generally confined to several areas in the NWHI. Elsewhere in the region, Acropora, faviids and
Millepora are dominant or very common along with the other genera mentioned above. In
permanently sub-tidal areas and further offshore the Acropora dominate but often in association by
substantial growths of a variety of other species. In Hawaii, this dominance is replaced by
Montipora and Pocillopora. Stony coral are limited by light (depth), wave action and disturbance.

The AFPI span a broad biogeographic realm from Guam (144° 45=E long.) to Hawaii (155° W.
Long) and from American Samoa (15° S latitude) to the northern Hawaii Islands (28° 40= N. Lat).
In terms of coral development, the tropical/temperature gradient gives rise to a range of reef types
and species assemblages. The luxuriance of the high island reefs of American Samoan, Guam are in
contrast to the variety of reefs which occur in Hawaii. The Jarvis, Baker, Howland, Palmyra
Johnston and Wake reefs are atolls as are some of the reefs northern Hawaiian Islands. For most of
these areas, varying degrees of information is available, though being generally scant.
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Life History
Adult: Appearance and Physical Characteristics

Corals are similar to anemones in having a polyp form which may be colonial or solitary. They are
characterized by a hard skeleton of aragonite (calcium carbonate). The colonial form may manifest
a variety of forms: branching, tabulate, massive or encrusting. Some forms are species specific
while some species respond to environmental influences which condition the colonial morphology.
Polyps have tentacle though these are absent in some genera. They are often a crown, in multiples
of six, (Hexacorallia) encircling the mouth though these may be manifest in furrows or over the
surface as in the solitary Fungia. They possess nematocysts. Internally, the mouth opens into a
gastrovascular cavity with mensentaries and mesentarial filaments. The mesentaries extend from
the scleroseptum. The skeleton has a thecal wall, sclosepta and a basal plate (Barnes, 1987).

The colony expands by budding of new polyps from the bases of old polyps or from the oral discs of
old polyps through intra-tentacular or extra-tentacular budding. Polyps of meandroid colonies share
a common oral disc bearing many mouths (Barnes, 1987).

Age, Growth, Longevity

Corals can be very long lived for massive species. An estimated 1000 years has been estimated for
some massive Porites, colonial sizes representing 300 is reasonably common. Growth rates have
been recorded by Buddemeir and Kinzie (1976).

Corals as a group have a wide range of growth rates. The rate variable between 0.4 and 22.5 cm per
year. The massive corals grow more slowly with a range of 0.4 to 1.8cm. (DeVantier, 1993).
Growth also includes fusion of colonies.
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Table II.C.7: Growth rates among some scleractinian coral.

Species Growth (cmlyr)
Faviidae 0-1.38
Favia, Favites Mean range
Goniastrea, 0.07-1.25
Montastrea
Platygyra
Poritidae 0-1.88
Porites Mean range
Goniopora 0.13-0.97
Mussidae 0-1.65
Lobophyllia Mean range
Symphyllia 0.38-0.94
Acanthastrea
Oculinidae 0.67-1.18
Galaxea Mean range
0.54-0.93
Merulinidae .56-1.15
Hydnophora Mean 0.86
Caryophylliidae 0.5-0.75
Physogyra Mean range
Euphyllia 0.5-0.75
Plerogyra
Acroporiidae 10.17-22.58
Acropora
Pocilloporiidae 0.4-3.59
Pocillopora

Reproductive Strategies

Corals reproduce by both sexual (external fertilization and development and brooded planulae) and
asexual development (brooded planulae, polyp-balls, polyp bail-out, fission, fragmentation and
re-cementation). May be bisexual or hermaphroditic (protandric, protogynous or synchronous)
(Chomeski and Peters, 1987). Self fertilisation occurs (Heyward and Babcock, 1986).

Asexual modes of reproduction:

brooded planulae

polyp-balls: Goniopora spp. (Sammarco 1986)

polyp bail-out: Seriatopora spp. (Sammarco 1981,1982)

reversible metamorphosis: Pocillopora damicornis (Richmond 1985)

fission: Fungiidae

fragmentation and re-cementation: Acropora spp and others (Tunnicliffe, 1981)
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Corals may be free spawners or brooders depending on their geographic distribution. In Hawaii ,
Tubastrea is a brooder but in Australia is a brooder and free spawner.(Harrison and Wallace, 1990)

Sexual maturity depends, on growth as well as colony age (Kojis and Quinn, 1985)

Brooders reach maturity a few years earlier than free spawners. Ahermatypic corals reach sexual
maturity earlier than hermatypic corals (Harriot, 1983). Fecundity increases with age. (Soong and
Lang, 1992). Availability of light influences fecundity whether through depth or an increase in
suspended particles in the water ( Kojis and Quinn, 1984) or the reduction of UV light (Jokiel and
York, 1982).

Distribution

Table 6 details the occurrence of Scleractinia in the AFPL. Veron (1993b) detailed the global’
distribution of coral genera and regionally with species. Regional variation in generic occurrence
has been documented with latitudinal gradients (Wells 1956).

Zonation within reefs due to environmental influences is well known.( In American Samoa:
Birkeland et al. 1994, 1996; In Hawaii: Palmyra Atoll: Maragos 1977, 1988, 1992; In Guam: Jones
and Randall).

Discrete coral populations may result from asexual reproduction and possess the same genotype
(Hunter, 1985; Willis and Ayre, 1985; Ayre and Resing, 1986) though many appear heterogenous.

Feeding and Food

Stony coral s feed on planktonic organisms or dissolved organic matter (DOM). Capture of prey is
by tentacles, suspension feeding occurs and some use mesenterial filaments. Most prey capture at
night though some feed during the day.

The presence of symbiotic zooxanthellae make some corals functional autotrophs (Muscatine et al.
1981) and contribute to all hermatypes nutrition. Muscatine and Porter (1977) determined plankton
comprise approx. 20% of coral required nutrition. Franzisket (1970) showed coral could live
without plankton, but additional nutrition was required from this source (Johannes et al. 1970). The
relative dependance on heterotrophy varies with species and with environment. Sorokin (1973,
1995) described the relative dependence on predation, bacteria and DOM. The zooxanthellae
receive elements from predation (i.e. nitrogen, iron, and vitamine B,,). Recycling of nutrients
between corals and zooxanthellae is well known (Johannes 1974; Muscatine 1973; Porter, 1976).

Behavior

Competition for space is achieved by direct tentacular competition ; mesenterial filaments, sweeper
tentacles, allopathy, over-growth, shading.

Spawning: Spatial and Temporal Distribution

Mass spawning has been described by Babcock et al. (1986) and follows a lunar periodicity
(Richmond and Hunter , 1990). Geographic variation introduces the effects of temperature and
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other climatic factors. In Australia, (GBR), 4 .palifera spawns only once per year at 23°S latitude
and through out the year at 14°S 1lat.(Kojis and Quinn, 1984, 1986a).

Appearance and Physical Characteristics of Eqgs (size, shape, color, etc) and
Duration of Phase

Eggs are round and may pink, orange, blue, purple or white. Pigmentation may be UV protection.
White eggs are non-fertile in Galaxea fascicularis. Maturation of eggs and ejection may be
controlled by the hormone Estradiol-175 (Atkinson and Atkinson, 1992). Form into egg sperm
bundles. Some eggs contain zooxanthellae. Eggs range in size from 1.5 x 1.00mm (Flabellum
rubrum) to Acorporidae and Mussidae 0.4-0.8mm; Faviidae and Pectiniidae 0.3- 0.5mm, Portitidae,
Agariciidae, Fungiidae and Pocilloporidae 0.05-0.25mm. The total length of sperm is <0.005mm.
Eggs and sperm production is cyclic and maturity is reached at the same time for most corals. For
Stylophora pistillata (Rinkevich and Loya, 1979), the time is different for different colonies.
Acropora palifera spawning may take place in several stages in synchrony with moon phases with
six reproductive cycles per year (Kojis, 1986a, b). Free spawners have a 12 month maturation cycle
but brooders have several cycles per year.

Spawning is in synchrony with the lunar cycle begin on the 15® to the 24" night of the lunar cycle.
Spawning starts at dusk and continues until midnight. It may vary geographically. A slick is often
observed as the gammetes are brought together by currents. Likelihood of fertilization is increased
and the abundance of material means predation is decreased through satiation.

Duration of gamete development after spawning is 30 minutes until the ability to fertilise, first cell
division 1-2 hours, to planula stage 6-24 hours (Szmant-Froelich et al. 1980; Kojis and Quinn 1982,
Bull 1986, Heyward 1986)

Larvae: Appearance and Physical Characteristics of Larvae

It is covered with cilia which provides locomotion. In Porites porites, 200 planula may be released
from a section of colony (2cm?) (Fadallah, 1983). They are ciliated, spherical initially and oval or
pear-like when mobile.

Age, Growth and Duration of Larval Phase

Initially, they move to the surface of the water and drift as a ciliated ball. In 3-7 days they elongate
into a conical shape. They have a cavity and mouth and are 1.5mm long with mesenteries
developed. They then move to deeper water and seek substrate (Babcock and Heyward, 1986).

Coral with long lived larvae are: Galaxea aspera 49 days; Cyphastrea ocellina (Hawaii) 60 days;
Acropora spp. 91 days; Pocillopora damicornis (Hawaii) 103 days (Gulko,1999).

Larval Feeding and Food

Nutrition in planulae is achieved as the result of energy reserves transferred from the embryonic
cells. Zooxanthellae, most probably, provide nutrition through nutrient translocation. Some planula
feed actively.
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Habitat Utilization

Some planula have zooxanthallae and may exist for longer in the plankton and disperse further.
Most settle with the proximity of the parent <lkm. Discussion of factors in dispersal have been
reviewed by Harrison and Wallace (1990). Currents must play a major role in the transport of the
larvae. Longevity in the plankton will determine the potential distance of dispersal (Richmond,
1987).

Settlement sites are often cryptic. Clumping of planula may give rise to fusion into a single colony.

Habitat Features Affecting the Abundance and Density of Eggs and Larvae

Currents affect the abundance of eggs and larvae, often concentrating them into a dense mass and
dispersing them with the flow. Rain storms may cause mass mortality at this stage as does
grounding of the slick at low tide or along the shore. After settlement, the planulae develop primary
polyps. The settlement site is important. If inshore, large amounts of organic particular matter and
sediment will increase mortality. Wave action may destroy the primary polyps. Young polyps may
abandon primary calyx, and relocate planktonically (Richmond, 1985) or through bailout responses.

There is the potential for rafting of coral polyps on drifiwood or other current borne objects which
would allow for the settlement by larvae and polyp growth (Jokiel, 1984).

Abundance and distribution of coral planulae was investigated in Kaneohe Bay, Oahu (Hodgson,
1985) and Bull (1986) for Australia.

Settlement occurs by finding a suitable location. The size of the new polyp is <2mm. Mortality at
this stage is high. Both the environmental and biological environment affect the potential for coral
development (Goreau, et al. 1981).

In Western Australia, large numbers of fish and coral died as the result of a coral spawn slick being
embayed and using up the oxygen and then decaying (Simson 1993).
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7. Fungiidae (Dana, 1846) (mushroom corals)

Important Summary Documents

Veron (1986) provides a species summary of the systematics, anatomy and distribution in Australia
and the Indo-Pacific. Veron (1993b) the family Fungiidae is discussed with respect to its global
distribution.

Taxonomic Issues

Veron & Pichon (1979) revised the taxonomy of the family Fungiidae.

Has 11 extant genera: Cycloseris (7 spp.), Diaseris (4 nominal spp.), Heliofungia, Fungia (25 spp.),
Herpolitha (2 spp.), Polyphyllia (3 spp.), Halomitra (1 spp.), Sandalolitha (2 spp.), Lithophyllon (2
spp.), Podabacia (1 spp.) and Zoopilus (1 spp.).

Habitat Utilization

Begin life as anthocauli attached to a hard substrate. Detach to continue life as a free-living colony
inhabiting reef areas unsuitable for permanently attached corals such as sand or rubble.

Life History

Adult: Appearance and Physical Characteristics

All shallow water with the exception of the Fungiacyathus (not occur AFPI). The majority are
hermatypic, solitary, and free living (not Lithophyllum or Podabacia) with attached juvenile stage.
They may be individual with one mouth or colonial with many mouths and other anatomy
characteristic of a colonial form.

From Veron (1986):

Cycloseris (Edwards & Haime, 1849): Solitary, free-living, flat or dome-shaped, circular or slightly
oval in outline with a central mouth. Fine tentacles cover the upper surface of the disc. Pale brown
to cream with a darker margin.

Diaseris (Edwards & Haime, 1849): Circular though with an irregular margin and segments.
Colour is brown to green.

Heliofungia (Wells, 1966): Solitary, free-living, flat with central mouth. Septa have large lobed
teeth. Polyps are extended day and night, and as a single polyp are the largest of all corals.
Tentacles are longest of the stony corals and dark purple or green tentacle with pale tips. The oral
disc is striped and the single mouth is 30mm wide.

Fungia (Lamarck, 1801): Free-living, circular or elongate
Herpolitha (Eschscholtz, 1825): Free-living, elongate with and axial furrow that may extend to the

corallum ends. Several centers or mouths occur in the furrow. Colonies may be heavily calcified
and >1m in length. Tentacles are short and widely spaced.
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Polyphyllia (Quoy and Gaimard, 1833): Free-living, elongate with many mouths and tentacles over
the upper surface. Larger mouths are down the axial furrow. Long tentacles, which are always
extended.

Halomitra (Dana, 1846): Colonies are large and free-living, circular and dome or bell shaped, thin
and delicate and without an axial furrow. Corallites widely spaced. Tentacles are small and widely
spaced and extended at night.

Sandalolitha (Quelch, 1884): Colonies are large, free-living, and circular to oval, dome-shaped,
heavily constructed and without an axial furrow. Corallites are compacted.
Pale or darks brown, sometimes with purple margins and white centers.

Lithophyllon (Rehberg, 1892): Colonies are attached, encrusting or laminar, unifacial. Colonies
may be large, up to several metres. Polyps extended at night. Dull green, grey or brown with white
margins or white centers.

Podabacia (Edwards and Haime, 1849): Colonies are attached, encrusting or laminar, unifacial and
up to 1.5m in diameter.

Their coloration may be frown, green, red or pink. They may have contrasting stripped design.

Distribution

Cycloseris: Extends from southern Africa to the Red Sea and Arabian Gulf through the Indo-
Pacific ranging from south Western Australia, Lord Howe I. and Easter . in the south to southern
Japan in the north. It occurs in the Hawaiian Islands, though not in Midway. It is present in the
eastern Pacific from Baja California, northern Mexico to Columbia. The recorded occurrence in
the AFPI is Johnston Atoll, Hawaii and Guam

Diaseris: Similar to Cycloseris though narrower, extending from southern Madagascar and the Red
Sea. Across the Pacific at varying latitude in the north to include Japan and in the south of New
Caledonia and the Tuamotus Is. The recorded occurrence in the AFPI is Hawaii.

Heliofungia: Indonesia, Australia, Philippines, Ryukyu Is. east to the Caroline and Solomon Is and
south to New Caledonia. The genus does not occur in the AFPI.

Fungia: South of Madagascar, to the Red Sea, Northern Australia, the Great Barrier Reef, south to
Lord Howe I. and across to Pitcairn I. Its northerly extent is southern India, Southeast Asia,
southern Japan, Midway I., Hawaiian Is. Its easterly extent is the Marquesas Is. The recorded
occurrence by virtue of Fungia scutaria is present in all AFPI where checklists have been made.
Considering the other species of the genus, occurrence is limited to American Samoa, Palmyra
Atoll, and Guam.

Herpolitha: South of Madagascar to the Red Sea, Northern Australia, the Great Barrier Reef, south
to New Caledonia and across to Pitcairn I. Its northerly extent is southern India, Philippines, and
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Ryukyu Is., Japan. Its easterly extent is the Tuamotus Is. The AFPI that this species is found in is
American Samoa, Palmyra Atoll and Guam.

Polyphyllia: Central Indo-Pacific: Northern Madagascar and the Seychelles Is in the west. Northern
Australia, New Caledonia and Tonga in the south. American Samoa (only AFPI occurrence) in the
east and Ryukyu Is, Japan in the north.

Halomitra: West Africa Madagascar in the west through Indonesia to the Line Is in the east. South
to New Caledonia and Tonga and north to the Ryukyu I in the north. Present in the AFPI in
American Samoa and Palmyra.

Sandalolitha: Occurs in Indonesia and Southeast Asia in the west to the Kyushu Is. in the north.
Extends to Northern Australia and New Caledonia and Tubuai Is in the south. Also extends to the
Tubuai Is and Line Is in the east. AFPI occurrence limited to American Samoa and Palmyra Atoll.

Lithophyllon: Similar to Sandalolitha, occurring to Indonesia in the west and the Malay Peninsula.
Its southerly extent is northern Australia, New Caledonia, and Fiji to the east. It is confined to the
western Pacific to include the Philippines and north to southern Japan. There are no occurrences in
the AFPL

Podobacia: Indo-Pacific: Occurs from west Africa and the Red Sea south to Madagascar, Northern
Australia, New Caledonia to Tahiti. Range extends to the Fiji in the east. In the north, it extends
along Southeast Asia to Japan. There are no occurrences in the AFPIL

Feeding and Food
Heterotrophic: prominent tentacles indicate prey capture. Autotrophic: abundant zooxanthellae.

Behavior

Are partially mobile. May free themselves if buried and some are capable of lateral movement,
ability to right themselves, and able to climb over obstacles by using their tentacles and inflating
their body cavities.

Movbility in Cycloseris by ciliary hairs, by inflation of the body cavity or use of tentacles. Tentacle
extended at night.
Fungia and Herpolitha: Polyps are extended only at night.

Reproductive Strategies

Asexual: Fragmentation or natural regeneration through fracture. Many develop attached daughter
polyps (acanthocauli) from the parent colony.

Sexual: Dioecious or hermaphroditic. Planula larvae settle to form the attached acanthocauli,
which may grow to several centimeters before detaching due to degeneration of the stalk.
Heliofungia has been reported as hermaphroditic while Fungia has separate sexes. It is likely the
family has separate sexes, the females either brood planulae or release gametes (Veron, 1986).
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Table I1.C.9: Zooxanthellate corals likely to be found in the American Flag Pacific Islands. (Adapted from

Veron 1995.)

Family and genus

Extant species {no.}

Present distribution

General
abundance

Astrocoeniidae Atleast 3 Red Sea to central Pacific Uncommon, cryptic
Stylocoeniella
Pocilloporidae Approx. 10 Red Sea and western Indian | Very common, very
Pocillopora Ocean to far eastern Pacific | conspicuous
Stylophora Approx. 5 Red Sea and western Indian | Very common, very
Ocean to southern Pacific conspicuous
Seriatopora Approx. 5 Red Sea and western Indian | Very common,
Ocean to southern Pacific conspicuous
Acroporidae At least 80 Red Sea and western Indian | Extremely common
Acropora Atleast 150 Cosmopolitan in Indo- Extremely common,
Pacific reefs very conspicuous,
usually dominant
Astreopora Approx. 15 Red Sea and western Indian | Generally common,
Ocean to southern Pacific conspicuous
Poritidae Approx. 80 Cosmopolitan Extremely common,
Porites conspicuous at
generic level
Stylaraea 1 Red Sea and western Indian | Rare, occurs only in
Ocean to westernPacific shallow,wave-
washed biotopes
Goniopora Approx. 30 Red Sea and western Indian | Generally common,
Ocean to southern Pacific very conspicuous
Alveopora Approx. 15 Red Sea and western Indian | Sometimes common,
Ocean to southern Pacific very conspicuous
Siderastreidae Approx. 15 Red Sea and western Indian | Generally common,
Psammocora Ocean to far eastern Pacific | sometimes cryptic
Coscinaraea Approx. 12 Red Sea and western Indian | Generally common,
Ocean to southern Pacific conspicuous
Agariciidae Approx. 22 Red Sea and western Indian | Very common,
Pavona Ocean to far eastern Pacific | conspicuous
Leptoseris Approx. 14 Red Sea and western Indian | Sometimes common,
Ocean to far eastern Pacific | mostly conspicuous
and Caribbean and Gulf of
Mexico
Gardineroseris Atleast 2 Red Sea and western Indian | Generally
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Family and genus

Extant species {no.}

Present distribution

General
abundance

Pachyseris Approx. 4 Red Sea and western Indian | Very common, very
Fungiidae Approx. 16 Red Sea and western Indian | Generally
Cycloseris Ocean to far eastern Pacific | uncommon,
non-reefal
Diaseris At least 3 Red Sea and western Indian | Generally
Ocean to far eastern Pacific | uncommon, non-
reefal
Fungia Approx. 33 Red Sea and western Indian | Very common, very
Ocean to southern Pacific conspicuous
Herpolitha 2 Red Sea and western Indian | Generally common,
Ocean to western Pacific very conspicuous
Sandalolitha 2 Central Indian Ocean to Sometimes common,
southern Pacific very conspicuous
Halomitra 2 Western Indian Ocean to Generally
southern Pacific uncommon, very
conspicuous
Oculinldae Approx. 5 Red Sea and western Indian | Very common, very
Galaxea Ocean to southern Pacific conspicuous
Acrhelia 1 Eastern Indian Ocean to Generally
southern Pacific uncommon,
conspicuous
Pectiniidae Approx. 8 Red Sea and western Indian | Very common,
Echinophyllia Ocean to southern Pacific conspicuous
Oxypora At least 3 Western Indian Ocean to Generally common,
southern Pacific conspicuous
Mycediurn At least 2 Red Sea and western Indian | Generally common,
Ocean to southern Pacific conspicuous
Mussidae Approx. 6 Red Sea and western Indian | Generally
Acanthastrea Ocean to southern Pacific uncommon,
Favites-like
Lobophyllia Approx. 9 Red Sea and western Indian | Very common, very
Ocean to southern Pacific conspicuous
Symphyllia Approx. 6 Red Sea and western Indian | Generally common,
Ocean to southern Pacific Very conspicuous
Merulinidae Approx. 7 Red Sea and western Indian | Generally common,
Hydnophora Ocean to southern Pacific Very conspicuous
Merulina 3 Red Sea and western Indian | Sometimes common,
________ Ocean to southern Pacific conspicuous
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Family and genus

Extant species {no.}

Present distribution

General

abundance
Scapophyllia 1 Eastern Indian Ocean to Generally
Faviidae Approx. 4 Red Sea and western Indian | Generally common,
Favia At least thirty Cosmopolitan Extremely common,
conspicuous
Favites Approx. 15 Red Sea and western Indian | Very common,
Goniastrea Approx. 12 Red Sea and western Indian | Very common,
Ocean to southern Pacific generally
conspicuous
Platygyra Approx. 12 Red Sea and western Indian | Extremely common,
conspicuous but may
Ocean to southern Pacific be confused with
Goniastrea
Leptoria 2 Red Sea and western Indian | Sometimes common,
Oulophyllia Approx. 3 Red Sea and western Indian | Sometimes common,
Ocean to western Pacific conspicuous
Montastrea Approx. 13 Cosmopolitan Generally common,
conspicuous
Plesiastrea At least 2 Red Sea and western Indian | Sometimes common
_ Ocean to far eastern Pacific
Diploastrea 1 Red Sea and western Indian | Generally common,
Ocean to southern Pacific very conspicuous
Leptastrea Approx. 8 Red Sea and western Indian | Generally common,
Ocean to southern Pacific conspicuous
Cyphastrea Approx. 9 Red Sea and western Indian | Very common,
Ocean to southern Pacific conspicuous
Echinopora Approx. 7 Red Sea and western Indian | Very common,

________ ) Ocean to southern Pacific | conspicuous
Caryophylliidae- 9 Red Sea and western Indian | Generally common,
Euphyllia Ocean to southern Pacific very conspicuous
Plerogyra 3 Red Sea and western Indian | Generally

Ocean to southern Pacific uncommon, Very

________ conspicuous
Dendrophylliidae Approx. 15 Red Sea and western Indian | Very common, very

"Turbinaria Ocean to southern Pacific conspicuous
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Family and genus

Extant species {no.}

Present distribution

General
abundance

Duncanopsammia 1 Central Indo-Pacific Uncommon, very
conspicuous
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8. Ahermatypic Corals (Azooxanthellate)

Important Summary Documents

Veron (1986) describes the three genera with photos of living and skeletal examples.

Taxonomic Issues

Order Scleractinia; Family Dendrophylliidae; Genera Dendrophyilia (de Blainville, 1830), Tubastraea
(Lesson. 1829), Balanophyllia spp. (Wood, 1844). Duncanopsammia axifuga is of the same family and
has a skeletal structure and growth form intermediate between hermatypic and ahermatypic forms. As
it is zooxanthellate, it is not described here. Other zooxanthellate corals such as Heteropsammia and
Psammoseris (both Dendrophyllidae), and Heterocyathus (Caryophylliidae) are they small, single polyp
forms and appear as partial ahermatypes (Veron, 1986). Their contribution to reef growth is minor and
they occur on sand and rubble substrates. Heteropsammia spp. doesn’t occur in the AFPL

Other genera occur in deep water or deep inter-reef areas and are listed with their recorded depth range
(after Veron, 1986): Letepsammia (165-457m); Fungiacyathus (190-600m); Madrepora (55-450m);
Cyathelia (40m); Culicia and Astrangia (inter-tidal to 128m, largely temperate); Flabellum (10-824m);
Placotrochus (to 188m); Monomyces (3-40m); Gardineria (55m); Anthemiphyllia (to 210m);
Caryophyllia (119-1006m); Tethocyathus; Premocyathus (20-230m); Cythoceras (86-766m);
Trochocyathus (86-531m); Deltocyathus (16-531m); Boureotrochus (210-531m); Sphenotrochus;
Polycyathus (>40m); Aulocyathus (163-190m); Conotrochus (210-365); Stephanocyathus
(366-1006m); Oryzotrochus (9-15m); Conocyathus (8-22m); Trematrochus (>27m); Dunocyathus
(100-531m); Paracyathus(>20m); Patytrochus (28-183m); Cylindrophyllia; Peponocyathus (339-365);
Holcotrochus (11-183m); Desmophyllum; Solenosmilia (860m); Stenocyathus (455-531m);
Septosammia (8-86m); Endopachys; Notophyllia (36-457m); Thecopsammia (270m).

Habitat Utilization

Not dependent on light so able to colonizes overhangs and caves. Competes best in areas of low
scleractinian coral or algal occurrence. T. micrantha competes best due to its erect arborescent nature
and may be dominant below 15m in areas of exposed currents.

Life History

Adult: Appearance and Physical Characteristics

Dendrophyllidae :

Solitary and colonial corals with more than two rings of tentacles on the polyps. Numerous skeletal
element of the ridges form an almost continuous sheet and rods connect adjacent ridges. Dendrophyllia
and Tubastrea spp. may appear similar superficially but are separated by differences in septal plans.

Dendrophyllia spp.: Often brightly colored (yellow or orange) resulting from the corals own pigment,
as no zooxanthellae are present. Colonies are dendroid and proliferate through extra-tentacular
budding. Generally nocturnal but also diurnal extension.
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Tubastraea spp.: Tubular corallites forming hemispherical colonies. Tubastrea aurea forms domed
clumps up to 10cm dia. Polyps protrude for a common encrusting base. Usually found in low-light
conditions in caves and beneath rocky overhangs. Common species T. faulkneri, T. coccinea, T.
diphana and T. micrantha.

Tubastrea micrantha forms tree-like branching colonies to 1m in height. Colour dark brown and green.
Occurs in deeper reef environments.

Balanophyllia spp.: Solitary corals which bud to form closely packed clumps. Clumps may be 50cm
diam. Thick walls. Polyps are oval and tapering towards the base, and the septa are fuse. Color black,
bright-orange or yellow polyps.

Feeding and Food

Heterotrophic with dependence on the capture of zooplankton. Nocturnal and diurnal feeding.

Reproductive Strategies

Dioecious. Fertilization is internal and larvae are brooded. Asexual larval reported (Richmond and
Hunter, 1990). The larvae are 1mm long and crawl or swim after release before settling. They may also
be free-spawners (Harrison and Wallace, 1990). Planula takes four to seven days before they settle and
form a primary polyp.

References

Harrison, P. L. & C. C. Wallace (1990): Reproduction, dispersal and Recruitment of Scleractinian
Corals. In: Dubinsky, Z. (ed.) Ecosystems of the World, vol. 25 Coral Reefs. Elsevier, N.Y. pp
133-208.

Richmond, R. H. & C. L. Hunter (1990): Review B Reproduction and recruitment of corals:
comparison among the Caribbean, the Tropical Pacific, and the Red Sea. Mar. Ecol. Prog. Ser.

1:145-152.
VeronJ. E.N. 1986: Coral of Australia and the Indo-Pacific. Angus and Robertson. ISBN 0207 15116
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Table 11.C.10: Deep-water Ahermatypes from Hawaii. (From Maragos 1977; data Vaughan (1907)).

Species Shallowest Collection Record

.__éf}i:sopsammia amphelioides (Alcock) 40 fim

Anthemiphyllia pacifica Vaughan ‘ 92 fm

Balanophyllia desmophyllioides Vaughan 78 fm
mgz_z.l_z.zfl"ogl_z.yllia diomeseae Vaugh?:" 148 fm
Balanophyllta hawaiiensis Vaughan 190fm
'"Ec.l.l-c.zﬁ‘ophyllia laysanensis Vaug.han 130fm
._-Ec_z_tflyactis hawaiiensis Vaughan 963 fm

Caryophyllia alcocki Vaughan 876 fm
"E’aryophyllia hawaiiensis Vaughan ) 92 fm
_(.,jfzryophyllia octopali Vaughan 28fm
Ceratotrochus laxus Vaughan 319 fm
I_.Cyathoceras diomedeae Vaughan 169 fm

Deltosyathus andamanicus Alcock 147 fm

Dendrophyllia oahensis Vaughan 154 fm
""Dendrophyllia serpentina Vaughan 147 fm

Desmophyllum cristagalli Milne- Edwards & Haine

. Endopachys oahense Vaughan 53 fm

m_]il_(_zbellum deludens v. Marenzeller 670 fm

F labellum parvoninum Lesson 127 fm
Gardineria hawaiiensis Vaughan 272 fm
Madracis kauaiensis Vaughan 24 fm
Madrefora kauaiensis Vaughan 294 fm

Paracyathus gardineri Vaughan

_“'Iic.z_r:_qcyathus mautensis Vaughan 95 fm
.___Iic_zracyathus molokensisx Vaughan 88 fm
Paracyathus tenuicalyx Vaughan 252 fm
Placotrochus fuscus Vaughan 148 fm
._.ff‘fzphanophyllia Jormosissima Moseley ‘ 66 fm
Trochocyathus oahensis Vaughan 252 fm
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9. Actiniaria (anemones)

Important Summary Documents

Symbiosis between anemones and fish was first noted by Collingwood (1868). Fishelson (1970, 1971)
speculated on the ecological role of this association. The taxonomy of symbiotic anemones was revised
by Dunn (1981). The taxonomy of the Hawaiian anemones were described in Eldredge and Devaney
(1977). Chia(1976) has described reproduction in terms of patterns and adaptive radiation. Fautin and
Allen (1992) describe the biology of anemonefish and their host anemones.

Taxonomic Issues

Ecotypes are common (e.g. Entacmaea quadricolor) which has given rise to taxonomic confusion
Allen (1975) described the deeper water as Radianthus gelam and the smaller individuals a
Physobranchia douglasi. Their ability to adopt a varied coloration both in terms of background color
and geographic variation has made taxonomy difficult.

Habitat Utilization
Anemones attach to hard substrate by their basal disc, burrow into soft substrate or attach as symbionts

to sessile and mobile reef creatures.

Life History
Adult: Appearance and Physical Characteristic

Anemones have a body column and oral disc with tentacles with nematocysts and a central mouth.
They are attached by a basal or pedal disc to the substrate (Barnes, 1980). They are often associated
with symbiotic relationships such as with fish or shrimps (Fautin and Allen, 1992). Heteractis
magnifica reaches a diameter of 30-50cm though may reach 1m.

Ten species are recognized as symbiotic anemones (Actiiidae; Thalassianthidae; Stichodactylidae).
Both Actinodendron plumosum and Phyllodiscus semoni have severe stings if touched.

Some species of anemones can exhibit mimicry appearing like their background or other reef entities
like hard coral or algae.

Age, Growth, Longevity

The growth of tropical anemones is variable being largely dependent on nutrition. Longevity among
tropical anemones is poorly known. Anemones approaching a meter in diameter may exceed 100 years
old (Fautin and Allen, 1992). Actinia tenebrosa requires 8 to 66 years to reach a column diameter of
40mm and has an average longevity of 50 years ( Ottaway, 1980).

Reg' roductive Strategies

Asexual: Common: Pedal laceration and longitudinal or transverse fission
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Asexual reproduction has been observed as budding (Vine, 1986). Devaney & Eldredge (1977)
describe Boloceroides memurrichi as reproducing sexually in spring and asexually in fall when the
asexually young arise as buds on the outer tentacles and are shed when they have developed 10 to 30
tentacles.

Eggs and sperm are produced and host anemones appear to be characterised by separate sexes.

Absence of small individuals is indicative of low fertilization, larval survival or larval settlement or
young have high mortality (Fautin and Allen, 1992).

Most are hermaphroditic but reproduce only one type of gamete per reproductive period. Groups of
clones evident.

Distribution

Anemones are often widely distributed. The common anemone Entacmaea quadricolor is found from
Samoa to East Africa and the Red Sea and from the surface down to 40 metres. Of nearly 1000 species,
only 10 species are host to anemone fishes. In Hawaii, There is only one host species recorded from
Hawaii though without commensal fish (Fautin and Allen, 1992).

Feeding and Food

Anemones are polyphagous opportunists (Ayre 1984). Prey is caught by the tentacles, paralyzed by
nematocysts and carried to the mouth. The food consists of plankton borne crustacea but fish worms,
and algal fragments are includes Sand dwelling anemones such as Heteractis malu ingest gastropods
(Shick, 1990) as does Catalophyllia sp. Some anemones are suspension feeders (Barnes , 1980).

Specialized corallimorpharians such as Rhodactis, Actinodiscus, Discosoma, Amplexidiscus can capture
large prey by enveloping them with the entire disk (Hamna and Dunn, 1980; Elliott and Cook, 1989).

Anemones which contain symbiotic zooxanthelle but also capture plankton and other detrital or water
borne food. Those without zooxanthella are dependent on plankton and may capture pother food such
as crustaceans or smaller fish.

Absorption of dissolved organic material (DOM) by anemones occurs Schlichter (1980) and Schlichter
et al. (1987). DOM is important in times of no solid food. (Shick, 1975)

Extracellular digestion is achieved by mesenterial filaments (Nicol, 1959)

Some species of anemones extend their tentacles at night and diminutive during the day (Alicia sp).
Others feed during daylight hours.
Behavior

The family Boloceriodidae contains anemones capable of swimming by beating their tentacles. The
Hawaiian species Boloceroides memurrichi has a large crown of tentacles compared to a relatively
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small body. They become capable of swimming at the 10 to 30 tentacle stage (Devaney and Eldredge,
1977).

Edwardsia spp. are found on sandy bottoms and dig themselves into the substrate.

Anemones are basically sedentary but are able to move over the substrate slowly, some can swim for
short distances.

There commensal behavior with fish where it gains protection and food and in turn protects the
anemone from some predators and removes sediment and other material by its swimming motion
(Barnes, 1987).

Spawning: Spatial and Temporal Distribution
Spawning is synchronised with the full moon or low tide (Fautin and Allen, 1992).

Eggs are fertilized in the gastrovascular cavity or occurs outside in the seawater (Fautin and Allen,
1992).

Free swimming planula

Larval Feeding and Food

Ingest copepods, chaetognaths, or larvae of other cnidarians. Unicellullar algae and dinoflagellates has
been observed Widersten, 1968; Siebert, 1974)

The planula may be planktotrophic or lecithotrophic and has a variable larval life span. The young sea
anemone lives as a ciliate ball, unattached and free swimming. The larvae settles, attaches and forms
tentacles.

Habitat Utilization

Asexual of reproduction give rise to many individuals in close proximity, often forming a continuous
surface by adjacent oral discs. Like other sessile benthos, settlement of larval stages colonizes available
substrate.
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Table I1.C.11: Actinaria from Hawaii (Cutress, 1977).

Order ACTINIARIA

Family BOLOCEROIDIDAE
Boloceroides memurrichi (Kwietniewski 1898)
Bunodeopsis medusoides (Fowler 1888)

Family ALICIIDAE
Triactis producta Klunzinger 1877

Family ACTINIIDAE

Anemonia mutabilis Verrill 1928

Anthopleura nidrescens (Verrill 1928)
Anthopleura sp. a

Anthopleura sp. b

Actiniogeton sesere (Haddon & Shackleton 1893)
Cladactella manni (Verrill 1899)

Family STOICHACTINIDAE
Antheopsis papillosa (Kwietniewski 1898)
Stoichactis sp.

Family PHYMANTHIDAE
Heteranthus verruculatus Klunzinger 1877

Family ISOPHELLIDAE

Telmatactis decora (Hemprich and Ehrenberg 1834)
Epiphellia pusilla (Verrill 1928)

Epiphellia humilis (Verrill 1928)

Family HORMATHIIDAE
Calliactis polypus (Forskal 1775)

Family SAGARTIIDAE
Anthothoe sp.

Family AIPTASIIDAE
Aiptasia pulchella Carlgren 1943

Family DIADUMENIDAE
Diadumene leucolena (Verrill 1866)

Family EDWARDSIDAE
Edwardsia sp. a;. Edwardsia sp. b.

Coral Reef Ecosystems FMP
EFH Descriptions 368

October 2001



10.  Zoanthidae (colonial anemones)

Important Summary Documents

Hyman (1940) details systematics and anatomy. Mather and Bennett (1993) discuss the order
Zoanthidae. Burnett et al. (1997) a good summary of systematics for some central Indo-Pacific
species. Walsh (1967) produced an annotated bibliography for the family.

Taxonomic Issues

Class Anthozoa; subclass Zoantharia (=Hexacorallia); order Zoanthiniaria (=Zoanthidea); suborder
Brachcnemina; family Zoanthidae; genera Acrozoanthus; Zoanthus, Isaurus; Protopalythoa; Palythoa;
Sphenopus. suborder Macrocnemina; family Epizoanthidae; genera Epizoanthus; family Epizoanthidae,
Thoracactis, genus Parazoanthus, Gerardia, Isozoanthus (Barnes, 1987; Muirhead and Ryland,
1985).

Poorly known due to reliance on preserved specimens and a high degree of inter-population variability.
Nominal species 300.

Differentiated from the Actinaria by the presence of a fifth cycle of mesenteries.
Zoanthiniarian systematics is discussed by Herberts (1972a; 1987) and Mather and Bennett (1993).

Habitat Utilization

Often distinct zonation: back reef flats, lagoon floors, reef crests and shallow sublitoral zone.
Palythoa spp.: Growth in large numbers on reef flats immediately behind the reef crest, also found on
lagoon floors and the spur and groove channels of reef slopes. Tide pools in Hawaii.

Parazoanthus ssp., Epizoanthus ssp., Acrozoanthus spp.: May colonize worm tubes, hydroids, sponges
and gorgonian skeletons. May be epizootic on sponges, or ascideans as ATuff Balls or providing as
protection (Colin and Arneson, 1995).

Protopalythoa spp.: Shallow fore reefs, reef crests or outer reef flat areas. Shallow reef zones may be
dominated by this genus and cover may be >90%. May occur as small assemblages of polyps or
separate individuals.

Zoanthus spp.: They are found in back reef areas and the shallow sub-littoral zone.

Life History
Adult: Appearance and Physical Characteristics

Zoanthid anemones are solitary or colonial, zooxanthellate (except Sphenopus). Principal tropical
genera are Palythoa, Protopalythoa and Zoanthus. Generally, discs are 1-2cm in diameter with
tentacles 3-5Smm long but may extend to 2-3cm. Coloration varies from red, orange, yellow, turquoise,
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green or brown. The stem (scapus), disc (capitulum), tentacles or coenenchyma vary in coloration.
Zooanthids differ from other Zoantharia in that they don’t produce skeleton but incorporate sediment
into the body wall. As well, they don’t have a pedal disc and a differing septal arrangement (this forms
the basis for the two suborders).

Isaurus spp.: Loosely connected colonies without connecting stolons. Height varies 15- 160cm.
Colonies with < 50 individuals. Taxonomically best known (Muirhead and Ryland, 1985). Often
inconspicuous. Nocturnal tentacular extension.

Palythoa spp.: Growth in massive colonies. Sand particles are encrusted into the coenenchyme.
Colonies are convex and 30cm. Coenenchyme is light brown to yellow.
Often buried in the sand to the level of the disc.

Protopalythoa spp.: Generally in loosely connected colonies. Often the polyps lack contact or have
contact at the base through a stolon. Polyp height is 15-25 mm high and 7-11mm in diameter.
Expanded discs may attain a diameter of 2-3cm. May occur as large areas of colonization, small
assemblages or individual polyps. Polyps are encrusted with sand particles. For some, full retraction
is not possible due to the size of the disc. Colour is uniform on the stem and disc; brown or green. It
may be variable due to the intensity of light. :

Zoanthus spp.: Sediments are not incorporated in their tissues but are tolerant of sediment
environments. Most species are brightly coloured, often contrasting disc, tentacles and stem.

Growth
Growth morphology may depend on the environment. Z. pacificus has a lamellar coenenchyme with
crowded polyps and separate bases. In surge pools, the bases are joined and crowding less. In wave
washed area the coenenchyme can be lamellar or stoloniforous with single polyps or groups of two or
three (Walsh and Bowers, 1971).
In Palythoa, growth is by the spreading of the thickened coenenchyme. Yamazato et al. (1973), found
0.18 new polyps per day increase in Palythoa tubercles. Density of colonies may be 671 polyps/0.1m?
(Zoanthus sociatus) and 302 polyps/ 0.1m? for Z. solanderi. (Karlson, 1981). 12,000/m? of Palythoa
vestitus where found in Kaneohe Bay.

Distribution
Isaurus spp: Widespread in all tropical seas; present in Hawaii.
Palythoa spp.: Pan-tropical; present in Hawaii.

Protopalythoa spp.: Pan tropical; occurs in Hawaii, American Samoa and Tahiti.

Zoanthus spp.: Pan-tropical; occurs in Hawaii, American Samoa and Tahiti.
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Feeding and Food
Heterotrophic (zooplankton); autotrophic (zooxanthellae) (Reimer 1971b).

Muscatine et al. (1983) determined zooxanthellae could provide 48% of the carbon requirement for
Zoanthus sociatus.

Palythoa, Protopalythoa and Zoanthus are diurnal in expansion. Others are nocturnal Isaurus and
Sphenopus. Able to ingest a variety of live and dead crustacea and fish portions (Reimer, 1971a).
Crustacean and detrital fragments were found in Zoanthus Sociatus, though few contained food items
with only a greater frequency at night (Sebens, 1977). Azooxanthellate genera (Epizoanthus and
Parazoanthus) rely greatly on feeding to obtain sufficient nutrition.

The uptake of dissolved organic matter may contribute to nutrition (Reimer, 1971; Trench, 1974). The
common presence of Zoanthus spp and Protopalythoa in shore may be due to the higher organic levels.

With the reduction in sewage contamination in Kaneohe Bay, zoanthid population declined.

Isaurus spp: Autotrophic nutrition from the zooxanthellae but also feeds on plankton nocturnally.
Polyps never open in the day.

Palythoa spp.: Generally autotrophic but tentacles and diurnal expansion indicate reliance on
zooplankton.

Protopalythoa spp.: Heterotrophic; autotrophic
Zoanthus spp.: Heterotrophic; autotrophic

Reproductive Strategies

Asexual by the arising of new polyps from a spreading sheet of coenenchyma or stolons or budding
from the parent polyp. Extensive monoclonal colonies occur.
Fragmentation is common.

Sexual reproduction: Both dioecious (gonochoristic) and sequential and simultaneous hermaphrodites.

Isaurus spp: Unknown.

Palythoa spp.: Readily reproduces asexually. Yamazoto et al. (1973) studied the reproductive cycle
of Palythoa tuberculosa in Okinawa. The oocytes grow from March/April, to a peak in the middle of
the year, which followed by a second peak in October indicative of two spawnings per year. Mature
eggs are rather large with a length of 300-500um.

Protopalythoa spp.: Asexual and sexual. Babcock and Ryland (1990) and Ryland and Babcock (1991)
describe reproduction and larval development.

Zoanthus spp.: Asexual and sexual. Cooke (1976) describes reproduction for Zoanthus pacificus and

for Z. solanderi and Z. sociatus by Fadlallah et al. (1989).
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Spawning: Spatial and Temporal Distribution

Ovaries develop initially in the cycle along the margin of the mesenteries with the testis later in the
cycle. Seasonal free spawning. Report of spawning synchronous with the mass spawning of the stony
coral, on the 4" to 6™ nights after full moon in November (Ryland and Babcock, 1991). In Hawaii, P.
versitis was only active May to September while Z. pacificus was bound to be sexually active all year
but greatest during the summer (Cooke, 1976).

Eggs and Larvae

Egg diameter range from 75um to 280 um. Sperm are bell shaped and 50 um long. Egg counts range
from 800 to 2400 (Ryland and Babcock, 1991). Larvae settle in areas of coralline algae and crawl to
find a site. Suitable sites are often shaded. Fecundity is high and settlement rates are low. Sexual
reproduction is therefore thought to allow for dispersal and colonization over large distances (Karlson,
1981).

The larvae are oval in shape and have a girdle of cilia near the oral end. The Larvae of Protopalythoa
spp. are referred to as zoanthella and are elongate with a ventral band of long cilia (Hyman, 1940).
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Table 1.C.12. Zoanthiniaria from Hawaii: (Walsh and Bowers 1971).

Order ZOANTHINIARIA

Family ZOANTHIDAE

Isaurus elongatus Verrill 1928

Palythoa vestitus (Verrill 1928)

Palythoa tuberculosa (Esper 1791)

Palythoa psammophilia Walsh and Bowers 1971
Palythoa toxica Walsh and Bowers 1971

Zoanthus pacificus Walsh and Bowers 1971
Zoanthus kealakekuaensis Walsh and Bowers 1971
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11.  Subclass Alcyonaria (=Octocorallia); Order Alcyonacea; Suborder Alcyoniina
(soft corals)

Important Summary Documents

Bayer et al. (1983) and Bayer (1981) details anatomical terminology and taxonomy.
Hyman, (1940) describes the anatomy.

Taxonomic Issues

Subclass Alcyonaria (=Octocorallia); order Alcyonacea; suborder Alcyoniina: families: Paralcyoniidae;
Alcyoniidae; Asterospiculariidae; Nephtheidae; Nidaliidae; Xeniidae

The taxonomy of common intertidal and lagoon genera Sarcophyton and Sinularia are revised in
Verseveldt (1980, 1982).

Habitat Utilization

Colonies characteristic of large size grow in shallow water areas in high light intensity and intertidally.
Generally colonies are smaller on roofs of caves.

Life History

Adult: Appearance and Physical Characteristics

Alcyonaria: Colonial, tentacles and mesenteries 8 with tentacles pinnate attached.

Alcyonacea: Alcyoniina (Soft corals): Fleshy, stolon, membranous, encrusting or erect with tree-like
branching. Monomorphic polyps (autozooids: function in food intake, water movement and bear the
gonads). Some genera have dimorphic polyps (autozooids and tentacle-less siphonozooids) e.g.
Lobophytum spp. and Sarcophyton spp. Dimorphism attributed to need for transport of water (Bayer,
1973). Skeleton has calcite spicules (sclerites). Coenechyme is the general colonial mass filled with
solenia that connect with the polyps and their anthocodium. Tentacular contraction possible in some
and only partial in others.

Zooxanthellate with resulting colour of greens to brown or bright coloration in the sclerites.

Paralcyoniidae: Lobed to arborescent upper portions and are able to retract this region into the lower
stalk. Rigidly reinforced with large sclerites.

Alcyoniidae: Large, lobed colonial forms with considerable amounts of scleritic coenenchyme.

Nephtheridae: The coenenchyme between polyps is thin, arboresent with polyps grouped at the ends
of branches. Hydrostatic pressure important to provide support.

Nidalidae: Rigid, brittle, arborescent colonies with narrow stems and branches. Densely covered with
spindle shaped sclerites. Similar in appearance to gorgonians Xeniidae: Fleshy with sclerite mass
reduced. Characterized by tentacular oscillation.
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Age, Growth, Longevity

Two main growth forms massive and arborescent.
Growth by vegetative budding from the system of solenial canals between confluent coenenchyme.
Mucus production high in some and effective in cleaning of the surface of the colony. Colonies are

often prolific with numerous colonies covering large areas. In Guam population density of up to 24
colonies per square meter of Asterspicularia randalli (Gawel, 1976).

Distribution

Occurring in all oceans at all latitudes, they are most abundant in the tropics.

Paralcyoniidae: Studeiroides spp.: Indo-Pacific

Alcyoniidae: Sarcophyton spp./ Lobophytum spp.: Cladiella spp.: Very common in the Indo-Pacific.
Sinularia spp.: Indo-Pacific Philippines, Malayan Archipelago Great barrier Reef- Australia, Vietnam,
Palau, New Caledonia and the Ryukyu Island, Japan.

Asterospiculariidae: Asterospicularia sp.: Guam

Nephtheidae: Capnella spp. / Nepthea spp. / Dendroneptha spp.: Very common in the Indo-Pacific.

Nidaliidae: Chironephthya spp./ Nephthyigorgia spp/ Siphonogorgia spp.: Very common in the
Indo-Pacific.

Xeniidae: Xenia spp./ Cespitularia spp.: Indo-Pacific

Feeding and Food

Heterotrophic through zooplankton capture. Autotrophic through nutrient exchange with zooxanthellae,
digestion of zooxanthellae and absorption of dissolved organic matter in the seawater (Fabricius, et al.
1995a,b).

Food is taken in through the mouth. Prey are immobilized by nematocysts and conveyed to the mouth
by tentacles.

Behavior
Defensive
Chemical substances provide advantage over other organisms for protection by preventing feeding or
securing space on the reef. Majority of species of soft corals contain toxic terpene compounds which
they release in to their surroundings (Coll et al. 1982; and Coll and Sammarco 1983; 1986; Sammarco

et al. 1983; Webb and Coll 1983). These may influence the reproductive capability or survivorship of
scleractinian corals (Aceret et al. 1995a,b).

Physical defenses involve the use of sweeper tentacles, sclerites, overtopping,
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Reproductive Strateqgies

Asexual: Almost all increase colonial numbers through mechanisms such as fragmentation, budding,
transverse fission and pedal laceration.

Fragmentation: Takes place in Dendronephthya in 5-10 days (Fabricius, 1995). Fragmentation can
occur through constriction or though parting of the stolons.

Sexual: Dioecious and hermaphroditic. Gonads occur on the mesenteries and reproduction involves
the release of gametes into the surrounding water. Fertilization may occur externally through broadcast
spawning or within the polyp cavity. Internal fertilization gives rise to an internal brooded planula.
Also internal fertilization may give rise to an externally brooded planulae. (Benayahu, and Loya 1983,
1984a, 1984b; Yamazato et al. 1981).

Alcyonium, Heteroxenia, Lobophytum, Parerythropodium, Sarcophyton and Xenia planulae were
released between 11 and 13 days after the full moon in November. Egg size range from 625um
(Lobophytum) to 810um (Sarcophytum) (Alino and Coll, 1989). Some are may be dioecious, external
surface planula brooders (Benayahu, and Loya, 1983; 1984b; 1986). Presence of zooxanthellae is likely
in planulae.

References

Aceret T.L., Sammarco, P.W. and J.C. Coll. 1995a. Toxic effects of alcyonacean diterpenes on
scleractinian corals. J. Esp. Mar. Biol. Ecol. 188:63-78.

Aceret T.L., Sammarco, P.W. and J.C. Coll. 1995b. Effects of diterpenes derived from the soft coral
Sinularia flexibilis on the eggs, sperm and embryos of the scleractinian corals Montipora
digitata and Acropora tenuis. Mar. Biol. 122:317- 323.

Alino, P.M. and Coll,J.C. 1989. Observations of the synchronized mass spawning and post-settlement
activity of octocorals on the Great Barrier Reef, Australia: Biological aspects. Bull. Mar. Sci.
45:697-707.

Bayer F. M. 1973. Colonial Organization in Octocorals, In: Boardman R.S., Cheetham A H. and W.A.
Oliver (eds.). Animal Colonies: Development and Function Through Time. Dowden,
Hutchinson and Ross Stroudsburg, Pa. USA.

Bayer, F. M. 1981. Key to the genera of Octocorallia exclusive Pennatulacea (Coelenterata: Anthozoa)
with diagnoses of new taxa. Proc. Biol. Soc. Wash. 94 (3): 902- 947.

Bayer, F.M. Grasshoff, M. Verseveldt J., 1983. Illustrated trilingual glossary of morphological terms
applied to Octocorallia. E.J. Brill/ Fr. W. Backhuys: Leiden.

Benayahu, Y. and Loya Y. 1983. Surface brooding in the Red Sea soft coral Parerythropodium fulvum
Sfulvum (Forksal, 1975). Biol Bull. 165: 353-369.

Coral Reef Ecosystems FMP October 2001
EFH Descriptions 377



Benayahu, Y. and Loya Y. 1984a. Life history studies on the Red Sea soft coral Xenia macrospiculata
Gohar, 1940. 1. Annual dynamics of gonadal development. Bio. Bull. 166:32-43.

Benayahu, Y. and Loya Y. 1984b. Life history studies on the Red Sea soft coral Xenia macrospiculata
Gohar, 1940. II. Planulae shedding and post larval development. Bio. Bull. 166:44-53.

Benayahu, Y. and Loya Y. 1986. Sexual reproduction of a soft coral: synchronous and brief annual
spawning of Sarcophyton glaucum (Quoy and Gaimard, 1833). Biol. Bull. 170:32-42.

Coll, J. C., S. Barre, P. W. Sammarco, W.T. Williams & G. J. Bakus 1982: Chemical defenses in soft
corals (Coelenterata: Octocorallia) of the Great Barrier Reef: a study of comparative toxicites.
Mar. Ecol. Prog. Ser. 8: 271-278.

Coll C. & P. W. Sammarco 1983: Terpenoid Toxins of soft coral (Coelenterata: Octocorallia): their
nature, toxicity, and ecological significance. Toxicon, suppl. (3): 69.

Coll C. & P. W. Sammarco 1986: Soft Corals: Chemistry and Ecology. Oceanus 29 (2): 33-37.

Fabricius, K.E. 1995. Slow population turnover in the soft coral genera Sinularia and Sarcophyton on
mid- and outer-shelf reefs to the Great Barrier Reef. Mar. Ecol. Progr. Ser. 126: 145-152.

Fabricius, K.E., Benayahu, Y. and Genin. A. 1995a. Herbivory in asymbiotic soft corals. Science 268:
90-92.

Fabricius, K.E., Genin. A. and Benayahu, Y. 1995b. Flow-dependent herbivory and growth in
zooxanthellae-free soft corals. Limnol. Oceanogr. 40:1290-1301.

Gawel, M.J. 1976: Asterospicularia randalli: A new species of Asterspicularidae (Octocorallia:
Alcyonacea) from Guam. Micronesia 12 (2): 303-307.

Hyman, L.H. (1940). Chapter VII. Metazoa of the tissue grade of construction Bthe radiate
phyla-Phylum Cnidaria. In: The Invertebrates: Protozoa.through Ctenophora Vol. 1.
McGraw-Hill, New York, pp. 365-696.

Sammarco, P. W., J. C. Coll, S. LaBarre & B. Willis 1982: Competitive strategies of soft corals
(Coelenterata: Octocorallia): allelopathic effects on selected scleractinian corals. Coral Reefs
1(3): 173-178.

Verseveldt, J. (1980): A revision of the genus Sinularia May (Octocorallia, Alcyonacea). Zool.
Verhandlingen, Leiden (179): 1-128, figs. 1-68, pls. 1-38.

Verseveldt, J. (1982): A revision of the genus Sarcophyton Lesson (Octocorallia, Alcyonacea). Zool.
Verhandlingen, Leiden (192): 1-91, 21 plates.

Webb, L. & J. C. Coll 1983: Effects on Alcyonaria coral terpenes on scleractinian coral photosynthesis
and respiration. Toxicon suppl. 3: 69.

Coral Reef Ecosystems FMP October 2001
EFH Descriptions 378 .



Yamazato, K., Sato, M. and Yamashiro H. 1981. Reproductive biology of an alcyonacean coral,
Lobophytum crassum Marenzeller. Proc, 4™ Int. Coral Reef Symp. Manila, vol. 2.

Coral Reef Ecosystems FMP October 2001
EFH Descriptions 379



12.  Subclass Alcyonaria (=Octocorallia); Order Alcyonacea; Suborder Scleraxonia;
Holoaxonia (gorgonian corals, sea fans and sea whips)
Important Summary Documents

Bayer (1956, 1973, and 1981) summarizes taxonomy and anatomy.

Taxonomic Issues

Subclass Alcyonaria (=Octocorallia); Order Alcyonacea; Suborder Scleraxonia; Families: Briareidae;
Anthothelidae; Subergorgiidae; Coralliidae; Melithaeidae; Parisididae; Holoaxonia; Families:
Acanthogorgidae; Plexuridae; Gorgoniidae; Ellisellidae; Ifalukellidae: Chrysogorgiidae; Primnidae;
Isididae. -

Habitat Utilization

Strong current location; low light conditions such as depths and overhangs.

Life History

Adult: Appearance and Physical Characteristic

Generally arborescent in nature, some unbranched. Skeletal support by stiff axis utilizing the flexible
gorgonin. Divided taxonomically on basis of a central supporting axis (gorgonin and fused sclerites)
or core (cortex around chambered gorgonin). Polyps have pinnate tentacles, anthocodia sit in
coenenchymal calyx and sheath is formed around the central axis.

The main stem is attached by to a plate or branchlets to the surface. Stem contains a central
strengthening rod. The rod may be calcareous but is commonly of horny gorgonin. Short polyps occur
all over the branches of the colony but not on the main stem. Colonies are often brightly colored and
may reach 3m in height. Epizoic life common (George and George, 1979).

From (George and George, 1979):

Suborder Scleraxonia

Briareidae: Erect, finger-like processes of spongy texture (20cm height) or massive and encrusting.
Zooxanthellate. Polyps monomorphic

Anthothelidae: Thinly branched sea-fan. Fragments easily. Polyps monomorphic.

Subergorgiidae: Sea-fan with anastomosing branches (Im height), strong and flexible, polyps
monomorphic. '

Coralliidae: Calcareous skeleton with color from pink to red. Retractile white feathery polyps and
branch in any plane. Polyps dimorphic.

Melithaeidae: Sea-fan with jointed axis and brittle (50cm height).
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Suborder Holoaxonia
Plexuridae: Dichotomously branched species.

Gorgoniidae: Sea-fan with anastomosing box-section branches, flattened, bushy or feathery branches
(1m height).

Ellisellidae: Whip-like (1m long).

Primnidae: Stems stiff and heavily calcified. Polyp bases composed of spicules are arranged in whorls
around the stem.

Isididae: Parallel with upright branches

Age, Growth, Longevity

Photosynthetic gorgonians grow rapidly 15 cm (Gorgonia ventalin), 2.5 cm/mon./branch
Pseudoplexaura spp and Pseudopterogorgia acerosa (Sprung and Delbeek 1997)

0.8-4.5cm/yr. found in Puerto Rico. (Yoshioka and Buchanan-Yoshioka 1991)
Small colonies grow vertically faster but not necessarily in area.

Distribution

Cosmopolitan though most abundant in warmer waters.

Indo-Pacific occurrence:

Suborder Scleraxonia

Briareidae: Solenopodium spp.; Briareum spp.
Anthothelidae: Erythropodium spp
Subergorgiidae: Subergorgia spp
Melithaeidae: Melithaea spp.; Mopsella spp.
Ellisellidae: Ellisella spp. / Junceella spp.

Suborder: Holoaxonia

Acanthogorgidae: Acanthogorgia spp.; Muricella spp.
Plexuridae: Bebryce spp.

Gorgoniidae: Lophogorgia spp.

Chrysogorgiidae: Stephanogorgia sp.

Isididae: Isis spp.

Feeding and Food

Heterotrophic by the capture of zooplankton. Autotrophic through nutrient translocation from
zooxanthellae. Relative few holoaxonic zooxanthellate genera in the Indo-Pacific. Particulate feeding
described (Lasker, 1981)
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Require strong current situations for effective feeding by fan-like colonies.

Behavior

Periodic shedding of the waxy cuticle as a means of surface cleaning.

Reproductive Strategies

Parthenogenetic planulae production possible with planulae internal brooders (Brazeau and Lasker,
1989) though most where produced through broadcast spawning (Lasker and Kim, 1996).

Clonal propagation occurs (Lasker 1990).
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13.  Heliopora coerulea (DeBlainville, 1830) (Alcyonaria, Coenothecalia) (blue coral)

Important Summary Documents

Zann and Boulton (1985) detail the distribution, abundance and ecology in the Pacific. Hyman (1940)
and Bayer (1973, 1981) describe the anatomy and taxonomy.

Taxonomic Issues

Subclass Alcyonaria (=Octocorallia): Order Coenothecalia (=Helioporacea); monotypic, family
Helioporidae with a single species. It is a soft coral with a hard, >stony coral-like= skeleton.

Habitat Utilization

High abundance of Heliopora is attributed to a reduction in competition from Acropora, Pocillopora
and faviids in areas where theses are mutually exclusive. Heliopora frequently co-existed with Porites
and Montipora. Interms of interspecific aggression, Heliopora is a good competitor as both Acropora
and Pocillopora are considered aggressive (Lang, 1973).

It is a warm-water generalist with a wide habitat range.

Life History

Adult: Appearance and Physical Characteristics

Zooxanthellate and colonial with a blue calcium carbonate skeleton which is the result of iron salts
(Hill, 1960). Bouillon and Houvenaghel-Crevecoeur (1970) conclude the blue pigmentation is
composed primarily of biliverdin IX and secondary oxidation products. (Hyman, 1940) describes the
skeleton as composed of crystalline slivers of aragonite fused into a layer. There are no
sclero-proteinaceous structures as in the rest of the Octocorallia. The skeleton contains strontium but
in smaller amounts in comparison to hermatypic scleractinia.

Colour and growth form is highly variable: corallum pale to deep blue; living coral is light brown-grey
with extended polyps grey-white. Growth forms: encrusting, columnar and branching (coalescent
compressed, flabellate fronds, fine branching). May form massive micro-atolls (Zann and Boulton,
1985). Appears like a species of Millepora. There is a clear correlation between colony shape and
environmental conditions (Veron 1986).

Skeleton with blind tubes internally one for the polyps and one for the solenia (Hyman, 1940).

Reproductive Strateqgies

Dioecious with fertilization taking place internally and the eggs are brooded externally (Babcock,
1990). External brooding is where they fertilized eggs are shed from the polyp and adhere to the side
in mucus pouches were they the developed until they are released. Weingarten (1992) describes a
synchronous annual of oocytic development following the general octocorallian reproductive strategy.
The gametes are typically released in January, after the full moon, at the summer thermal maximum.
Where its distribution is geographically marginal, it takes more than one year for the gametes to mature.
It broods its larvae, which settle immediately after release.
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Zann and Boulton (1985) suggest the limitation to its distribution to more isolated areas due to a
relatively short larval life span. The short larval stage may be nutrient limited as the planula is
azooxanthellate.

Distribution

Duration of larval life span, prevailing currents, and the geological and climatic history of isolated
archipelagoes determine its distribution. Though widely distributed since the Cretaceous, now more
abundant in the equatorial Central Pacific than in the Western Pacific. Comprises 16% of beach
sediment in Tuvalu and 40% of substrate between 6m and 10m on Tarawa Atoll, Kirribati. Competition
with Acroporidae and Faviidae influence its occurrence (Zann and Boulton, 1985). Globally, it occurs
along West Africa, Red Sea, Indonesia and the Maldives, where it may be the dominant coral fauna.
It occurs as far south as Madagascar and north to the Ryukyu Islands in Japan (Veron, 1986).

With regard to the AFPI, it is only present in Guam (Randall, 1977), Commonwealth of the Northern
Marianas and American Samoa (rare) (U.S. Army Corps Engineers 1980).

Its habitat distribution is inter-tidal reef flats, reef front reef slope in Guam from < 1m to >30m. Itis
uncommon or rare (e.g. GBR; American Samoa) while it is abundant elsewhere. Heliopora zones have
been described in the Marshall Islands and where it is considered as the most common coral (Emory
et al. 1954; Wells, 1954a).

Feeding and Food

Heterotrophic and autotrophic by virtue of its zooxanthellae symbiosis. Prey capture is tentacular using
nematocysts. Other sources of nutrition may be dissolved organic material and suspension feeding.
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14.  Tubipora Musica (Linnaeus, 1758) (organ-pipe coral or star polyps)

Important Summary Documents

Veron (1986) describe the species.

Taxonomic Issues

Subclass Alcyonaria (=Octocbrallia); Order Stolonifera; Family Tubiporidae; Genus Tubipora with
one species Tubipora musica

Four nominal species, probably one true species (Veron, 1986).

Order Stolonifera may be considered a sub-order, with the Order Alcyonacea. Two genera present,
Tubipora and Pachyclavularia, often confused with Clavularia spp. One form has tentacles which
look like Alveopora though eight tentacles.

Habitat Utilization

Requires high illumination and strong circulation through wave action or currents. Abundant in
shallow lagoons in turbid water. Also found on reef slopes and in deep water with clear or turbid
water. In back reef locations, large heads form in sand or coral rubble. On the reef flat the colonies
are smaller and encrusting (Sprung and Delbeek, 1997).

Life History

Adult: Appearance and Physical Characteristic

Colonies are massive, formed by long, parallel, calcareous tubes (stolons) of fused spicules
connected by horizontal platforms. The tubes contain the polyps (zooids), each of which has eight
pinnate or feather-like tentacles. The skeleton is a permanent dark-red colour. Polyp colour
greenish-brown or grey polyps (Veron, 1986; Barnes 1987).

Age, Growth, Longevity

Asexual growth by budding from the solenial canals. Linking of polyps by outward growth from
the body wall. The secondary stolon are platform-like and the scerites fuse producing hard massive
colonies.

Distribution

Extends from the Red Sea and west Africa, east to Fiji and the Marshall Is. Southerly distribution
from south of Madagascar and south Western Australia, north to the Kyushu Is., Japan. Not present
in Hawaii, though in Guam and the CNML

Feeding and Food

Heterotrophic, autotroph with zooxanthellae
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Reproductive Strategies

Sexual and asexual. Sexual reproduction is unknown in Tubipora musica. An example of other
genera within the family may provide an analogous understanding. Morphologically similar,
Briareum stechei, Pachyclavularia violacea was found to be dioecious external brooder with the
developing planulae residing just beside the mouth. The reddish-brown planulae were released
between 11 and 13 days after the full moon in November (Alino and Coll, 1989). The colour of the
planulae suggests the presence of zooxanthellae.

References
Alino, P.M. and Coll, J.C. 1989. Observations of the synchronized mass spawning and
post-settlement activity of octocorals on the Great Barrier Reef, Australia: Biological
aspects. Bull. Mar. Sci. 45:697-707.
Barnes, R. D. (1987). Invertebrate zoology. Saunders Colledge, Philadelphia.
Sprung, J. & J. C. Delbeek 1997. The Reef Aquarium, vol. 2. Ricordea Publishing, Miami, USA.

VeronJ. E. N. 1986. Coral of Australia and the Indo-Pacific. Angus and Robertson. ISBN 0207 15116
4,

Coral Reef Ecosystems FMP October 2001
EFH Descriptions 387



Coral Reef Ecosystem FMP October 2001
EFH Descriptions 388



