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Appendix I Ecological Values of Reef Habitat

I.1 Introduction
Estuarine systems are amongst the world’s most productive ecosystems, owing to the
high level of nutrient cycling that occurs where fresh waters meet the sea.  Estuaries
provide valuable habitat and food sources for a variety of vertebrate and invertebrate
species including.  Many of these are conservationally significant (e.g. dugong, wader
birds and turtles) whilst others are of recreational and commercial importance, with
the majority of commercially and recreationally important species of fish from eastern
Australia dependent upon estuarine environments (Quinn 1992; Pollard 1976; Zeller
1998).  Shallow water and intertidal habitats are amongst the most productive
environments for fisheries (Quinn 1992).

Generically, the term ‘habitat’ can be applied to any spatial element of the
environment necessary for the survival, growth and reproduction of fishes, with each
habitat being a complex of physical and chemical interactions (Zeller 1998).  Whilst
the fundamental elements of habitat are typically abiotic, biotic features of habitat,
such as macrophytes and sessile macro benthos, also provide suitable substrates for
other plants and animals, and in effect contribute to microhabitats.

The functions of habitat are varied, including the provision of physical living space,
corridors for movement, spawning and feeding sites, and the provision of material
(food) to consumers.  The way and extent to which a particular habitat contributes to
productivity is often complex and difficult to elucidate.  For example, often
superficially similar habitats support significantly different abundances of fishes
(Robertson and Duke 1987).

Vegetated versus Bare Habitat

As a generalisation, vegetated habitat supports more fish and benthic invertebrates
than unvegetated substrates (Bell and Pollard 1989; Larkum et al. 1989; Poiner, 1980;
Warburton and Blaber 1992; Laegdsgaard and Johnson 1995; West and King 1996;
FRC Environmental, 2000).  However, it is often the combination of vegetated and
bare substrates that provide for the complete habitat needs of a species.

I.2 Mangroves
Typically, mangroves are restricted to sheltered shorelines occupying the intertidal
shallows between the sea and land.  The 'soil' or sediment upon which mangroves
grow may be clean coarse sand, but is more commonly fine silt and mud, high in
nutrients but essentially anaerobic (lacking in oxygen).

Estuarine mangrove forests are important nursery grounds for many species of
juvenile fishes (Halliday and Young 1996; Laegdsgaard and Johnson 1995; Robertson
and Blaber 1992; Robertson and Duke 1990).  Characteristically mangroves support
greater abundances of fish than either seagrass areas or unvegetated tidal flats
(Laegdsgaard and Johnson 1995; Blaber et al. 1992; Robertson and Duke 1987).  Sub-
tidal habitats characterised by mangrove-lined channels support a variety of fish with
habitat-specific distributions according to each species requirements for food and
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shelter from predation (Zeller 1998).  For example, mangrove prop roots and fallen
timber snags support a higher abundance of estuarine snappers (such as Lutjanus
argentimaculatus), rabbit fishes and bream than unvegetated banks and mid-channel
habitat.

Mangroves are an important component of the estuarine habitat because they:
q input significant amounts of vegetable matter into the food chain.  Leaves, fruits,

wood and bark fragments fall either directly into the water or to the ground.  As
these components decompose, they provide both soluble nutrients and detrital
fragments, which are eaten by crustacea such as prawns and crabs and some fish.
Bacteria and fungi also feed on the decomposing matter and in turn are eaten by
larger organisms (West 1985);

q trap, accumulate and release nutrients (and in some cases pollutants) and
particulate matter (silt) from surrounding land, thus acting as a buffer to the direct
effects of runoff (West 1985);

q provide a habitat or shelter to a range of fauna and flora (e.g. Morton et al. 1987).
Mangroves are recognised as important bird rookeries (e.g. Driscoll 1992), and
the sediment in which they grow typically supports both a high diversity and
abundance of fauna.  Many species of algae and 'terrestrial' epiphytes are
commonly found in association with mangrove communities.  Mangrove fruit are
eaten by the green turtle (Chelonia mydas), which is conservationally significant
The creeks which wind through large mangrove forests are also important as fish
habitat (West 1985); and because they

q protect the shoreline from erosion emanating either from the water (waves, boat
wash) or the land (runoff) (Blamey 1992) and contribute to the establishment of
islands and the extension of shorelines (Blamey 1992).

I.3 Saltmarsh / Claypan
Saltmarsh plants grow on tidally inundated ground to landward of mangroves.  Herbs,
grasses and low shrubs commonly dominate saltmarshes (Adam 1990).  Saltmarsh
communities and the role they play in the broad ecology of estuaries are perhaps the
least well understood of the intertidal communities, particularly in Australia.
However, they are thought to have the following important roles:
q stabilisation of bare mud flats.  Algae frequently colonise first forming mats over

the bare mud.  The mucilaginous nature of the algae stabilises the sediment
surface, enabling colonisation by other (saltmarsh) plants.  Sediment is then
trapped by the leaves of these plants, causing a gradual buildup of sediment.  The
binding of sediment by plant roots also probably confers some resistance to
erosion (van Erdt 1985; cited in Adam 1990);

q remineralisation of terrestrial and marine debris: saltmarshes contribute to the
nutrient cycling of estuaries, and may buffer the water bodies from excess
nutrients from the land (Adam 1990);

q provision of a direct food source for terrestrial, avian and marine fauna; and
q provision of habitat for terrestrial, avian and marine fauna, including migratory

species and species protected under international treaties such as JAMBA and
CAMBA.  The false water-rat (Xeromys myoides) is found in areas of saltmarsh
dominated by reeds and rushes.
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Our understanding of the direct use of saltmarshes by finfish and nektonic crustaceans
is comparatively poor.  Recent studies indicate that some Queensland saltmarsh /
claypan areas are commonly frequented by fish species of significance to commercial
and recreational fishers (Connolly 1999).

Saltmarshes may support dense mats of algae, which are important contributors to
local fisheries productivity through providing an alternative source of food to detritus
(Adam 1995).  Shallow pools topped up intermittently by rainfall support a variety of
invertebrates (including crabs, other small crustaceans and insects) that are consumed
by fishes following the rising tide.  In particular, on the rising tide juvenile bream
enter tidal drains in saltmarsh habitat to feed, moving back into deeper water as the
tide recedes (Morton et al. 1987).

I.4 Seagrass
Seagrass meadows, like mangroves, also provide important nursery habitat,
particularly for a range of crustacean species (West and King 1996; Laegdsgaard and
Johnson 1995; Connolly 1994; McNeill et al. 1992; Coles and Lee Long 1985; Young
1978).  The distributions of juvenile tiger prawns (Penaeus semisulcatus and
P. esculentus), eastern king prawns and endeavour prawns are strongly correlated with
inshore seagrass meadows (Staples et al. 1985).  Seagrass leaves provide physical
cover for juvenile prawns and fish and provide a substrate for both epiphytic algae and
minute grazing animals, which form a major component of the prawns’ diet.
Seagrasses also provide a direct source of food for dugong, some turtle species
(Lanyon et al. 1989), and some species of fish and crustacea other than prawns.
Juvenile tiger prawns eat the seeds of eelgrass (Zostera capricorni).

As significant primary producers (Hillman et al. 1989), seagrasses have been
recognised as playing a critical role in coastal marine ecosystems (Hyland et al. 1989;
(Poiner and Roberts 1986; Pollard 1984).

Seagrasses have the following functions (from Poiner et al. 1992):
q trap, stabilise and hold bottom sediments (Poiner and Peterken 1995; Fonseca and

Kenworthy 1987);
q decrease water movement promoting sedimentation of particulate matter and

inhibiting resuspension of organic and inorganic matter (Philips and Menez
1988);

q supply and fix biogenic calcium carbonate (den Hartog 1970);
q produce and trap detritus and secrete dissolved organic matter that tends to

internalise nutrient cycles within the system (Moriarty et al. 1984); and
q provide large amounts of substrate for encrusting animals and plants (Klumpp et

al. 1989; Harlin 1975).

Seagrasses form dynamic marine plant communities that may undergo substantial
change in response to changing seasonal factors (e.g. Coles et al. 1997).  Light
intensity, turbidity, sediment and water column nutrient concentrations and
availability, temperature, depth, salinity and substrate characteristics may each be
important determinants of both seagrass distribution and primary productivity.  In the
extreme, entire meadows may be lost (e.g. Abal and Denison 1996; Kirkman 1978); or
may regenerate (FRC 1999).
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Not all seagrasses have the same value as fish nurseries.  Different seagrass species
may support differing abundances of an essentially similar community of fishes.  Even
the same species of seagrass may have greatly differing habitat value.  Ultimately,
where a particular expanse of habitat is located may be more relevant to patterns of
recruitment, than the characteristics of habitat structure (Bell et al. 1988; Jenkins et al.
1998; Bell and Pollard 1989; Bell et al. 1987; Young and Carpenter 1977).

I.5 Macroalgae
Macroalgae are a commonly overlooked component of the marine environment, which
may significantly contribute to a localities ability to support marine life, in particular
fish and crustacea.  The macroalgal component of estuarine floral communities may
consist of several elements: loose lying or drift algae, rhizophytic or benthic
macroalgae, and epiphytic algae on seagrass or other algae (den Hartog 1979).

The ecological significance of macroalgae and its role in nurturing and feeding fish
and crustacea of importance to commercial and recreational fisheries has only recently
been investigated.  Macroalgal communities can play a role similar to other
macrobenthic plants, providing oxygen, food and habitat for small fauna.  An
understanding of the seasonal occurrence and standing crop dynamics is necessary to
evaluate this community’s role in the ecosystem (Benz et al. 1979).

Macroalgae are likely to perform the following functions:
q provide shelter and refuge for resident and transient adult and juvenile animals,

many of which are of commercial and recreational importance (Zeller 1998;
Jenkins and Wheatley 1998);

q trap, stabilise and hold bottom sediments;
q slow and retard water movement promoting sedimentation of particulate matter

and inhibiting resuspension of organic and inorganic matter;
q supply and fix biogenic calcium carbonate;
q produce and trap detritus and secrete dissolved organic matter that tends to

internalise nutrient cycles within the system; and
q provide food for many species including the green turtle (Chelonia mydas), an

endangered species.

Macroalgae are major primary producers within coastal waters, with 10% (kelp
communities) to 60 – 97% (algal turf communities) of algal production entering
grazing food chains (Carpenter 1986; Klump and McKinnon 1989 – each cited in
Phillips, 1998).  Even in seagrass meadows, 20 – 62% of the primary productivity of
algal epiphytes on seagrass leaves compared to a maximum of 10% of seagrass
primary productivity, are consumed by herbivores (Klumpp et al. 1992; Orth 1992 –
both cited in Phillips 1998).

I.6 Unvegetated Soft Substrate
Unvegetated sandy and muddy sediment, whilst commonly considered to be not as
productive as areas supporting seagrass are also important to the ecosystem.  Bare
substrate is rarely bare.  Where sediments are stable, microalgae communities become
established within both the intertidal and shallow subtidal.  The microalgae support an
associated community of small benthic invertebrates (for example polychaete and
nematode worms, cumaceans, copepods and soldier crabs), which in turn are an
important source of food for fishes that include juvenile mullet (Hollaway and
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Tibbetts 1996), bream and whiting (Weng 1983).  Mudflats may be transitional zones
between juvenile and adult habitats (Laegdsgaard and Johnson 1995).  Bare substrates
in shallow waters may also provide shelter from larger predators and the opportunity
to employ camouflage: whiting, flathead and flounder are each examples of species
positively associated with bare substrate habitat.

Intertidal and shallow subtidal sand flats support a variety of fish species.  Fish such as
whiting and flathead feed in sandy areas, whereas other such as bream and mullet
prefer the fauna associated with muddy areas.

 The fauna associated with soft sediment habitats is typically determined by the
character of the sediment: its grain size and stability; and with the presence or absence
(Humphries et al. 1992b; Poiner 1980), or proximity of seagrass (Ferrell and Bell
1991).  Grain size influences the ability of organisms to burrow, and the stability of
‘permanent’ burrows.  Unstable sediments support less diverse benthic communities
than those that are relatively stable.
 
Shallow water, bare sediment communities are characterised by widely fluctuating
abundances, species richness and diversity.  These fluctuations are correlated with
severe abiotic disturbances (such as wind and wave activity).  During calmer months,
shallow bare sand developed similar communities to deep water bare sand habitats
(Poiner 1980).

I.7 Rocky Reefs
Rocky substrates such as emergent platform reefs, boulders and marine cliffs support a
diversity of floral and faunal communities, such as limpets, barnacles, soft and hard
coral and macroalgae.  The high habitat diversity (including rock pools, gullies and
ledges) found in these environments may support a high species diversity.  These
habitat types are of importance to many species that require hard substrate for
colonisation.

I.8 Coral Reefs
Coral reef ecosystems occur throughout the tropical and sub-tropical seas of the world.
Whilst the most diverse hard coral communities occur in clear, tropical offshore
waters, extensive inshore coral communities are found along much of Australia’s
northern coastline, and within the Indo-Pacific region.  Hard coral communities are
often complimented by soft corals, sponges, macroalgae and a host of other
invertebrate taxa.  Coral reefs are the most diverse marine ecosystem types, supporting
a wide range of species including fishes, reptiles (such as sea snakes and turtles),
echinoderms, polychaetes and crustaceans.

I.9 The Waters
As many species of inshore fish and invertebrates rely on tidal and wind-driven
currents to disperse their planktonic larvae, the waters in which fish live must
themselves be considered as an important element of habitat.  In particular, water
quality and movement are two characteristics that may be both critical to the survival,
growth and reproduction of particular species; and that may be significantly altered by
both natural and anthropogenic influences.
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Artificial Habitat
Both inadvertently and deliberately, man creates habitat within the coastal
environment.  Each structure, even those that move (like boats) contribute to the range
of habitat available.  Simple examples of man-made habitat include jetties and
harbours, canals, tidal lakes and breakwaters.  Each provides a characteristic
combination of hard surfaces, voids and shading.  These structures may alter water
quality and sediment characteristics in their immediate vicinity.  Each may contribute
to a habitat that favours some species over others, or some life history stages over
others.  Artificial habitat may support faunal communities that are both similar to, yet
different from nearby natural habitats.

I.10 Habitat, Environmental Influences and Fisheries
Production

The relationships between habitat and fisheries production are often complex and
confounded by environmental influences.  Few habitats exist in isolation: each may
contribute to and benefit from the characteristics of adjoining and in some cases
distant habitats.  Each living component of the system consumes and releases energy
or nutrients for others to use.  The cycles of energy transference and webs that connect
organisms are often complex and changeable: few species are linked to the one
habitat.  The integrity of habitats, of habitat diversity and of the links between habitats
is critical to maintaining trophic relations, and the abundance and diversity of fish
stock.
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