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Appendix J. Factors Affecting Distribution of
Habitat

J.1 Mangroves
The factors which determine the distribution of mangroves and saltmarshes in
Queensland include temperature; sediment type; salinity of the soil water;
drainage/aeration; degree and frequency of tidal inundation; exposure to currents; and
exposure to freshwater.
 
 Mangroves communities grow on a diverse range of sediments from rocky outcrops,
to coarse sand, to fine silts and muds.  However, they develop best in sheltered
depositional environments on fine silts and clays (Hutchings and Saenger 1987).
Drainage and aeration depend on sediment characteristics, frequency and period of
fresh and saltwater inundation and elevation.  Mangrove species differ in their ability
to withstand poorly drained or aerated soils.  Hutchings and Saenger (1987) produced
a tentative grouping of mangroves based on the soil water content in which they grow.
The height of some mangroves e.g. Avicennia marina appears to depend on drainage
properties of the soil, with the tallest trees growing in well drained banks close to
streams.  Saltmarshes cannot remain vigorous on waterlogged anaerobic soils, and this
maybe a major factor limiting their seaward distribution (Hutchings and Saenger
1987).
 
 Salinity of the interstitial water is an important factor regulating, growth, height,
survival and zonation of mangroves and saltmarsh plants (Hutchings and Saenger
1987).  Salinity of the soil water is dependent on the salinity of the ocean or estuarine
water, the period and frequency of inundation, volume and frequency of freshwater
inputs, evaporation due to high temperature or wind, soil type and plant cover.  In
general, saltmarsh species are more tolerant of high salinities than mangroves.  Of the
mangroves, Avicennia marina grows over the largest salinity range.  Aegiceras
corniculatum will also grow over a broad range, although less than Avicennia marina.
Rhizophora stylosa, Bruguiera gymnorrhiza and Ceriops tagal are recorded as
growing at salinities 3 to 4 times the concentration of seawater (Hutchings and
Saenger 1987).
 
Rural, urban and industrial development all have an affect on one or more of the
environmental characteristics discussed above.  For example, development adjacent to
the landward fringe of mangroves may alter the soil water characteristics within the
mangrove stand, and impact on the growth, survival and species composition of a
stand.

J.2 Seagrasses
Water clarity, salinity, temperature, currents, exposure, sediment characteristics and
nutrients in the water column and in the sediment, are probably the most important
factors limiting the distribution of seagrasses.

Like all plants, seagrasses require light to photosynthesise.  Light reaching a seagrass
bed is a combination of the light intensity at the surface, the depth at which the
seagrass is growing, the turbidity of the water, and the presence or absence of
epiphytes on the seagrass.  The turbidity of water above a seagrass bed can be
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increased either directly, by adding or resuspending fine sediment in the water
column, or indirectly through enhanced nutrient levels which increase phytoplankton
density (Shepherd et al. 1989).  Thus water turbidity can increase due to, for example:
floods, dredging, sludge discharge, upstream fertilisation of terrestrial land, and
increasing sediment loads resulting from land clearance or fires (Abal and Dennison
1996).

The increase in turbidity associated with dredging and dredge spoil disposal can
significantly decrease the penetration of light through the water column.  Light
availability, or specifically the duration of light intensity exceeding the photosynthetic
light saturation point controls the depth distribution of seagrasses (Dennison and
Alberte 1985; Dennison 1987; Abal & Dennison 1996).  The depth range of seagrasses
is a function of water clarity.  For example, on average 30% of surface light; a light
attenuation co-efficient of less than 1.4m-1 and total suspended solids of less than 10
mg L-1 are required for the survival of Zostera capricorni (Longstaff et al. 1998; Abal
& Dennison 1996).  Halophila ovalis another common species in the area, has a
particularly low tolerance to light deprivation caused by pulsed turbidity such as
floods and dredging (Longstaff & Dennison 1998).

Availability of light also affects productivity of seagrasses, Grice et al. (1996) found
that seagrass exposed to higher light intensity were more productive than those in less
intense light.  Therefore dredging may result in lowered productivity of seagrasses, at
least temporarily.  Light has also been shown to control (under particular
circumstances) the population dynamics of macroalgae (Lukatelich and McComb
1986a; cited in Lavery and McComb 1991).

Seagrasses can absorb nutrients through both the leaves and roots.  Moderate amounts
of additional nutrients in either the water column or in the sediment can increase
seagrass growth (McRoy and Helfferich 1980).  However, increased nutrient loads
may lead to an increase in phytoplankton densities, and consequently a reduction in
water clarity and seagrass depth distribution (Dennison et al. 1993).

Increased nutrient levels may also lead to an increase in macroalgal growth at the
expense of seagrass.  Macroalgae are more efficient at absorbing nutrients from the
water column than seagrasses (Wheeler and Weidner 1983; Zimmerman and Kremer
1986).  Consequently, benthic macroalgae may overgrow and displace seagrass, whilst
drift and epiphytic algae may physically shade seagrass and reduce its growth and
distribution (Twilley, et al. 1985; Silberstein et al. 1986; Maier and Pregnall 1990;
Tomasko and Lapointe 1991).  Epiphytic algae may also reduce diffusive exchange of
dissolved nutrients and gases at leaf surfaces (Twilley, et al. 1985; Neckles et al.
1993).

Changes to sediment characteristics may also lead to changes in seagrass distribution
and species composition.  Zostera capricorni is most commonly found on reduced
sandy or muddy sediment (den Hartog 1970).  Changes to current regimes are also
likely to effect distribution and species composition.  Sub-tropical seagrasses, in
general, grow in areas of low current, usually embayments or estuaries, or on sheltered
coastlines, with each species having different capabilities of withstanding different
current regimes.  Changes to sediment and current regimes may also result in changes
to the length of exposure of seagrass beds.  With increasing exposure, desiccation and
temperature are likely to increase.  Consequently increased exposure during summer
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may result in a decrease in distribution and density, and will alter community
composition.

J.3 Reefal Communities Including Corals
The distribution of rocky reef flora and fauna is determined principally by exposure to
wave action, and water quality (in particular turbidity).

J.3.1 Turbidity and Sedimentation

As many of the fauna are filter feeders, high suspended solids levels may significantly
effect feeding efficiency; contaminants may also be rapidly taken up through feeding.
As for the floral communities of other habitats, suspended solids may also effect the
depth to which macroalgae may grow, and community structure.

Hard coral communities fare best in areas characterised by clear, warm waters that are
well mixed and free of sediment (Hubbard 1988).  Clear water promotes the
photosynthetic activity of zooxanthellae hosted by most shallow water corals.  Active
water movement circulates nutrients, removes wastes, maintains high oxygen levels,
and discourages predation by herbivores and coralivores.

Diversity in coral communities may be controlled by physical factors, in particular
salinity, turbidity, sedimentation and the availability of suitable substrate (Lovell
1989).  Biotic factors including competition with soft corals and macroalgae may also
be significant (Johannes et al. 1983; Smith & Simpson 1991).  Macroalgae is likely to
both compete for space (particularly in respect of substrate suitable for recruitment),
and to physically inhibit coral growth through abrasion, shading and sediment
retention.

Whilst various models for predicting critical levels of turbidity and nutrient
enrichment have been proposed (Bell 1992; Lapointe 1997; Te 1997), various studies
have shown that different species of corals have very different tolerances to nutrients.
Concentrations of dissolved inorganic nutrients are poor indicators of reef status, and
the concept of a simple threshold concentration that indicates eutrophication has little
validity (McCook 1999)

Coral communities of the Whitsunday coast are influenced at a broad-scale by the
discharges of the Proserpine and O’Connell Rivers.  Whilst larval recruitment is near
random, environmental factors determine which species survive and grow (Fisk and
Harriot 1990; van Woesik 1999).  These communities chronically experience sediment
deposition rates considerably in excess of rates reported to be catastrophic for coral
communities in other parts of the world.  Despite this these communities continue to
flourish and are healthy (e.g. Marshall and Orr, 1931; Rogers, 1990).

Severe, acute impacts (as may be associated with flood events) are likely to strongly
influence the overall structure of coral communities, in particular the population age
structure and survival of species over the short term.  In the short term, such events are
also likely to influence the variety of species found at any one location through
affecting the availability of suitable substrate and eliminating less tolerant species.
The chronic effects of elevated turbidities and sediment deposition, characteristic of an
estuarine environment, broadly restrict diversity to those species able to withstand
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such conditions.  Subtle changes in the character of the environment are likely to
determine the character of the coral communities over the longer term (decades), and
certainly determine the ability of a location to support populations of coral species in a
self sustaining manner.

Increased sedimentation and turbidity in tropical coastal waters, related to changed
land use, are among the most serious environmental problems facing coral reefs
worldwide (van Woesik et al 1999).  Negative impacts of sedimentation on the
structure and function of coral communities have been shown through a variety of
studies (Squires 1962; Loya 1976; Cortes and Risk 1985; van Katwijk et al. 1993; Te
1997).  Human activity can also increase nutrient levels and decrease the abundance of
grazing animals (Littler et al. 1992).

Increased turbidity in the water column leads to a decrease in photosynthesis and
consequently decreased coral productivity.  Effects range from mild coral stress to
subtle changes in reef community structure, to outright coral mortality and ecological
collapse of the reef (Raaymakers and Oliver, 1993).  Continual resuspension and
transport of sediments can cause reef degradation years after the delivery of the
sediments ceases.

The impacts of increases in sediment deposition on coral communities can include
reduced algal and coral diversity and reductions in epifaunal densities (Hatcher et al.,
1989).  The varied biota found associated with coral communities, living or feeding in
the crevices and crannies within and around corals are likely to suffer as these spaces
are filled by deposited sediments (Johannes, 1975).

Sedimentation is a major controlling factor in the distribution of reef organisms and in
overall reef development (Hubbard, 1986; Macintyre, 1988, cited in Rogers, 1990).
Reefs are generally better developed, are more diverse, and with greater coral cover
and rates of coral growth the lower the sediment load is in overlying waters (Rogers,
1990).

Increased turbidity and sediment deposition can also impact the planktonic food
supply of corals (this is unlikely to be significant for hermatypic corals); reduce
available sites for larval settlement (Hubbard, 1988; Rogers, 1979; Johannes, 1975);
stimulate energy-consuming sediment rejection behaviour and can abrade the coral.

J.3.2 Nutrient Levels

Elevated nutrient levels can also negatively impact coral communities.  There is
concern on the Great Barrier Reef in particular, that abundant macroalgae on inshore
fringing reefs is a result of degradation due to anthropogenic increases in terrestrial
inputs of sediments and nutrients (McCook and Price, cited in McCook 1999).  Algal
dominated reefs usually have lower fish stocks, less tourism appeal and coral
biodiversity than coral dominated reefs (McCook 1999). Whilst increased nutrient
loads and associated macroalgal blooms pervasively and fundamentally alter estuarine
ecosystems (Valiela et al. 1997), the effects of increased nutrient loadings on coral
reefs seem equivocal and discordant, and may be confounded by many indirect effects
(van Woesik et al 1999).

The response of the corals themselves to increased nutrients is dependent on light and
temperature (D’Elia 1977 cited in van Woesik et al 1999).  Recent research indicates
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that increases in nutrients can have sub-lethal impacts on hard corals.  In particular
elevated nitrogen levels can stunt coral growth and decrease larval settlement (Koop et
al 2001).  In areas of high nutrient enrichment, corals may be replaced by macroalgae
(Lapointe 1997), particularly if this is accompanied by a significant reduction in
herbivores (e.g. Hughes et al. 1999; McCook 1999).  By reducing growth and larval
settlement, elevated nutrients may effectively prevent the recovery of corals that have
suffered some form of acute stress (e.g. a bleaching event, flood or cyclone damage).

J.4 Soft Sediment Communities
Soft sediment benthic communities typically have marked fluctuations in both
numbers of animals and number of species.  Non-biological factors such as
temperature and salinity cannot account for these distributions alone: changes between
years appear to be more significant than changes between seasons (DEC 1989).

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
of seagrass.  Grain size influences the ability of organisms to burrow, and the stability
of ‘permanent’ burrows.  Unstable sediments (that is those that are frequently
reworked by wave or current action) support less diverse benthic communities than
those that are relatively stable.  Resuspension of fine sediments can interfere with the
feeding and respiration of benthic fauna.  Contaminants within the sediments may also
adversely affect benthic fauna, particularly those that ingest the sediment in feeding.
Vegetated soft sediments support a greater diversity and abundance of organisms than
unvegetated sediments.
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