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Abstract 

Water bodies in coastal areas of southwestern Australia are predisposed to eutrophication. The sandy 
soils of the catchments retain nutrients poorly, streamflow is highly seasonal, most freshwater wetlands 
are small and shallow, and the estuaries are poorly flushed. Nearshore waters lack the conventional 
upwelling of other coastal regions in these latitudes. Consequences include increased macroalgal growth 
and phytoplankton blooms, especially of cyanobacteria, and loss of seagrasses. Changes to fish and 
invertebrate populations result both from increased algal production and low oxygen concentrations. 
Algal toxins and outbreaks of botulism have caused waterbird casualties. Phosphorus is especially 
important in controlling plant Nomass in freshwater wetlands and estuaries, and N in some wetlands 
and coastal embayments. In the examples reviewed here nutrients are derived mainly from fertilizer 
applications in catchments and rural industries, and from sewage and individual discharges to coastal 
waters. 

Introduction 

The biological consequences of nutrient enrich- 
ment have been well documented for water 
bodies in various parts of the world, including 
Australia, and it would not be appropriate to 
review this information comprehensively here. 
Instead, this paper presents an overview of 
examples of eutrophication from southwestern 
Australia, drawing together some of the infor- 
mation which has been scattered in the litera- 
ture, in an attempt to seek generalisations and 
suggest a few areas in which it would be useful to 
obtain further information. 

It is useful to begin with a brief comment 
about factors which may predispose water bodies 
of the south west to eutrophication, some of 
which are discussed in more detail in other parts 
of this volume. They are: 

1. Soils with poor nutrient retention capacities. 
While there are exceptions, most soils of the 
south west, and especially the sands which 

mantle Pleistocene soils of the coastal plains, 
have a very poor capacity to retain nutrients. 
The natural soils are highly leached, and 
therefore generally have low ambient concen- 
trations of available nutrients; the natural 
ecosystems which they carry are efficient at 
trapping and recycling these scarce resources, 
and in consequence undisturbed streams 
draining from them have low nutrient concen- 
trations. The establishment of agriculture has 
relied extensively on the addition of nutrients, 
notably phosphatic fertilisers and trace ele- 
ments, with N being added from fixation by 
legume rhizobia and nitrogenous fertiliser. 
When the natural vegetation is disturbed or 
replaced with agricultural systems, streamflow 
concentrations of nutrients increase sharply; 
their downstream effects on otherwise oligot- 
rophic systems are especially obvious. On 
sandy soils, both P and N are lost to drainage; 
for the lateritic uplands, streamflow concen- 
trations of N increase in relation to the 
amount of catchment cleared, but these soils 
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retain P more effectively than do the sands of 
the coastal plains [35, 2, 4, 40]. 

2. Streamflow is highly seasonal. Much of the 
south west has a Mediterranean climate with 
hot, dry summers and heavy winter rainfall 
and consequent winter streamflow. To the 
south the rain is distributed more uniformly 
across the seasons (although still much 
heavier in winter), while further inland rain- 
fall is more erratic. At the end of the dry 
season, much of the pasture and crops has 
been removed or become desiccated in situ, 
and the soil surface is largely exposed and 
devoid of vegetation; the nutrients which 
remain in the soil have become largely miner- 
alised. Towards the coast, farmers spread 
fertilizer towards the end of the dry period, 
because it is difficult to move machinery when 
the soil is saturated. The season often 'breaks' 
with heavy rain, which transports much of the 
available nutrients in streamflow. 

3. Morphological features of wetlands. The 
south west has a diversity of natural wetlands, 
but the areas of open water which they 
contain are rarely more than ponds by inter- 
national standards [30]. They are usually 
small and very shallow. They often do not 
have significant inflows of surface water, and 
if they do, the streams entering them usually 
drain agricultural land. In addition, few have 
significant outflows; this means that the water 
is concentrated by evaporation, so that the 
wetlands are vulnerable to the accumulation 
of dissolved substances such as salt and nu- 
trients [16, 17]. In many cases the wetlands 
are surface expressions of the regional 
groundwater table, and their water quality 
may be strongly influenced by that of ground- 
water; in urban areas they are vulnerable to 
the effects of dissolved nutrients moving 
through the sandy soils referred to above 
[101. 

4. Coastal waters lack conventional upwelling. 
Unlike other north-south oriented coasts of 
the southern hemisphere, that of the west 
coast of Australia lacks a strong, wind- and 
current-induced upwelling. As a consequence, 
southwestern Australia does not have a large 
offshore fishery, and its waters are nutrient 
poor. However, it does have extensive and 
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characteristic nearshore macrophyte com- 
munities, especially seagrasses, and supports 
a large rock lobster industry; presumably 
these nearshore communities are very effec- 
tive at trapping and recycling nutrients. This 
raises the possibility that the system may be 
particularly sensitive to nutrient enrichment, 
and as shown below, the communities of 
primary producers are strongly affected by 
nutrient addition. 
A heritage of poor land-use and management 
decisions in the past. There is an increasing 
consciousness of the need to protect diminish- 
ing water resources in the face of an increas- 
ing population, whether for drinking pur- 
poses, garden watering, conservation or aes- 
thetic reasons [42]. However, the quality of 
water in wetlands is in part a heritage of past 
decisions. Where they lie in agricultural land 
they may be grazed to the shoreline; they may 
be surrounded by heavily-fertilized vegetable 
gardens, sited near them because of the 
proximity of water and peaty soils; or they 
may lie in an urban area where they receive 
stormwater drainage or seepage from refuse 
disposal sites or septic tanks. Not surprisingly, 
although they may in principle be set aside for 
conservation and passive recreation, their 
waters are likely to show symptoms of eut- 
rophication. 

It may be emphasised here, however, that it 
has been a policy of successive governments to 
protect the catchments of reservoirs used to 
supply water for human consumption, and such 
catchments in the south west lie in uncleared 
forest subject to little disturbance apart from 
controlled logging. Although kept under review, 
eutrophication is not a major management prob- 
lem for reticulated supplies to the larger urban 
areas of the south west. 

Consequences of  nutrient enrichment in 
southwestern water bodies 

1. Primary producers 

It is convenient to distinguish between the major 
functional groups of phytoplankton (including 



algae and cyanobacteria or 'blue-green' algae), 
macroalgae, and aquatic higher plants (including 
seagrasses). 

(a) Phytoplankton 
Planktonic species obtain dissolved nutrients 
from the surrounding water. If light and tem- 
perature are not at growth-limiting levels, the 
addition of an appropriate spectrum of nutrients 
will lead to an increase in phytoplankton growth 
rate. If the organisms are not lost from the 
system as rapidly as they reproduce, for example 
through grazing, there will be an increase in 
biomass; it is the increase in biomass, not the 
increase in growth rate, that is perceived as a 
symptom of nutrient enrichment. Conversely, an 
increase in the phytoplankton biomass of a water 
body immediately suggests nutrient enrichment 
from anthropogenic sources. It is clear that, 
while physical factors may limit growth rates 
under particular conditions, the addition of nu- 
trients to many southwestern water bodies is all 
that has been required to lead to an increase in 
phytoplankton biomass. Thus high concentra- 
tions of phytoplankton have been reported for a 
number of water bodies, and attributed to nu- 
trient enrichment. For example, three lakes - 
one in an established urban area, one in an area 
rapidly becoming urbanised, and ,one in a nation- 
al park - showed very different phytoplankton 
population size [20]. Fertilizers applied to 
domestic gardens or grassed recreational areas 
are the principal sources of nutrients to urban 
wetlands on the Swan Coastal Plain and many 
are highly enriched [22]; concentrations of total 
P in the water column exceeded 200/xg1-1 in 
approximately one-third of 40 wetlands studied. 
Enriched urban lakes in summer are character- 
ised by large populations of blue- green algae, 
especially Anabaena [10] and Microcystis [46]. 

In shallow estuaries, the 'phytoplankton' 
species observed in summer may consist of 
benthic microalgae brought into the water col- 
umn through wind-induced suspension, but 
planktonic genera of diatoms such as 
Rhizosolenia and Chaetoceros occur in winter 
and spring, when populations may be high in 
consequence of nutrient addition through 
streamflow. In summer in the Peel-Harvey es- 
tuarine system there are massive blooms of the 
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planktonic blue-green Nodularia spumigena Mer- 
tens, and the size of the bloom is related to the 
amount of river flow in the previous winter 
[38, 39, 43]. 

In nearshore regions, much lower concentra- 
tions of phytoplankton are observed because of 
the exchange with the open ocean and con- 
sequent low residence time of water near the 
coast, but to the general public, concentrations 
of chlorophyll which are tolerated in lakes and 
estuaries are not tolerated in nearshore regions. 
In Cockburn Sound, an embayment with re- 
stricted ocean exchange, concentrations of 20- 
30/xg 1-1 are not considered acceptable, because 
they greatly exceed those found in offshore 
oceanic waters [9]. 

(b) Macroalgae 
Increased macroalgal biomass is a common re- 
sponse to nutrient enrichment, and has been well 
documented in the south west. Large filamentous 
algae occur in fresh waters and may increase 
following enrichment, but it is in marine waters 
where there is the greatest macroalgal species 
diversity and biomass, and it is in estuaries 
where, although species diversity is less than in 
the open ocean, poor water exchange ensures 
that the effects of nutrient enrichment on macro- 
algae are particularly obvious. 

A macroalgal problem in Peel Inlet is brought 
about almost entirely by increases in green algae 
of the genera Cladophora, Chaetomorpha, Ulva 
and Enteromorpha. The total biomass of all four 
has increased dramatically as a result of clearing 
of the catchments for agriculture, and the entry 
of nutrients in drainage to the estuary. The 
problem had assumed massive proportions by 
the mid-1960s, when the public complained of the 
smell of rotting algae, accumulations of algae on 
what were once clean, sandy beaches, the fouling 
of nets and boat propellers, impediments to the 
progress of boats by offshore algal banks, and 
the depression of real-estate values. Another 
significant change was the smothering of fringing 
marsh plants close to the estuary. These prob- 
lems occurred in an estuary used heavily by 
locals and visitors from the Perth metropolitan 
area for recreation, fishing and crabbing, and 
which has the State's largest estuarine-based 
fishery. 
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The large biomass (estimated to reach some 
35 000 tonnes in the estuary [43]) represents a 
large bank of nutrients in this enriched system 
[27]. The algae are essentially perennial, and in 
winter their growth is reduced through low 
temperatures, light intensities and (in some 
cases) by low salinity. As noted above, this 
period of riverflow is at a time when nutrient 
concentrations are particularly high in the sys- 
tem. The algae are able to take up nutrients in 
'luxury uptake', i.e., accumulating them at high- 
er concentrations than can be used in immediate 
growth, and redeploying them for growth when 
conditions become suitable. In addition, accumu- 
lations of algae create conditions in which the 
lower layers of algae and sediments, where light 
is attenuated by the biomass above, become 
anaerobic and release large amounts of nutri- 
ents, which are in part recycled and used by 
algae growing at the surface of the bed 
[45, 5, 31]. 

Light is often limiting in winter, and limits the 
growth of algae in beds or banks at all times of 
year; because light is so important in the control 
of growth rate, it strongly influences the amount 
of algae present in the estuary after a growing 
season [19, 18, 43]. Thus nutrients allow a large 
biomass of algae to accumulate, but light exerts 
an overriding control over the rate at which 
biomass increases. 

There have been marked changes in species 
dominance among the algae in Peel Inlet. When 
the problem became most obvious, the nuisance 
organism was a ball-forming species of 
Cladophora, C. montagneana Kutz, which had 
not previously been recorded for Australia [21]. 
Over the years a deteriorating light climate has 
favoured Chaetomorpha, which is distributed 
through the water column, and Ulva, which 
occurs in shallows where it was once largely 
smothered by Cladophora. The deep beds of 
Cladophora were finally disrupted by a massive 
storm in 1978, and have never re-established 
[33, 32]. 

Macroalgal accumulations attributed to nutri- 
ent enrichment have been reported from other 
estuaries, including Oyster Harbour near Albany 
[3, 24], and Leschenault Inlet near Bunbury [37]. 
Rotting algae were considered a serious pollu- 
tion problem in the Swan River in the 1960s and 

70s, but are not currently a problem, for reasons 
which are not fully understood [26]. Other areas 
where accumulations have occurred, sufficient to 
arouse public comment, but which have been 
less extensive in space or time, include the 
Blackwood River Estuary and Wilson Inlet. In 
semi-enclosed marine embayments there are also 
problems - massive algal banks have replaced 
seagrass meadows in Princess Royal Harbour, 
and the increased growth of macroalgal epi- 
phytes on seagrass leaves has been reported to 
follow nutrient enrichment in Cockburn Sound, 
as described below. 

(c) Aquatic higher plants 
Nutrient enrichment can lead to increases in the 
amount of higher plant material in aquatic sys- 
tems, and especially in shallow freshwater wet- 
lands. These macrophytes are able to take up 
nutrients from both water and sediments and 
occur on appropriate sediments down to a depth 
limit imposed by light intensity. Western Aus- 
tralia is not richly endowed with freshwater 
aquatics, perhaps because of a period of aridity 
during the Pleistocene, perhaps because of a 
general paucity of permanent wetlands, and 
perhaps because of low nutrient status. Certain- 
ly, such aquatics can extensively invade artificial, 
permanent wetlands (for example ponds sur- 
rounded by fertilised lawn). The introduced 
Eichornia is viewed as a major potential weed 
and was once well established on Lake Monger, 
near Perth, while the introduced fern Salvinia 
expanded rapidly in some areas, and was elimi- 
nated by hand from Tomato Lake, an urban 
wetland near Perth. However, there is little 
experimental information about these plants in 
the Western Australian context. 

Many shallow-water, relatively pristine aquatic 
systems, ' such as Loch McNess in the Yanchep 
National Park, are dominated by sedge fen 
vegetation [44], which represents a large nutrient 
bank; the natural waters of such systems are 
nutrient poor [20]. 

The aquatic angiosperm Ruppia megacarpa 
Mason, which is able to grow in salt lakes and 
estuaries, has increased in biomass in ~recent 
years in Wilson Inlet, a mildly eutrophic estuary 
which receives nutrient-enriched runoff from 
farmland on sandy, coastal plain soils [40]. 



Locals complain of fouling of some of the more 
sheltered embayments in the estuary by rotting 
Ruppia biomass. In contrast, strongly eutrophic 
conditions have led to the virtual elimination of 
this plant from Peel Inlet; it is now found only in 
the extreme shallows where, presumably, light is 
not limiting [11] - elsewhere it has been largely 
replaced by macroalgae. 

Nutrient enrichment can lead to the elimina- 
tion of seagrass meadows over wide areas. (The 
term 'seagrass' is reserved for those aquatic 
higher plants which have submarine pollination 
and may be found in the open ocean [29].) The 
effect has been attributed to the enhanced 
growth of algae, which utilise nutrients from the 
water column and successfully compete with the 
seagrasses for light. In some cases large drifts or 
banks of algae have smothered and eliminated 
seagrasses, as in Oyster Harbor and Peel Inlet 
[3, 25]. In other instances the prolific growth of 
epiphytes, including both microscopic and 
macroscopic algae, have reduced the light reach- 
ing the leaves to growth-limiting levels. The most 
fully documented example has come from 
Cockburn Sound where, following industrial de- 
velopment on the shores commencing in 1955, 
some 3300 ha of seagrasses were lost, corre- 
sponding to 97% of the area originally occupied 
by seagrass and 83% of the annual organic 
production. The loss mainly took place over the 
period 1969-78 [7]. In this case, enrichment was 
occurring mainly as a result of the discharge of 
nutrients in industrial effluent, including that of a 
company which produces fertilisers at a factory 
on the shores of the Sound, with a smaller 
contribution from a sewerage outfall. Of several 
possible explanations, the prolific growth of 
epiphytes remained the most likely [6], and the 
suggestion was consistent with the growth of 
periphyton on artificial substrates, and measure- 
ments of light reduction in relation to photo- 
synthetic responses to light intensity [56]. The 
major loss of seagrass was followed by reports of 
algal blooms in the area [6, 9]. More recently, 
light reduction by epiphytes has been shown to 
be critical for the survival of seagrasses in Prince- 
ss Royal Harbour [41]. For a more complete 
discussion of seagrass loss in Australian waters 
see Shepherd et al. [55]. 

In summary, one can suggest from these 
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observations and from information in the inter- 
national literature (e.g. Wetzel [59]) that increas- 
ing nutrient concentrations might be expected to 
lead, firstly, to enhanced growth of aquatic 
higher plants; secondly, to the elimination of 
these aquatics through the growth of masses of 
larger algae; and thirdly, to the enhancement of 
algal blooms, and especially to increased blooms 
of planktonic cyanobacteria in fresh or estuarine 
waters. 

2. The fauna 

The increase in biomass and change in composi- 
tion of primary producers resulting from eut- 
rophication may have profound effects on the 
fauna, from altered habitats and food webs, and 
more directly, from reduced oxygen concentra- 
tions and toxins in the water. The elimination of 
seagrass meadows is accompanied by the loss of 
animal species dependent on this habitat, a 
reduction in species diversity, a loss of shelter for 
juvenile fish, and a loss of organic material to the 
detrital food chain on which many species de- 
pend. 

Increased plant biomass can provide more 
food of different type with an increase in 
biomass and change in the composition of the 
fauna. Blooms of planktonic diatoms in the Peel- 
Harvey system are accompanied by increased 
numbers of grazing copepods which prevent the 
biomass of diatoms from reaching very high 
levels [36]. The consequent rain of detrital ma- 
terial provides one of the main mechanisms for 
sediment nutrient enrichment in the system [38] 
and the vast numbers of amphipods contribute to 
the detritus. 

Commercial catches of scale fish almost dou- 
bled following the great increase in macroalgae 
and three detrital feeding species: the yellow-eye 
mullet (Aldrichetta forsteri), the sea mullet 
(Mugil cephalus) and the catfish (Cnidoglanis 
macrocephalus), were the main beneficiaries. 
However the increased abundance is attributed 
principally to the algae providing juvenile fish 
with additional shelter from predation, rather 
than to there being more of the already abun- 
dant food supply [52]. Blooms of the blue-green 
alga Nodularia appear to have had little effect on 
the size of the commercial catch of scale fish 
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from the estuary [34], however, there was a 
reduction in abundance of sea mullet and yellow- 
eye mullet in badly affected areas [51, 34]. The 
reduced clarity of the water in these areas also 
forced fishermen to use gill nets instead of the 
more productive haul net technique normally 
employed. 

The benthic alga Cladophora blankets the 
sediments and its initial dominance was accom- 
panied by a decrease in prawn populations in the 
estuary, but these increased again when other 
species of algae replaced it and provided more 
favourable habitat [50]. 

In urban wetlands, those most enriched by 
fertilizer application generally support very large 
numbers of invertebrates; however, the in- 
creased abundance is usually accompanied by a 
decrease in richness [13, 8]. Moreover, moder- 
ately enriched wetlands support the richest in- 
vertebrate fauna and contain the greatest num- 
ber of rare species [22], suggesting that a certain 
level of enrichment has a beneficial effect on 
wetland ecosystems. 

Extant and decaying algal blooms provide an 
abundant food source for larvae of the non- 
biting midge Polypedilum nubifer. Vast swarms 
of midges emerge from nutrient-enriched wet- 
lands in Perth; the midges are attracted to lights 
and make outdoor activities intolerable for 
nearby residents. The worst midge problems are 
near wetlands where concentrations of total P 
exceed 200/xg 1-1 [49]. 

In contrast, artificial wetlands created by sand 
mining in the south west are so low in nutrients 
that there are few algae and few invertebrates. 
Superphosphate is being added to the lakes to 
increase benthic primary and secondary product- 
ion with the aim of establishing a sustainable 
food web to support waterbirds (J.M. Chambers, 
personal communication). 

Increased organic material provides a respira- 
tory substrate for microorganisms that can drive 
sediments anaerobic. This increases phosphate 
release and promotes the growth of macroalgae 
[31] and blooms of cyanobacteria [28]. The 
blooms cause shading at depth and lead to 
further decrease in oxygen (through lost photo- 
synthesis) and enhanced P release [38]. These 
anaerobic conditions have been accompanied by 
massive mortality of worms, crabs and other 

benthic invertebrates, and localised fish kills in 
Peel-Harvey [51]. 

Several genera of cyanobacteria present in 
eutrophic waters of the south west are known to 
produce chemicals which are toxic to other 
organisms. Francis [15] documented the death of 
cattle, sheep and other animals drinking from 
pools containing Nodularia spumigena around 
the shoreline of Lake Alexandrina (then an 
estuarine basin in South Australia), providing 
the first scientific evidence for algal toxicity. The 
strain of N. spumigena found in Harvey Estuary 
can produce a toxin [53], though no toxic effects 
on pets or other animals have been reported 
from the field. However, sheep deaths have been 
attributed to drinking eutrophic farm dam water 
containing blue-greens such as Microcystsis and 
Anabaena [1]. 

Algal toxins and low levels of oxygen appear 
to be the main causes of the observed reduction 
in the numbers of species of larger predatory 
invertebrates, such as dragonflies (Odonata) and 
beetles (Coleoptera) in urban wetlands. The loss 
of such predators from a wetland decreases the 
overall diversity of the system and disrupts food 
chains; populations of organisms previously con- 
trolled by these predators, such as nuisance 
midges, may increase. 

The death of waterbirds is a common feature 
of urban wetlands in Perth in late summer. This 
has been formally shown to be due to avian 
botulism on a few occasions [23], the toxin 
having been recovered from the bloodstream of 
a dead bird. Studies on the bacterium respon- 
sible (Clostridiurn botulinurn) suggest that the 
warm temperatures, anaerobic conditions and 
high levels of decomposing organic matter which 
occur in shallow wetlands during summer favour 
the growth of Clostridiurn [47]. 

Nutrient limitation 

While plants require an array of essential ele- 
ments, N and P are of particular relevance to 
eutrophication; they are required in relatively 
high concentrations for optimum plant growth, 
are characteristically present at low concentra- 
tions in natural waters, and the amounts entering 
water bodies are likely to increase through 



human activity in a catchment. If these two 
elements are present at high concentrations, it 
remains possible that other factors, including 
other essential elements, may limit plant 
biomass. 

Of particular importance is the presence in 
aquatic systems of a diversity of bacteria and 
cyanobacteria which are able to fix N, using as a 
source N 2 gas dissolved in the water and origina- 
ting from the atmosphere or from sediment 
denitrification. Such N fixation has been demon- 
strated for a diversity of aquatic systems in the 
south west, including sediments of estuaries and 
lakes, the rhizospheres of emergent macro- 
phytes, and root nodules of wetland legumes 
[141. A particularly striking example of N fixa- 
tion occurs in Harvey Estuary, where the sum- 
mer blooms of Nodularia spurnigena fix N 2 at 
high rates, and have been shown to contribute 
large amounts to the N budget of the estuary 
[28]. Thus aquatic systems supplied with rela- 
tively high concentrations of phosphate in 
streamflow or groundwater would not necessarily 
depend on external sources for N, but may 
develop large, nitrogen-fixing blooms of cyano- 
bacteria. For this reason, the control of P addi- 
tion is likely to be particularly significant for 
management of fresh or brackish water systems. 

On the other hand, nearshore systems do not 
have the large filamentous cyanobacteria more 
characteristic of freshwaters, and such nearshore 
systems may be more responsive to N addition 
when P is available [54]. Fixation has been 
recorded in coastal waters of Western Australia 
for sediments around seagrass roots and for leaf 
epiphytes of seagrasses [48], but at low rates 
(which are nevertheless significant when multi- 
plied up on a unit area basis). Blooms of the 
filamentous cyanobacterium Oscillatoria (Tri- 
chodesmium) occur irregularly offshore in sum- 
mer [57] and rarely foul beaches, but are thought 
to be characteristic of nutrient-poor waters and 
not a response to eutrophication. 

The generalisation that P is often limiting in 
fresh waters and N in marine systems provides a 
useful hypothesis for further testing in particular 
situations, but it should be emphasised that there 
are many exceptions worldwide (for discussion 
see [59]), and that seasonal differences might be 
expected in environments with extreme ranges of 
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nutrients and salinities. More direct evidence 
about the relative significance of N or P comes 
from several sources: time-course data and N-P 
ratios [36, 43, 46, 61]; limiting nutrient bioassays 
carried out for water from the system at different 
times [45, 36]; laboratory and modelling studies 
relating macroalgal growth to concentrations of 
N and P; and concentrations of N and P in plant 
tissues. 

Figure 1 shows the relationship between mean 
summer chlorophyll concentrations in estuaries 
of the south west, plotted against mean total P 
concentration. There does appear to be a rela- 
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Fig. I .  The relationship between the mean concentrations of 
chlorophyll-a and total phosphorus for several estuaries in 
southwestern Australia. Data are for the spring and summer 
months. 1. Blackwood River Estuary, based on limited data 
for a system without obvious symptoms of eutrophication 
(Congdon and McComb, 1980). 2. Leschenault Inlet, a 
shallow system with a large biomass of macroalgae (Water- 
ways Commission, unpublished data). 3. Princess Royal 
Harbour, a marine embayment showing loss of seagrass and a 
large biomass of macroalgae (Hillman et al. 1991). 4. Oyster 
Harbour, the estuary of the King and Kalgan rivers, ex- 
hibiting seagrass loss and large biomass of macroalgae 
(Hillman et al. 1991). 5. Wilson Inlet, an estuary exhibiting 
increased biomass of the seagrass Ruppia rnegacarpa without 
marked accumulations of macroatgae (Lukatelich et al. 
1987). 6. Swan River Estuary, a relatively deep system with 
occasional, localised phytoplankton blooms and minor ac- 
cumulations of macroalgae (Lukatelich et al. 1987). 7. Peel 
Inlet, a shallow system with large biomass of macroalgae 
(Lukatelich et al. 1987). 8. Harvey Estuary, a very eutrophic 
shallow system with large blooms of the cyanobacterium 
Nodularia (McComb et aL 1981). 
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Fig. 2. Trophic status of some south west estuaries estimated 
from the phosphorus loading criteria developed for lakes by 
Vollenweider (1976). 

t i onsh ip ,  which  is no t  a p p a r e n t  when  to ta l  N is 
u s e d  - t h e r e  is much  less s p r e a d  in to ta l  N 
f igures - and  the  r e l a t ionsh ip  is cons is ten t  wi th  
t he  gene ra l  sub jec t ive  u n d e r s t a n d i n g  of  the  de-  
g r ee  of  e u t r o p h i c a t i o n  o b s e r v e d  in these  sys tems.  

F i g u r e  2 shows P load ings  e s t i m a t e d  for  a 
n u m b e r  of  s o u t h w e s t e r n  es tuar ies .  A g a i n ,  the  
d a t a  s u m m a r i s e  the  s ta te  of  these  es tuar ies  as 
d e d u c e d  f rom d i rec t  obse rva t ions  of  p l a n t  
b i o m a s s ,  and  a re  cons i s ten t  wi th  the  view tha t  P 
is usefu l  in def ining the  t roph ic  s ta tus  o f  these  
sys tems .  

Conclusions 

T h e  f r e shwa te r ,  e s tua r ine  and  n e a r s h o r e  aqua t ic  
e cosys t ems  of  s o u t h w e s t e r n  A u s t r a l i a  p r o v i d e  
m a n y  e x a m p l e s  of  e u t r o p h i c a t i o n ,  inc luding  in- 
c r e a s e d  m a c r o p h y t e  growth ,  loss of  seagrasses ,  
mass ive  c y a n o b a c t e r i a l  b looms ,  and  r e l a t ed  ef- 
fects  on  an imal  popu l a t i ons .  The  effects  a re  
a t t r i b u t a b l e  ma in ly  to the  use  of  fer t i l izers  in 
c a t c h m e n t s ,  and  in some  ins tances  to  indus t r ia l  
sources  and  sewage .  In  m a n y  lakes  and  es tuar ies ,  
P a p p e a r s  of  cr i t ical  i m p o r t a n c e  in con t ro l l ing  
b i o m a s s ,  b u t  in some  lakes  and  n e a r s h o r e  sys- 
t ems  N ava i lab i l i ty  is c lear ly  impor t an t .  
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