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PEEL~HARPVEY ESTUARINE SYSTEM STUDY

Progress of the Study as reported to a neeting of

EMAC held 11 May 1578.

I regret the long delay between the meeting and

issue of this report. Clearly there has been consid-
erable progress in many areas since then and some
statements made in the report would bhe modified

now. Nevertheless this is a useful record of progress
in the principal areas of investigation as at *he time

of the May meeting.
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ESTUARINE AND MARINLE ADVISORY COMMITTEE

Progress repoxrts on the

PERL~HARVEY ESTUARINE SYSTEM STUDY

Presented to a meeting on

11 May 1978

PRESENT:

Mr. B. Bowen, Chairman, EMAC

Dr. D. Hancock, EMAC

Dr. B. Logan, EMAC

Dr. W. Andrew, EMAC

Dr. E. Hodgkin, Research Co-ordinator, Estuarine Studies
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Prof. A. McComb, Botany Department, University of W.A.

Dr. D. Kidby, Soil Science and Plant Nutyritior Department,
University of W.A.

Mr. J. Gabrielson, Soil Science and Plant Nutrition Department,
University of W.A.

Mr. R. Black, Physics Department, W.A.I.T.

Dr. R. Brown, Geclogy Department, University of W.A.

Prof. P. Young, Centre for Resource and Environmental
Studies, Australian National University

Mr. R. Humphries, Centre for Resource and Environmental
Studies, Australian National University

Mr. P. Sewell, CSIRO Division of Land Rescurce Managewment

Mr. D. Wallace,rPublic Works Department

Mr. R. Lenanton, Fisheries and Wildlife Department

Mr. J. Lane, Fisheries and Wildlife Department

Dr. A. Burbidge, Fisheries and Wildlife Department

Lr. H. Jones, Fisheries and Wildlife Department

Mr. H. Agnew, Associated Surveys

Miss T. Schwinghammer, Peel Inlet Management Authority

The Chairman. Mr. B.K. Bowen, opened the meeting and asked research
workers involved in the Pecl-Harvey Estuarine System Study to
report on the progress of their studies.
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Ray Bro Reported on the inventory of organic detritus
and sediments of Peel Inlet undertaken in the Geological

Department of the University of W.A.

The objective was to establish the nature of the sediments
and their organic content at different levels in the
sediments of Peel Inlet and make some compariscon with
Harvey Estuary. ’

Methods used were scanning electron microscopy and chemical
analysis to quantify the carbon, nitrogen and phosphorons
content of a number of cores (Fig. 1). N wasg determined

as Kjeldahl N, and P photometrically as the phospho-molykdate
complex.

The main Holocene sedimentological units studied in Peel Inlet
wvere a central Basin Unit surrounded by a Marginal Sand Unit
beneath both of which there is a basement of Pleistocene soil
and dune rock. The thin upper member of the Basin Unit is
predcminantly silty, and the thicker lower member is a skeletal
mud. The similar units in Harvey are elongate. The analytical
work was based mainly on analyses from a few cores represen-
tative of the Basin Unit, Marginal Sands, the main Cladophora
growth area, with a few in Harvey Estuary and Harvey channel.
There is only a limited quantity of r-cognisable siliceous
skeletal material, but this increases towards the upper levels.
A detailed examination of this formed no part of the present
survey and would reqguire a special study in its own right.

The main thrust of the work related to C, N and P content of .
tne cores and these were sampled at depth intervals dependent
on the observed stratigraphy of the cores. The results are
summarised in Tables 1-5.

Representative cores were illustrated showing in general
slightly lower nutrient levels in the surface sediments of

the Basin Unit (ignoring the top 1-2 cm) and fairly constant
higher (but still low) levels through the rest of the Holccene
sediments and generally dropping off abruptly at the bottom

of them and in the Pleistocene soil where this was penetrated.
Slightly higher levels were present in sediments of Point

Grey sill, and Harvey Estuary, but Marginal Sand showed

much lower nutrient levels. C/N ratios are similar in the
Basin Units of both Peel and Harvey and increase in the lowex
members cf these. N/P ratios do not vary significantly througn
the columns, but are higher in Harvey than in Peel.

In summary, organic content of Harvey sediments are rather
higher than those of Peel, especially in the bas'n muds, they
also have a rather higher N/P ratio. 1In Peel Inlet itself

the organic content of the marginal sand is lower than that of
the basin muds. In responsc to guestions Brown said that, with
the exception of surface sediments the top 2 cm of which were
discarded all those examined could be prehistoric; also that
there was no material available for reliable dating the upper
sediment layers because of active mixing (bioturbation) by

crabs etc. The whole Holocene sequence has an age of about

6400 years, since the Inlet was first flooded. The bulk of

the sediments, apart from the flocculent decomposing algal mass,
is characterised by being an inorganic detrital sediment with
an organic admixture of 5-10%. There is no progressive decrease
in organic content with depth and any degradation of organic
matter must have taken place in the surface sediment layer or
in the water mass.
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TABLE 1 VERTICAL DISTRIBUTION
IN PLATPORM AND BASIN

QRGANIC CARBON
SEDIMENTS

n td.Devn.
PEEL INLET
Basin Sheet Upper Member
Surface 15 0.34
Subsurface 7 0.33
Total 22 0.3
Basin Sheet Lower Member
Top section 5
Mid section 17 .
Lower sectlon 3 .2
Marginal Sheet
Surface 20 0,25
Subsurface 8 0.23
Total 28 0.2
POINT GREY SILL
Top section 2 0.4
Mid section 9 0.1
Transition 3 0.1
Lower section 3 5.1
HARVEY ESTUARY
Basin Sheet
Top section 5
Mid section 5
Lower sectian 3 0.3




TARTLE 2:

COMPARISON OF O

IN MAJOR UNITS

I CONTENT

PLATFORM

BASTIN

{SANDS) {(MUDS)

Tidal Delta 1.0% 0.8%
Peel Inlet 0.4% 1.0%
1.7%

Point Grey Sill 0.3% 1.8%
Harvey Estuary 0.3% 2.2%

TABLY 3:

IN PEREL-HARVEY BASIN

SHERT

COMPARATIVE VERTICAL DISTRIBUTION OF N AND P
SEDTMENTS

N P
n °/co std.l c¢/n |std.n| n /oo std.p! N/P Std

PEEL INLET
Upper Member 6 1.3 0.3 7.9 0.9 3 0.11 0.03 {. 12.5 5.4
Lower Member '

Top section 8 1.3 10.5 1 0.13 - 10.7 -

MiAd secticn 19: 1.7 10.9 . 0.15 0.05 13.3 4.9

Lower section 3 0.5 . 15.8 - - - - - -
POINT GREY SILL
Lower Member

Top section 2 1.8 9.3 2 0.13 14.0

Mid section 9 2.1 0.1 j110.9 2 0.16 13.5

Transition 2 1.5 10.9 . 1 0.13 11.8

Lower section 4 0.8 0.2 112.1 . 1 0.07 8.2
HARVEY ESTUARY

Top section 6 2.2 0.6 7.6 0.9 16 0.13 0.51 18.9 5.8

Mid section 7 2.1 0.6 111.3 2.3 4 0.12 0.0 20.3 5.9

Lower section 4 0.8 0.3 9.5 1.6 2 0.07 13.7




TAB L! /%_ : COMPARATIVE CRIBUTICN OF N AND P IN MALN
PEEL~HARVEY SEDIMENT UNITS
o N OP
n /oo std.D C/N| Std.D n Joo T Ld.DIN/P Std.D
PEEL_INLET
Marginal Sheet 7 0.5 0.4 6.4 0.8 4 0.08 0.10 14.0 7.6
Basin Sheet
Upper member 6 1.3 0.3 7.9 0.9 3 0.11 ¢.03 12.5 5.4
Basin Sheet
Lower Member 23 1.6 0.3 11.1 1.4 9 0.15 0.05 13.0 4.C
Basin Sheet
Whole Unit 26 1.5 0.3 9.9 3.4 {12 0.14 0.04 12.9 4.6
HARVEY ESTUARY
Marginal Sheet 10 0.1 0.1 7.1 0.6 2 0.01 17.0 4,2
Basin Shect
Upper 6 2.2 0.6 7.6 0.9 6 0.34 0.51 18.9 5.8
Basin Sheet
Lower 11T 1.6 0.8 10.7 2.3 6 0.10 0.03 18.1 5.9
Basin Sheet
Whole Unit 17 1.8 (0.8 9.5 2.4 {12 0.12 0.05 18.5 5.6
TABLIE 5: REGIONAL COMPARIZON OF C s N & P IN
'MAJOR SEDIMENT UNTITS
) i
n C/N ! 3td.D | n N/P Std.D
MARGINAIL SANDS
Tidal Delta 5 1 3. | 9.8 2.7
Peel Inlet . 4 14.0 7.6
Harvey Bstuary . 0. P 17.0 4.2
|
BASIN MUDS
Tidal Delta 7 9.9 2 .8 2.1
Peel Inlet 26 9.9 12 12.@ 4.6
Pt. Grey Sill 17 11.0 6 12.5 2.5
Harvey BEstuarx 17 9.4 12 18.5 5.6




E.P.1i. The following figures have bheen culled from the
literature on Australian estuaries:

Rocinford (1951) Organic C ToLxl N To*' P
Surface samples % /oo /oo
Georges River (NSW) 4.5 3.5 0.6

average of 2 stations
Macleay River (NSW) 2 1.7 0.3

Swan River, average 2.6 2.9 0.53
of 12 stations

Congdon (1977) records phospnate levels in surface sediments
at various sites in the estuary of the Blackwood River which
range from 57 - 865 ug/g dry weight (August) and 753 ~ 4953
ng/g d.w. (Mazrch). His figures for nuitrlients in core samples
are shown overleaf (page &).

Fa

Ron Black The hydrological and climatological picture o
the estuarine systen.

This study involved monitoring inputs to the system from
rivers and drains and any groundwater input, also measurement
of evaporative loss, in order to try to determine a water
balance for the system. It did not, initially, involve

study of the tidal flux.

A weather recording station bhas been operated at Robert Bay,

a second self-recording rain gauge was installed near the

south end of Harvey Estuary, and a third at Mandurah. Rairnfall
in 1976 and 1977 was of course well below average (Harvey

gauge 545 mm in 1977, average 800-%900 mm; Mandurah only about
half the normal).

The data presented (Figs. 2-7) refer to 1976 because river

flow data for 1877 is not yet available, however flows in

the drains showed a remarkably similar pattern in the two
years. From local information it seems probable that the
Mayfield!s drain,; the largest, flows at not more than & mecan

of 0.2 J/Sec throughout a normal winter. There was no
measurable flow after November in 1276 or 1977 and this pattern
continues through the summer and autumn until at least late
May. ,

Flow in Harvey River shows a different pattern because it
drains an irrigated area. It continued with a mean flow of

up to about 0.5 m’/sec through summer, unlike the Murray River
winich ceased to flow. In these very dry years flow in the
Harvey River has been almost one third that of the Murray
River, despite its much smaller catchment. Because the Harvey
catchment is severely truncated by the Harvey welr, maximum
flows in the River may last only a few hours. Sampling

on a weekly basis may therefore result in a somewhat misleading
graph. A continuously recording water level gauge has recently
been installed and will give a more reliable picture.

Water sanmples huve been taken regu wrl> rom the drains and
rivers for analysis for W and P (iL the Pot any Department) -
when there has been a gaugeable flow. Degpite the high nutrient

¥, and in the drains, this is of
tal contribution than that frowm the
in an average or webt wintew.

levels in the Har*rey 1‘1 Ve
course a much
Murroy River,

[
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Talrl Chemical analysis of
-+ £y n MR A
(Scuth of Molloy Tad - May 1275

Depth (cm)
T
030 30-60 60~

Interstitial P 92 83 61
Adsorboed P 41 ¢l 181
Total P 568 356 597
Organic N 262 268 122
Loss on ignition 2.2% 2.2% 2.4%
feble 2;13: Chemical analysis of sediments with depth

{(Seouth of Mollieov Isd - July 1975)

Depth {cm)

Adsorbed P 29.6 1106.0

Total P 1841 1610

1000 620

Organic N

Loss on ignition 27.0% 27.6%

0-9 S-17 17-28 25--33 33--42
s 1 L. .
Interstitial P 24.5 14 .« 3.9 3.5 3.

2.%

Table 2.14 Chemical analysis of sediments with

depth

£

(8wan Lake -~ September 1975)

] Depth {cm) ‘
0-15 15-30 30-45 45-60 | 60-75
Interstitial P léull 14.2 21.3 13.9 17.3 N
Adsorbed P 59.2 132.5 16%.6 1ce.1 125.2
Total P 905 2160 3356 2338 3085
Organic N 267 1088 1217 828 7310
Loss on ignition 2.5% 11.0% 1il.6% 10.5% 9.6%
for four separate coves: all nutrient data are

welght.
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L OX
aund bores

beon estis

130 wells
o ! & : Inlets
accurately levelled to Australiar WVijht fatum
levels in them were he & very 5
time. On two eas
of an hour or 8o, Y &
hydraulic gradient was & ‘1t . in JOOO
flow it was alsc necessary to know the hyd
of the sediments and the depth ol the OMQLOLn Yol
and figures for these were yboined in consult Llon W*Lh
Mr. Tony Allen of the CPOlO(lCdL Survey.

With this data, groundwater flow was estinated by the DIArcy
Equation:

0 = KAS
Where O = Flow (mB/sec)
K = Hydraulic conductivity (m3/day/m2)
A = Area (mz)

= Hydraulic gradient

63}
|

(i) S. IFrom January 1977 suxrvey of bore holes and
wells,

1

= 1 in 1000
0.001

Average S

Il

(ii) A. Depth of Quaternary sediments = 10 m (GSWA logs)
(iii) K. K = 5 m3/day/m?

rrom Which

0 ¢ 2000 m°

/day (from North East/East shoxe)

This is a very small percentage of f£low to the estuary, probkably

never more than 1% of the total.

Evapor tion cannot be measured directly from such a large
ater surface and evaporation, as measured from a standard

pan, has to be related to this by means of a "p pan factor®

there is no universal agreement as to the HAgnl tude of this

pan factor which varies from about 0.65 to 0.85 deprending on

location. An appropriate pen factor for precl Inlet was

estimatod by making an energy palance study in which net
radiation over the Inlet was measured in summer and winter
anc usmd to co futv evaporation, which was compared with the

an evaporabticn With this data monthly evaporation can

kLLU Lﬂaoouaoly accurately, but not usefully
tine Jmmo(“z © to attewpt to verify
: to wvse the conitinuous record
these to a
will be noted

and hum
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ae. (Mas.

T oy .
Deing



CER=

> ¢ 8!
D -
= Z
3

D

hs ¢ (8]

o Ll

Wm r 2 w». A 8]
0. o
o - i 1 £
b o = w
MM r - i 73
o @ m _“ﬁ ﬂ ]
v

HYET
B
s
¥
—
44
0.
TEAN
T

-

— i

I (-
| | L be
d - M da S. r_A., ! ﬂ_a T oW f H_U f n.w <
[ - [ o =1 @ @ < o

o -
Z
,MH_ ﬁ.. mﬁl %oAL1anY BANLYIRY
1 —— S— A .

~ r m ﬂw [ )
w7
| IR Y Ay R \ a

MMMMMHHHHH o ,

AN e ]

e (s vd v

L 5 o
-
I 2 | o
o
L
£
. 3
b
. ) L -0 <«
® ¢4
1w
<%
¥
=
L L - w
T
- P
o
2
£
7 T v T T R T T 1 ¥ 3 T T by e
o « 2 3 3 (=3 < o <> o @ © o [=3 o i
b3 & [ e W 1 - © oF v~ n - o o - ot -
. x
i £2 O/
0 - I3 <
o g [
o - ¢ a 3
o oo RS ©
g Lem [SEA € el 2] € -
) ) & RS vl
i3 row o I




Janua
events

1978 s

eff e‘t on od used to estimating evapo: A great
variety of hods have been used for such estimations and
one, vapcour flow maihod, has been used for comparison
with results obtained using evaporation pan data and the

pan factor of 0.8 which has been adopted - Figure 11.

Figure 11: Mean daily evaporation Robert Bay.
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The gr-L test divergence between the twe comes during the three
hot months December 1977 - Feoruary 1978, when there may have
been a g reat difference hetween the alr temperatures used

for the computation, and the water temperature.

Reverting to estimation of flow to the estuary, Black noted
that tho(]ong term median annual flow ip the Murray River 1s
327 % 10"m™, from a catchment of 7000 km™, however this
represen*s only 7.3% of the rain falling on the catchment -
the rest is absorbed into the ground., In 1976 rainfall was
about half the average and viver fleow,in the Murray only one
gquarter of the median flow (87 x 10 m7). In this situation
rain fa 11 ng directly on the basins (500 mm x 135 km® =

67 x 10 °m~) forms a large proportion of the freshwater input
to the systemn.

Estimation of the Murray River flow to the estvary still needs
further refinement, from the point of view of nutrient input.
The river 1s gauged at Hughes Bridge and althouch gauged flow
in the N and S Dandalup Rivers and Marvinup Brook are added,
the gauging points are still a long way fr -om the estuary. In
particular the data does not show adeqguately what haprnens under
high flow conditions. It is re planned to add dye to
the river upstream of Pinjarra thiree occasions (low, medium
and high flow conditions) and mo MJLO flew of the dyve over

the we together with the water level. I? .houlo tLGﬂ bc
possible to ma “C\ a c arison be cen flow i

and at Pinjar giving a much beltter
flow to the estua:
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monthily

gaugings
studv of
unkuown is
con
In dis
input
Howev

plain. The last

and this 1sg

low in Harvey roin a wet winter nlv twice that
a dry (a 2:1 1auno) the ratio in the Murray River is
for the period of record to date.

Hugh Agnew The fluid mechanics of Peel Inlet.
The aim of this, as of other pbyqi
igs to provide an wnderstandirn
estuary which are important in qwanblfy Y
Also, as in the Blackwocd study we wish to have a general
understanding of the nmechanics of the walter body.

iies of the system
aspects of the

In particular we need to unders

1. What are the physical forcing inputs tc the
water ]Qdy : rainfall, river run-off, water
level variations?

N

. What are the time and length scales of these?

3. What are the itransport and exchany
efficiences of the dominant mechanisms which
are forcing the water body of the Peel Inlet?

4. How do these vary throughout the vear and what
are the extremes from year to year?

5. On the basis of the available synoptic data,
can we then hindcasti what the condition
of the estuary would have been in previous
years? In particular, we need to know to
what extent is it flushed in winter under
the different rainfall conditions which
have been expe*ienced Hopefully this
sheould show us how the physical facters mesh
in with biologlcal aspects of the estuarine
environment, for exampie dynamics of the
crab populations. —

1let Study the methods being used to answer

: intensive
ing wiﬁ
the res
“riodlcam

the nutrient balance.



ecfficiency

The sunmey

c)y What is
of the
period?

a) For what period
conditjonS char
system?

If we can split the year into dist:
penﬁipa on what inp various meche
“sawnpling more effi by doing
seasons and not dyj “ating unnece

we can
chiaracter

(}
3

During the week 12-18 hruary inputs te th
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Preliminary conclusions as to the dynamics of the estuary
under summer conditions are as follows.

1. Mechanigms

a) Water velocity and exchange in the Inlet is dominated
by water level variation and associated conservation
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movement, but it does >ply energy for vertical
mixing and some horizontal dispersion (to a
maximum of 1 km).

¢)  Salinity is
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Specific objectives of the study are:

1. To compartment nutrient levels (much of this
has of course already been done).

2. To determine rates of exchange between the
compartments.

3. To investigate mineralisation of the nutrients
from the alga.

4. To determine exchange rates using undisturbed
core samples.

5. To perform in situ experiments to confirm ox

replace laboratory measurements.

vity

6. To survey and characterise phosphatase acti
in the water. (The function of phosphatase
enzymes is to break down the organic phosphate
of living matter into inorganic phosphate, which
is the only form in which it can be used by plants).

7. Survey of nitrogen fixing blue-green bacteria and

conditions influencing fixation.

While 1-5 are in logical seguence, 6 has been undertaken first,
by Ann Huber, whose experiments have just finished. Her work
has involved sampling weekly and over diuwrnal periods, frow
surface to near bottom, at different locations in the system,
and in relation to different water parameters in order to
determine what the phosphatase levels may mean in relation

to the recycling of phosphate.

Characterisation of the phosphatase (the nature and origins

of the enzymes) is important in order to reflect real
phosphatase activity, which some earlier studies in similar
situations appear not to have done. In particular it is
important to relate activity to pH, from whatever source

the enzymes come. Considerahlie progress has been made in
methods used in this research. 7The results are being analysed
and will be presented at a future workshop.

Ann Huber is now starting on a survey of nitrogen fixing
blue~-green bacteria. What needs to be understood is when and
under what conditions these organisms are contiibuting to

the nitrogen input to the systen.

Commenting on the availability of phosphorous from the
sediments Kidby said that any oxganic phosphate present would
be made available as inorganic phosphate by phcesphatases in the
water. However if the inorganic fraction is already fixed

in the sediments, it is likely to wemain in fixed form and
therafore not be available to the plants. In answer to
questions, Kidby said that all organisms produce phoaphatases,
some extracellularly, all intracellularly. Cladophora

can sitore phosphate in response to high levels in The water.
He thought that at this stage the most important thing to be
done was to assess the extent to which phosphate is available
from the sediments.




Humphries hoped that interalgal phosphate levels would be
measured regularly so as to get a long term picture of
accretion to or depletion of phosphate from the sediment.
CRES feels it is important to develop a time series on the
partitioning of phosphate within the system.

Also in answer to a question Kidby said that it will not

be possible to make a quantitative study of the movement

of phosphate between the compartments until experiments

have been set up to measure labelled phosphorous. This will
be done, probably not within the next three months, but
hopefully before the end of 1878.

Peter Young. In introducing the CRES group's participation
in the study Young noted the centribution made by visitors
Bob Spear and George Hornberger.

He defined the CRES contribution as:

1. Expertise in systems area, introduction of relevant
models.

2, Assist by helping to integrate study. Objective
‘ analysis cf data, together with co-operative work
with other groups to assist with familiarisation
with co-workers and with the system.

Figure 14 shows the CRES study organisation and relationships
betwean CRES and other groups.

One side of chart: hydrological and salinity modelling
studies relevant to Cladophora problem, thevefore scope
of these studies is limited.

Expansion of physical data analysis includes contributions
from Wallace and Black. Biological data analysis and
modelling will be discussed latevr by Humphires and Young.

NOTE : A fuller account of the CRES group's contribution,
with details of the equations, is available in DCE; also copies
of two papers.

Spear and Hornberger: Eutrophication in Peel Inlet: An
analysis of behaviour and sensitivity of a poorly-defined
system.

Hornberger and Humphries: Introductory discussion of the
speculative analysis of Cladophora nitrogen mass balance
in Peel Inlet.
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Don Wallace. Water level variations in the estuary.

1.

3]

Recording Stations

Tide recording gauges were installed in early October
1977 at the locations shown in Figures 15.1 and 15.2

For the first month recording was at 5 minute intervals
and thereafter at 15 minutes.

The resolution of the tide recordings is one centimetre
with a stability better than one centimetre.

Analysis of Recoxds

Initially the recorders were set to individual arbitary
datums. This was done because of the lack of precise
vertical height surveys in the immediate vicinity of the
recorders. To provide precise survey levelling to each
recorder would have entailed expenditure of time and funds
which were not available.

In order to assign a common vertical datum to each
recorder, the water level and wind records for October/
November 1977 were analysed.

Correiration of the heights during periods of sustained
calm and low tide range provided datum corrections

which have been adopted up to the present time. This in-
ferred datum is 0.759%9 metres below Australian Heicght
Datum (A.H.D.).

Harmonic Tidal Analysis has been carried out on the
data for the period October 1977 to February 1978.

Table 10 shows the collective results of this analysis.

Table 10: Range and Time Lag of Tides

Location Range of Astronomic Time Lég From
, Tide Mandurah Jetty
Mandurah Jetty 0.60 Metres | 0.0 Hours
Chimneys : 0.39 " 0.9 "
Coodanup 0.15 © 3.5 "
Falcon 0.15 " 5.3 "
Rolyert Bay , 0.12 "o 5.7 "
Dawesville 0.09 B 7.1 "
Ford (Island Point) 0.10 " 12.4 "

The Range of Astronomic tide in the table includes the
principal semi-diurnal and diurnal tidal constituents
M, , =Py N?, K., P, and O0,. Upstream of the Chimneys
recorder,“the semi-diurnidl constituents become
negligible. :
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It will be noted that water level at Ford is at
almost exactly opposite phase with the input at
Mandurah Jetty. This will be an important factor

in restricting tidal exchange between Harvey estuary
and the sea.

Harmonic Analysis of the water levels also provides
the 29 day mean level unaffected by the astronomic
tide (Table 11). Examination of this data indicates
an apparent change in datum between October 1977 and
February 1978, particularly if the Mandurah Jetty and
Ford records are compared. Up to 6 centimetre
difference is indicated.

This anomally appears to be due to an increased salinity
upstream causing a surface gradient related to the
density variation.

Residual wind effects upon the mean levels have not
been investigated.

It has been suggested that the inclusion of ocean tide
data would provide an improved input to the tide system,
howevcr due to the instability of the sand bar at the
ocean entrance the relationship between the ocean and
Mandurah Jetty varies. This has been observed in the
analysis of the Mandurah Jetty recoxrds.

Upstream of Mandurah Jetty the underwater topography
is stable and the relationship between recorders remains
constant.

"Records of Cyclone Alby (See Figure 15.3)

An extreme event occurred on April 4, 1978 when Cyclone

"Alby" passed southwards off the coast. The mazimum

height of 1.64 m was reached at Mandurah Jetty at 2000 hours.
This level was due to the ocean storm surge induced by

the barometric pressure and wind effects.

In Harvey Estuary the northerly wind stress raised the
water level at TFord and lowered it at Dawesville. The
maximum effect occurred at 1915 hours with a water level
difference of 1.18 m. A similar situation existed
between Falcon and Coodanup with a westerly wind causing
a 0.9) m difference at 2045 hours. Under normal weather
conditions these height differences would only have
amounted to a few centimetres.

The passage of cyclone "Alby" produced a net gain
of water level in Peel Inlet and Harvey Estuary of
0.20 m in. 14.5 hours.



TABLE 11:

SUMMARY OF 29 DAY MEAN WATER LEVELS OF QUARTER HOURLY DATA

INFERRED DATUM adopted relative to 0.759 m below A.H.D.

at Mandurah Jetty

REGION MANDURAH ESTUARY PEEL INLET HARVEY ESTUARY
STATION LOCATION Mﬁgggiéﬁ CHIMNEYS FALCON | COODANUP | ROBERT | DAWESVILLE FORD
Station Number 051 052 053 054 055 056 057
Time Origin Metres Metres Metres Metres Metres Metres Metres

8.10.77 0.637 0.640 0.608 0.617 | N.R. 0.619 0.652

9.11.77 0.617 0.612 0.570 0.578 0.573 0.573 N.R.
15.11.77 0.658 0.652 0.603 0.613 0.610 N.R. N.R.
14.12.77 0.696 0.703 0.656 0.651 | 0.663 N.R. 0.682
12. 1.78 0.681 0.677 0.641 0.636 0.630 N.R. 0.621
23. 1.78 0.657 0.644 0.617 0.608 0.608 N.R. 0.604

L O a4






Figure 15.3:

Effects of storm surge and wind stress due to
Cyclone "Alby".

.36.



Young. The conceptual model for tidal data analysis (Fig.16)
has the following components:

three tanks which represent the ocean, Peel, Harvey. The height
in each tank is the height in the real system; river inputs are
shown, as well as evaporation. Analysis to date has not included
river flow, since there has not been any significant volume
Between each tank is a hydraulic resistance.

The model applies to the "summer condition" with little or no
river flow and quite high evaporation. The response of this
summer system is characterised by the equations shown on Fig. 16.

There are two main reasons for tidal analysis:

1. to assess volume flux through Mandurah Channel; discussed
later by Black.

2. to get a "feel" for the system, and to characterise its
behaviour, particularly in comparison with that of
similar systems elsewhere.

At the end, tidal analysis may not be as important as salinity
analysis, which has the advantage of indicating "flushing"
rather than simply volume changes. Also the tidal analysis
may not be as important biologically zor the same reason.

Different parts of the system have been analysed and modelled,
for example the Murray River at Hughes Bridge, modelled from

the flows upstream at gauging stations on the Hotham and Williams
Rivers. This provides a partial test of the methodology. '
Figure 17 shows the results of a model built on one year's

data and tested against data from another year.

The approach will be extended to predict flows entering Peel
Inlet, because of the lack of measured river flows downsteam
of Hughes Bridge. The river flow models will be used to assess
the magnitude of the effects of river input on the water budget
of the Inlet, as well as to calculate nutrient inputs via the
rivers. .

Figure 18 is a plot of the unit hydrograph of the model; this
is the resultant flow downstream for a unit increase in flow
upstream.

TIDAL DATA ANALYSIS

Typical results of the tidal modelling are shown in Figure 19
based on an initial time series analysis with local means
removed. The error in fit between the model's prediction and
tne observed level change is plotted below as the residual
series. From this, we can conclude that the model is
characterising the system guite well with a fixed model, which
means that the properties of the system are stable.

Long term height changes are more important that the short-term
astronomic tides. The data have been smoothed to remove the
short-texrm fluctuations and the relationship between ditfferent
parts of the system analysed using the smcothed data. Figure 20
shows the relationship between long texrm level changes at
Mandurah and Coodanup.
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FIGURE 17. Flows to the Murray River
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rigure 20.  [ONG TERM TIDAL MODEL
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LA2.

The height at Coodanup is predicted from that at Mandurah.
Again, the model structure is stable, implying a constant
relationship between the two sites in the real system. This
approach using smoothed data is similar to Wallace's spectral
analysis, with which we have compared our results, with
substantially the same conclusions.

A further analysis of tidal mechanisms was undertaken in
association with Black. This related volume flow under
Mandurah Bridge with the height difference measured between
Chimneys and Mandurah.

Ron Black. Throughout the February exercise flow under the
Mandurah Bridge was recorded at hourly intervals. Using only
the height differences between the Mandurah and Chimneys

gauges, flow was modelled and the resultant plot agreed well with
the cbserved flow (Fig.21l). The model then appears to work

well for computing the volume of flow in and out of the estuary
undexr summexr conditions, bult the experiment will need to be
repeated when the river is flowing.

If the model is applied to comparing Mandurah and Coodanup
water level changes there is a much poorer fit (Fig.22).

The residual differences are likely to be attributable to wind
stress. Because winds have both speeu and direction the winds
were resolved into N-S and E-W components (Fig.23).

Putting this into the model reveals that there is some
connection between the big discrepancies and the N-S component,
or when there is NOT an E-W component. This suggests that this
line of study is worth pursuing. :

Figure 23.
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FIGURE 22.
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Peter Young. Water exchange (as distinct from volume change)

is likely to be important to the Cladophora situation. Salinity
monitoring was used to estimate the exchange of a conservative
dissolved substance between the Inlet and the ocean.

Figure 24 gives the conceptual framework of this analysis.
The equations for this analysis are shown in this figure.

The system response with time is shown in the lower part of
Figure 24. Evaporation will cause Inlet salinity to rise and
exceed the input ocean salinity. The curve of salinity increase
will flatten asymtotically as ocean exchange finally balances
water loss by evaporation; assuming the situation remains
stable.

In the real system (Figure 25) the behaviour is remarkably

like the theoretical behaviour outlined in the previous figure.
The small curves to the left of this figure show the actual
behaviour of salinity with time for the different points indicated.
The analysis of the real data gives estimates of the coefficients
of the differential equation above, and allows us to estimate
mean evaporation rate and flushing time over the period of

the data set. One particular example is shown in Figure 26.
showing the behaviour of salinity with time at Austin Bay. The
model characterises the longer—-term behaviour of the salinity
over the summer.

Figure 27 shows estimates of flushing time and evaporation for
different sites in the system. The time constant, or flushing
time, is the time taken for two~thiirds of the equilibrium
condition .to be attained. We are unable to fully resolve the
discrepancy between the results of this analysis and that of
Agnew but would point out that his analysis was applied only

to data from the week of the February exercise, while our
analysis covered the period October-February. Under such a
restriction, different estimates of flushing time would be
expected. ,
The evaporation is expressed as a percentage of the (unknown)
volume per week. These evaporation figures differ because the
effective volume at each site is different. As a check, the
evaporation figures were averaged for the whole inlet (whose
volume is known) and compared with those of Black. The estimate
oftne model was 4.3 mm/day, while Black'’s estimate was

4.'5 mm/day, which tends to confirm the estimates of the model.

The pattern of exchange is similar to that outlined by Agnew
earlier, with very long residence times in the southern bays of
Peel and in Harvey Estuary, during the summer period.

Cladopnora Growth Model

Analysis of Cladophora growth mechanisms has been carried out

in a slightly unconventional manner, with the use of a simulation
model in which the coefficients are defined with a high degree

of uncertainty. The actual structure of the model is explainable
in dynamic biological terms. This part of the study has been
largely carried out by Spear and Hornherger, and this is

reported in their working paper (Eutrophication in Peel Inlet)
to which reference should be made for further detail.
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FIGURE 25. Salinity variations in the Peel -~ Harvey system
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Bob Humphries. Distribution of Cladophora was investigated by
mapping percentage cover within the 0.5 m contour of the inlet
as obscrved in TPebruary, 1978 (Figure 28).

The Cladophora model applies to the NE corner of the inlet,
off Coodanup, assuming that the majority of the Cladophora
biomass occurs in this region.

The medel is expressed in terms of a phospnorus mass balance

of the defined"Cladophora growth area". TIn other words, the
balance with time of phosphorus contained in Cladophora tissue,
phytoplankton, the water column, and sediments of the growth
area, is calcualted. The eguations are linked together, so

that transfers of P from one compartment to another are possible.

This phosphorus model is built assumming P limitation of growth -
as a hypothesis only. The only other variables in these

equations able to affect Cladophora growth, other than P, are
available light and temperature. All other nutrients are
considered sufficient (non-limiting) for the purpose of this
exercise. TFigure 29 shows the connection between the model
compartments with the possible routes of P addition and subtraction
from each cowpartment..

The model equations are outlinedas follows. The structure of each
egquation is assumed to be "known". This structure was basad on
literature research of work on similar systems, and consultation
with group memebrs of this study. Note, however, that the
definition of uncertain parameters effectively relaxes the
assumption that the model structure is “known®'.

Figure 29
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Real data is used for inputs v wl re possible, otherwise
literature values, or a best guess suffices. No parameter
value is fixed, but is chosen at randonm for each run of the
model .

RATIONALE FOR MODEL COMPARTMENTS

1. Cladophora Growth Compartment

The pthﬁhOTU‘ mass~-palance for the Cladcphora compartment is an
expression relating the net rate of chonoQ'OL biomass to growth,
losses due to death, respiration and grazing, and transportl

out of the system. (We assume that there is no net transport
of Cladophora biomass into the growth rate but we do allow for
export of biomass to the beaches).

Growth of Cladophora is assumed to vary divectly as a function

of temperature and light. It is likely that Cladophora growth
rates increase with temperature in the ranges encountered in Peel
Inlet {Bellis, 1968; Adams and Stcne 1273), but sufficient
information is not available to elucidate the functional form of
this increase. While a logar1thm1c relutionship between
temperature and growth rate is oft rsed in modelling studies
(e.g. see Bierman, 1976), we have chosen to adopt the approach

of Di Torc et al (1971) who showed that the increase in growth
rate for several phytoplankton species was linear with temperature
over the range 5°C to 25°cC. Likewise, there is a good deal of
evidence that benthic algae do not become light saturated at
naturaliy~occurring light intensities (Hornberger, et al. 1276;
Pfeifer and McDiffett 1975; Naiman and Gerking 1975: Mannlnq

et al. 1938) and although data pertaining to the growth in Peel
Inlet are not available, it is assumed that gross productivity

is a linearly increasing function of light.

The nutrient limitation term is the routinely used Monod
kinetics formulation. We recognise that the luxury uptake
phenomencn has been reported for Cladophora species (Fitzgerald
1969; Lin 1977) and that models that include this effect have
been propsed (e.g. Droop 1973; Genney et al 1973: Bierman 1S76).
However, we felt that the added complexity inherent in the
description of luxury uptake was not warranted for our simple
models and that forthe time scale of interest in this study it
was not really necessa ary to distinguish petween growth and uptake.
The nutrient concentration available to the Cladophora is higher
than than in the water column because the algae are in intimate
contact with sediment and docompoced organic material which
contains a large quantity of available ohoqphorub On the other
hand, the algae cannot utilise interstitial water directly so

we know very little about the precise value of the ”correct"
concentration; consequently, we use a concentration intermediate
between water and sediment concentrations, and use a parameter
to reflect our uncertainty.

The biomass available for active photosynthesis is equal to the
Cladophora biomass in terms of phosphorons content at low values,
but. asymtetically approaches a constant value. This function

thus sinmulates the self-limitation of tbe Cladophora bed due to
the fact that only the top layer can actively photosynthesjse, the
underlying material being screened fronm sunlight by overlying
algae. The available blomass 1s deemed




. O

to be about 2 balls thickness of Cladophora, which

approximates McComb's 2.3 cm measure. The form for the function
is suggested by the data presented by Pfeifer and MceDiffett (1975)
which shows prcductiVitv per unit blcrass of a riverine

Cladophora species decreasing with bicmass and approaching a

relatively constant valuc at high levels of biomass.

MecIntire (1973) has also used a similar function to describe
the self-limitation of the growth of periphyton in a river.

We use an eguation which gives a nearly linear increase up to
biomass of constant value (above) and then a sharp cutoffi to re-
main at this level. This is the maximum photosynthesising
biomass, which becomes a model parameter.

The in situ loss term is a rather simplified method for simulating
the complex processes by which algae disappear from the system.
Since our modelling approach is not aimed at accurate prediction
of the absolute magnitude of state varisbles but rather at

looking at general patterns of LehmVlOUL, we feel that this
approach, which incidentially 1s common to most ph}roplankLon
models (e.g. Chen and Orlob 1972; Di Toyro et al 1871)

is adequate for our purposes.

2. Phytoplankton Growth Model

The major innovations introduced in the phytoplankton compartment
are the terms to account for light saturation of photosynthesis
and the terms to describe advection of phytoplankton. In the
former, the term chosen is in the form of the well accepted
saturation curve modified to represent average conditions over
depth and over a one-day period by Di Toro et al., (1971). The
latter are strailghtforward throughflow terms. The light
attenuation coefficient for phytoplankton is assumed to be
linearly related to the bilomass concentration.

NOTE that river flow rate is derived from the 1976-77 hydroglapn
for the Murray River at Hughes Bridge. Daily tidal inflow is
calculated from a tidal sub-model developed by Hornberger, Spear
anc¢ Whitehead, which calculates the net volume change of the
circumscribed Cladophora growth area. In the model there are
linkages between Cladophora and phytoplankton in terms of growth
and nutrients flusxes, because

(i) phytoplankton is in the water column above Cladophcra
and can affect light availability,

(ii) phytoplankton remove nutrients from the water column,

(iii) they are a possible source of available nutrients to
Cladophora through the sedimentation loss rate.

3. Digssolved Phoephorus in Water Column

This model is a simple mass halance expressed in differential
equation form and takes account of physlcal inputs and biological
removal and additional terms.

A parameter is introduced to allow a frac
flow to go directly into the wuicr coi1z y with the remaining
fraction being nouted through the sediment compariment. This
rechanism is in recognition of thc fact that a portion of the
ground water can be thought of as flowing through the "sides”

tion of the ground water
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of the growth wvolume and not upward through the sediment
underlying the Cladophora beds. The transfer of nutrient

from sediment tow ‘ treated using a first-order kinetic
model of the diffusion process, an approach used recently by
Freedman and Canale (1977) in describing the phosphorus budget
of a lake.

lf‘

4. Sediment Phosphorus

The equation for the sediment compartment is deccmposed into
two equations for conve nience. The reason for introducing
this chlLvaﬁt is to allow the concentration of phosphorus in
interstitial water to be calculated without specifying a

fixed volume for the active sediment ajClﬁ The total amount
of phosphorus in the sediment compartment is the product of

concentration and volume.

We allow concentrations to build up to a maximum in the
interstitial water with further additions of phosphorus to the
sediment compartment causing expansion of the active layer.

A concentration-~limiting function, prevents concentration of -
phosphorus in sediment from exceeding that in interstitial

water, a somewhat arbitrary limit for vhosphorus concentration

in sediment. As the former grows from zero toward the latter,
increments in input to the sediment compartment cause proportionately
larger increases in sediment volume relative to changes in
concentrations, thus constraining the concentration while

conserving mass.

The above scheme for treating the sediment compartment is
admittedly somewhat Qrbitrary but is justified because the
parametric u1c01Lalnty is relegated to the maximum concentration
of phosphorus in interstitial water, a guantity which can be
interpreted on a physical basis. As the concentration in the
near-surface layer increases, sharp gradients will result in
downward migration of phosphorus, i.e. in an expansion of the
"active sediment zone", and, depending upon the rete of phosphorus
input te sediment and the physical-~chemical properties of the
sediment, there will be an effective upper limit on concentration
in the active layer. Thus, uncertaintyv in sediment porosity,
hydraulic conductivity, cation exchange capacity etc., 1is

lumped into this parameter. Not only is this consistent with

our overall lumped-parameter apprcach, but it satisfies the
objective of transferability of informetion from the literature
since values of sediment phosphorus concentrations for eutrophic
lakes and estuaries are available.

At this point the model equations contain a number of
explicitly stated parameters but also involve numercus data
inputs, some of which are uniilely to be completely known in

a preliminary study. In general then, it will be necessary to
introcduce additicnal parameters to describe certain of the
input functions.




5. Mass Consorvation of Water

ed by an equation not
Slfle

Watcr mass balance is also express
explicitly stated in the box diagx

In the present version of the phosphorus model, rainfall in
the water surface is not included.

P.C. Young, Model Execution.

u’}

It ig stregsed that although the model ih deterministic in form,
it is a very uncertain model because parameter values are not

fixed and were randomly chosen forxeach run of the model. The

logic of the method outlined in this section is shown in Figure 30.
It is this un@crtﬁintj which is built into the model that changes
the way in which various relationships between compartments occur.

Some  of the coefficients are not known exactly. Some parameters
are assumed tc have mean values and the actual value in the
system could bhe anywhere in a probability distribution defined
in a Gaussian way. Other parameters (the scenario parameters)
are so badly known that thpll valLes are only set as lying in a
given range and therefore they have a rectangular distribution.

The model is used by choosing palamo ters at random from those
distributions, with the different responses (of the model run)
recorded for each random choice of parameters, so that an

ensenble of models results. One now looks for patterns of behaviour
seen in the Peel-Harvey system and to establish why one might

get such responses. A Peel Harvey "behaviour" i1s characterised

by a bloom of Cladophora with low phytoplankton and low soluble
nutrient levels at the same time - all factors which make the
"Pecl-Harvey" bloom special.

Different runs of the model are sppaxated into bloom behaviour
and no-bloom non-behaviour responces and a cumulative distribution
function for each parameter is calculated for all of the bloom
and no-bloom model runs. T
For each paraneter, the distributions are compared using two
independent statistical tests (Figure 31). If there is no
statistically significant difference between the distributions,
that parameter is regarded as not important. If, on the other
hand, there is a statistically significant difference between
dierlbutlonu, the parameter is important. It 1s a parameter
associated with a "Peel Harvey" bloom and a hypothesis is
formulated on the basis of thcse parameters shown to be important.

Three of 200 runs were shown to demonstrate differences in
behaviour, some ¢f which correspond to "Peel Harvey" blooms. e
results o£ the 3 runs are plotted for Cladophora biomass,
phytoplankton, soluble P in the water column, total sediment

P and water volume of the growth area (Figures 32-236). Each
model run on these figures is distinguished by a number on the
rignt-hand end of the curve - 1,2 or 3. The parameter values
producing these results were different for each run, and were
chosen at randowm from the possible ranqe of values allowed for

cach parameter. Curve % regponds to a "Peel- }aliﬂj" bloom,
a "behaviour", because the ”WUQonlora bloems with the correct
timing and phytoplankton remaing low. Curves 1 and 3 do not

correspond toVphehaviours” because vhytoplankton Lﬁ”_ls
too high in 1, and Cladophora does not achieve a high

biomasgs in 3.
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The most important paramcters are those defining:

1. photosynthesising biomass
2. particulate phosphorus levels in River Murray
3. Cladophora growth coefficient,

The importance of particulate phosphorus levels is shown from

Figure 35 where high flows in the Murray River led to very
rapid increases of phosphorus in sediments, which is possibly

very important. (Compare Figures 35 and 36).

R.B. Humphyies . Mindful of the constraints of the assumption
of pnosphorus limitation, three points arise from these results.

1. the higher levels of nutrients in the Cladophora mat
versus the water column tend to suppor t the assumed model
structure.

2. it suggests that phosphorus could be the limiting nutrient.
Under the assumption of phosphorus limitation the
simulated pattern of behaviour 18 seen to correspond to
those encountered in the real system.

3. the 2.5 cm layer of Cladophora is the actively photo-
synthesising unit on top of the mat and is the basic
physiologically active part of the system because
of self-ghading. This confirms the importance of the
maximum photeosynthesising biomass and self-shading is
an inbuilt control to the level of Cladophora that can be
in the growth area at any one time. Death and export
processes would have to be very high to sustain a continued
high growth rate.

Activity in the system appears to start in October in
response to winter river flow, and increases in solar radiation
and peaks later in the year, followed by a rapid fall.

The primary importance of the model to the direction of the

Peel Harvey study is that we should now measure particulate
phosphorus levels in high flow periods, to test the hypothesis so
generated.

NOTE: These conclusions have been modified in the light of
subsequent work, which suggests that, under the assumption
of phosphorus limitation, light is the dominant
factor controliing the pattern of Cladophora growth




Reports They are summarised

briefly

-

Jics P.E. Wells and B.R. Wilson, W.A. Museumn.

Mollusc stu

This study started in March 1577 and is expected to continue
until June 1979,

iology of the hydrobiid snail Hydrococcus graniformis
he bivalve Arthritica helmsii is being studied. Both

are small, about 3 1 when fuil grown, but both are very
abunH}nt in the surface sediments of the Inlets, thousands

per m“, and mey be an important link in recycling detrital
J

mﬂt@rial“ They are probably also an important part of the
food of fish and wading birds.

Both cp@cioc produce a few large eggs which hatch as small
bonsn¢p animals. (Bydroccoccus 0.25 mm shell length and
) mu long). Hydrococcus eggs are laid in
" hed to shells and other solid objects.
aggs are brooded in the mantle cavity of the
Bo** vpec;eb reproduce throaghout the year with
ry (Hydrococcus) and auvvumn and early winterx

seems probable that growth is slow and
take about a year to veach maturity and

Dpawn .

Cther azgspects of the biology of these species are being
- . . 1 - - =8 ., LA
studied, including salinity tolerance, and;quantitative

oy 5 ‘- - 2 " - ]

survey of the Peel-Harvey svstem was nade 1n January and

.

will be repeated at another season.

Waterbirds J.A. Lane, Department of Fisheries and Wildlif

This is part of a continuing survey of the estuvaries of

thﬁ goutl west which concentrated on Peel and the southern
nd of Harvey during the periocd August 1976 to June 1977.

It ig ¢ that the Peel~Harvey estuarine system

. rd populations of any estuary anc
is probably the mos imooJLDML estuarine conservation area
; L : areas especially favoured by water-
birds a: lfand - Channel Island area, the scuth-
eastern S =1 Inlet aﬁj the uthern end o{ Haxvey
Estuary. Thecge have been recommended f£or resexyve

tion
through the System 6 Co tt;em

In all 70 species of waterbird

“(OOJ hirds in

the surveys and 5 had 10,000 grebe,
grey teal, cool, roﬂmnccbﬁo
g,00¢ T gwans have been

1 F Latld
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Benthic fauna R.J. Rippingale and students, Department of
Biology, WAIT,

of the benthic fauna of Peel and
during the summer of 197¢-77. A
cen along transects across

A quantitatiVﬂ suUrvey
Ha rvey Inlets was mad:

series of core samples were tak
the basins.

The poverty of the fauna, in gpcecies numbers, was confirmed.
Only six speciecsbf mollusc were t ken in the survey, although
small nurbers of another six have been found at other times.
For comparison, there were 18 species in the Blackwood estuary.
The extreme paltchiness of p;pulaiion‘ makes any valid estimate
of density very difficult to obtain without undertaking a

much more intensive survey than was attempted.

All the molluscs are small species, buL pr are very abundant:
the bivalve Arthritica semen ( i) and the snail

Potamopyrgus sp. Arthritica is istributed throughout
both basinsg,; but numbers were 5mu1l whwrc there was fine silt

and accumulations of algae. Pot rrgus was only abundant
in Peel Iinlet, Two other snails were abvndant in the North
and North-cast part of Peel Inlet oniy, Cillavia estuarina

and Diala lauta, and a third, Liloa brevis, was confined to
the immediate vicilnity of the Sticks cham

,_)
ot
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Two puzzling features are: first the small numbers of the
small mussel Anticorbula amara, despite the vast numbers of
recently dead shells washed up on some bcaches and the
abundance of this species in the shallows of the Blackwood
estuary. Second, the presence of a localised population

of Spisula trigonella (not found in this survey) in the
middle of Harvey estuary which suggests that it may have been
introduced deliberately. It is abundant in the Swan estuary
and csome south coast estuaries (not in the Blackwood). Five
species of polychaete worms were taken. They were only
abundant in transects at the south end of Harvey and, one
species, near Creery Island.

Crustacea were not sampled in this survey becauce of the

sampling method used. However, should be noted that three
anphipod species are very ahuvd - amongst weed, and also
the shrimp Palaemonetes auoLr&iimu They were taken in the

night p1auktuu hauvls, o.v.
R.J. Rlpplngulc and students Department of LBiology

d to determine \ﬁhert
he plankton OF Peal
e lﬂdcw ove

any there
Lutuaryf
v¢ anﬂ
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Daytime net hauls in Peel Inlet produceac
abundant crustacean fauna taken in nth
almost entirely of animsals which ave normally regavded
as benthic: several species of aqulpﬂésf mysids,
harpacticoid and byc10>w"d copaepods.  Bven the calancid
copepods which are gene aily rcoaxde@ :
retreat to the bottam,ou ing daylight
water. Numbers of most species wexre
Estuary than in Peel Inlet and this is to reflect

the greater stability of Harvey water and ti loss to

the sea from Pe ,l Inlet, possibly also the higher chlorophyll
a levels in Harvey watcrs.

nothing and the
)
I

UKuls con"gted
ad

n this sheallow
peter in Harvey

Phytoplankton was more abundant in Harvey than in Peel but
in both it was sparser ﬂ in :ampies teken in spring of
1874 and 1975. Harvey water also contained more unident-
ifiakble debris than Peel wate iatons were identified
and the genera found are libu@& in the report. Much the
same suite of diatoms was taken in both Peel and Harvey,
but a few species were fcund only in one or the other and
sonme species were much more abundant in one than the other.
This plObTbLy raeflects the more marinc conditions in Peel
than Harvey.

(,
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Per ;uoral vegetation D.J. Backchall, supervised hy
P. Bridgewater, leooch University.
The vege*wtjon bordering Peel and Harvey and undex the influence

T’\
"of estuarine water was identifiec sped on a scale of
1:25,000. A number of transects w smined in detaill

and the flora listed is related tc level, distance from the

water, and soil type.

Salt marsh development was observed in a number of places,

mriticularly on the eastern, windward, shore of Harvey
Estuary. Spits and sand bars are COIO“L%“@ by Salicornia,
and when this traps sediments and builds up Suaeda becomes

established. Beach ridges build up with the accumulation of
blown sand in summer and these are colonised by !
Scirpus and Melaleuca cuticularig. Arthrocnemun 16 also
common in the weli-cetablisned

Elsewhere, especially on the nortl
Inlet, the marginal vegetation
Cladophora and other aguatic ple
o frlngef killing this :
ridges. The roots of
expoged and undermined. In
colonised by £2alicornia, Suaeda

prd ¥

then becons
may be
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SOME PRELIMINARY COMMINTS OW L5 0F THE PEEL-RAI

DETUARIHE sSYsTEM

It is very diffi
conclusions from
available on fishe ,
commercial cateh statistics,
survevs by Scott and Chalwnerx )

following general statements can be made :-

at tho

1. The fish species composition of the estuary appears
to be typical of other west coast estuaries of
temperate Western Australia. (See summary of
species list from the Feel~Harvev, Swan Canning,
Murchison and Blackwood Pwvmr esitvaries attached).
Howewver, there are marked diffevences between the fish fauna

and south c¢oast estuaries based mostly on a

compa_. son of the fishes from the Swan and Blackwood

River lerLeq (cae digscussion of paper "An annotated

chnc]l st of fishes of the Swan River, Western Australila®

attached) .

e
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2. There appears during summer at least, to be a decrease
in species diversity beltween the mouth of the estuvarine
system and the top end Harvey estuary, due probably
to the increasing sallpj1; gradient betwesn the two
areas, i.e. 39% at the estuary chaennel to 5

a

at the upper end of Harvey estuvary during early hpril,;
1878.

3. The composition of the atches does not
avpeaxr to have changed tween 1952 and 1875.
However, there are one ges that may be of
interest.,

(1) Large catchoes of crabs were not common until
he early 19607s.
(ii) There appeared to be a grecater proportion
nulloway and black bream in the cet
the 507's and 607s.
(i1d1) Scaley mackerel and pilchards firsit appearaed in
the catches during the early 1960°%'s

4., Over the pericd 1970-1874 (inﬂln), ompearisona of C
catches of "m?cies from both the Swa n—ﬁnnninq and Feal-
Harvey sy
1,000 kg rvevealed some intercsting points

whoses mean annual Pro duction was over
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(4.} Sca mullet, velloweve mullet, cobbler and
Perth herring were amongst the top producers

-

for each system.

(ii) The catches of King George whiting and
I whicting wera much greater in

sand

wast

the

1l ~Harvey system.

o}
s
o

(did) Catches of mulloway and flathead were nu

greater in the Swan-Canning svstem.

nd scaley mackerel
in the Peel-Harvey

(iv) Catchesg of
were sligh:

system.

(v) Catches o e much greater in

£ e
the Peel-Harvey svyvst

prawnis wo

The differences illustrated in points (ii) and (i1ii)
above probably reflect the preference, by whiting for
extengive shallow flats, and by mulloway and flatheeaed
for the deeper estuarine areas.

The greater prawn catches from Peel-Harvey are mostly
due to “he focd +thed dhe Fraditioved pfofﬂasc}omaﬁ 4?2M€MJ
o .

fov Ahnewn v bether developed 1 Fhic estuarine S U Tema .
N.B. We are presently working on the preparation of a prelimina
checklist of fishes of the lower west coast estuarics.
This docunent, together with all the other information
£ the Peel~Harvey system would

available on the fishes of
provide sufficient basis for the preparation of a
reasonably comprehensive account of the fish fauna of
this sgsystem. I would be prepared to write such a
document, provided I could be guaranteed a month or two
off other duties to complete the document.

—_
R, Lenanton,
Senioxr Regcarch Officer.

5 May, 1978,
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