








Summer — Autumn (Jan. — May)

Eventually, in December or January, the
Nodularia blooms die out. This is probably
becaugse the wateris now too salty and the supp-
ly of readily available phosphorus runs low. This
was well illustrated in January 1982 when heavy
rains delivered fresh water and a new load of
phosphorus into the estuary and revitalized the
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Nodularia. This resulted in the biggest bloom
ever.

When Nodularia decomposes in late summer, a
fresh load of phosphorus is released into the
water. This fertilises another crop of nuisance
algae which flourish in the warm, salty water of
summer and autumn.
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P RELEASED FROM DECOMPOSING NODULARIA AND SEDIMENT

The role of the sediment

The estuarine sediment thus plays an important
role in supplying phosphorus to the various kinds
of algae. It picks up phosphorus from the water,
stores it, and releases it again for algae to use.
When the water is well oxygenated, the sediment
only releases phosphorus slowly, but when there
is little oxygen in the water, and it is alkaline, the
sediment releases phosphorus rapidly.

More phosphorus comes into the estuary each
year in drainage water than is flushed to the sea
by river flow or is lost by tidal exchange. Just as
alarge store of phosphorus has built up in soils
of the coastal plain, so too in the estuary a large
store has accumulated in the sediment — the
estuary’s soil. Not all of this phosphorus is readi-
ly available to plants, any more than insoluble
rock phosphate is to crops. However, the amount
of phosphorus available to algae from the sedi-
ment store is increasing every year.

This is one reason why the estuary is
deteriorating, even though the amount of super-
phosphate used in the catchment has levelled off
in recent years. In consequence we are now con-
cerned lest before long there will be such alarge
store of phosphorus in the sediment that it will
supplement the external supply sufficiently to
feed the algal blooms, even after there has been
a considerable reduction in input. We hope that,
with the co-operation of farmers, the supply of
phosphorus from the land will be greatly reduc-
ed before this stage is reached and that the
available sediment phosphorus will then be ex-
hausted quickly.

A limited amount of fertiliser may have been a
good thing for the estuary in the past. Algae
flourished and fish catches doubled in the 1970’s
as compared with the 1950’s and 60’s. But too
much is undoubtedly a bad thing and that’s
where we are now in 1983. Decaying algae use
up oxygen, and fish and the small animals on
which most of them feed cannot live without ox-
ygen. There have been fish deaths in recent years
and there will be more in the future, until the
amount of phosphorus available to algae can be
reduced.

Instructions to readers:

— further pamphlets will be issued from time to time. Each
will be distinguished by a characteristic number eg.
Bulletin 146 No. 1 or Bulletin 146 No.7.

— whenrequesting a pamphlet from the Department please
specify the Bulletin and pamphlet numbers.

— Pamphlets are available free of charge to organisations
and individuals concerned with the estuary.

— For furtherinformation contact the Department of Con-
servation and Environment, 1 Mount Street, Perth, or
phone 322 2477.
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Offshore weed harvesting

Early in 1983 the Peel Inlet Management Authori-
ty acquired a new $260,000 weed harvester from
the United States. This collects algae from where
they grow in about 2 to 172 metres of water. The
aim is to harvest the weed before winds and cur-
rents carry it to shore and it begins to rot. It is
scooped up onto a conveyor and transferred to
a transport unit which carries it to the shore.
Here it is loadedinto trucks forremoval. Between
February and September 1983 a total of 531 ton-
nes (wet weight) of Ulva (sea lettuce) and 52 ton-
nes (wet weight) of Chaetomorpha (rope weed)
was removed from the estuary by harvesting.
The harvester has been successful in greatly
reducing the amount of algae reaching the
shores, but the tractors are still needed to cope
with occasional mass beachings when storms
bring weed ashore from large areas of the
estuary. The areain which the harvester can work
is limited by water depth and the need to
transport the algae back to the shore loading
facilities.

The harvested algae
Peel Inlet has been dominated by a series of dif-
ferent large green algae, and nobody really
understands why this succession has occurred.
Initially, Cladophora (goat weed) was the greatest
problem. Subsequently it was largely replaced by
Chaetomorpha and in 1983 by Ulva, all of which
the harvester can easily collect. This is fortunate
-because when Ulva especially is blown onto the
beaches it decomposes rapidly to a sloppy foul-
smelling black ooze.

Algae — a stock feed ingredient
In the past most of the harvested algae was
dumped, or used to stabilize sand dunes, and
local people have carted it away to use as mulch
on their gardens. Recent research has shown
that it could have commercial value as a stock
feed ingredient. Large scale battery hen feeding
trials have had encouraging results. The algae
are nutritious, and also help to bind pellets
together. In addition, overseas research has
shown that algae contain yolk-pigmenting agents
(carotene). Chickens fed on pellets containing
algae lay eggs with yelloer yolks, so it can
replace imported carotene.

The amount of algae harvested would need to be
increased to a minimum of about 100 tonnes of
wet weed per week to make the operation
economic. The Waterways Commission is in-
vestigating ways to increase the harvest.

At present about 90% of the weight of algae
harvested is water, but much more could be col-
lected by using rollers to squeeze water out of
the algae as they are collected on the harvester’s
elevating conveyor. More algae could then be
taken ashore in each load, and drying time would
also be saved when algae are used in making
stock feed.

There is no doubt that algae can be a valuable
stock feed ingredient and its commercial use is
still being evaluated.

Harvey Estuary

The large algae have never given much trouble
in Harvey Estuary, but since 1978 it has suffered
annual blooms of the microscopic blue-green
alga, Nodularia, in spring and early summer.



These follow the winter diatom blooms that are
triggered off by the river flows, with their load
of phosphorus.

Nodularia grows as chains of microscopic cells
that float in the water and turn it green. On win-
dy days it is mixed into the water, but on calm
days it floats as a scum on the surface. This
drifts to shore and decomposes with a
nauseating sulphurous smell. It also invades
Peel Inlet but fortunately never grows as well
there as in Harvey.

Since 1982 another blue-green alga, Oscillatoria,
has appeared, mainly in Harvey Estuary. It forms
a black slime over the bottom and, when it is
growing actively, this slime breaks off and floats
to the surface.

The harvester is not designed to collect the
microscopic cells of these blue-green algae, even
when they form a scum on the surface of the
water. This means that although it is effective in
helping to keep Peel Inlet’'s beaches clean, dif-
ferent solutions must be found for Harvey
Estuary’s problems.

Long term management

Harvesting algae achieves the short-term goal of
removing the nuisance from Peel Inlet’s public
beaches, but this only treats the symptoms not
the cause of the problem — the plant nutrients
that feed the algae.

Probably less than 2% of the annual load of
about 120 to 160 tonnes of phosphorus entering
the estuary is removed in the form of harvested
algae. Longterm control of the algal problem will
require this load to be greatly reduced by more
radical management measures, such as modify-
ing agricultural fertilizer practices in the catch-
ment, or diverting the nutrient rich drainage away
from the estuary.

Reducing phosphorus input

A major recommendation of the Peel-Harvey
Estuarine System study team’s 1980 report was
that every effort be made to reduce the quantity
of phosphorus discharged into the estuary from
agricultural land.

More than 60% of the phosphorus entering the
estuary comes in via the Harvey River and
Mayfield Drain, at the south end of Harvey
Estuary. In 1981, farmers in the Harvey River-
Mayfields Drain catchments lost the equivalent
of nearly 16,000 bags of superphosphate into
Harvey Estuary. The 150 to 200 farmers collec-
tively spent over $120,000 to fertilize Harvey
Estuary at about one bag per acre, producing a
monster crop of blue-green algae.

Since 1982 a programme has been underway
aimed at reducing the amount of phosphorus
lost to the estuary from farms on the deep grey
sands and duplex (sand over clay) soils of the
Harvey River catchment.

Altering fertilizer practices

To do this it is necessary to modify the present
techniques of superphosphate application.
Two things are needed:

to apply phosphorus only at a level

necessary to maintain production.

to supply it in a less soluble form to

minimise leaching from sandy soils.
The amount of fertilizer required to maintain pro-
duction can be determined by soil testing. This
tells farmers how much phosphorus is available
in the soil bank, their‘superbank’, and how much
needs to be added. Surveys by the Department
of Agriculture on about 150 farms in the area
show that, despite heavy leaching, soil reserves
have gradually built up over the years. Of the pad-
docks on deep sands, nearly half have built up
reserves to the point where phosphorus can be
left off, at least for one year, without affecting
production. However, sulphur, another nutrient
in super, must still be applied annually and
potassium is also likely to be needed. For the
duplex soils, over 90% of paddocks surveyed re-
quired no added phosphorus for at least one
year; in most cases probably for several years.
The aim is to build up reserves, and then apply
only enough phosphorus to maintain the
reserves and maintain production. This means
less phosphorus pollution of the estuary, and
savings for the farmers.

“Coastal Super”

A new slow release (‘‘Coastal’’) superphosphate
developed by C.S.B.P. and the Department of
Agriculture is helping farmers to reduce applica-
tion rates because much of the phosphorus will
remain in the soil instead of being leached out
in winter rains.

Application rates could be halved to an average
of about 100kg/ha of ““Coastal” superphosphate
— and still maintain production on sandy soils
where sufficient reserves have built up. Signifi-
cant reductions are also possible on heavy soils,
again without any loss of production. This
represents a substantial potential saving for
farmers.

Already about three quarters of farmers on deep
sands in the Harvey River catchment and about
one quarter of the farmers on duplex soils are us-
ing the new fertilizer.



Will the new slow-release
fertilizers solve the estuary
problem?

There is no doubt that, if application rates are
reduced and the slow release fertilizers used,
then less phosphorus will be washed into the
estuary. If the rates of phosphorus applied can
be halved without reducing yields — which now
looks possible — phosphorus losses to drains
could be reduced by the same amount. This
should greatly alleviate the algae problem.
Phosphorus runoff into the estuary is being
monitored to gauge the effects of the changing
fertilizer practices. Much of the phosphorus
washed into the drains each winter comes from
superphosphate applied that year. This is
because ordinary superphosphate is highly solu-
ble and hence easily dissolved and washed into
drains. However, some of the phosphorus in the
soil from previous applications is also leached

to drainage. The amount depends on the soil type
and the size of the phosphorus reserve. Where
this reserve does not contribute much, then the
use of slow release fertilizer at reduced rates will
have a quick effect. Wherethereis alarge reserve
of phosphorus in sandy soils, beyond the reach
of grass roots (only about 10cm), the loss of
phosphorus to drainage will continue for longer.
Other methods of reducing the loss of
phosphorus to drainage are also being studied,
such as the use of deep rooted plants and im-
proving the capacity of sandy soils to retain
phosphorus (and water) by adding bauxite
residue to the soil.

Reducing phosphorus losses to the estuary will
be a significant help, but this alone may not solve
the algal problem. Control of the algae may well
require acombination of this and other manage-
ment measures.

Instructions to readers:

— Furtherpamphlets will be issued from time to time. Each
will be distinguished by a characteristic number e.g.
Bulletin 146 No. 7.

— When requesting a pamphlet from the Department
please specify the Bulletin and pamphlet numbers.

— Pamphlets are available free of charge to organisations
and individuals concerned with the estuary.

— Forfurtherinformation contact the Department of Con-
servation and Environment, 1 Mount Street, Perth, or
phone (09) 322 2477.
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Some fish, like skipjack (trevally) and Australian

herring feed and grow to maturity in the ocean.
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How crabs and prawns use the
estuary

Female blue-manna crabs spawn in the ocean in
the spring and summer months. After a short
period of larval development the juveniles enter
and spread throughout the estuary. They return
to near the estuary mouth during winter and
spring when salinity is low. In summer, when the
estuary becomes saltier, they again spread
throughout the estuary and into the lower
reaches of the rivers. The young crabs feed and
grow in the estuary, and start to reach minimum
legal size for catching in summer, at the end of
theirfirst year. The crabbing season usually lasts
from January to May. The young crabs leave the
estuary the following winter when they are 15 to
20 months old.

Western King prawns also spawn in the ocean,
and the young go through several larval stages,
drifting in the water currents and feeding on
diatoms and tiny animals. The young prawns
enter the estuary over the summer (November to
January), and settle to the bottom. They grow in

King prawn

Only the adults enter the estuary to feed. They
too are carnivores.

ESTUARY TIDAL
RIVER

/\

the “nursery” shallows over the summer, feeding
on detritus and small animals. They migrate out
of the estuary as mature prawns in the autumn
(February to April) and are caught in large
numbers as they go through the inlet channel.

River prawns, unlike King prawns, spend their
whole life cycle in estuaries. In the Peel-Harvey
system the fishery is mainly in the Murray River
which they enter as mature prawns when the
river flow decreases and saline waterenters from
Peel Inlet. They spawn all through summer and
into autumn and the juveniles probably spend the
winter and spring in Peel, though just where is
not known.

The two prawn species are much alike and are
easily confused, unless carefully examined. King
prawns have a single spine on the underside of
the rostrum and the animals are rough to the
touch. River prawns do not have a spine on the
underside of the rostrum and they are smooth.
The present popular fishery is based mainly on
King prawns which are caught from February to
May. The river prawn season is earlier, from
October to January.

P P
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spine
rostrum
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THE NATURE AND
MOVEMENTS OF THE WATER

Where the water comes from

Fresh water flows into the estuary from the
Murray, Serpentine and Harvey Rivers, from
agricultural drains, and a small amount comes
from groundwater. In 2 year of average rainfall,
flow from the rivers and drains is about five times
the volume of the estuary. Direct rainfall onto the
estuary adds another 20% to 30% to fresh water
input. The annual loss by evaporation is greater
than the volume of the estuary.

Sea water enters the estuary from the Indian
Ocean to mix with the estuary water and estuary
water is lost to the ocean. However tidal
exchange is restricted by the long, narrow

Mandurah channel and the small ocean tidal
range.

Inside the estuary the daily tidal range is less
than 10cm. However, ‘tides’ with a period of
about a week (5 to 15 days) and up to 50cm range
move a considerable volume of water between
estuary and ocean. Water level is high when the
barometer is low and low when the barometeris
high. Because of the restricted exchange with
the ocean and the extreme seasonality of our
rainfall the nature of the estuary water changes
greatly during the year. In a wet winter it can be
fresh throughout, while in summer it is more salt
than the sea.
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Catchment of the Peel-Harvey estuary

Where the nutrients come from

Nitrogen and phosphorus are the two most
important nutrients needed by plants for their
growth. An abundance of both can result in an
eutrophic condition, such as exists in the Peel-
Harvey estuary at the present time, and a shor-
tage of either will limit plant growth even when
there is plenty of the other.

Nitrogen comes to the estuary in river water,
most of it from the Murray River (except in very
dry vyears). Its source is probably mainly
nitrogenous fertilizers and pasturelegumeslike
subterranean clover which ‘fix’ atmospheric
nitrogen. However, estuary water both gains
much nitrogen from the atmosphere and loses
it to the air. It would be very difficult to measure
the quantities involved and impractical to try to
stop it. Moreover, most of the time there is more
than enough nitrogen in estuary water to support
algal growth.

Phosphorus too comes in drainage from the
catchments, 90% of it from cleared agricultural
land to which phosphate fertilizers have been
applied. At most, another 10% now comes from
urban sources (sewage and garden fertilizer) and
there are only insignificant gains from or losses
to the atmosphere.

The amount of phosphorus coming to the
estuary each year is roughly proportional to the
volume of flow from rivers and drains of the
coastal plain, so that in a dry year the input is
relatively small and in a wet winter it is iarge. In
1979 the Harvey River contributed only 45 tonnes

of phosphorus to the estuary but in 1981 it
delivered 120 tonnes. In 1979 there was no
Nodularia bloom; in 1981 the bloom was the
worst we have experienced.

The 1983 input of phosphorus from the Harvey
River is about 90 tonnes. The Nodularia bloom
may be as bad as in 1981, but as explained in
leaflet No. 1 the estuarine sediments now seem
to be playing a greater role in the supply of
phosphorus to algae.

The poor sandy soils of the coastal plain are
naturally deficient in phosphorus and when it is
applied as superphosphate 20 to 30% of it is lost
to drainage.

More than half the phosphorus discharged to the
estuary comes in at the south end of the Harvey
Estuary, in water from the Harvey River and
Mayfields Drain. In 1981, farmers in this catch-
ment lost the equivalent of over $120,000 worth
of superphosphate to fertilize Harvey Estuary.
The clay soils of the plateau, and smaller areas
of clays and loams on the coastal plain, hold
most of the phosphorus applied as fertilizer and
little is lost to drainage. Only about 10% of
phosphorus comes from the plateau.

Most of the time it is phosphorus that is in
shortest supply in estuary water and it is for this
reason, and because it would be almost impossi-
ble to reduce the input of nitrogen, that the
emphasis is placed on controlling the supply of
phosphorus to the estuary. Phosphorus levels
can be lowered and this will reduce algal growth,
despite the excess of nitrogen.






The reduced flow from the hills catchments has
probably been more than compensated for by
this increased flow from the coastal plain. It is
of course true that the hills dams have reduced
the flow of water that is poor in nutrients from
the forested hills catchment, while the flow of
water from agricultural land on the coastal plain
has increased.

The hills dams do reduce the annual river flows
into the estuary to some extent, but even if all
the reservoirs in the Harvey catchment were
removed, it is unlikely that this would increase
the flow enough to benefit the estuary
significantly. The flow to them is only about half
the flow from the coastal plain catchment.

The Harvey Diversion Drain, which was dugin the
1930’s, also diverts some water away from the
riverdirect to the sea. It has been suggested that
this water should be returned to the river to
increase flushing of the estuary. The diversion
drain only removes about 5% of the total inflow
to Harvey Estuary and this water would have a
negligible affect on flushing. Moreover, because
the drain now acts as a flood relief measure the
added flow from this source would overstrain the

Harvey River drainage system, with serious
implications for landowners in its catchment.
[t would need a much more massive increase in
flow to physically flush out the phosphorus. This
is partly because river flows are only one factor
affecting water movement in the estuary. Tides
and wind mixing of the water are also important.
Another reason is the way phosphorus is trapped
and stored when the water moves through the
estuary (as explained in No. 1 in this series).
River flow and the consequent nutrient input to
the estuary is strongly seasonal. Although it is
tempting to think of the winter river flow flushing
the estuary and carrying the unwanted load of
phosphorus out to sea, this is not the case.
Measurements in Harvey Estuary in 1983 showed
that the plentiful phosphorus in river water enter-
ing the estuary was quickly grabbed by diatoms.
By the time the water reached Peel Inlet, there
was little phosphorus in the water and diatoms
were abundant.

The dams are there to stay and other ways must
be found to flush phosphorus to the sea if this
should prove necessary in order to reduce the
time during which nutrients can be taken up and
stored in the estuary.

Date of Catchment Total Average
Dam Construction area km? Storage annual flow
Volume (x10°m?) to dam (x108m3)

Serpentine 1961 665 185 77
North »
Dandalup 1970 152 - (pipehead) -
South
Dandalup 1974 320 208 33
Waroona 1966 47 15 10
Drakes
Brook 1931 - 2 4
Samson 1941,
Brook 1960 65 9 14
HIgLD 1963 39 24 j&
Brook

n 1948,
Stirling 1958 251 57 64

1916,

S 1931 181 9 a7







PEEL - HARVEY

ESTUARY PROGRESS

Department of
Conservation and
Environment

NO 9
MARCH

1984

PRy

a R
s "

BULLETIN No. 146

MANAGING THE ALGAL BLOOMS :
REDUCING THE PHOSPHORUS

INPUT TO THE ESTUARY

Soil testing helps farmers to determine the best fertilizer strategy.

The aim of management

The algal problem in the Peel-Harvey estuary has
resulted from a great increase in the amount of
nutrients, especially phosphorus, carried into the
estuary by rivers and drains. The phosphorus
comes mainly from superphosphate which has
been applied to the phosphorus-deficient soils
of the coastal plain over the past forty years.
One approach to managing the algal blooms,
perhaps the most important because it attacks
the cause, is to lower the nutrient levels in the
estuary by reducing phosphorus input at its
source.

The source of the phosphorus

At least 90% of the phosphorus comes from land
cleared for agriculture, most of it from the
coastal plain.

The soils are deficient in phosphorus and this is
supplied by the application of superphosphate.
(Superphosphate contains 10% phosphate and
also sulphur, 11%). Without fertilizer there could
not be a viable and productive agriculture. For
example, fertilised paddocks can carry about ten
times as many cattle per hectare as unfertilised
land.

However, rain washes much of this applied
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ASSESSING THE MANAGEMENT OPTIONS

The Hon. Brian Burke M.L.A., Premier of Western Australia.

How best can the algal problems of the estuary
be minimised, while at the same time maintain-
ing productivity both of the fishery and of
agriculture on the coastal plain?

Suggestions as to how the estuary should be
managed have come from many sources — from
the Press, from the general public and from the
Peel Inlet Management Authority, as well as from
scientists and engineers on the study team. All
ideas were carefully examined by a group at the

Centre for Water Research at the University of
Western Australia.

The detailed evaluation was done in close col-
laboration with officers of the Public Works
Department, the Department of Conservation and
Environment, Department of Agriculture, Govern-
ment Chemical Laboratories, and other members
of the Peel-Harvey Study group from the Univer-
sity and CSIRO.









It will reduce phosphorus runoff into the estuary,
whilst maintaining productivity of the soil.
The fertilizer management programme will be
supported by a team of 23 people employed
under the Community Employment Programme
to enable the Department of Agriculture to pro-
vide a free soil testing service and monitoring
programme throughout the coastal plain
catchments.

The results of the phase 2 studies have
shown that the fertilizer modification pro-
gramme, by itself, is not enough. A project
team will further evaluate about 9 options
which have been shown to have the poten-
tial to complement the fertilizer modifica-
tion programme. The project team will
report to the Government within 6 months.

The management options

The options include further measures to reduce
phosphorus input to the estuary:

e the use of artificial wetlands to soak up
phosphorus from concentrated sources, such
as piggery wastes;

¢ soil treatment with suitably treated bauxite
residue to improve the phosphorus and water

Instructions to readers:

— Further pamphlets will be issued from time to time. Each
will be distinguished by a characteristic number e.g.
Builetin 146 No. 7.

— When requesting a pamphlet from the Department please
specify the Bulletin and pamphlet numbers.
Pamphlets are available free of charge to organisations
and individuals concerned with the estuary.

For further information contact the Department of Con-
servation and Environment, 1 Mount Street, Perth, or
phone (09) 322 2477.

holding capacity of sandy soils;
* changes in current land use.

Other options would improve the exchange of
water with the ocean (flushing) and hence in-
crease loss of phosphorus to the sea. These
include:

* enlarging the Mandurah Channel;

e cutting a new channel from Harvey Estuary to
the sea.

Direct attacks on the algae themselves, whilst
not preventing the problem, can help to keep the
estuary clean in the short-term.

* Weed harvesting will continue, with increased
funds to allow for longer hours of operation if
required;

e the possible use of algicides to kill the
Nodularia will be investigated.

The project team will assess the effectiveness,
costs and potential adverse effects on the
estuarine environment, to enable the Govern-
ment to decide which of these options should be
adopted. The Premier stressed the importance
of identifying all the effects of any measure
before it is implemented.
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MANAGING THE ALGAL PROBLEM:
THE PREFERRED STRATEGY

1984

Launching Phase 3 of the Peel-Harvey
Estuarine System Studyin February 1984, the
Premier, Mr. Burke announced that a report
summarizing the findings and recommenda-
tions of the studies to date would soon be
released.

Copies of the report, ““Management of Peel In-
let and Harvey Estuary — Report of research
findings and options for management”, are

now available from the Department of Conser-

vation and Environment in Perth and from the
Peel Inlet Management Authority in Mandurah.
The report briefly reviews the history, nature
and causes of the estuary’s algal problems,
and goes on to consider what should be done
to clean up the estuary — what are the
management objectives and how and when

can they be achieved? It then outlines the
management recommendations which have
been made at this stage, and the further work
which still has to be done before final recom-
mendations are made to the Government ear-
ly in 1985.

As explained in Leaflet No. 6, a large number
of potential management measures were
carefully assessed in 1983 and many of them
were rejected.

This leaflet deals only with the “preferred
strategy’” — the combination of management
measures which, at this time, is considered to
offer the best solution to the estuary’s pro-
blems, and also with some supplementary
measures which require further assessment.









A new channel to the sea

The most effective way to improve flushing
would be to construct a new channel from
Harvey Estuary direct to the sea.

Such a channel would greatly increase the
flushing rate for Harvey Estuary, probably at
least halving the phosphorus available to algae
there, and greatly reducing it in Peel Inlet.
Preliminary calculations indicate that the chan-
nel should be about 200 metres wide and could
be located in the vicinity of Dawesville.
However, more detailed studies are needed to
establish a precise location and design, and
possible effects on the estuarine environment.
The studies will include a geotechnical survey
of the potential route to identify rock and soil
types, and a mathematical model to determine
more precisely the effects of the channel on
water exchange with the ocean.

Another area to be studied is sand movement
and coastal erosion. Training walls would be
needed to prevent shoaling at the ocean en-
trance, and some form of sand by-passing or
routine dredging may be required to keep the
channel open for navigation.

It is clearthat the increased flushing would im-
prove the estuarine environment, making it
more like the estuary of the Swan or
Leschenault Inlet, both of which are healthy
estuaries, where the water is generally clear
and there is little weed growth. Nevertheless
the environment will change and the effects
of some of the changes are not easy to predict.
For example, a new channel would change the
pattern of tides in the estuary, increasing the
daily tide from about 5cm to as much as 40cm.
How would this affect the many plants and
animals living in the shallows and along the
shoreline? What difference would it make to
people who live near the estuary?

The channel would reduce the salinity range
in the estuary, shortening the period when con-
ditions are right for Nodularia growth. Also the
more marine conditions would probably be a
good thing for the fishery because it would en-
courage marine species of fish, though mullet,

which feeds on detritus (decaying organic mat-
ter), may not do so well. Juvenile fish should
be able to enter the estuary earlier in the
season, to feed on the abundant food it pro-
vides, and healthier sea grass beds should pro-
vide them with more shelter from predators.
It will never be possible to predict with ab-
solute certainty all the changes that a new
channel will make to the estuarine environ-
ment. However, it is clearly essential to do all
that can be done to make sure they are
beneficial, and with few or no adverse effects.
effects.

If constructed, the channel, in conjunction
with the measures to reduce phosphorus in-
put by modifying agricultural practices, would
lower the phosphorus level sufficiently to
achieve the management aims. Neither
measure alone will do so, within an acceptable
time, but together they should make the whole
estuary healthy and the beautiful place it
should be.

The Mandurah Channel

The possibility of enlarging the Mandurah
Channel has been suggested from time to
time, and the idea has obvious attractions as
ameans of increasing flushing of nutrients and
algae from Peel Inlet. This option has been
carefully studied and is discussed in the
report, but it is not recommended as part of
the preferred strategy.

Widening the channel to 200 metres along its
entirelength, from the seato the deeper water
of Peel Inlet, would increase flushing and
reduce the phosphorus available in Peel Inlet
by an estimated 30%. This would reduce the
weed problem in Peel Inlet, but would not
eliminate it, and it would have little effect on
the Nodularia problem, particularly in Harvey
Estuary. Even in conjunction with the fertilizer
program it would not achieve the management
objectives and it is for this reason that it is not
recommended at this stage.

If, for any reason, it is decided not to proceed
with construction of a new channel from
Harvey Estuary to the sea, it may be necessary
to reconsider this option as a partial solution
to the estuary’s problems.
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The plants and animals in the Peel-Harvey Estuary.

l

Living in the Estuary

An estuary is a partially enclosed coastal body
of water where fresh waterfrom the land mixes with
salt water from the sea and as such it is a place of
constant change. The rivers pour their water into
it ordry to a trickle with the changing seasons and
the tides alternately flood the banks and expose
them to the air. These constant changes present
special problems for the plants and animals living
there.

Salinity (saltiness) of the water varies both with
the tides and seasonally. In the winter, when the
rivers flow, the water in the Peel-Harvey estuary can
be almost fresh (about one part per thousand) but
by the end of summer it is saltier than sea water
(35 ppt), sometimes as high as 50 ppt.

Only a few plants and animals can cope with
such wide variations. Most marine animals will die
in freshwater, and most freshwater animals (living
furtherupstream)die in salt water. Estuarine plants
and animals, however, have ways of dealing with
the salinity range.

Some only live in parts of the estuary where con-
ditions suit them. For example in Peel Inlet, the
seagrass Zostera (a marine plant) occurs only near
the Sticks Channel, where conditions are more like
the sea. It cannot live in low salinities for long.

Some of the larger and more active animals, like
the blue manna crab and many marine fish, spread
throughout the estuary in summer, but leave it, or

retreat to the saltier conditions near the mouth,

when the water becomes too fresh for them in
winter.

Other plants and animals have physiological
means of coping with the changes in salinity, and
can stay in the estuary throughout the year. For ex-
ample the seagrasses Ruppia and Halophila can
both tolerate the salinity range encountered in the
estuary. The small mussel, Xenostrobus,survives by
closing its shell when the water becomes too fresh,
sometimes for a period of weeks.

Another problem commonly encountered by
plants and animals living in an estuary is the water
movement caused by tides, winds and river flows.
Some plants, like seagrasses, anchor themselves
by their roots, while others, like diatoms, are car-
ried in the water and can be flushed to the ocean.
Animals can swim against water movements, bur-
row into the bottom, or attach themselves to plants
or to firm supports, like rocks or jetty piles to pre-
vent being carried away.

The Peel-Harvey estuary, with its floor of sand
and mud, offers few hard surfaces for attachment.
There is, therefore, less variety in the animal life
than in estuaries like the Swan River where there
are more rocky surfaces to support populations of
mussels and barnacles. Most seaweeds also re-
quire a surface for attachment, and they'are uncom-
mon in Peel Inlet, where they also find the salinity
range too great. Instead, the large green algae like
the sea-lettuce (Ulva), which tolerate the wide range
of salinity and do not need to be attached to sur-
faces, thrive in the sandy basins.















Where the plants and animals live
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THE LIFE IN THE ESTUARY:
2. The Food Web

Fishing from the Mandurah Bridge. (Photograph courtesy of the Mandurah Tourist

Bureau.)

Man has long recognised the value of estuaries
for food production, especially for fish, crabs
and prawns, and for the rich bird life they
support.

The Peel-Harvey estuary supports the largest
professional estuarine fishery in Western
Australia, providing a catch worth over $1
million each year, as well as a popular amateur
fishery. Fishing, crabbing and prawning in the
estuary’s shallow waters are attractions which
bring many holidaymakers to Mandurah.
Others come to see the abundant birdlife —
the Peel-Harvey is the most important
estuarine bird habitat in southern Western
Australia. At least 70 species of birds have
been recorded there, including large popula-
tions of pelicans, swans, ducks and wading
birds. Several are summer migrants which have
their breeding grounds in the northern
hemisphere.

The fish, crabs and prawns and bird life are the
most visible and economically important part

of the complex, interwoven pattern of life in
the estuary, but they are only a part.
Microscopic plants and animals in the water
and on the estuary floor provide food for
animals like worms, shrimps and molluscs,
which in turn are food for fish, crabs and
wading birds. Predatory birds, like pelicans and
cormorants, feed on the fish, while swans and
ducks graze on seagrasses in the shallows.
Anychangein the balanceof life in the estuary,
for example the great increase in the growth
of green algae in Peel Inlet, affects the other
plants and animals. The algal beds have pro-
vided a habitat for shrimps and other small
animals, as well as protective cover for young
fish, and have probably contributed to the in-
creased numbers of fish in the estuary. The
algae themselves are not an important food
source, but the numerous small animals which
live amongthe algae are food for many fish and
wading birds. Such changes alter the whole
balance of life through the complex food web.
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The plants and animals named are only examples of
the many different species living in the estuary.
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Australian Shelduck (Mountain Duck) (Photograph courtesy of the Department of Fisheries and Wildlife)

The variety of birdlife

The Peel - Harvey estuary is one of the most
important waterbird habitats in south-western
Australia. Over eighty species of birds live in
orvisit the estuary to take advantage of the per-
manent water and rich food supplies, and the
variety of habitats it offers for loafing, feeding
and nesting. Some of the birds are very familiar,
especially the pelicans and cormorants which
fish in the estuary, the Black Swans and col-
ourful Australian Shelducks (Mountain Ducks),
and the ever-present Silver Gulls. In summer
as many as 20,000 waders may visit the estuary,
some flying from as far away as Siberia. Red-
necked Stints and Banded Stilts are often seen
in flocks of thousands feeding in the sandy
shallows.

Other birds, like the Australian Crake, are
seldom seen because they are easily disturb-

ed by people, or prefer dense plant cover. Some,
for example Pectoral Sandpipers, only visit the
estuary occasionally, or in small numbers, and
are usually spotted only by experienced
birdwatchers.

How the birds use the estuary

Only a few birds breed in the estuary.

The Australian Pelican sometimes nests on
Boodalan Island and the islands in Nirimba
Cay. Boodalan and Nirimba are aboriginal
names for pelican. Two eggs are laid in a nest
of sticks and plants, but success is limited by
water levels and human disturbance. Silver
Gulls also nest on the islands.

Black Swans sometimes build their nest
mounds of sticks, leaves and rushes in the
samphire marshes, especially in the nature












such as those at Lake Toolibin and
Australind, and hence their survival here
is cause forconcern. They visit the estuary
to feed, waiting quietly in the shallows to
dart their beaks into the water to catch
small fish, crabs and prawns.

Little Egrets also wade in the shallows
searching for prey. Sometimes they shuf-
fle a foot in the mud to stir small animals
into movement. Little Egrets are also rare
in the South West and although they are
only seenin small numbers in the estuary
— perhaps ten birds — this is the most im-

portant area for them in this part of the
State.

Glossy Ibises, Sacred (White) Ibises, Straw-
necked Ibises and Yellow-billed Spoonbills
are also seen in small numbers. They are
usually found in fresh water swamps where
they feed as the water level drops over the
summer, exposing food in the mud. When
the swamps fill up again in winter, some
of the birds move to the estuary to feed.
Ibises probe into the sand or mud in the
shallows, while spoonbills sieve the mud
and water through their beaks to get
molluscs and other small animals.

White-faced Heron, Great Egrets and Silver Gull (Photograph courtesy of the Department of Fisheries and Wildlife)

5. Grebes
(Family: Podicipedidae)

Grebes are diving birds, with streamlined
bodies and lobed feet which make them
very manoeuverable in the water. They
chase their prey — fish and invertebrates
— underwater.

Three species of grebes occur in Australia
and all of them are found in the estuary —
the Great Crested Grebe, Hoary-headed
Grebe, and Australasian Grebe.
Australasian Grebes are less common than
Hoary-headed Crebes which prefer large
open bodies of water, feeding among
sparse weed or on the bare bottom.
Crested Grebes dive in open, clear water,
pursuing fish up to 20cm long.

Pelicans, darters and cormorants
(Order: Pelecaniformes)

These birds, like the grebes, are mainly fish
eaters. They belong to an ancient order of
mainly marine birds which have a fossil
record going back many millions of years.
There are seven Australian species, six of
which are found on the Peel-Harvey
estuary.

The Pelican is the largest bird on the
estuary, standing about a metre high. It has
a long beak and huge throat pouch.
Pelicans co-operate to catch fish by swim-
ming in formation, driving fish into the
shallows where they scoop them out with
their pouches. They sometimes follow
fishermen, waiting for the rejected cobbler






shore islands. White-winged Terns are rare
in the South West but occur consistently
in small numbers at the estuary. Another
tern from the northern hemisphere, the
Common Tern, is also seen occasionally.

8. Kites and hawks
(Family: Accipitridae)
Large White-bellied Sea-Eagles are

sometimes seen fishing in the Inlet. They
are skilled hunters, catching fish, small
birds like ducks and juvenile Black Swans,
and mammals such as rabbits. Whistling
Kites take fish, carrion and occasionally
young birds. Marsh (Swamp) Harriers hunt
for small waterbirds like grebes and duckl-
ings in the reeds.

Silver Gulls,(Photograph courtesy of John Ottaway)

Research on waterbirds

The Department of Fisheries and Wildlife has
conducted detailed studies of pelicans in the
estuary and has made a number of counts of
all waterbirds.

These counts have been followed by regular
surveys of the eastern part of Peel Inlet by
volunteer observers working for the Royal
Australasian Ornithologists Union. Data has
been collected since 1982 and has provided in-
valuable assistance to the Department in the
management of nature reserves in that area.
Volunteers have included members of the local
branch of the Naturalists’ Club.

The RAOU has also searched the estuary for
waders as part of its programme of annual
national counts and again, local residents have
assisted this survey.

Birds and the phosphorus cycle

The birds, and especially increased numbers
of pelicans, have sometimes been blamed for
the algal problem. However, birds certainly take
out of the estuary more phosphorus in fish and
other fauna than they ever put into it in their
droppings. For example, most of the numerous
cormorants roost away from the estuary, fer-
tilizing the trees on which they roost.

No doubt birds help in a small way to recycle
phosphorus to algae, but all the birds on the
estuary have between them only about one
tenth of atonne of phosphorus in their bodies,
the fish perhaps ten tonnes, and algae and
other plants over 100 tonnes. An average of 150
tonnes of phosphorus comes from the rivers
each year; so the birds can hardly be credited
with doing much to add to the phosphorus

supply.



Birds recorded at the Peel - Harvey Estuary
(m = migrant)

Great Crested Grebe
Hoary-headed Grebe
Australasian Grebe
Australian Pelican

Podiceps cristatus
Poliocephalus poliocephalus
Tachybaptus novaehollandiae
Pelecanus conspicillatus

Darter

Great Cormorant

Pied Cormorant

Little Black Cormorant
Little Pied Cormorant
Pacific Heron
White-faced Heron
Cattle Egret

Great Egret

Little Egret

Rufous Night Heron
Glossy |bis

Sacred |bis
Straw-necked lbis
Royal Spoonbill
Yellow-billed Spoonbill
Black Swan

Freckled Duck
Australian Shelduck
Pacific Black Duck
Grey Teal

Chestnut Teal
Australasian Shoveler
Pink-eared Duck

Hardhead

Maned Duck
Blue-billed Duck
Musk Duck
Australian Crake
Purple Swamphen
Eurasian Coot
Grey Plover (m)
Hooded Plover

Anhingar melanogaster
Phalacrocorax carbo
Phalacrocorax varius

Phalacrocorax sulcirostris
Phalacrocorax melanoleucos

Ardea pacifica

Ardea novaehollandiae
Ardeola ibis

Egretta alba

Egretta garzetta
Nycticorax caledonicus
Plegadis falcinellus
Threskiornis aethiopica
Threskiornis spinicollis
Platalia regia

Platalea flavipes
Cygnus atratus
Stictonetta naevosa
Tadorna tadornoides
Anas superciliosa
Anas gibberifrons
Anas castanea

Anas rhynchotis
Malacorhyncus
membranaceus

Aythya australis
Chenonetta jubata
Oxyura australis
Biziura lobata

Porzana fluminea
Porphyrio porphyrio
Fulica atra

Pluvialis squatarola
Charadrius rubricollis
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Charadrius leschenaultii
Charadrius ruficapillus
Charadrius melanops
Himantopus himantopus
Cladorhynchus leucocephalus
Recurvirostra novaehollandiae

Large Sand Plover (m)
Red-capped Plover
Black-fronted Plover
Black-winged Stilt
Banded Stilt
Red-necked Avocet

Ruddy Turnstone (m)
Eastern Curlew (m)
Whimbrel (m)

Little Curlew

Wood Sandpiper (m)
Grey-tailed Tattler (m)
Common Sandpiper (m)
Greenshank (m)

Marsh Sandpiper (m)
Black-tailed Godwit (m)
Bar-tailed Godwit (m)
Red Knot (m)

Great Knot (m)

Sharp-tailed Sandpiper (m)

Pectoral Sandpiper (m)
Red-necked Stint (m)
Long-toed Stint (m)
Curlew Sandpiper (m)
Ruff (m)

Silver Gull

Whiskered Tern
White-winged Tern (m)
Gull-billed Tern
Caspian Tern
Common Tern (m)
Roseate Tern

Fairy Tern

Crested Tern
Whistling Kite
White-bellied Sea-Eagle
Marsh Harrier

Little Grassbird

Arenaria interpres

Numenius madagascariensis

Numenius phaeopus
Numenius minutus
Tringa glareola

Tringa brevipes
Tringa hypoleucos
Tringa nebularia
Tringa stagnatilis
Limosa limosa
Limosa lapponica
Calidris canutus
Calidris tenuirostris
Calidris acuminata
Calidris melanotos
Calidris ruficollis
Calidris subminuta
Calidris ferruginea
Philomachus pugnax
Larus novaehollandiae
Chlidonias hybrida
Chlidonias leucoptera
Gelochelidon nilotica
Hydroprogne caspia
Sterna hirundo
Sterna dougallii
Sterna nereis

Sterna bergii
Haliastur sphenurus
Haliaeetus leucogaster
Circus aeruginosus
Megalurus cyaneus

Instructions to readers:

Further pamphlets will be issued from time to time. Each
will be distinguished by a characteristic number e.g.
Bulletin 146 No 1, or Bulletin 146 No 7;

When requesting a pamphlet from the Department please
specify the Bulletin and pamphlet numbers;

Pamphlets are available free of charge to organizations
and individuals concerned with the estuary;

for further information contact the Department of Con-
servation and Environment, 1 Mount Street, Perth, or
phone (09) 322 2477.
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The Recommended Strategy for

Management:

In May, 1984, following about seven years of

studies to determine the cause of the excessive

algal growth in the estuary, and ways to manage
it, the Department of Conservation and Environ-
ment released a report outlining a combination
of management measures considered to offer
the best solution to the problem (see Department

of Conservation and Environment, Bulletin 170

and Bulletin 146, Leaflet 7). These measures, the

‘preferred strategy’, consist of:

e Control measures to relieve the nuisance of
the algae collecting on the shore. These
include weed harvesting and cleaning up the
beach.

¢ Preventive measures to attack the cause of the
problem by reducing the amount of
phosphorus available for algal growth to about

PEEL - HARVEY

ESTUARY PROGRESS

BULLETIN No. 146

MANAGING THE ALGAL PROBLEM:
HOW WILL THE ESTUARY CHANGE?

30% of the present level. These measures aim
to reduce the input of phosphorus to the
estuary by modifying agricultural practices
(especially fertilizer use) on the coastal plain,
and increase the loss of nutrients to the sea
by construction of the Dawesville Channel.

A number of other ‘supplementary measures’
with the potential to help in solving the
problem were also suggested.

At that time, however, it was difficult to predict
with any certainty how adopting these measures
would change the estuary. In particular, further
monitoring of the effectiveness of the catchment
fertilizer program was needed to see how the real
drop in phosphorus loss to the estuary matched
the predictions. More detailed mathematical
modelling of how the proposed Dawesville Chan-
nel would affect water movement was needed to









Salinity

The estuary will no longer experience the ex-
treme salinities that it does now. Both Harvey
Estuary and Peel Inlet will become more
““marine”. Only near the mouths of the rivers will
the water ever be fresh, and in summer it will only
be slightly more salty than the sea.
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Seasonal salinity cycles in Harvey Estuary,
present and predicted with Dawesville
Channel.

Nutrients

The increased exchange of water with the ocean
will result in lower nutrient levels as nutrient-rich
estuary wateris exchanged with low-nutrient sea
water.

Water Clarity

More sea water coming into the estuary and less
growth of microscopic plants (diatoms and
Nodularia) in the water, will make the water
clearer. Harvey Estuary will still be murkier than
Peel Inlet because of the fine sediment suspend-
ed in the water, but here too the water will
become progressively clearer.

Estuarine Life

It is impossible to predict exactly how these
changes will affect all the plants and animals, but
a careful study has been made based on what we
know of their biology, and on what lives in other
estuaries such as Leschenault Inlet, where the
salinity and tides are much as the Peel-Harvey
estuary is expected to be.

Plants

The wetland vegetation around the shoreline will
benefit from the more regular tidal inundation
and the samphire plants may slowly extend into
areas where previously they could not survive.
Seagrasses also will benefit in several ways.
Clearer water will allow them to grow better and
to extend into deeper water in Peel Inlet and to
establish in Harvey Estuary, although there may
be some loss of seagrass beds in the shallows
of Peel Inlet when they are more often exposed
by the tides. Seagrasses afford good shelter for
juvenile fish and the small animals on which

many of the fish and birds feed, and they are also
food for swans and many kinds of ducks.

Like the problem algae, the diatoms which now
cloud the water in spring will decline because of
lower nutrient levels in the water. Other kinds of
diatoms which grow on the bottom get their
nutrients from the sediments, and will benefit
from the clearer water. There will therefore still
be abundant food for the tiny animals and fish
which feed on microscopic plant life.

The seagrass, Halophila ovalis.

The seagrass, Ruppia megacarpa.











