LAKE CLAREMONT RESEARCH
(1987-88)

REPORT

SECTION1 LAND USE

SECTION2 LAKE PHOSPHORUS BUDGET
SECTION3 BIRDS OF THE AREA

BY

[.LR.LANTZKE

P.W.GABRIEL
AND
B.T.HAYNES

August 1989

Cover: Lake Claremont from the north.
(l.Lantzke)



D
<~
WESTERN AUSTRALIAN COLLEGE S

OF ADVANCED EDUCATION Telephone (09) 383 8333

Facsimile (G2/G3) (09) 387 7095

Postal Address

P.O. Box 217
Campuses at Bunbury, Churchlands, Claremont, Doubleview
Joondalup, Mt Lawley and Nedlands Western Australia 6018

Department of Science.

August 22, 198¢

The Mavor

Town of Claremont
308 Stirling Highway
CLAREMONT WA 6010

Re: Lake Claremont Research (1987-88) Report.

On behalf of our research group I have pleasurse in
submitting our report on Lake Claremont and its present use. In it we
present the results of an intensive study of water qualityv and use of Lake
Claremont and surrounding open space over a twelve month period. The
information is presented in three parts; land use, lake chemistry and
biology, and birds of the region. Accompanying the raport are the Lake
Claremont Research Officer's field records. Aquatic invertebrate specimens
have been lodged with the Western Australian Museum under the gener
title "Lake Clarsmont Project” with the identifications of P.¥.G. 1

This report had its gesnesis in a recommendation of
en's committee (Keogh, Scollary-HacKay, Haynss) which r
e committee recommended that basic research be carried out on
Lake Claremont and Claremont Council applied for a Commonwealth Emplovment
Project grant in 1987 and was awarded $21,530. This grant was supported
by 35,000. from Claremont Council and $5,000. from Western Australian
College of Advanced Education.

A major portion of the research has bheen concerned with the

world wide prcblem of eutrophication of the lake, and the findings are of
considerable scientific value. Also because this has been a pioneering
study for Western Australia it provides guidance for other managers of the

netropolitan wetlands.

Aspects of the study we consider important are its
integration of all aspects of the investigation of the lake and its
surrounds over the same twelve nmonths, and the scope of the project, with
guantitative data obtained for land use, as well as the phosphorus
compartments of the lake.



Results of importance are :

. Determination of the quantities of phosphorus in storm water
and the temporal pattern of storm svents.

n The quantities of phosphorus associated with the sediments.

] The chemistry of phosphorus removal from the water coluumn,
and the change with season in the controlling factors.

] That the rate of release of sediment phosphorus was not
limiting te algae growth (in summer).

The relevance and importance of these, and the other
findings are highlighted by a recent listing of priority research areas
for metropolitan wetlands (McComb, A.J. (ed.) (1988), 'Workshop on
Biological Needs for Management of Metropolitan Wetlands'. Western
Australian Water Resources Council, Leederville). The research areas
judged of highest priority were "(a) Deteriorating water quality (sources
and amounts of nutrients and contaminants, relevant wetlands processes,
species sensitivity, botulism and algal toxins, effects of pesticides)".

The study has achieved the first two of these for Lake
Claremont, and contributed to the next two. The study has also
contributed to the second priority arsa by contributing data relevant to
“.... more biological and ecoclogical information including species and
habitat requirements.”

There are, we suggest, a number of actions the Council
should nov take towards establishing a management plan for the lake.

1. Forwvard copies of the report to the Environmental Protection
Authority, and the Western Australian Water Resources Council.

[N
.

Haking a general (press) release to the citizens of Claremont of
the major findings and the Council's intentions with respect to a
land management plan. This should be supported by making copiles of
the report available to interested ratepayers.

3. Setting in place methods for the long term protection of the lake.
These must include establishing methods for keeping informed of,
and participating in groundwater planning. Of particular concern
at the moment should be discussions with :-

] Councils to the north and north-~east on methods of
protecting the groundwater that will eventually flow to
Clarenont.

a WYestern Australian Water Resources Council on their plans,
and the Hollick Report (which, inter-alia, suggests
pumping groundvater lower in the metropolitan area).

] Environmental Protection Authority on "green-house" cffects.






4, Making decisions about the personnel who will be responsible for:

n Handling public discussion and resolution of differences
of opinion.

= Planning; implementing; and subsequently monitoring a
land management plan.

5. Deciding on any immediate action to be taken with the lake and
its surrounds, such as the annual influx of phosphorus in storm
water, fertilization of the grass surrounding the lake, and the
establishment of a monitoring programme (against which to judge
the effects of a management programme).

It would also be reslevant to consider if there is need to
ce any applied research, such as nmethods of removing phosphorus from
diments.

Because of its compact size, known history, and the baseline
data in this report, Lake Claremont offers excellent research
opportunities. These include chemical studies of the sadimented
phosphorus - its forms, variation with depth, diffusion, and rates of
solution and/or inactivation, either by microbial mediation, or as
insoluble residues. There are inmportant questions about the forms and
sources of drainage phosphorus, and the long term effects of re-directing
drain water into sumps. There are also interesting questions related to
the water chemistry and phosophorus removal, the rehabilitation of natural
vegetation, and the control of exotic plants (weeds) around the lake.

In submitting our report we would also like to eXxpress our
o¥n interests in the care of Lake Claremont as an important local
biological and educational resource, and to indicate our availability to
meet with members of Council who wish to discuss aspects of the project.

We also wish to gratefully acknowledge financial support
from the Commonwealth Government and Claremont Town Council and a grant
from the Western Australian College of Advanced Education; the co-
operation and assistance and help of all Claremont Council staff; and help
from many lake users, officers in Government and Council
Instrumentalities, Perth's limnological community and our colleagues and
fanmilies.

Yours sincerely,

P/,

4]

Ian Lantzke.
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LAKE CLAREMONT LAND-USE SURVEY 1987 - 1988.

SUMMARY :

During the period September 28 1987 to June 14 1988, a survey was
undertaken to assess the diversity and significance of the land use
undertaken by the community, of the Lake Claremont environs.
district.

Essentially, the results clearly indicated several major patterns
and effective variables in the type and intensity of use.

The Lake Claremont region is predominantly an open space area
catering for recreational needs, mainly for active recreants. During most
survey periods active recreants made up 80% or more of users. Given the
abundance of open space in the region (82% excluding lake) it may be
surmized that active recreation is generally well caterad for and that
there is an accompanying demand.

The region has sesveral topographhical features which create some
diversity in land use. The land surface, apart from the opeh grassed
areas, includes an area of disturbed remnant bushland to the north-west of
the lake, the lake itself and two small parks - Stirling Road and John
Mulder Park.

It is apparent that these areas are comparatively under-used for
passive recreation, although their collective area excluding the lake is
also comparatively small and not connected.

The lake and the bushland areas need some kind of promotion that
would raise their importance to the general public but in such a way that
.would not unduly compromise their character. Along with this promotion
some form of native vegetation restoration to the bushland and lake margins
would enhance their intrinsic values and their profile in the region.



INTRODUCTION :

Lake Claremont is surrounded by land zoned and used for recreation.
This land area is made up of mainly open grassed areas which fall under two
separate land tenures; those of the Claremont Town Council and Scotch
College (see Map 1). As a result, the region offers opportunities for
mainly active and, to a lesser degree, passive recreation.

As part of the multi-faceted Lake Claremont Project, a land use
survey was conceived by the authors to assess the diversity and
significance of recreational land uses in the region. The resulting
information will provide baseline data for council management purposes and
is presented in the following.

(i1)



LAND USE

SURVEY METHODS

The surveys were to be undertaken by P. Gabriel with the following
objectives '

1. To establish statistical data illustrating the number of people
using the region and in what ways, over a year, with zmphasis
on overall trends as well as discreet events.

2. To determine, by way of the survey, the major and minor land uses
especially where areas and accompanying uses were under-catered
for or under-usad.

3. To quantify the extent of car park use at certain points within the
project boundaries so as to highlight periods of access space and
space limitation.

The boundaries of the projesct area were set between Davies, Alfred,
Narla, Shenton and Stirling Rcads, the western boundaries of Cresswell Park
and Scotch College.

Direct observation of the land users was to take place on an anti-
clockwise route around the lake, the central physical feature at 5 to 6
points from which certain parts of the area could be viewed. The land use
survey was to take place in conjunction with the bird observation work
outlined in Section of this report. Car parking statistics were to be
accounted at the end of each observation session.

It was decided, given the topography and area, that a number of sat
observation points and observation times were required to obtain useful
data. Also, it was perceived that weekday and weekend activities may show
distinct differences in activity and population/activity. Thus the
following general observation schedule was organized :

For the first week of each month for seven days,
three sessicns of observation per day of duration
three and a half hours each were to be undertaken.
The following time periods were allocated:

1) Morning fa.m.) 6.30 - 10.00 a.m.
2) Afterncon ‘p.m.) 11.30 - 3.00 p.m.
3) Evening ‘p.ma.+) 3.30 - 7.00 p.m.

During these sessions both bird populations and human land use were
to be assessed for 30 minutes at six observation sites.



The observation sites are hereby described (see Map 1).
Site 1:

Near the small jetty at the southern end of the lake, in the
Stirling Road park. Observation embraced the southern third
of the Lake Claremont Golf Course, Stirling Road Park, John
XXIII playing fields, the southern half of Scotch Collage
playing fields and the southern half of the cycle path running
along the western side of Lake Claremont.

Site 2:

Facing the central part of the golf course and looking around
to Scotch fields over the Lake Cresswell Park and the cycle
path skirting the western perimeter of the lake margins.

Site 3:

A point near the drain entering the very north eastern point
of the lake and taking in that area of the golf course, John
Mulder Park and over the lake to Scotch fields and the cycle
path.

Site 4:

Standing in the eastern part of the bushland in the north-west
near the western extremity of the golf course.

Site 5:

Taking in Cresswell Park, the western half of the bushland and
the northern half of Scotch fields from the very western point
of the lake.

Site 6:

The point at which a right angle occurs in the cycle path running
along the western side of the lake adjacent to Scotch fields and
covering the golf course and all of Scotch fields.

Car parking was to be assessed at seven points in the study area.
These were at :

1. Stirling Road, where the road mests the Stirling Road Park. This
area being a section of grassed land enclosed with copper logs and
with no marked car bays. The most comfortable capacity was deemed
to be four cars.

2. Cresswell Park car park adjacent to the park in the north-west of
the region. A bitumenized area with no marked bays and bounded
by grassed areas with shade trees. Bitumenized capacity is about
35 car bays.



3. Elliot Road western side, abutting the golf course. It was
perceived that this road along with the adjacent Lapsley Road
would experience heavy public use during times of large events
'such as football at the nearby Claremont Football Oval and the
Royal Agricultural Show. This area has no marked bays and an
appropriate capacity of 60.

4. Lapsley Road southern side facing the golf centre and its car park.
There are no marked car bays and a capacity of 40.

5. Claremont Golf Course Centre car park. This area consists of 52
marked bays and a bitumenized area unmarked that could accommodate
approximatley 70 more cars.

6. The Claremont Aquatic Centre (the swimming centre) car park running
off Davies Road and opposite the Claremont Football Oval. This car
park has a bitumenized area with 135 marked bays and a large
expanse of enclosed grass which could account for about 115 more
cars at most.

7. Claremont Tennis Club. The car parking facilities here consist of
a grassed area for about 50 cars, on the corner of Shenton Place
and Shenton Rod. This region offered the greatest chance of
capacity variability. The arbitrary figure of 50 was settled on,
on the basis of possible access and availability of aven ground.
Effectively, the observation times wers to be

1. 10.15 a.m.
2. 3.15 p.nm.
3. 7.15 p.nm.

The authors believed that these three time periods would give
diurnal variation and potential for accounting for maximum and
minimum counts depending on recreation, residential and other
car parking events. Furthermore, because it was perceived that
bird observation would need a significant time period for
accuracy and that observation periods be about 3% hours long,
hence the above car parking observation periods were chosen.

Central to the project rationale was to establish significance and
magnitude of land uses performed in the area. The observation site
descriptions listed above allude to this need, that is, that several (open
grassed) regions could be viewed entirely from several points.
Furthermore, this would give a greater weighting to those activities that
make use of the region for prolonged periods. It was perceived that
regardless of this weighting, the types of uses were predictable given the
landscape makeup and that the weighted uses would occur to a reasonable
significance.

The observation of land uses over a long period would give
increased weighting to certain prolonged activities which would indicate
their more significant long term impacts on the regions facilities. This
would provide an indication of some major management/development needs for
the region.

Given the size, topography, facilities and proximity of this region
to other recresation areas, schools and the Claremont commercial precinct,
there would be many transient visitors as well as local residents and
organized groups. The long observation periods were expected to illustrate
the transient uses far better than quick spot checks.



The following tables are a summary of all the raw data collected
for land use and car parking during the Lake Claremont Project. Appendix 1
and 2 present complex data tables from which these tables were extracted.

Table 1:

Land use statistics for the Lake Claremont Region details in
percentage form the monthly breakdown of activities as part of the total
number of users per total activities down the vertical. It also presents,
on the horizontal line, the percentage per month of each activity over the
sum total of users for each particular activity. On the far right of the
table, the total gross numbers per activity and activity type group (e.g.
transient) are presented along with their percentage of the total project
quantity of land users. The bottom of the table shows the total monthly
gross figures for all activities and their corresponding percentage portion
of the final total. The percentage per month per activity and the
percentage per year per activity, presented in the monthly columns bear no
direct relationship to each other. The percentage monthly figure comes ocut
of the monthly gross figures at the table bottom and the % yearly figures
are derived from the reference number for the total yearly quantity per
activity. See discussion section on land use below for further
explanations of figures.

Tables 2.0 to 2.2:

= form a quantitative summary of car parking during the survey.
Table 2.0 illustrates the maximum and minimum extremes per month per tinme
of day as percentages of each car park's capacity and total car park
capacity for the project area. On the right hand side column the average
percentages of capacity used per car park per period are presented. On the
bottom line the average daily total car parking capacity is presented for
each month, ending in an average capacity used for the region at any day of
the year.

Tables 2.1 and 2.2:

= act to define Table ! further. Table 2.1 identifies the car
parking capacities for each ~car park and for the total car parks. The
figures used to define the percentage capacities in Table 1 are those in
the far right column of Table 2.1 The figures in Table 2.2 represent times
when the percentage car parking capacity of each car park was exceeded,
based on the figures in coluan four in Table 2.1.

The results for car parking are discussed further on in this and
the following section. 1In general, all raw statistics were recorded in a
large exercise book in situ and coverted to complex tabular form as
presented in the Appendices.



LAKE CLAREMONT REGIONAL LAND USE

DISCUSSION OF RESULTS

Before describing the trends and significant events that occurred
during the survey, it is important to note several changes to the operating
mathods during the survey.

During August and September of 1988 the preparations ware nade,
thus the first month sampled was October. February 1988 was missed due to
changes in other sampling timetables and July 1988, was left out for the
purposes of data collation.

The following is a list of the sampling periods undertaken for land
use appraisal.

HMONTH DATES
1. October 1987 28. 9.87 = 6.10.87
2. November 1987 2.11.87 = 8.11.87
3. Decenber 1987 30.11.87 - 6.12.88
4. January 1988 11. 1.88 - 17. 1.88
5. March 1988 29. 2.88 = 6. 3.88
6. April 1988 4. 4.88 - 10. 4.88
7. May 1988 2. 5.88 = 8. 5.88
8. June 1988 5. 6.88 - 11. 6.338

All weeks were sampled on a Monday to Sunday basis. Hence, eight
months were sffectively sampled and it was anticipated that they would
present an adequate cross-section of the variations in yearly activity,
embracing seasonal changes and their relationship to formal and casual
activities in the Lake Claremont region.

There were two distinct changes to the survey method. It was
perceived after the first two months sampling that the majority of people
used the area during the following time periods within the sanpling
sessions :

1. a.m. (6.30 - 9.00)
2. p.m. {12.00 - 2.00)
3. p.m.+ (4.30 - 6.30)

Also, from the results of the bird population surveys it appeared
as though the number of birds for most species were observed during each
period. Hence, due to the above two factors and pressures on the survey
logistics, especially time, it was decided to shorten the survey to two
sessions per day for six days in Decamber. The results for both land use
and bird populations were proportinately similar to those of October and
November (refer to Appendix 1, this sub report and Appendices in the Bird
Survey sub report).



In view of these results, it was decided to reassess land use and
bird observation. Given the apparent consistency of bird survey results, a
total of three sessions of observation were designated to cover morning,
afternoon and evening periods, of 3% hours duration. For land use sanpling
the following timetable was settled on.

Morning g 6.30 - 8.45
Afternoon : 11.30 - 1.45
Evening ] 4.30 - 6.45

Sampling occurred at the same sites and for 15 minutes per site,
for the seven day sampling week. For the purposes of consistency and
accuracy, the results for the remaining hours that were sampled from
October to December were not included in the results (in Appendix 1) and
thus have no impact in Table 1.

Although the shortenasd survey may have lent a certain bias toward
times when major activities such as organized sports, the results as
anticipated after December showed significant numbers for a diverse array
of uses. In any case, it was too difficult for one observer to do so for
most of a day.

Before actual discussion of results, there was another minor point
of change in the organization of survey sampling. Just prior to survey
initiation it was learnt that the John XXIII playing fields were to be
subject to residential development and this proceded almost immediately.
Thus, the decision was made to exclude them from observation as they were
no longer open to direct public access.

Table 1, is a statistical summary of the land uses at Lake
Claremont over the survey period. Over this period a total of 35 different
activities were noted. For the sake of organization, some of these weare
grouped together in relation to their specific and general type of
activity. In effect, this reduced the number to 21 as presented in Table
1. The activities were further subgrouped into three general catsgories,
that is

1. Transient visitors
2. Sustained passive recreants, and
3. Sustained active recrants

Transient visitors were those deemed to be those moving a defined
path around or adjacent to the Lake or recreation ground, regardless of
whether they definitely appeared to be using the area as a travel route or
whether they were there to appreciate the scenic amenity of the region.

Sustained passive users were those people who maintained a presence
in a particular area over a period of time but who did not apply a highly
active physical effort.

Sustained active users included, sportspeople, golfers, children at
play as well as people disturbing the Lake environs and uncontrolled
domestic pets.



One category of activity not included was that involving the ground
staff of the Claremont Golf Course, Scotch College and Cresswell Park.
Their activities were very predictable and it was decided
that, as they were responsible for maintenance, they were quite separate
from the other users. It is worth noting however, that during times where
heavy machinery (e.g. tractors, lawn mowers) were in use, the ground staff
created a noise and sometimes a physical barrier in some parts of the golf
course and Scotch College. However, it was observed that golfers and
other major users simply skirted around these obstacles and as such, no
particular attention was paid to relative changes in land uses caused by
this activity. 1In general they accounted for about 5% of population
overall.

It was hypothesized at the beginning of the project that, given the
landscape make-up, the principal uses for the area would be active
recreation such as adult and child sport and golf; adult sport such as
cricket and hockey occurring at Cresswell Park; child sport occurring at
Scotch College and golf being played on the extensive Claremont Public Golf
course.

It was also expected that casual, more passive uses would occur,
principally due to the presence of both large areas of open space and
natural features such as the Lake and remnant woodland.

An assessment of the arsas available to the public in térms of %
size is as follows (excluding the lake) and the Lakeway Drive-in site.

ZONE % TOTAL LAND

AREA
Golf Course 57.5 Total open
Scotch College 27.5 grassed fields
Cresswell Park 6.2 = 91.2%
Remnant Bushland 5
Stirling Road Park 2.5
John Mulder Park 1.2

This information gleaned from asrial photograph circa 1975, (S.A.
Lands and Surveys Department) C/0 Claremont Town Council.

(The Lake is approximately the same area as the golf course. However,
due to its central location, it is the most notable physical feature in the
landscape.)

Hence, we can see that the facilities for active recreation ars the
largest. It was felt that the survey would confirm this and also define any
paucity or excess use of other aresa types not specifically designed for
active recreation.

Overall, as can be ssen in Table 1, the various active passtimes
mentioned above were overwhelmingly the most popular and significant.



It is important to reiterate at this point that by thée very naturs
of the observation methods the sustained active recreation was further
'weighted' by the fact that these activities were countad two to three times
over, It i3 estimated that approximately 30-40% of the gross data for these
activities came from this ‘weighting'. However, a quick calculation from
the gross total figures on the right hand vertical column of Table 1 would
ses an average increase of about 9% in transient activity and a drop of
5% for active recreation, if an average 35% of active numbers were removed
from the data. '

Throughout the year the sustained sporting activities made up about
60% of land users with peaks in May and June dus to high activity at
Scotch Collage fields during weekday afternoons.

The passive recreants made up less than 5% overall with most
activity in the seasons of spring 1987 and autumn 1988.

The transient users overall represented about 30% of users in any
nonth and the general trend of the statistics suggest that warmer weather
attracts most of these people with the exception of those simply travelling
through the area such as cyclists.

The total populations per month were fairly similar throughout the
survey and major differences could be attributed to the number of golfers,
adult and child sporting events.

Golf was the most significant use of the region. The course makes
up nearly 6C% of the land surface, the percentage composition of measured
populations that golfers made up was betwean 19 and 40%. Golfing was
observed at early as 6.30 a.m. and as late as 7.00 p.m. (night golf was
observed at these times). The major effect limiting golf was possibly
excessively hot, dry days in December and cool, moist days of June.

The course underwent a renovation from a cramped
18 hole course to a more spacious 9 hole course. By February a golf
tournament was held to commemorate the opening. It may be possible to
surmise that the change in quality of the course and its promotion, caused
an overall increase in golfers, in spite of the reduction in the number
of holes.

Fluctuations in weather and season had definite influences on
magnitude ard type of activities throughout the survey. The generally
warm to hot conditions that existed from November to April provided a
conditional 'water shed' for sporting activities whether formal or casual.
Indsed, the first occasion that rainfall occurred in a survey week was
in June on one day where very light drizzle occurred. This homogeneity
in conditions presided over sonme general trends. The morning periods
began at cocl conditions light to brisk easterly or southerly breezes
sometimes semi overcast but generally quite clear skies; during midday,
with temperatures in the high 20's or more sparse high clouds or clear
skies with little or no breeza; avening periods were marked by warm
conditions which were ameliorated occasionally by later cool south
westerly breezes. Sunrises were at approximately 6.00 a.m. and sunsets
about 7.00 to 7.30 p.m.

Octcober 1987 endured a generally milder version of the above
whereas May and June 1988 were quite cooler, cloudier with sunrises at
7.00 a.m. and sunsets as sarly as 6.15 p.m.



As can be seen from Table 1, the highest numbers per activities
with some exceptions, occurred in the November to April period. Transient
users generally, on weekdays, used the region in the cooler morning and
evening periods. These people tended to use the area for light exercise or
travel and at least ostensibly because of its open space and visual
amenity. In the cooler months these user groups occurred more towards the
later wmorning, midday and early in the evening due to limited light and
cooler conditions.

Passive recreants were more variable in occurrence and this
reflection was probably intensified by the spasmodic appearance of these
activities. Activities such as photography, bird watching and walking
occurred mostly in the morning or evening periods when light and weather
were appropriate. Picnics, along with children at play, occurred in
mainly the afternoons during cooler months or mornings and evenings in the
warmer months.

Seasonal and weather conditions produce several notable effacts on
activities in the region. The most striking impact was the drying and
flooding of the lake. In terms of land use, this event must have
changed the perspective of the region for the users.

Indeed, several people walking through the region were noted as

voicing comments about rehabilitation, quality of amenity values. For
those who particularly enjoyed feeding the water fowl, the drying of the
lake (which was very severe) attracted attention to the lake and the region
to the extent that people were feeding the remaining birds and even leaving
water for them. This happened often in March, especially, just before ths
first rains. The first rains brought more water but stirred up powerful
odors from the moistening mud; this also attracted comments to the observer
P. Gabriel.

The lowering of water levels also allowed for the access to
sensitive parts of the lake, such as the stands of bushrushes (Typha
orientalis). Stray dogs and children playing or collecting miss-hit golf
balls formed a small but environmentally significant user group noted in
Table 1, simply as lake disturbances. Lake disturbances would have
included (if they had been seen )person(s) who started sesveral fires
in the bulrushes along the eastern margins of the lake. These events occurring
in March and April were flagged by the carly morning presence of policemen
and fire brigade workers.

The maintenance of the vast grassad areas by the various
groundstaff required, as mentioned above, the use of regular watering,
fertilizing, sanding and mowing of grass which sometimes offered a
disturbance to users especially in the warmer months. However, this did
not seem to effect the overall figures to any great degree.

The appearance of waterfowl was a definite attraction for many
people and such sentiments were conveyad to the observer throughout the
project. Hand feeding occurred at several places especially at the small
jetty protruding intoc the lake from Stirling Road. Members from the
Royal Australasian Ornithological Union noted taking population counts for
birds in March and June.

As rain and cooler conditions set in the rsgion began to assume the
modified European-style lake-landscape, a reduction in lake disturbance,
along with a reduction of passive and transient users.
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Perhaps, in some instances, a more significant driving force than
climatic conditions was the factor of timing for certain formal and casual
events. The organization of the lifestyles must have played a significant
role in the choice of activity for some users.

The transient activities, for example, were made up of many
performing active (jogging, riding) and passive (walking, walking the dog)
recreation and mainly in the mornings and evenings. It is quite probable
that some of these people used the area prior to beginning formal
employment for the day, or school. Indeed, many of the riders were school
children, especially during the months when primary and secondary schools,
near the area, were operating.

Child sporting activities occurred from October to December and
March to June as part of the school curriculum. Adult sport followed a
familiar pattern regardless of season with formal training sassions on
several weekends. (In both these cases, spectators and staff were included
in statistics for these activities.)

The groundstaff were of course following a formal timetable also.
The role of weekends and public holidays becomes important in terms of
activity determination. Although there were no great increases in overall
people numbers from week days to weekends and public holidays, the kinds of
activity changed.

During these periods there were more people found in picnics,
casual sport on playing fields, such as kite flying, frisbee throwing, etc.
and children playing.

Organized sporting matches occurred on weekends as previously
mentioned.

There were some areas and activities which seemed under used, at
least by comparison with the heavily used areas. These areas included the
woodland, John Mulder Park set between Davies Road and the central eastern
part of the golf course, and for various reasons, the lake.

Activities at these areas varied between each of these aresas. The
woodland is separated into two parts by a cleared area which contains
derelict BBQ facilities. There is also a sharp incline up to the abandoned
Lakeway Drive-in site. Because the major footpath runs through this area
(from Strickland Road around and south to Stirling Rcad) most people used
it to pass through in some fashion. As with the lake there appeared to be
few people (n 1.0%) overall who visited the region to use these natural
areas specifically.

John Mulder Park has similar park facilities to Stirling Road Park
but is approximately half the size. It also has the only skateboard track
in the region. It appeared as though the users were from surrounding
dwellings and streets. Parents taking children to use the playground
facilities and picnic as well as young skateboarders were the major user
groups.
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It is significant to point out at this point that, as mentionad
above, the region caters very well for active recreation with areas for
passive recreation being smaller and disparate. Furthermore, although from
Table 1, we can see that overall passive racreation formed less than 4% and
walking and walking the dog made a total of 12.4%, passive recreation by
its very nature requires a certain solitude, usually created by a
varied topography and lack of general disturbance. Hence, although the
percentage use for passive recreation in some areas and overall was low, we
may deduce two things

1. Passive recreation has possibly been observed at its
current limit.

2. That some areas and the region as a whole may need
sympathetic alterations to encourage more passive use.
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DISCUSSION : PART B

CAR PARKING IN THE LAKE CLAREMONT REGION

Table 2.1 is most significant in a discussicon of the car parking of

the Lake Claremont region. The figures displayed therein constitute a
summary (from left to right) of the process for the interpretation of the
raw data collected in the project lifetime. The figures in the fourth
column were determined on the following basis

1.

Stirling Road car park, as described in Section 2, had a
'comfortable capacity of four’. There was room for eight wvehicles

"but in that situation four wvehicles would have been inhibited from

access out to the road.

The car parks at Cresswell Park, the swimming centre and the Golf
course have areas of bitumen for car parking. The former two have
grassed areas in addition. Cresswell Park (entirely), the swimming
centre and the Golf course car park have unmarked bitumen areas.
It was decided by the authors that although the unmarked grass and
bitumen areas are used during times of need at sach centre, the
nost important car parking requirements are met by properly
designated car parking. Hence, in terms of future car parking
policy and development, the maximum car parking capacities were
defined to provide an indication of potential needs, especially in
the face of pressures for space in and from the surrounding
recreational and commercial areas.

The Tennis Club car park consists of an undulating semi-grassed
area of approximately 1200 square metres in size. It has one
access way of Shenton Place. During the survey it reached a
capacity of 60 in October 1987, in cramped conditions due to the
annual event of the Roval Agricultural Show, held nearby. The
capacity of 50 was ssttled on as the maximum comfortable figure,
given the physical makeup of the area.

The remaining parking arcas, Elliot Recad and Lapsley Road, are

not genuine parking areas as such, but were believed to provide
parking in times of high needs. Both areas are adjacent to the
Golf course and its car park. An estimate of their capacities

is presented in Table 2.1.

The analysis of car parking may be split into two parts

Description of the variation in the status quo of car park use
as depicted from the survey results.

The implications from the above in regard to possible management
and development directions for car parking in the region and
adjacent car parking pressure.
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THE_SURVEY:

As described in the land use discussion above, changes occurred
to the survey method in December 1987 and January 1988. The
effect upon car parking was to change the observation times
from:

a) 10.00 a.m. to 8.45 a.m.
b) 3.00 p.m. to 1.45 p.m.
c) 7.15 p.m. to 6.45 p.nm.

Given the extremes of figures obtained regardless of events, as
shown in Table 2.0, it was decided that due to logisitic pressures,
the survey could be changed without unduly favouring any kind of
car parking events. Indeed, the figures display quite an array

of monthly, individual variation per car park sites and sampling
sessions.

The major observable variable over the year that did affect
observation and corresponding car park use, was probably the
seasonal variation in local weather conditions and the fluctuation
in dawn and dusk times.

During different scasons there were different major uses and for
some their occurrence was limited by the available natural light
(although there were probably other factors involved in the
organization of the particular events that precluded night or early
morning activity). For example, in the cooler months of May and
June 1988, a number of cars at the Golf centres at 6.45 p.m. were
less than in summer due to earlier sunset and cooler conditions.

The figures at the bottom of Table 2.0 are perhaps the most
notable for car parking. In October, the greatest average use of
the total car parking occurred. The figure obtained is nearly
double the next closest figure. This was caused by the annual
explosion in car parking requirements caused by the Royal
Agricultural Show, which ended on Friday October 3, 1987.

Indeed, it was events with similar significance to this that

caused major pertubations for available car parking space
throughout the survey. This is indicatesd statistically in Tables
2.0 and 2.2. In May and June of 1988 the occurrence of football
matches and associated club training at the Claremont Football

Club training at the Claremont Football Oval caused a distinct
increase in car parking at the swimming centre (closed for swimming
in May), the Tennis Club, Elliot and Lapsley Roads during week

days and weekends.
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There were a nunber of trends that are sxemplified in Tables 2.0
and the Appendiced raw data. These include the fcllowing :

1.

The swimming centre and Golf Club car parks wsre the most
used both in reality and in percentage capacity. Stirling
Road car park was understandably well used at times given
its small size. Other car parks such as Cresswell Park
and Lapsley Road, were dependent upon time of observation
and accompanying events to reach significant capacity.

Golf as a land use along with adult sport, was one of the
few land uses that could be related to car parking events.
It proved to be one of the most significant activities in
both areas. Indeed (along with residential use), its

car parking requirements overflowed to the adjacent Lapsley
and Elliot Roads.

The major land uses for Cresswell Park were adult sporting
activities: men's cricket in summer and men's hockey in
the winter months. Training and match situations occurred
on week evenings and weekends respectively.

Stirling Road car park was generally used by passive
recreators using the adjacent parkland and adjoining foot-
path near the southern end of the lake. On average, it
carried about 1 car per day or less.

The Tennis Club car parking was subject to several sources
of cars (by deduction). It seems that during the
constructicn of the 'Heritage Fields Estate Development'
workers used thz area for parking. This car park was
possibly used also by nearby residents and/or visitors as
well as shoppers or retail workers from the shopping
precinct scuth of the railway line.

The swimming centre car park probably fulfils to a lesser
exXtent the car parking needs of people using the rail
service, shopping or working in the shopping precinct.

Weather effacts had indirect impacts on car parking.
Weather conditions as mentioned in the section dealing

with land use analysis were generally homogenous, that is,
mild to warm tenperatures, occasional strong winds and rain
occurring very slightly in June 1988. Extremes of
temperature in the summer months possibly influenced
sporting activities during the week days, such as golf,
especially :n the midday sessions.

During the -coler months when sunrises were later and
sunsets earlizr, the amount of activity related to car
parking such 1s golf, passive recreation and tennis for
example, descreased, as can be seen from the overall daily
capacities per month and the maximum and minimum percentage
capacity utilization par session per month per zone.

Using the figures for average daily capacity per month and
per year, we come to gross average limits of car parking
demand for the total car parks. Table 2.3 illustrates
these figures as well as average daily gross limits of ezach
car park for the project period.
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TABLE 2.3 :
Average daily Maximum daily Mininmum daily
limits per vear limits per year linits per year
CAR PARK Figure % Figure % Figure ' %
Stirling 1< 20.3 10 250 0 : 0
Cresswell Park >4 13.0 56 160 0 0
Elliot Road 5 3.3 52 87 0 0
Lapslay Road 6 15.0 47 117 0 0
Golf Centre 17 33.3 89 171 0 0
Swimming Centre 30 22 190 141 0 0
Tennis Club 5 9.3 60 120 0 0
TOTAL CAR PARKING 68 18.0 143 38

The percentages are taken from Table 2.0 and represent percentages of
raximum capacity as defined in 2.2. The figures for actual cars using the
car parks are presented in terms of whole cars, hence no decimal places given.
For example, the average daily limit per year for Cresswell Park was n 4.5,
given as >4.

Ultimately, we may draw several conclusions from Table 2.3 about how
well car parks within the survey boundaries are utilized. The average daily
figures would indicate that overall there is ample space whether marked or
not in all car parks. However, the maximum figures, along with those high-
lighted in Table 2.2, indicate that there can be periods of paucity of space.

To the south of the projsct region there are car parking areas on
either side of the railway line. These are used by shoppers, retail and
other workers for the Claremont shopping precinct and people wishing to use
the rail service to go to their respective work places. No statistical
analysis was applied to these areas. However, they form along with car
parking in project region and the shopping aresas, a network of car parking
in great demand for shoppers, workers and recreants. There appears to be
a capacity of approximatley 600 car bays.

During periods of high pressure on the project arsa car parking, these
car parks were also used totally. This was evident during the Royal
Agricultural Show in October 1988, a Home-Show at the same grounds in March
and during the winter sporting season at the Claremont Football Club.

At this point we may define the above as conclusive statements,
however, it is important to discuss the implications of future developments
in the Lake Claremont region in the light of our findings.
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IMPLICATIONS FOR FUTURE MANAGEMENT

There are several possible changes to land uses in and around Lake
Claremont. These include:

1.

Briefly

1.

Resumption of the railway reserve land by the State
Government body Land Corp.

Provision of heated swimming pool facilities at the
Claremont Aquatic Centre.

The re-development of the Lake Way Drive-in site.

The upgrading of the BBQ area just south of the Drive-in
site, in the remnant native woodland.

Development of an observation centre near the lake to
tie in with the environmental and historical 'renovation'
of the Claremont district, organised by B. Haynes and
the Claremont Museum.

and in turn:

The resumption of railway reserve land by the State
Government will mean the loss of about 600 car bays used
intensively by a variety of user groups. As indicatad
above, there are times when the carparking space at the
Swimming Centre, Tennis Club, Lapsley and Elliot Roads

are usad up by both recreants and others attending specific
short term events. The loss of the railway reserve park-
ing would clearly force the regular workers, shoppers,

etc. to encroach on the recreational zone carparks constantly.
For the Claremont Town Council, large scale alternatives
would need to be found to cater for this imbalance.

Provision of heated swimming pools at the Swimming Centre
would allow it to remain open all year, whereas at present
it closes in May and re-opens in about September. This
would increase carparking, especially during early
mornings and cool evenings.

During the cooler months of May and June 1988 in the survey,
when the Swimming Centre was closed to the public the only
major use for its car parking was for football training and
spectator parking on weekends. This indicates that extra
parking space for heated swimming pool users may not be
required, given the large area of grassed parking space
referred to in Table 2.1. However, if the railway reserve
land is resumed as mentioned above, there will be greater
pressure for space in the Swimming Centre carpark.
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The re-development of the Lake Way Drive-in site may
provide some parking space for the upgraded BBQ area and
perhaps for spectators of sporting events at Cresswell
Park and general passive recreants. The upgraded BBQ

area would need some carparking provided nearby and if

it was not supplied with the redevelopment, then it nay
come from an area adjacent to the nearby end of Strickland
Road. -

Development of an observation cantre for greater apprec-
iation of the conservation, education and recreation
value of the remnant natural features of the region -

the lake and remnant bushland - would require car parking.
Whether that means increasing an existing car park, for
example at Stirling Road Park, would depend on its

siting. ‘
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CONCLUSIONS:

In jeneral, several conclusions about regional land use in the Lake
Claremont recresational zone may be drawn.

1. As predicted, active rescreation is the prominent feature for the
areas. These pursuits are well catered for and constitute a
successful, desirable public resource.

2. Some of the less well used areas such as the remnant native
woodland to the north-west of the lake, the lake itself would
benefit from some sympathetic rehabilitation such as reavegetation
with native plants of that region. This, along with some kind of
promotion such as static information displays and perhaps key
observation point(s) or major observation centre, may help to
bring a greater balance to the land uses by encouraging interest
in “he natural areas. School groups (which were lacking during
the survey) and other tour groups could be enticed because of the
conzervation, education and passive racreation values of thesa
arees.

IMPLICATIONS FOR FUTURE DEVELOPMENTS IN THE REGION

During the project lifetime it came to the notice of the authors
that several changes to the regional land uses may occur via the Claremont
Town Council., These included :

1. Redevelopment of the Lakeway Drive-in site for residential
development.

2k Upgrading of the BBQ area that exists in the woodland near the
north-western corner of the lake.

3. The creation of an cbservation centre for education and
conservation purposes for the public.

In lieu of the general conclusions drawn from the land use survey
we may consider the first two and possibly the third option together.

The Drive-in site and the BBQ area are adjacent to each other.
Residential development at the former could see a small increase in the
number of users especially passive recreation. It may see accelerated
degradation of the nearby woodland. Howsver, although the woodland is
quite degraced at present, this process may reduce the visual and ecological
value of the region and would require monitoring and maintenance.

The BBQ area would attract more family groups and others to an arza
that seems to have little use. As long as it contributes to degradation of
the woodland and lake areas, particularly by way of fire hazard, it may act
to focus attention to the landscape values of the region. Along with some
kind of static information display as suggested in the above and
revegetation of the woodland and lake margins, the natural areas could be
promoted adding further incentive for passive recreants, school groups and
others to visit the region. Furthermore, the development of an observation
centre with the services of a ranger perhaps, near the BBQ area or at
Stirling Road Park may also attract attention to the lake and the region as
a whole.
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TABLE 2.0 : LAKE CLAREMONT CAR PARKING 1987 - 1988 P.W.G.
PERCENTAGE, CAPACITY:
MORNING SAMPLING
Average

OCtT NovT Dec7 Jan: Mar. Apr. May June daily %

CARPARK Max [Min |Max |Min |Max |Min [Max |Min [Max|Min|Max |Min |Max |Min|Max|Min Capacity
use
Stirling Rd | 75| 0 |100| O | 50| 0 | 75| 0 | 25| 0 | 50l 0 | 50| o | 25| o 21
Cresswell Pk| 65| 0 21 0 21 0 91 0 | 11| 0 210 | 16| 0 210 3
Elliot Rd 671 0 812 | 10 2 | 131 2 | 28] 0 510 51 © 310 7
Lapsley Rd [100) O | 27] 5 | 25| 5 | 35f 0 | 27] 2 | 17!l 5 | 10| 5 | 15| o 16
Golf Centre | 67(23 | 90| 7 | 74|14 | 81|16 | 78|16 | 6012 | 81| 7 | 69| 2 39
Swim Centre [100| 4 | 20| 4 | 19| 6 | 78|19 | 22|17 | 37| 4 61 0 | 13] 0 16
Tennis Club | 48| 0 | 48] 0 | 24| 0 6| 0 | 66] 0 | 10| 0 | 20| O 8| 0 8
Monthly % DR e e e
Total Cap- 871 5 | 33 3 | 200 5 | 471 9 | 37| 3 | 26| 3 | 20| 1 | 20(0.3| 156
AFTERNOON SAMPLING
Average

Oct. Nov. Dec. Jan. Mar. Apr. May June daily %

CARPARK Max |Min [Max |Min [Max |Min [Max |Min |Max |Min|Max |Min|Max |Min |Max |Min|Capacity
use

Stirling Rd [100| 0 | 50| 0 [ 50l o | 75| 0 [ 50| o | 75| o | 75| o | 50| 0 25
Cresswell Pk| 57| 0 | 69| 0 | 911 0 | 73| O 510 210 5/ 0 [100] O 12
Elliot Rd 87| 0 700 312 | 13| 0| 13]3]40]0 | 13]2]28]0 10
Lapsley Rd |100| O | 12| O | 27| O [ 27| 0 | 20| 5 | 92| 5 | 25| 2 |100]| S 18
Golf Centre |10025 | 46|14 | 44|14 | 97| 5 | 58|28 | 97|18 |100|14 |100(35 47
Swim Centre [100| 2 | 46| 7 | 26| 7 | 50{22 | 96{17 | 70| 9 | 171 0 | 93| 0 30
Tennis Club |100] 0 | 76| 0 | 16| 0 | 28] 2 | 20| 2 | 82| 0 | 60| 0 | 28] 2 13




EVENING SAMPLING

20.

Oct.
CARPARK Max |Min
Stirling Rd 0] 0
Cresswell Pkl 46| O
Elliot R4 47| O
Lapsley R4 1060| O
Golf Centre (100] O
Swim Centre |100] 2
Tennis Club 80| 0
Monthly % T
Total Cap- 91| 1
acity a.m.
Average % T
Total Cap-
acity/day/ 991 4
month
Average o
daily %
capacity 38
used.

Nov.

Max

75

80

10
14

33

26

34

13

Min

Dec.
Max [Min

50| O

96| 0

421 5

11| 4

241 4

231 3

231 4

14

Jan.
Max |Min

501 0

711 0

12| 2

121 0

46| 7

391 0

24| 0

341 1

43| 5

21

Mar.

Yax

50

62

88

59

24

44

44

22

Min

Apr.
Max |Min

100| 0O

251 0

35| 2
54| 0

36 2

3410.5

431 3

16

May
Max [Min

54| 0

16| 0

271 0

271 1

10

June
Max |Min

50| 0

100| 0O

421 0

76| 0

321 0

541 0

551 3

13

|Average
daily %
Capacity
use
15
24
8
9
14

20

14

18% Da.
/Year

|
i




21.

TABLE 2.1 CAR PARKING CAPACITY IN THE STUDY AREA
CAR PARK No.Markad Approx. No. Total Total used *
Car bays Car bays extra Car bays in Analysis
Stirling Road e 4 4 4
Creswell Park 35 45 80 35
Elliot Road = 60 60 60
Lapsley Road - 40 40 40
Golf Centre 52 70 122 52
Swim.Cantre 135 115 250 135
Tennis Club = 50 50 50
TOTAL CAR BAYS 222 384 606 376
TABLE 2.2 : SURVEY PERIODS WHERE MAXIMUM CAR PARKING CAPACITY
EXCEEDED ACCEPTED ANALYTICAL MAXIMUM CAPACITIES
OF EACH CAR PARK.
MONTH PERCENTAGE CAPACITY
October 1987 May 1988 June 1988
a.m.| p.m.| a.m.+ a.m.| p.m. |p.m.+ a.m.| p.m.| p.m.+
Stirling Road 250
Cresswell Park 160 154
Lapsley Road 117 102 107
Golf Centre 171 135 112 133
Swimming Centre 124 141 113
Tennis Club 120 120
Monthly %
Total Capacity 120
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SUMMARY
1. Average grdund water levels at Lake Claremont fell during the

1970's, and summer levels over recent years have been close to 1lm

(A.H.D), ie below some, or all, of the lake bottom.

The lake contains sufficiently large quantities of phosphorus (P)

for its waters to be hyper-eutrophic - that is over-—enriched.
Peak P concentrations measured in the study were:-

Soluble reactive phosphorus (P—POa) 420ug/L (Site 1:
8/6/88)

and soluble organic and polyphosphates ((total P)—(P—POh))
250ug/L (Site 2: 4/1/88)

Total soluble P in the water column varied from 30.4kg (on
13/10/87) to 0.2kg (on 22/2/88)

The phosphorus in the water column is in a highly dynamic
situation. Concentrations and forms can change rapidly. The
largest change observed was the decrease in total P concentration
of 290ug/L over the 14 days between 13/10/87 and 27/10/87

(at Site 2) and the P—POQ concentration change of 210pg/L over 14
days (23/5/88 to 7/6/88 : Sites 1 and 2). The largest total
phosphorus change observed was from 30.4kg to 5.3kg over 14 days
(13/10/87 to 27/10/87).

There is a significant inflow of phosphorus in the storm water

draining into the lake, especially from summer and autumn rains.

The annual inflow is estimated at about 12.5kg total soluble P,
containing about 60% soluble reactive phosphorus (Poz_),
together with a significant, but undetermined amount of plant

detritus and humus.

The bulrush and lake clubrush mobilized about 57kg of P annually,
and about 37% of this (2lkg) is shed into the lake each year in

dead leaves.



A mat of dried algae left in the western arm of the lake in late

summer contained an estimated 33kg of P.

The sediments act as the main source and sink for the P in the

water body.

Approximately 3 tonnes of P is held in the surface 1 cm of the lake

bed.

Groundwater, at present low in P, enters the lake from the NE. The
groundwater leaving on the west and southwest, is slightly richer
in P, than the incoming ground water (when the lake contains

water), but the concentration is not as great as in the lake water.

It was not possible to estimate groundwater volumes either entering
or leaving the lake, nor the quantities of P involved, but we think

they are relatively small.
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1.1

1.2

INTRODUCTION

Reason for the Proiect

Lake Claremont is a part of the coastal plain's diminishing wetland
resource, and is a freshwater area close to the saline Swan
Estuary. It is also an important and historical component of
Claremont's recreation resource. However in recent years some

problems with the lake's health have been perceived.
Firstly the lake now dries out during most summers.

Secondly at several stages of the year it carries blooms of algae,
often the blue-green types such as Anabaena sp. and Anacystis sp.
which cause odour problems and are toxic to waterfowl and other

animals.

Thirdly there is the spread of the bulrush (Typha orientalis),
encroaching on previously open water, formerly used by open water

species of waterfowl.

The expectation was that, if the underlying causes for these
effects could be determined, the Council would then be in a
position to design an effective management plan for the lake and

its surrounds.

Project Purpose

The purpose of the project was to obtain a year's cycle of
quantitative information on as many aspects of the use and health
of the lake as possible. Since this type of wetland degredation is
a world wide problem, it was also expected that a better
understanding of the Lake Claremont problem would help other

wetlands' managers.

Preliminary data (Lantzke, unpublished) strongly suggested that the
underlying problem at Lake Claremont arose from an excess of

phosphorus compounds (abbreviated to P hereafter) in the lake, in

~conjunction with the low summer water levels. (See also Section 2)
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1.3.1

The first priority of the project therefore was to determine lake
water volumg over the seasons, and establish a water budget. The
second priority was to determine the P already present in the lake
(again over the whole year):- in the sediments; and in the animals
and plants. It was also necessary to determine the P flow between
these locations, and the amounts entering in drain water; in ground
water and as general detritus, as well as amounts of P removed in
ground water. (Details are in Section 3 and appendix 8.2). It was
hoped that as a result of this, the '"feed back' mechanism that

normally maintained the lake's P in balance would be identified.

The third priority was to obtain information on the seasonal
variations in other plant nutrients; potassium (K); magnesium (Mg);
nitrogen (N); sulphur (S, as sulphate 8042_) and carbon (as
carbonate CO§_ and bicarbonate HCOE); in minerals capable

of interacting with phosphorus;— calcium (Ca) and iron (Fe); and of
chemicals influencing aquatic animals:- pH; dissolved oxygen (DO
;02); chloride (C17), and salinity (NaCl); (Experimental

details in Section 3 and appendix 8.2)

The fourth priority was to monitor lake and land use by ;- aquatic
animals; birds; and people. Human use of the lake and its environs

past and present is discussed separately in the report by P Gabriel.
e roject an f R rt

The project concentrated on obtaining data related to the
phosphorus balance in the lake over the period August 1987 to
August 1988. There was no intention, or attempt, to investigate
such other issues as potential management options; mechanisms
controlling the supply or release of specific minerals; the
microbiology of the lake; or other possible lake materials such as
heavy metals or other toxic substances. However because the
project was co-funded by the Commonwealth Government through a CEP
grant there was also a training requirement, and this meant that
some stages and processes had to be learned and practised before
they could be applied. For this reason new operations had to be

phased in gradually, and some important events were missed, such as

the determination of the 1987 maximum in bulrush growth.

(Fortunately the 1988 data provides sufficiently similar data.)
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The point also should be made that this project was a noteworthy

first in several ways.

It was, we believe, the first time in WA that a local government
authority set out to determine for itself the annual cycle of
phosphorus in a wetland. It also constituted the rare, but
scientifically better approach to lake management, of acquiring
significant quantitites of relevant data, before commencing

planning.

Also, by combining a Commonwealth Government training grant (CEP)
with the traditional community involvement of academics (Western
Australian College of Advanced Education; Claremont Campus), and
its own infrastructure the Claremont Council provided both
post-graduate experience and training for an environmental
scientist, and considerable fundamental data of value to all
wetland managers. This shared approach also meant that the
Council's portion of the cost was effectively offset by in excess
of $14,800, the cost that would have been incurred just for the

laboratory chemical analyses done.

This project was only the second time in W.A. that a lake P budget
has been calculated, and is the first to systematically make high
frequency analyses of inflowing storm water. Previous, related
Australian studies are those of R.A. Congdon (1979, 1986); Congdon
and McComb (1976) on Lake Joondalup, and Cullen, Rosich and Bek
(1979) on Lake Burley Griffin.

It should be borne in mind when interpreting the data obtained,
that it applied to the one season 1987-1988, and every season is

different.

The report concentrates on issues relating to the P budget and of
relevance to lake management. In an attempt to avoid distractionms,
the full data is only appended (Appendix 8.3), and other aspects of
the study will be published subsequently. There is no attempt to

propose any particular management plan.



2.0

HOW PERTH'S WETLANDS FUNCTION

In order to understand Lake Claremont better it is desirable to
consider the known general characteristics of Perth's unique

wetlands.

First is their biological inter-relatedness. The wetland system
functions as a whole, the individual lakes complementing one
another as water and food sources for mobile animals, and as
refugia for aquatic animals and plants. This is possible because
they constitute a wide diversity of chemical, physical and

biological habitats.

Second is their importance to the whole south west corner of the
state. Without them there would be insufficient available water
for many biota, nor would food supplies (such as midges or rush

seeds) be available at crucial times for others.

(For these reasons it is irresponsible to modify any one wetland

without a detailed consideration of its roles in the total system).

There are three sources of water for the metropolitan freshwater
lakes, swamps and seasonally damp areas: direct rainfall; runoff
from the surrounding basin; and the groundwater. On Perth's
permeable sands the groundwater controls the lake level, since
surface water rapidly moves down to the water table, and only when
this is above ground level does a pool persist. (It is important
to recognize, however, that even having the water table close to
the surface produces a highly productive location, with species

different from those of both free water and dry sand habitats.)

The minerals, and some of the humus, that occur in the wetlands
come in small part in the direct rain, in part in the groundwater,
and in large part from the runoff. (How much phosphorus [P], and
what forms are in runoff, had not been elucidated prior to this
work: we now know that a large amount of phosphorus drains from

the suburban slopes around Lake Claremont).



In general it has been clear for some years now that the soil
around a lake, and the vegetation growing on it, contribute to the
chemistry of the lake water. The importance of the drainage basin,
and of natural vegetation upon it, in maintaining the health of
Perth's lakes, is emphasized by the changes in lakes such as

Claremont that are now in urbanized areas.

At present, lakes retaining a broad band of fringing vegetation are
in better health than those heavily cleared (Chambers, 1984:1)
probably because of the ability of vegetation to intercept and hold
phosphorus moving in detritus, run-off, or shallow ground water.
Whether this state of affairs will persist over long periods, is

unknown.

In a normal (stable) lake there are many checks and balances to
maintain its conditions within bounds. In the case of Lake
Claremont it was suspected that excess P had overloaded the
feedback mechanisms of the lake, resulting in such excess plant

growth that the rest of the lake could not handle it.

Phosphorus does not form a volatile compound in natural situatioms,
and there are only limited ways for it to escape from a lake, which
in effect acts as a P sink. Phosphorus can only leave in
outflowing water - surface or ground, and in small amounts as wind
blown aquatic plants and seeds and the bodies of animals that feed
in the lake and then migrate, such as midges, mosquitos or
dragonflies. .The importance of birds for phosphorus removal could

not be quantified.

The plants of lakes are specialized to handle the lack of free
oxygen in the sediments, and the fluctuations in water level, while
using the abundance of water to grow rapidly. The floating plants
get their P from the water and are capable of taking up large
amounts. But with =xtra P (fertilizer) there is more growth, and
much more plant matter to be dealt with. The rooted plants
normally draw their P from the sediments, but many species of reeds
will also assimilate large amounts of P from the water column if it
is nutrient rich. Most of these plants recycle portion of their
phosphorus by withdrawing it from the leaves as they die.

Nevertheless the dead leaves, which fall into the water, contain



significant amounts of phosphorus, as well as other nutrients. The
P leaches rapidly into the water, although there is evidence that
over subsequent months leaf detritus accumulates considerable
quantities of P, probably through microbial activity. The P in the
sediments is historic phosphorus, having come into the lake in the
past. In a normal (low P) lake, drawing P from the sediments is a
mechanism for using the usually scarce P over and over, but when a
lake is overloaded with phosphorus it just helps to perpetuate the

problem.

The possible fate of plant matter is either to be eaten (green or
dead) or fall to the bottom and rot and possibly contribute to the
peat layer. If too much falls to the bottom and rots there is
potential for all the oxygen in the region to be consumed, in which
case the aquatic animals will suffocate. A lesser problem with
excess dead plant matter can be the growth of large populations of
detritus feeders such as midge and mosquito. In a natural system
this would help to restore balance as they would leave the lake and
be mostly eaten by birds and spiders, but in the meantime if houses
are built too close, mosquitos and midges will have their well
known effects on people. In a well balanced lake the green plant
eaters consume much of the plant material, and are themselves in
turn eaten by various animals all the way up to the birds. In this

way a relatively large amount of P is held in animal tissue.

Another effect of excess P is to change the nitrogen-phosphorus
ratio, favouring the blue-green algae against the green alga and the
diatoms. Many of the blue-green algae release toxic chemicals, and
some are also considered to produce a strong smell akin to that

of x—hexane.

The most important P control ﬁechanism is now considered to be
adsorption of P compounds onto the sediments. This adsorption is
reversible, so that if more P is added to the water, more adsorbs
onto the sediments. If P is removed from the water, some of the
adsorbed P is released by the sediments. When the system is in

equilibrium for long periods (probably years) some of the adsorbed



P ceases to be available; it can no longer be desorbed, and the
sediments can presumably take up more P. This appears to be the
natural fate of P in Perth's lakes, but is being overridden by the

extra phosphorus entering the lakes.

It is important to note that any action that disturbs the sediments
(containing phosphorus from past times) is likely to lead to P
re-release, so that dredging may increase a phosphorus problem, at

least for a period of years.

The impact of phosphorus in a lake also depends upon its chemical
form. The usual operational division of the total phosphorus
(Tot. P), is based on its analytic detection as either 'reactive"
or 'non-reactive" forms and largely parallels its biological
availability. Reactive phosphorus is orthophosphate (Poz— ion
and its protonated relatives, HPOi-; HZPOZ and

H3P0h), usually referred to as P—POA when the quantities are
expressed as weight of phosphorus. This is the form most readily

available to plants.

Non-reactive phosphorus (nr P) can consist of either, or both,
condensed phosphates (such as the polyphosphates), and phosphorus
combined in organic (plant and animal) compounds. In general it is
this latter organic phosphorus that is assimilated by animals. The
concentrations of the two forms of nr P can be determined
separately, but for the primary purpose of this project the time
required to do this could not be spared, and total nr P was
obtained by difference between Tot. P and P—POa.

"Natural" supplies of phosphorus are slight, coming from weathered
phosphatic rocks; from plant and animal matefial, and traces in

rain. The material may be in the form of Poz 3 extractable

poly - or organic phosphates; or insoluble inorganic or organic
3—

L in

phosphatic fertilizers and rust inhibitors, and various

compounds. Man can contribute large amounts of PO

polyphosphates in detergents and water softeners.
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For convenience in discussing the P budget of a lake, and to assist

in planning for lake management, it is helpful to consider each

location of P as a "compartment' as represented in Figure 1.

The basic P budget then becomes the quantities of P in each

compartment.

another and the rates of these flows are also important.

(The

However there is a flow of P from one compartment to

difference between a slowly released P fertilizer such as blood and

bone and a rapid release one like superphosphate is well known by

native plant gardeners).

This flux of P from one compartment

(location) to another makes obtaining accurate data in the field

and laboratory very demanding, and also means that the P values

obtained at any given instant only apply to that time.

Fig.

| Phosphorus Compartments of Lake Claremont
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HOW THE DATA WERE OBTAINED

The precise methods used for all measurements and analyses are

given in Appendix 8.2.

Four lake water monitoring sites and six bird observation positions
were selected, and four ground water bores were sunk at the places

marked on the map (Figure 2).

The jetty at the south end was used as Site 1 for water and bird
observation, as it provided a convenient depth reference point (the
NE pylon) and representative conditions in the open waters of the
deeper southern arm of the lake. Bore 1, adjacent, was expected to

give information on outflowing ground water chemistry.

Bird site 2 gave views of the tree stumps; the young paperbarks

(Melaleuca rhaphiophylla); and the inner edge of one bulrush (Typha
orientalis), and one lake club rush (Schoenoplectus validus) stand.

Bird site 3 provided views of the bulrush stand on and around the

small island as well as of Cresswell Park and much of the bushland.

Bore hole 2 was also located near this bay (20m SW of water) as
this was the general location of the old lake shore line, and was

also expected to indicate the chemistry of water leaving the lake.

Water site 2 and Bird site 4 were on the Western edge, to obtain

measurements from the open water of the western arm of the lake.

Water site 3, Bore 3 and Bird site 5 were all in the NE corner to
give information on conditions in the '"sea'" of bulrush, and the

effects of groundwater inflow.

Water site 4, Bore 4, and Bird site 6 were on the east side of the
lake and were also expected to give information on the effects of

groundwater and of reeds.



—12-

Figure 2 Map of Lake Claremont.

(Based on map PERTH 2000 BG 34/ 08.22
reproduced by permission of Dept. of Land Administration)
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Field work was organized on a 4 week cycle. Every first and third
week the lake and bore sites were sampled for water quality. Every
second week was spent observing and recording bird and human use of
the lake and its surrounds. The fourth week was used for detailed

sampling and laboratory processing of plants and sediments.

Lake and bore visits involved measurement of lake water depth, pH,
temperature, dissolved oxygen (DO), clarity and conductivity, and
collection of two 1 litre water samples. On occasions three
samples were taken, one of the surface water and one of bottom
water to check for water stratification, and the third for small
animals. Bore holes were monitored for water depth, pH and
conductivity, and one sample collected. The water used was that
already present in the bore. There was not enough time available
to pump out each bore and wait for it to refill. We believe the
water obtained was sufficiently representative of the surrounding
soil water, as measurements showed that P concentrations could

change significantly over the two weeks between samplings.

Collected water samples were always analysed within six hours for
soluble reactive phosphorus (P—POA) and total dissolved
phosphorus (tot. P), after filtration through 0.45 um filters.
Phosphorus present in, or adsorbed on, particulate matter (other

than phytoplankton) was not sampled for several reasons.

Firstly the undisturbed water was generally quite clear although
brownish coloured, and contained very little particulate matter.
(The depth of water to absorb 90% of the incident light at

440nm (blue), 550nm (green) and 660nm (red) were approximately
20cm, 55cm and 100cm respectively, and the absorption coefficient
was about 10m . at 440nm (Kirk, 1986)).

h— was expected to be in equilibrium

with dissolved POi_, so would have contributed to the soluble

Secondly any adsorbed PO

reactive phosphorus concentration. Thirdly, particulate analyses
would have lengthened each analysis time (and cost) by another day,

thereby excluding other work judged of higher priority.
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On the first sampling session of each cycle the water was also
analysed for bicarbonate (HCO 7); chloride (Cl7);

sulphate (SO 2_); calcium (Ca +) potassium (K+) and

h2+
magnesium (Mg~ ).

Initially after every sampling session the second lake water
sample was analysed for small aquatic animals (water fleas;
backswimmers etc) but from November, when the spring flush was
thought to be declining, only samples from the first sampling

session were analysed.

During the second week of the sampling cycle the Lake
Claremont Research Officer spent every morning (0630 to 1015
hours), midday (1130 to 1520 hours) and afternoon (1530 to
1920 hours) systematically observing and recording the aquatic
and terrestrial birds and the activities of people at the

lake, spending 30 minutes at each site.

To evaluate the significance of the rushes in the cycling of P
and other nutrients, these were sampled by randomly selecting
50cm by 50cm squares (quadrats) within the rush beds and
collecting all above-ground material in each. These aerial
parts were then dried, weighed and analysed in the

laboratory. The average weight of plant matter; phosphorus;
potassium; and selected trace metals was then calculated per

square meter of reeds.

In a similar fashion the floating algae (phytoplankton) found
in the lake between 18 February and 12 April (1988) were
sampled on four occasions by collecting water and algae in a
measured number of collecting tubes 32mm in diameter, and
filtering this liquid. In every case a total volume of 1
litre was collected. The algae was dried, weighed and
analysed. Pipe sampling was used in order to collect algae
resting on the bottom: many blue-green algae are noted for
their property of rising or sinking in the water, dependent on

conditions.
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Samples of sediments were collected from representative sites:
Site 2 (sandy); middle of tree stump area (old peat); Site 4
(young Typha peat) and in the stand of lake club rush south of
Site 4 (young Schoenoplectus peat), air dried, then analysed
for total P. The ability of these sediments to take up
phosphate (Poz_) was then determined by shaking 2.0g of
sediment with 50ml of known concentration phosphate solution,
and after 3 days measuring the Poi_ left in solution. A
series of phosphate adsorption isotherms were then calculated

using the Freundlich isotherm:

x =kec L s |

where x = quantity of P (mg), adsorbed per gram (dry weight)

of sediment

c equilibrium solution concentration of P—POa(ppm)

k is a constant, and indicates adsorbent capacity

1/

and "'n is a constant, related to the intensity of

adsorption

The Freundlich isotherm was used, as in preliminary trials on
Herdsman Lake peats, this provided a reasonable fit for results

(Lantzke, unpublished).

From March to June (1988) all other work was rescheduled, as
necessary, to fit in measurements on storm water entering the
lake. Estimates of the volume of water entering the lake through
storm drains were made, and the quantities of phosphorus and
chloride it carried were measured. Entry flow rate was estimated
from the time it took to fill a container of known volume, except

on 24/6/88 when flow rate was calculated from Manning's formula
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(Gerhart and Gross, 1985 and Section 8.2), and the
concentrations of P and chloride measured on samples collected
at regular intervals. Total quantities were calculated by

summing quantities calculated for successive 5 minute

intervals.
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TABLE 1A

Lake areas and relative depths used in all calculations

Description Area
(m?)

SE post of jetty -
South arm, deep pool 7,600

" " shallower 25,580
W " west edge 1,360

North east middle
including Site 4 (and
consists of 60% rushes) 7,860

total (south section)
West arm, main area 65,650
'S ", mound 400
Road, most 8,520
", deep 2,490

total (west section)

North east, less Site 3

(Consisting of 100% rushes) 12,010
Site 3 . 2,420

total (N E section)

Total wet areas 132890 (+ 800) m2

"Islands"
West }
South 1,100
Middle 1,900
North 17,360

Total islands

Total lake area 157.000 i+ 1500) m2

42,400

76,060

14,430

24,110

Depths relative
to SE post of
jetty (cm)

17
50
25
17

25

23
18

19

3,750

TABLE 1B

Rush areas

All bulrush Typha orientalis (including on islands)

All lake club rush (Schoenoplectus validus)

(including outcrops in Typha)

14,000m2

1,820m2
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RESULTS AND DISCUSSION

The primary data collected during the project is collected in
Appendixes 8.3 and 8.4 inclusive. Appendix 8.5 is the work of
Mr and Mrs D Clifton, Honorary Lake Wardens, and is included with

their permission.

Lake Morphology and Hydrology (The Water Balance)

Lake Water Volumes

Based on the Perth 2000 BG 34/08/22 map of Lake Claremont, and
field measurements of spot depths and vegetation distribution, the
lake was divided into 10 "wet" sections each of approximately the
same depth. The area of each section determined by the grid method
(grouped for reasons described below) is presented in Table 1A.

The total rush areas are given in Table 1B.

Because fertilized grass adjacent to lakes is a potential source of
nutrients (Section 4.2.4; Dames and Moore, 1987) it is pertinent to
note that previous lake filling has reduced the 'wet' areas from
20 ha. (Evans and Sherlock, 1950) to 15.7 ha, replacing them with
flat, grassed regions around much of the perimeter. The filling

has also left the lake with unnaturally steep sides.

Our examination of the chemical parameters of the lake (Sections
4.1.2 and 4.2; Appendix 8.3) suggested that the lake's functioning
can be approximated to that of four adjacent wetlands, and the 10
sections could be grouped into the following four segments: Open
water on the west ot the old Shenton Road; Open water south of the
central block of rush and paperbarks; and two smaller and shallower
rush filled areas; the NE and the central east. When the water
covering the old Shenton Road fell below about 15cm it acted as the
dividing line between the two open water areas, but with deeper
water, both segments were chemically similar. The chemistry of the
NE segment was largely controlled by inflowing ground water, while
in the remainder of the rush area, water chemistry was very

variable.



-19-~

4.1.2 Water Balance

In order to calculate the water volume and its associated
phosphorus load it was necessary to calculate the volume of water
in each of the ten sections using the depths measured on each
occasion, and then sum the volumes. The results are collected in

Table 2.

The upper portion of this table records for every sampling date a
reference water depth and calculated water volume for each of the
three distinct areas: - the southern portion (S), including the
more southerly rushes; the open western section (W); and the north
east rush filled area (NE). The total is also given. This is
followed by the chloride ion concentrations and quantities in each
section, and its total mass. The lower portion tabulates the water
volume changes over the intervals between consecutive sampling
days. The volumes calculated correspond to the terms in equation
E4.1, with the final value a figure for the net groundwater flow
[GW]. N.B. the numbers recorded in Table 2 are those used in
subsequent calculations and are not rounded to the level of their

accuracy.

We have used the bottom of the NE jetty post as a practical
reference level, to enable subsequent monitoring of lake levels

(and hence volumes) by any interested townsperson.

The calculated water volumes show a regular sequence, dropping from
a maximum of approximately 110,000m3 in July and August (1987),
to a mere l,l;OOm3 in March, at the time of the bird deaths, then

rising again to about 120,000m3 in August (1988).

The mass of chloride ion was calculated to check on the accuracy of
the calculated water volumes. Chloride was chosen as it is a
conservative ion -~ that is it remains in free solution until salts
begin to crystalize. For this reason it is both a useful natural
tracer, and indicator of calculated water volume anomalies, since
the total amount of chloride ion in the lake should be reasonably
constant until the water level falls far enough for crystalization

of salts to occur (such as on beach and mud flats, and in pools).
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An examination of the calculated quantities of chloride ion, in
Table 2, shows that in July and August 1987, and again in

August 1988 there were just over 70 tonnes of chloride in the water
column. By 9 November 1987 when a beach started to appear at Site
2 the lake water level was about 33 cm lower than on 9 August 1988;
the calculated total water volume was down 34% on that of the
earlier date but the chloride ion quantity was down only 12%,
strongly suggesting the estimated water volumes are not too far
from the mark. Similar calculations using total dissolved salts
(from conductivity measurements), give a closely similar figure

(13%) over the same period.

As discussed below, the near constancy of the total chloride load
is in part fortuitous, as more chloride flows out in groundwater

than in from that source but at times the storm water run off is

comparatively high in chloride (and other mineral salts,

Section 4.4)

As a further check on the validity and reliability of the water
volume calculations, and hence on the phosphorus budget, it is
desirable to attempt to balance the quantities of water in the
inflow and outflow of the lake. In Table 2 are the necessary
figures, except for ground water. The table contains the
calculated volumes of water added by direct rainfall on the lake
[Pp]l; the estimates of drain water inflow ([Si] See Section 4.3);
and an estimate of the volumes of water lost by evaporation [E].
These latter were calculated from the Perth Regional Meteorological
Office monthly evaporation figures, corrected with the pan factors
of R. Black, quoted and used by Congdon (1979) for Lake Joondalup.
The same pan factor was used for all wet areas, regardless of any
rush cover, since éomparisons of open water évaporation with
emergent macrophyte evapotranspiration do not show a consistent
difference between the two situations, e.g. Linacre et al (1970);
Snyder and Boyd (1987). By comparison the Perth Urban Water
Balance Study (Cargeeg et al, 1987:1) used a fixed pan factor of
0.9 for open water, and for grass evapotranspiration a factor of
0.7, decreased by appropriate proportions for reduced plant cover

or soil wetness.
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TABLE 2

LAKE CLAREMONT WATER BUDGET 18.8.87 to 27/10/87 (SEE TEXT)

18/8/87 |24/8/87 |3/9/87 |15/9/87 | 29/9/87 |13/10/87 |27/10/87
Depth-post (cm) 76 78 78 75 74 65 61
Vo1.(m3) S 37,407 | 38,256 | 38,256 | 36,983 | 36,559 | 32,743 | 31,047
W 68,337 | 70,098 | 70,098 | 67,456 | 66,575 | 58,610 | 55,126
NE 1,912 1,960 1,960 1,888 1,863 1,646 1,549
Total (m3) 107,656 | 110,314 | 110,314 | 106,327 | 104,997 | 92,999 | 87,722
Chloride S (mg/L) 600 700 - - 650 650 -
(t) 22.4 26.78 23.76 21.28
W (mg/L) 560 610 - - 700 730 -
(t) 38.3 42.76 46.60 42.79
NE(mg/L) - 300 - - 380 455 -
(t) - 0.59 0.7 0.75
Total (t) 70.13 71.07 64.82
Rain (mm) 20 14 0 43 7.2 3
Rain vol (m3) [P1* 3,140 2,198 0 6,751 1,130 47
Drain Vol (m3) [Si]* 1,780 1,250 0 3,837 642 268
Tot. added HZO(m3) 4,920 3,450 0 10,590 1,770 739
Wet area (m2) 132,900 | 132,900 | 132,900 | 132,900 {132,900 {132,900
Evap. pan factor 0.9 0.9 0.9 0.9 0.8 0.8
Evap. pan (mm) 15.8 25.6 46.2 55.2 66.6 70.2
Evap Total (m3) [E]™ 1,890 3,062 5,526 6,602 7,081 7,464
Surface diff. (m3) + 3,030 |+ 390}~ 5,530+ 3,990 |- 5,310 |- 6,730
Lake vol.
change (m3) [si* + 2,660 6(-3,990|- 1,330 |-12,000 |- 5,280
Net Groundwater
contrib (m3) [GW]* - 370 |- 390 |+ 1,540 - 5,320 |- 6,690 |+ 1,450

* Terms in Eqn E4.1
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TABLE 2 (CONTINUED)

LAKE CLAREMONT WATER BUDGET 9/11/87 to 20/1/88 (SEE TEXT)

9/11/87 | 24/11/87 (8/12/87 | 21/12/87| 4/1/88 20/1/88
Depth-post  (cm) 54.5 43 34 24 21 6
Vol. (m3) S 28,240 23,719 19,599 15,359 14,086 7,827
W 49,803 39,274 31,347 22,540 19,898 7,985
NE 1,406 1,113 895 | ea. 650 2.4 0.9
Total (m3) 79,447 64,106 51,841 38,550 33,989 15,813
Chloride S (mg/L) 800 - 1,875 - 1,600 -
(t) 22.59 36.75 22.54
W (mg/L) 790 - 1,900 - 2,900
(t) 39.34 59.56 57.70
NE(mg/L) 285 - 625 - 240
(t) 0.40 0.56 0.58
Total (t) 62.33 96.87 80.82
Rain (mm) 18.8 8.4 18 0 8.6 2.4
Rain vol (m3) (I 2,952 1,319 2,826 0 1,350 377
Drain Vol (m3) [Si]‘ 1,677 749 1,606 0 767 214
Tot. added H20(mz) 4,629 2,068 4,432 0 2,117 59
Wet area (m) 132,900 | 132,900 |132,900 | 132,000 130,00 110,00
Evap. pan factor 0.8 0.8 0.8 0.7 0.7 0.6
Evap. pan (mm) 73.8 85.6 97.2 94.4 94.2 109.2
Evap Total (m3) [E]* 7,846 9,101 10,334 8,782 8,572 7,207
Surface diff. (m3) - 3,220 | -7,030 |-5,900 | -8,780| - 6,460 | - 6,620
Lake vol.
change (m3) [S1* - 8,280 | -15,340 |[-13,290 | -13,290 | - 4,560 | -18,180
Net Groundwater
contrib (m3) [GW]* - 5,060 | - 8,310 (-7,390 | - 4,510 | + 1,890 | -11,560

* Terms in Eqn E4.]




TABLE 2 (CONTINUED)

LAKE CLAREMONT WATER BUDGET 8.2.88 to 26.4.88 (SEE TEXT)

8/2/88 22/2/88 |9/3/88 |23/3/88 |12/4/88 | 26/4/88
Depth-post (cm) -8 -1 -14.5 -14 -14 -13
Vol (m3) S 1,900 1,672 1,368 1,444 1,444 1,520
(m3) W 0 0 0 0 0 0
NE 0.8 0.8 0.8 0.75 0.7 0.4
Total (m3) 1,901 1,673 1,369 1,445 1,445 1,520
Chloride: S (mg/L) 4,600 = 10,000 | - 5,750 | - |
(t) 8.74 13.7 8.3
W (mg/L) 0
(t)
NE(mg/L) 825 - 10,0007 - 620
(t) 0 ? 0
Total (t) 8.7 - - 8.3 -
Rain (mm) 0 ] 0 2 16 6.4
Rain vol (m3) [(p1* 0 0 0 314 2,512 1,005
Drain Vol (m3) [Si]* 0 0 0 178 1,427 571
Total added HZO(m3) 0 0 0 492 3,939 1,576
Wet area (mz) 7,610 7,610 7,610 7,610 7,610 7,610
Evap. pan factor 0.6 0.6 0.6 0.7 0.9 0.9
Evap. pan (mm) 161.4 133.2 104.6 110.2 156.8 54.0
Evap Total (m3) 737 608 478 587 1,074 370
Surface diff. (m3) -740 -610 -480 -160 | +2,870 +1,210
Lake vol.
change (m3) [S1* | -13,910 =230 -300 +80 0 +80
Net Groundwater
contrib (m3) [GW]*| -13,180 +380 +180 +180 -2,870 -1,130

* Terms in Eqn E4.1
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TABLE 2 (CONTINUED)

LAKE CLAREMONT WATER BUDGET 10.5.88 to 9.9.88 (SEE TEXT)

10/5/88 | 23/5/88 | 8/6/88 [21/6/88 |18/8/88 |9/9/88
Depth-post (cm) -5.5 16 31 40 83.8 87.4
Vol: (m°) S 2,052 | 11,967 14,471 | 22,142 | 40,799 | 41,033
) W . 512 | 15,605 17,917 | 36,341 | 75,382 | 78,024
NE S 157 | 460 486 1041 2,105 | 2,178 |
Total (m) g 2,721 | 28,032 32,874 | 59,524 |118,286 | 121,235
Chloride S (mg/L) ? 5,400 = 1,400 = 604 590
(t) § 1.1 20.30 24.64| 24.21
W (mg/L) § 1,600 - 604 590
(t) i 28.67 45.53|  46.03
NE (mg/L) | 280 - 001 - 300
(t) 0.0 0.05 0.5 0.65
Total (t) g 3 = 49.02 | 70.67 | 70.89 |
Rain () 47 . 129.8 89.8 84.2 | 290.6 ! 25
Rain vol (m>)  [P1* 7,379 E 20,379 14,099 | 13,219 | 45,624 | 3,925 §
Drain Vol () s, 1* L4192 11,507 8,010 | 7,511 | 25,922 | 2,230 é
Total added HZO(m3) 3 11,571 ; 31,886 22,109 | 20,730 | 71,546 | 6,155 ;
Wet area g © 40,000 g 113,000 | 132,900 | 132,900 [132,000 |132,900 |
Evap. pan factor 1.0 ? 1.0 1.0 1.0 1.0 0.9
Evap. pan (mm) 31.2 32.6 20.4 31.2 102 60.1
Evap Total () : 237 ' 1,304 2,711 | 4,146 | 13,556 | 7,189
Surface diff. (m3) f+11,330 +30,580 +19,400 | +16,580 +57.990 |- 1.030
Lake vol. i é %
change (m3) [S)* ? + 1,200 §+25,310 + 4,840 | +26,650 +58,762 |+ 2,950 :
Net Groundwater ; % ‘
contrib  (m0) [GW] . 10,130 |- 5,270 | 14,560 |+10,070 |+ 770 |+ 3,980 |

|
1

* Terms in Eqn E4.1
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The direct rainfall and the run-off (Section 4.3) were calculated

using the Floreat station rainfall data.

We did not attempt to measure directly the inflow and outflow of

ground water, because of its experimental difficulty.

However in theory the net effect of groundwater flow can be

obtained from a hydrologic budget equation such as E&4.1

S = Si +Pp-E+GW ...co00eeeees. E 4,1
where S = change in volume of surface water storage
Si = volume of water from surface inflow,

Pp = volume of water from direct precipitation
E = volume of water evaporated,
GW = net volume of ground water + indicating

net inflow or net outflow.

all for the period under consideration.

An examination of the results in Table 2 shows that there is a
general trend in the net groundwater figures, but there are several

quite large fluctuationms.

The trend is that in autumn and again in late winter (when the
regional water table is rising) there is a net ground water
contribution to the lake. The rest of the time the lake provides
recharge to the groundwater, except for the intermittent
fluctuations. Over the year the net balance shows 76,000m3 water
flowing out of the lake into ground water. This is equal to about

60% of the lake's maximum observed volume.

So large a volume, taken in conjunction with the irregular
reversals in the direction of groundwater flow, lead us to suspect
that the errors inherent in all the data, are quite significant,
and to some extent obscure the true picture. There are a number of
sources of uncertainty, discussed below, but how they concatenate

is not clear to us.



—26-

The uncertainties were + 1% overall in area (but slightly larger
for some individual sections) and up to + 20% in water volume at
low water levels, decreasing to about + 10% when the lake was full.
Most of this uncertainty arose from assuming vertical edges at each

contour line, rather than sloping surfaces.

Precipitation uncertainties are hard to estimate because of the
distance between rain gauging stations and the patchy way Perth's
rain can be distributed. A comparison of the Floreat and Perth
station results, over the twelve months in question, shows Perth
(878.6mm) receiving 4.6% more precipitation than Floreat (840.0mm)
but this difference arises largely from their different distances
from the coast, so we guess that Lake Claremont rainfall was within

1% of Floreat station rainfall over the year.

Run-off figures are much more uncertain (Section 4.3), as there is
at least 10-20% uncertainty in the proportion of any rain fall that
actually flowed to the lake. Because of the relatively small
volume of water involved the error in its determination is a much
smaller percentage error in determining the water budget. It is a

more significant uncertainty in determining the phosphorus budget.

Overestimation of the quantity of water lost by evaporation and
evapotranspiration will depend to some extent on the season, since
the rushes usually go through a full growth cycle in twelve
months. Also they are not inundated at lower water levels, while
in winter evaporation is less. If in late November, when the open
water pan factor is 0.8, the rushes have the same
evapotranspiration as grass (0.7, Cargeeg et al, 1987: ) then the

percentage overestimation is given by the value of:-

(Open pan fact. — rush pan fact.) x rush area x evaporation x 100

total evaporative area

which has the value of about 1%.
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4.1.3 Ground Water Contributions

Although the quantities of groundwater entering and leaving could

not be determined, the importance of this water in maintaining the
lake's water level is clear. For although the lake may act overall
as a recharge site for the groundwater, if the level of the latter

fell, so too would the lake level.

The most significant evidence for this lies in the correlation of
lake levels with ground water levels. These latter, using Water

Authority records for this century are, shown in Fig 3.

Fig.3  Groundwater Leveis (Water Authority data)
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It is clear that before the lake flooded in 1918-1920 (Evans and
Sherlock, 1950) the ground water levels were lower; that during the
period when the lake held water all year, the ground water level
did not fall below !.°m (A.H.D); and that in recent years there has
been a decline in the average ground water level, with summer
levels below 1.0m (A.H.D) corresponding with (late summer) drying

out of the lake.

Other evidence for groundwater in-flow in the NE region of the lake
lies in the predominantly lower mineral concentrations measured at
Site 3, shown in Fig 4 (where Site 3 and Site 1 salinity and
chlorinities are compared) and the similarity of Site 3 and the

nearby Bore 3 mineral concentrations, shown in Fig 5.

4
interesting as we cannot explain it. On that day the lake

(The single large SO, concentration at Site 3, on 9/3/88, is

contained the smallest water volume measure during the year, and a
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large number of minerals were at much greater concentrations than
two weeks earlier. It was also the time of the water bird deaths.
However Site 3 was separated from the main lake and although P,
c1l, HCOS, Mg2+, and pH were all high, so too was DO, so

that anaerobic bacterial formation of SOZ_ seems unlikely.
Consistent with the high sulphate concentrations the Ca2+

concentration had fallen 300%).

Fig. 4 Chlorinity and TDS at Sites 1 and 3
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There were-also long lasting salinity gradients in the NE section
of the lake which we attribute to inflowing ground water. The
salinity measured along a transect perpendicular to the bank at
Site 3, on 21/6/88, is shown in Fig 6. This shows a pool of low
salinity water (TDS = 920mg/L) adjacent to the NE bank, mixing only
slowly in the shallow rush area with the more saline bulk lake
water. On that date the salinity (TDS) of Bore 3 was 820mg/L,

while the values at Sites 2 and 3 were 2,860mg/L and 2,655mg/L
respectively.

Figure 6  Salinity gradient (top), and
Lake profile (bottom), at Site 3 on 21.6.88.
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The stability of such a chemocline around a spring in a densely
reeded area is not surprising, as wind and thermal mixing are
greatly inhibited by reeds. One of us, (IRL) measured a similar
situation at Lake Jandabup before ground water extraction lowered

the water level beyond the ''reeds'".

The persisting low salinity water along the NE of Lake Claremont is
better explained as inflowing ground water than as rain water run
off, because the latter only arrived spasmodically; the chemocline
lasted for weeks; and the storm water, although relatively low in
dissolved salts (Section 4.3) was frequently high in P—POA

whereas Site 3 was relatively low in P-P0O, except after the storm

4
of 23/3/88. (The high value on 9/3/88 is discussed in

Section 4.2.1).

Groundwater outflow is also occurring since the chlorinity (and
some other mineral concentrations) in Bore 1 are clearly greater
than those in Bore 3 (Fig 7, Fig 13 and Appendix 8.3). The initial
high chloride concentration in Bore 3 is considered to be an
artifact from its construction). This direction of flow is to be
expected from the published groundwater contours of the Gnangara
Mound (Allen, 1976, 1981; Water Authority of Western Australia,
1986).

Fig. 7 Chloride and Tot.P concentrations ,Bores 1 &3
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Order of magnitude calculations of groundwater inflow and outflow,
based on the Darcy equation are possible, using as values of
aquifer hydraulic conductivity those given by Cargeeg et al
(1987:2); estimates of the area of the lake sides and bottom
through which inflow and out-flow occur; and an aquifer base of
ca. 12m. (At the time when the NE side of the lake was being
filled with rubbish, solid limestone was reached at 10-12m

W. Koreman pers. comm.)

However as the tot. P concentrations in Bores 1 and 3 (outflow and
inflow respectively), are not known for the months when water
levels were highest (and ground water flow-through greatest) and
the difference between them at other times averages to a
comparatively small value, the difference between the quantity of
P imported and exported in groundwater, although important, will

be less than the combined uncertainties in all the estimates used.

In view of the salt added to the lake by run-off and rainfall, the
flushing away of salt in groundwater is also important, since
without it, or additional human intervention, the lake would
slowly become more saline. (Even at its fresheét (approximately
1,500 ppm in salt) the lake water is too saline for most exotic
fruit, vegetable or ornamental plants. By the beginning of
January, Site 1 water (TDS 3,500 ppm) was too saline for most
grasses, with only seashore paspalum (Paspalum vaginatum) and salt

water couch (Sporobolus virginicus) likely to tolerate sprinkler

irrigation by it (Malcolm and Smith, 1971)).

This has implications for lake rehabilitation as it restricts
phosphorus removal, by irrigating the golf course grasses with
lake water, to spring and early summer. It also imposes more

corrosive conditions on metal pumps, etc used with the lake water.
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Mass of Phosphorus in the Water Columm

In considefing the quantity of phosphorus in the lake, it is
important to distinguish between concentration (quantity per unit
volume), and total amount in the lake, or standing stock.
Concentration is what we measured. Concentrations will determine
if chemical reactions will or will not occur, and concentrations
are what matter for plants, which all have a lower limit on their

ability to abstract phosphorus from solution.

But as will be seen in Section 4.2.4 it is the calculated total
mass of phosphorus in the lake which gives more information on
what is actually happening, since the dynamic changes that tend to
maintain concentrations constant are exposed. It is also the
total mass which shows how much P must be "inactivated' to reduce

concentrations to a desired level.

Seasonal Variations in Phosphorus Concentrations

Figures 8, 10, 11 and 12 show the measured concentrations of
reactive phosphorous (P—POL‘); total phosphorus (tot. P) and
chloride (Cl ), at Sites 1, 2, 3 and 4 respectively, during the
period 1 August 1987 to August 1988.

Fig. 8 P and Cl concentrations, Site 1
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At Site 1 (the jetty) the chloride ion concentration (also termed
chlorinity) increased after October to a maximum of 10,000 mg/L
(ie 10g/L) in March, and then with the onset of winter rain
decreased again to about 600 mg/L in August; in all a 17 fold
difference between the extremes. The measured P—POQ also peaked
in March, but was also high in April and June, whereas tot. P was
high in October, April and June. The March P—POA figures are
though to be spurious because they greatly exceed the tot. P

present.

(Total P analysis has greater potential for low results because it
includes a high temperature digestion, but P—POh determinations
are elevated by humic acids in the water. In the straightforward
analytic methods used in this project, no precaution was taken to
eliminate humic acids, although with hindsight interfering
quantities should have been anticipated in late summer, if only
because of the colour of the water at that time. We therefore

think humic acids the most likely cause of the discrepent results.)

Excluding the spurious P—POA results there was an 8 fold range
in P—POA concentrations, and nr P varied between less than
detectable (ca 4pg/L) and 250pg/L, a 60+ fold concentration
change. These changes could be rapid, especially for the more
labile P-POA, with fluctuations by as much as 100% in two

weeks. By contrast, chlorinity, and most other mineral
concentrations (such as calcium; sulphate; or bicarbonate; Fig 9)
changed much more slowly. This dynamic flux of phosphorus is

discussed in Section 4.2.4.

Fig. 9 Ca, S04, & HCO3 concentrations at Site 1
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At Site 2 (Fig 10) in October and June there were concentration

peaks in P-PO, and tot. P of similar magnitude as at Site 1, and

4
an additional peak in January, when that section of the lake was
drying up. There were also anomolously high "P—POQ" analyses in
November and December, again attributed to high humic acid

concentrations.

Site 4 (Fig 12) phosphorus concentrations peaked in October, but

when allowance is made for spurious P-P0O, analyses, the

4
concentrations in November, just before it dried up, were similar
to the contemporaneous values at Sites 1 and 2; not elevated as at

the drying Site 2.

Fig. 10 P-PO4, Tot.P, Cl concentrations at Site 2
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Fig. 11 P-PO4, Tot.P, Cl concentrations at Site 3
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At Site 3 (Fig 11) there were October, March and May peaks in

tot. P concentration to about the same value as at the other

sites, but at other times both tot.P and P-PO

4

concentrations

were significantly lower than the contemporary values at Sites 1

and 2. Since chlorinity at Site 3 was also lower, and Bore 3

recorded even lower P and Cl1  figures we interpret the low P

concentrations as a result of groundwater inflow (see also

Section 4.1.3).

discussed in Section 4.2.4.

In Table 3 the autumn and spring P—POA

and total P

The cause of the spasmodic high concentrations is

concentrations in Lake Claremont are compared with those at some

other metropolitan lakes.

With the exception of Lake Jandabup,

their major catchment areas are over or through Karrakatta soil

(Churchward, H.M. and McArthur, W.M., 1980).

Lake Jandabup lies

on Bassendean sands and Lake Joondalup lies against Cottesloe

soils on its west.

TABLE 3

Approximately maximum and minimum phosphorus concentrations in six

metropolitan wetlands.

P—POh(pg/L) Tot.P (pg/L)

Lake Year Autumm Spring Autumn Spring Reference*

Claremont (Site 1)| 87-88 150 110 360 150 This work
76 210 70 500 120 IRL

Perry (East) 76 30 7 40 70 IRL
Carine 86 90 13 - - IRL
Joondalup 85-86 11 ca 1 10 10 D &R
Jandabup 85-86 ca 80 10 200 10 D &R
Monger 85 . 650 10 10 900 D &R
* IRL — Lantzke I.R. unpublished

D & R Davis, J.A. and Rolls, S.W. (1987: 2)
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When the phosphorus concentrations measured in Lake Claremont are
compared with those in the other lakes, and with the classification of
lake trophic status used in Environmental Protection Authority
Bulletin 265 (Davis, and Rolls, 1987: 1) reproduced in Table 4, it can
be seen that although Lake Monger experienced larger peak autumn
phosphorus concentrations, the spring levels in Claremont were still
hyper—eutrophic and that in terms of P-POA, the form assimilated by

plants, Lake Claremont is 'loaded", and has been for some years.

A comparison of the 1987-1988 values with the 1976 figures suggests
that over the last 10 years either change in phosphorus standing stock
has been less than the experimental error, or the sediments have

"removed' added P.

(We suggest the highly desirable, increased perception by Claremont
citizens of the problem of the Lake's health is a combination of
greater public awareness of the value of wetlands and the falling

groundwater level resulting in regular, lower, summer water levels)
TABLE 4

Classification of lake trophic status based on nutrient concentration.
(After Wetzel 1975, modified from Vollenweider. 1968)

(ng/L)
Category Total P Total N
and Ortho P

Ultra-oligotraophic 0-5 0-250
Oligo-mesotrophic 5-10 250-600
Meso—eutrophic 10-30 300-1100
Eutrophic 30~100 500-15 000
Hyper-Eutrophic > 100 > 15 000

from EPA Bulletin 265, p 42
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Groundwater

The general relationships between inflowing ground water (monitored at
Bore 3; NE corner) and low mineral concentrations in the N.E., and
outflowing groundwater (monitored at Bores 1 and 2; South and West
sides) and higher mineral concentrations, has been described above in
Section 4.1.3. The situation with regard to phosphorus is similar,
but as the data in Fig 13 shows, the concentration of P measured in
Bore 1 was less than that at Site 1, except in November and early
December, and again on 10/5/88. As well there was no obvious
relationship between lake water, and outflowing ground water
phosphorus concentrations. Since from mid January to late May the
lake at Site 1 had fallen so much that the water's edge was well
distant from Bore 1 (and also Bore 2) it is not surprising that the

relationship was not obvious.

Fig. 13 P-PO4 & Tot.P concentrations, Site 1,Bore 1
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The peak in tot. P in both bores on 10/5/88 could be a result of
fertilizer leaching. The records show the golf course greens
fertilized (DAP: 20%ZP) on 27/4/88, and the Floreat rain records show
41 mm for the 24 hours to 9.00am on 28/4/88. The available records do
not show if the south end and Cresswell Park (or Scotch College

playing fields) were also fertilized at the same time.

The average difference between tot. P inflow and outflow
concentrations, over the measured period (November to June), is about
40 pg/L. For reasons given in Section 4.1.3 the uncertainty in a
calculated total phosphorus flow would be too great to be used with
any confidence. However it seems clear that there is a net outflow of

phosphorus in the ground water.

Seasonal Changes in Mass of Dissolved Phosphorus

Table 5 contains values of the calculated total of the mass of
phosphorus in the water columm, expressed as tot. P; P—POA and nr P
(tot. P less P—POA), together with the water volumes and

concentrations used in the calculations.
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TABLE 5

MASS OF PHOSPHORUS IN LAKE CLAREMONT WATER COLUMN 18.8.87 to 27.10.87

18/8/87 | 24/8/87 | 03/9/87 15/9/87 | 29/9/87 13/10/87 | 27/10/87
Depth-post (cm) 76 78 78 75 74 65 61
Vol: S (m3) 37,407 38,256 38,256 36,983 36,559 32,743 31,047
W (m3) 68,337 70,098 70,098 67,456 66,575 58,610 55,126
NE (m3) 1,912 1,960 1,960 1,888 1,863 1,646 1,549
Total (m3) 108,000 110,000 110,000 106,000 105,000 93,000 88,000
Tot.P:S (ng/L) - 195 147 82 242 357 140
(kg) - 7.459 5.624 3.033 8.847 11.689 4.347
W (ng/L) - 130 200 115 242 310 17
(kg) - 9.113 14.020 7.757 16.111 i 18.169 0.937
NE (ug/L) - 100 80 14 212 j 310 10
. (kg) - 0.196 0.157 0.026 0.395 ; 0.510 0.015
Total (kg) - 16.77 19.80 10.82 25.35 I 30.37 5.3
PP, S (/) 223 137 12 87 | 16 i 137 132
i (kg) 8.342 5,241 4,284 3.218 l 5.886 : 4.486 4.098
W (pg/L) 106 90 101 109 | 149 125 867
(kg) 7.244 6.309 7.080 7.353 i 9.920 7.326
5 NE (ug/L) ca 20 15 14 16 { 76 IR 14
é (kg) 0.038 0.03 0.027 0.030 ' 0.142 0.018 0.02
: Total (kg) 15.62 11.58 11.39 10.60 15.95 | 11.83
[rp s (kg) | 222 1.34 0 2.96 | 7.20 0.25
W (kg) 2.80 6.94 0.40 6.19 10.84 ?
NE  (kg) 0.17 0.13 0 0.25 0.49 0
Total (kg) 5.2 8.4 0.4 9.4 18.5 ?
"Apatite” solubility Supersat. Unsat. Unsat. Supersat.| Unsat.




MASS OF PHOSPHORQUS IN tAKE CLAREMONT WATER COLUMN 9/11/87 to 20/1/87

TABLE 5 (CONTINUED)

9/11/87 24/11/87 | 8/12/87 | 21/12/87 | 4/1/88 | 20/1/88
Depth-post (cm) 54.5 43 34 24. 21 )
Vol: S () 28,240 | 23,719 19,599 | 15,359 | 14,086 | 7,827
W @y 49,803 | 39,274 31,347 | 22,540 | 19,898 7,985
N (m) 1,404 1,113 895 |ea. 650 2.4 0.9
Total (m) 79,000 | 64,000 52,000 | 39,000 | 34,000 | 16,000
Tot.P:S (pg/L) 16 75 78 121 164 75
(kg) 0.452 | 1.779 1.529 | 1.858 | 2.310 | 0.587
W (ug/L) 46 69 86 26 523 170
(kg) 2.092 2.710 2.696 0.586 | 10.407 | 1.357
NE  (wg/L) 3 17 17 29 43 3
(kg) 0.004 0.019 0.015 0.019 ea 0 0
Total (kg) 6.76 4.51 4.24 2.46 12.72 1.94
| P-PO, S (pg/L) 5808, | 64 | 90? 23 125 977
(kg) 1518 0.353 1.761
W (ug/L) 577 62 107 26 273 138
(kg)  2.434 0.586 5.432
NE  (ug/L) 77 ? 0 1 15 55 367
(kg) 2 0 ca 0 0.010 ca 0
Total (kg) 3.95 0.95 7.19
iarP S (kg) 0.26 1.51 0.55
i W (kg) 0.28 0 4.98
i NE  (kg) 0.02 0.01 0
i Total (kg) ) 0.6 2| 1.5 5.5 ?
1 "Apatite" solubility _ ;
%
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TABLE 5 (CONTINUED)

LAKE CLAREMONT PHOSPHORUS BUDGET 8/2/88 to 26/4/88

8/2/88 22/2/88 |9/3/88 23/3/88 | 12/4/88 | 26/4/88
Depth-post  (cm) -8 -1 -14.5 -14 -14 -13
Vol. S (m3) 1,900 1,672 1,368 1,444 1,444 1,520
W (m3) 0 0 0 0 0 0
NE (m3) 0.8 0.8 0.8 0.75 0.7 0.4
Total (m3) 1,900 1,700 1,400 1,450 1,450 1,500
Tot.P S (ug/L) 149 86 222 184 361 345
(kg) 0.283 0.143 0.303 0.266 0.521 0.524
[ W (ug/L) dry dry dry dry dry dry
’ (kg)
% NE (ug/L) 72 126 261 235 83 118
; (kg) ca 0 ca 0 cal ca 0 ca 0 cal
? Total (kg) 0.28 0.18 0.30 . 0.27 0.52 0.63
SP-PO4 S (ug/L) 137 3817 5907 g 69 149 301
: (kg) 0.260 0.100 0.215 0.457
é W (ug/L) : dry dry dry dry dry dry
(kg) |
; NE (mg/L) 37 81 5707 206 47 63
E (kg) 0 i ca 0 ca 0 ca 0
; Total (kg) 0.26
Fore S (kg) 0.02 ? 2| 0.17 0.31 0.07
W (kg) - - - - - -
NE (kg) ca 0 i 0 0 0
Total (kg) ’ 002 | ? ? 0.2 0.3 0.1
"Apatite" solubility : equilib equilib
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TABLE 5 (CONTINUED)

LAKE CLAREMONT PHOSPHORUS BUDGET 10/5/88 to 9.9.88

10/5/88 23/5/88 8/6/88 21/6/88 18/8/88 |9/9/88

! Depth-post  (cm) -5.5 16 31 40 | 83.8 87.4

Vol. § (m3) 2,052 11,967 14,471 122,142 | 40,799 41,033
W (m3) | 512 15,605 17,917 36,34 75,382 78,024
NE (m3) i ca 157 460 486 1,041 2,105 2,178
Total (m3) F 2,700 | 28,000 33,000 60,000 i 118,000 | 121,000
Tot.P S (pg/L) 233 250 539 356 ‘ 132 -

(kg) 0.634 2.99 | 7.880 7.882 5.385
W (ug/L) : dry 217 | 582 455 | 189 -
| (kg) ; 3.401 10.428 16.535 | 14.247
; NE (ug/L) ; 305 233 102 86 ca 25 =
S (kg) § ca0 | 0.107 0.050 0.090 | ca 0.05
f Total (kg) C 0.63 6.50 18.28 24.51 19.7
i P-PO, S (ug/L) § 95 211 a2z | 309 110 - |
: (kg) 0.259 2.525 6.107 | 6.84] 4.488 f
1 W (ug/L) % 5 ] 68 375 | 416 186 -
(kg) 1.061 6.719 15.118 14.021 5
NE (mg/L) | 30 17 57 | 34 ca20 | - ;
(kq) | cao 0.008 0.028 0.035 | ca 0.04 |
; Total (kg) | 0.26 3.59 12.85 21.994 18.5 |
| nrp S (kg) 0.38 0.47 1.69 1.04 0.9
E W (kg) - 2.34 3.71 1.42 0.23
5 NE (kg) ca 0 0.10 0.02 0.06 €a0.01
; Total (kg) 0.4 2.9 5.4 2.5 1.0
I”Apatite" solubility equilib. equilib. | supersat.| supersat.
.
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The data shows two things of immediate interest. The first is the
confirmation it provides of the highly dynamic condition of the water
column phosphorus. The most spectacular examples of this were the
drop in tot. P of 25kg between 13/10/87 and 27/10/87; and the
increases in tot. P of 15kg between 15/9/87 and 29/9/87, and 12kg
between 23/5/88 and 8/6/88. For reasons discussed in Section 4.2.4
these latter two are not thought to be spontaneous; but increase of
6kg tot. P (3kg P—POA) between 10/5/88 and 23/5/88 probably is

"spontaneous'.

The second is the actual mass of phosphorus, which when in solution
produces the observed hyper—eutrophic conditions. In the late summer
period of bird deaths (late March 1988) only 300g (expressed as weight
of P) of phosphorus in all forms made the concentration 222 ug/L at
Site 1. This quantity of P would be supplied by only 10kg of a
fertilizer containing 3% total P (such as Turf Special or 3-6-3),

although this latter is not in the same form as in the lake.

This means that if the lake's phosphorus removal system "broke down'
it would leave the lake vulnerable to rapid overloading by even small

amounts of phosphorus.

It also means that a management plan based on removal of phosphorus
from the water column would take some time to have an effect, since
there is so relatively little P in solution. (An approximate figure
for the time required can be derived by assuming the sediments can
release 6 kg per fortnight. If P were removed from the water column
at this rate it would take 1000 weeks, that is over 19 years, to
remove all the estimated 3 tonne of P (see Section 4.4) in the top

1 cm of the sediments)

Table 5 also includes a summary of the extent of saturation of the
water with respect to solubility of hydroxyapatite at Site 2, and at
Site 1 (February — March 1988), as discussed in Section 4.2.4.

Discussion (Possible mechanisms of phosphorus mobility)

The chemistry of dissolved phosphorus compounds in natural waters is

quite complex, for a number of reasons.
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For a start there are 3 quite different types of phosphorus compounds
involved:- orthophosphate (POZ-); various condensed inorganic
phosphorus compounds; and the organically bound phosphorus. The basic
chemistry of the different groups is quite different, and, as well

there are also differences between the substances in each group.

Then there is the inter-related nature of the chemical reactions
possible between the minerals in solution. Thus depending on
acidity (pH), calcium ion (Ca2+) has the potential to form two

very slightly soluble phosphorus compounds with POA 3 dicalcium
phosphate (Ca HPOA.ZHZO; brushite) and hydroxyapatite
(CaIO(POh)6(OH2)' But Ca2+ also forms slightly soluble

chalk (CaCO3) when there is enough CO2 dissolved in the water and

the pH is appropriate. In every case the concentrations of the
reacting species must exceed a certain minimum, which is different for
each reaction, in order to form the insoluble material. Additionally

the necessary concentrations are modified by the concentrations of all

the other ions in solution (ionic strength effects).

Likewise iron ions in water containing oxygen (Fe3+) can form
insoluble ferric phosphate. If there is no dissolved oxygen this can

be reduced to the more soluble ferrous (Fe2+) phosphate.

Next there is the possibility of reversible adsorption of P compounds
onto the sediments, either on the bottom, or suspended in the water

(see Section 4.4).

Also there is the possibility that although concentrations are
adequate for a reaction, it just does not happen. It may just need a
"chemical push" (eg. heating), or it may be that all the reagent

molecules do not come together at the same time, (kinetic effects).

The uptake of P—POA by plants is an important path for the removal
of this form of phosphorus from the water, but this too is dependent

on pH.

Finally, the bacteria living on submerged plants and on the bottom
also play a part, although this is much less well characterized.
These are probably the major consumers and changers of the dissolved

organic phosphorus compounds.
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The most probable phosphorus removal mechanism was thought to be
adsorption on to the sediments (Section 4.4), with uptake by floating
plants (Section 4.5) also important in summer. But there was also the
possibility of the removal of P—POA by its precipitation in a
calcium-phosphate compound or its co-precipitation in CaCO3,
especially given the significant concentrations of calcium ion
measured in the water (see Fig 1l4). As oxygen concentrations in open
water were always greater than 2ppm, and mostly greater than 5ppm

(Fig 14), iron concentrations in the water were expected to be very
low, and iron phosphate was unlikely to be a primary product. Because
of the significance of pH and bicarbonate in the calcium-phosphate
equilibria the values at Site 1 are also given (Fig 14) as these were

representative of the seasonal water columm conditions.

Fig. 14 DO, pH, & HCO3 concentrations at Site1

30 :
|
—a— pH
—o— 02 (mg/L)
2o —a—  HCO3/100(mg/L)
i\.”ﬁ i
0 g '
oA S O N D F M A M, .J A S O o¢
1987 Time ( mth) 1988
The thermodynamic (ie chemically possible) relationships between
Ca2+ and Poz_ in soils have been worked out by Clark and Peech

(1955), and expressed graphically in a solubility diagram. By making
similar calculations using the measured Ca and P—POA concentrations

it was possible to determine from Clark and Peech's diagram if the
water were supersaturated with regard to either dicalcium phosphate or
hydroxyapatite (ie, had the potential to precipitate either of these

compounds ).
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However, kinetic factors often result in a water column being
supersaturated with regard to hydroxyapatite (Stumm and Morgan,
3—
4
in CaCO3 (calcite) was a distinct alternative (Stumm and Morgan,

1970: 1; Otsuki and Wetsel, 1972; Somlyody and van Straten, 1986: 1).

1970: 1; Martens and Harris, 1970) and co-precipitation of PO

Freshly precipitating CaCO,, formed when the pH rises during
photosynthesis, adsorbs POA— very effectively. In either case
there is a possibility of subsequent slow formation of one of the

apatites in the solid phase.

To check on CaCO3 (calcite) formation we calculated the value of
2+ 2=
] Xba' [CO ] XCO for the water columm on three
occasions. The constants used were K for HZCO3 dissociation
4.84 x 10 (25 ) (Cotton and W11k1nson, 1962) and Ksp CaCO3 o

0.99 x 10 (15°) and 0.87 x 10 (25°%) (Hodgman et al 1958).

f

(In all the thermodynamic calculations we based ionic strength on the
experimental TDS, using the Debye-Hiickel limiting law to calculate the
single ion activity coefficients, for ionic strengths less than 0.04,
and the full Debye-Huckel law for higher ionic strengths. (Robinson
and Stokes, 1959). For the latter calculations a value of 0.4nm was
used for the value of the "a" parameter, as a reasonable estimate of
the separation of Caz+ (aq) and HPOZ_ or cog" ions)
Because the total P—PO[4 flux was largest in the Western section we
used Site 2 concentrations to calculate calcium and phosphate
activities to. evaluate the extent of saturation in that water columm
with respect to calcite and calcium-phosphate compounds.
The values of [Caz‘! Y. [C02+])/ obtained for

Ca 3 CO,
13 October and 9 November (1987) were slightly less than Ksp (by
factors of about 3 and 6 respectively), but an increase (or ‘
mis-measurement) in pH from 7.5 (assumed) on 13 October, to greater
than 7.6, would have given a product in excess of KSp - ie.
supersaturation. [t would seem then, given the uncertainties in the
calculations, that during spring at Site 2, thermodynamics (rather
than kinetics) determined the concentrations of Ca2+ and HCO,

3
(cog') remaining in the decreasing water volume.
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The results, of the "Ca—POh" calculations together with appropriate
portions of the total phosphate standing stock data, and other
relevant data are collected in Table 6. The estimated "interval

P-P0, additions' tabulated are for weights of P—Poh added to the

4
whole lake and calculated on the values of averaged P—POh run off
(in Table 9 Section 4.3) over the interval between measurements. The
exception is for 23/5/88 when the western portion of the lake was

separate, and only drain D5 run-off P—POA is tabulated.

Also in Table 6 are similar calculations for Site 1 at the time of the
bird deaths. (A summary of these calculations at both sites is also

included in Table 5.)

What Table 6 shows for the western arm of the lake (Site 2) is as

follows:-

During the spring (from 24/8/87) there was a constant decrease in the
volume of water, accompanied for the first six weeks by large
increases in P—POA standing stock, and then large decreases. It

also shows that during this period the total phosphorus in the aquatic
animal compartment was relatively constant, and P—POA additions in
drain water to the whole lake (Section 4.3) were relatively small,
compared with the P-P0O, fluxes. Finally it shows that the

approximately 2kg of PiPOb added to the water column between the

15th and 29th September made it supersaturated with respect to solid
hydroxyapatite formation, but in a further 14 days about 2.5kg of
P—POh had been lost from the water column and conditions no longer
favoured hydroxyapatite precipitation, a state which then persisted to
the 9 November, by which time a further 4.5kg (approx) of P-PO, had

gone from the water columm.

During the early winter (from 23/5/88) there was a constant increase
in water volume, and large increases in the mass of dissolved P—POA,
with the actual quantities of P—POA much greater than during spring,

even though the water volumes were less. It also shows that the total
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phosphorus in the animal compartment also increased over the period,
and that, although this was the time when phosphorus in run-off was
greatest (Section 4.3) the actual quantities contributed (to the whole
lake) over the intervals was only large, relative to the water column
flux, for the 8.5 weeks between 21 June and 18 August.

Finally it shows that during the early winter period the Ca2+ and

POQ_ concentrations were in equilibrium with solid
hydroxyapatite, then between the 8 and 21 June about 8.4 kg of
P—POh was added to the water column to make it supersaturated with

respect to solid hydroxyapatite formation.
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When expressed in a more comparative form (Table 7) the magnitude
of the changes in P—POh load, compared with the water volume

changes are quite informative.

There are three important aspects of the behaviour of the lake's P
budget which the data in Tables 6 and 7 strongly suggest. Firstly
that the large increases in P~P0h standing stock in both spring
and autumn, to make the water supersaturated with respect to solid
hydroxyapatite formation, is due to the addition of unaccounted for
phosphorus - it cannot be attributed to decomposition of nr P;
expected run off additions; or re-solution from sediments. The

most likely source is fertilization of the adjacent grasslands.

The golf course records show that it was fertilized (6 bags;
Horticultural Special: 3.5%P) on 2/9/87. They do not show any
major fertilization in early June 1988. However we did not have
access to information on the fertilization of Cresswell Park or the

Scotch College playing fields.
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TABLE 7

Changes* in Water Volume and P—POh Mass

in the West Arm of Lake Claremont

Water P—POA
Date Volume Interval Standing Interval %
% volume Stock change
change
(m?) (kg)

24/08/87 70 100 6.31
03/09/87 70 100 0 7.08 + 12
15/09/87 67 460 -4 7.35 + &
29/09/87 66 580 -1 9.92 + 35
13/10/87 58 610 -12 7.33 - 26
27/10/87 55 130 -6 4,74 - 35
09/11/87 49 800 -10 2.84 - 40
23/05/88 15 610 1.06
08/06/88 17 920 + 15 6.72 +534
21/06/88 36 340 +103 15.12 +125
18/08/88 75 380 +107 14.02 - 7

* % based on value at start of each interval
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The second observation of significance is that when again submerged
after drying out, the lake sediments did not immediately adsorb
P—POA, and the concentration in the water column appeared to be
controlled only by the solubility and dissociation of

hydroxyapatite.

That this was only temporary, is shown by the subsequent return of
P—PO4 concentrations to levels similar to those of the previous

late winter (113ug/L on 16/9/88; 109ug/L on 15/9/87).

The last important observation relates to mechanisms of P—PO4
removal. At high concentrations of P—POA there is the

possibility of the formation of solid hydroxyapatite. But observed
P—POh concentrations in winter and spring fall below the
equilibrium hydroxyapatite values, so at least one (other)
mechanism is also operating. Two other mechanisms relate to

calcite formation.

Since the calculations of calcite formation, described earlier,
point to its concentration being thermodynamically controlled (in
spring and early summer at least) we examined the Site 1 and 2 data
(Figures 9 and 14 and Appendix 8.3). These show that during spring
and early summer there were steady decreases in water volume and
Ca2+ concentration; essentially steady HCOE concentrations;

and fluctuating increases in pH. This points strongly to calcite

(CaCO3) precipitation throughout the drying period.

Such a situation would be capable of either cb—precipitating,
and/or adsorbing significant amounts of P—POh, reducing its

concentration to the levels observed.

In late summer, autumm, and early winter the P—POA concentrations
stabilized around the (higher) equilibrium hydroxyapatite values.
In late summer when the water volume was constant, Ca2+ and pH
were also constant (Site 1; Appendix 8.3) but HCOS (and hence
CO§_) steadily increaseg until 9/3/82. On that date the
calculated value of [Ca +]3/Ca . [CO3—]XbO was about

twice Ksp. The accuracy of this calculation is not high as the
approximate calculated & values were only approximate in the water

column conditions: a soup of algae (Section 4.5) and resuspended

sediments with an ionic strength greater than
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0.26. So while there is some possibility of calcite removing of
phosphate, it seems more likely that another mechanism was involved
in reducing the P—POA concentration from supersatured, with

respect to hydroxyapatite, on 22/2/88 to equilibrium by 23/3/88.
Either precipitation or algal uptake are possibilities. (We were
unable to find a source for the Poz_ which made the lake
supersaturated, but it would not have needed much - the loss of 80g
from the water column, coupled with a drop of pH to 8.0 by 23/3/88

had reduced the concentrations to an equilibrium between free ions

and solid hydroxyapatite.)

In early winter, with inflowing water, the Ca2+ concentration
doubled, but Hco;

was the equilibrium value for re-solution of hydroxyapatite. With

and pH decreased. The P—PO4 concentration

the volume of fresh water increasing; little or no phytoplankton
(for photosynthesis); and a consistently lower pH, there will not
be precipitating CaC03.
The evidence available does not indicate what part, if any, bottom
sediment adsorption plays in controlling the concentrations of P

compounds (See also Section 4.4).

The nr P transformations in the lake are much less clear than the

3-
POA

rapid changes in nr P occur. There is no obvious relationship

reactions, although it can be seen from Table 5 that

between decreases in anr P, and increases in P—POA, as might be
expected if direct conversion were the major pathway for its
removal from the water columm.

Polyphosphates hydrolyse to POh— at rather slow rates, with

half lives probably of the order of 4 to 50 days, but perhaps much
greater (Stumm and Morgan, 1970:2), dependent upon the species; pH;
complexed metal ions; presence of bacteria and algae; and
temperature. With so much P-PO, flux from other causes, so slow

4
a release is obscured.

Not enough is known about the specifics of the dissolved organic
phosphorus compounds. Direct use as nutrient is one possibility;

hydrolysis is another; and some at least should be adsorbed by
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sediments, since they still carry a significant charge at the POA
group. At Lake Balaton, sediments were found to contain
significant amounts of inositol phosphate (from animal or plant

membranes) (Somlyody and van Straten, 1986:2).

More research is needed to clarify the fate of the nr P in

Lake Claremont.
Inflowing Storm Water

Limited overseas and Eastern States studies of drainage water found
it contained significant concentrations of phosphorus compounds
(Cullen, et al, 1978), but we did not know if the same happened in
Perth's climate and on Claremont's sandy soils, so the seven pipes
identified on Figure 2, and observed discharging water into

Lake Claremont were investigated.
The studies reviewed by Cullen et al (1978) showed:

(i) P (and sediment) concentration were usually greatest early

in a run—-off event.

(ii) Concentrations changed over short (5-20 minute) time

internals.

(iii) Maximum total P concentrations as high as 2,400mg/m3
(Florida, USA); 1,690mg/m3 (Canberra) and h,900mg/m3
(Sydney) were possible.

(iv) The factors affecting P concentrations included those

affecting run-off (Pilgrim, 1988) viz:

a Surface type, nature and slope.
Time since previous rain.
c Rate of rainfall.
and also d Elapsed time since run-off started.

e Time (or season) of year.
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4.3.1 Storm Events

Table 8 summarizes the results of monitoring storm water discharge
to the lake. It records the date and time for each drain
monitored; the rainfall (Floreat station) for that period; for the
previous day; and the number of rain free days between. It also
tabulates the total water reactive phosphorus (P—POQ) and total
phosphorus (reactive plus non-reactive (nr P) phosphorus) entering
the lake; and the average concentrations of P—PO4 and nr P per
cubic metre (1000 L) of water. These averages were calculated from
the total quantities of P, and total volumes, not from the
initially measured concentrations, in an attempt to reduce the

significance of extreme values.

The results clearly show that, at Lake Claremont, run-off is
significant, with large amounts of phosphorus brought in during.

every storm.

Particularly obvious are events such as that at drain D2 (from the
Swanbourne catchment) on 18/9/87 where 65 minutes of the tail of a

rain event discharged 2.2g of P-PO, and a further 0.lg of nr P,

4
and at D4 (draining the Shenton Close development) on 12/5/87 where
two consecutive rain events over 165 minutes contributed 5.19g

total P (4.58¢ P—POA).

As a check that drain phosphorus was not rain provided, samples of
rain water were collected on 24/6/88 (1200 to 2300 hours) in the
open, around the south end of the lake. Approximately 13mm of rain
was collected and this averaged 1llug/L (11g/m3) POA

concentration (range 5ug/L - 17ug/L). We suspect the true figure.
is below 7ng/L, the higher values resulting either from splashing
of soil water into the containers which sat directly on the ground,
or, more likely, desorption of phosphorus (originally in detergent
used to wash the ice cream containers employed) since they were not
acid rinsed prior to used. A figure of 7pg/L for rain phosphorus

in Canberra is quoted by Cullen et al (1978).

Using a figure of 7ug/L for rain borme P—PO4 means that the
770.4mm rain during the study deposited a maximum of 0.7kg P onto
the 132,900m2 of the lake's wet areas. It would also provide
0.5kg of P for the 75,000m3 of (estimated) run off (see Table 10)

entering the lake.
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TABLE 8

Rain Events Monitored at Lake Claremont Between 1.8.87 and 31.7.88

Date Rainfall Drain Data Average P
Concentrations
That Previous Days Site Start Finish Calcul Water Calcul Totals P—POg nrp
Day Wet Day Since Time Time Time Volume P-PO4 tot.P  (mg/m>) (mg/m3)
(mm) (mm) Rain (hrs) (hrs) Base (L) (mg) (mg)
(min)
1987
18.9 2 7 nil D1 0820 0920 65 5183 974 1167 190 40
D2 0830 0930 65 7603 2295 2465 300 20
D3 0815 0815 0 16 0
23.9 2 20 nil DS 0945 0945 0 30 20
25.9 5 2 1 D1 1308 1308 ugn 34 3.4 7.4 100 120
1930 1930 wHY 292 40 - 140 -
D2 2000 2000 "o 86 3.9 - 40 -
D4 0950 0950 ng 2. 0.3 0.4 10 40
D5 2032 2032 UG 116 12 - 110 -
31.10 7 0. nil DT 1549 1552 3 2. 1.2 1.2 50 0
D2 1620 1620 UG 290 47 49 160 6
D4 1158 1615 20 159 14 15 90 4
1988
23.3 2 2 70 D5* 0720 0830 65 327 42 139 130 300
13 2 nil D1 0950 1020 35 804 60 199 70 175 |
D2 1010 1025 20 80 40 63 500 290 |
D4 1000 1030 35 245 n 43 40 130
21.4 4 1 5 D5 0704 0745 42 2408 400 380 160 0
27.4 41 2 nil DI 1040 1150 75 1153 72 189 60 100
1440 1520 45 97 5.8 18 60 130
D2 1055 1145 55 a1 47 104 110 140
1455 1515 25 50 4.6 1 90 130
12.5 51 8 nil DY 0841 1119 160 15003 1037 2439 70 90
D2 0851 1106 130 10593 1024 2627 100 150
D4 0900 1103 125 13770 4583 5190 330 40
D5 1241 1350 70 > 3990 933 925 230 0
D7 1405 1430 30 1671 93 217 60 70
26.5 3 7 nil D1 0930 1006 40 702 76 324 110 350
D2 0934 1010 40 320 25 65 80 120
D4 0938 1015 40 299 30 73 100 140
31.5 21 11 nil D7 1534 1602 30 734 29 46 40 20
1.6 21 21 nil D6 1120 1140 25 365 21 26 60 10
D5* 1155 1216 25 44 1.8 2.8 40 20
D1 1305 1405 65 9127 580 1015 60 50
7.6 5 5 nil D1 0945 1145 125 3124 320 400 100 30
D2 0952 1136 105 233 183 215 80 10
D4 0957 1140 105 2484 70 70 280 0
24.6 34 4 4 DY 2030 2215 125 37292 2173 - 58 -

* D5* sampled at drain opening; D5 sampled at lake edge after crossing the golf course.
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Over the drain monitoring period, the maximum measure total P
concentrations were at D4 - 1.033mg/L (POA = 0.961mg/L) 12/5/85;
D5 - 0.989 mg/L (PO4 = 0.208mg/L) 23/3/88; and D2 - 0.811lmg/L
(POA = 0.519mg/L) 23/3/88. Even minimum measured total P
concentrations were very high, the lowest being at drain D5 -
0.043mg/L (POA - 0.032mg/L) 1/6/88; with D2 - 0.074mg/L

(po, = 0.067mg/L) 7/6/88 and D4 - 0.15mg/L (PO, = 0.15 mg/L)
7/6/88.

It is important to repeat that the figures in Table 8 only show

minimum phosphorus loads:-

(i) Because of experimental limitations (Appendix 8.2) the water
flows recorded in Table 8 were underestimates, sometimes
being as little as 10-20% of the total discharge, so true
water volumes, and their associated phosphorus loads could

be up to 5 times greater than the values in Table 8.

The exception is drain D1 on 24/6/88 when the flow rate was
estimated using Manning's formula (eg. Gerhart and Gross,
1985, and see Sect. 8.2) On that occasion the peak flow
calculated over 3 successive rain events was 8.7 L/sec. The
peak flow obtained by collecting as much of the water as
possible on 1/6/88 was 4.4 L/sec over 2 storm events and on
12/5/88, 3.8 L/sec on 1 storm event. Because rain events
differ in intensity, and the ease of collection at different
drains. varied, we do not place enough reliance on the drain
Dl differences to use this as a correction factor,

(although in the absence of accurate flow monitoring
equipment we suggest Manning's formula is a better measuring

technique than water collection).

(ii) The coarser sediments in the discharges settled out from the
samples, but were not analysed. However because of its
humus like properties we think it also contained significant

amounts of phosphorus.

There can be little doubt that such quantitites of phosphorus
entering the lake year after year have contributed to its present
entrophication and will, if continued, exacerbate the present

problems with algal growth.
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Because this study was designed to find if phosphorus was entering
in drain water, and if so, how much (not the sources and forms of
such P) there is little direct evidence on its sources. However
there are some clues, discussed later, which provide guidance for

planning a project to pin point their sources and forms.

Other observations from Table 8, concerning phosphorus transport to
Lake Claremont are consistent with the Eastern States findings

(Cullen et at, 1978). Thus the average P—POh and nr P

.concentrations varied:-

(i) In different drains during the same rain event;

(ii) at the same drain during any one rain event;

(iii) at the same drain during different rain events;

(iv) in the proportions of P—POA and nr P at different times,

events and drains.

Some of the reasons for this variability can be discerned from the
plot in Figure 15 of water flow rate, and of concentrations of
P—POA, tot. P and total soluble salts, obtained at drain D5
(draining the NE cornmer of the catchment) on the morning of
23/3/88. The sampled storm event precipitated the first rain after

70 days of summer, depositing 2mm at the Floreat station.

Fig. 15 Flow & P-PO4, Tot.P, TDS in drain D5, 23/3/88
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Figure 15 shows that the initial sample contained a high
concentration of P-—PO4 (208ug/L) and even more nr P (780ug/L) but
as more water flowed down the drain, the concentrations fell,
rising again, especially that of nr P, after the rate of water flow
eased. Soluble salts concentrations (probably mostly NaCl) also
started high (2.25g/L) fell rapidly at first, then more slowly to
become more or less constant during the tail of the flow. However
Figure 16, which shows at each 5 minute interval the calculated
water volume and quantitites of P—POA, nr P and soluble salts
discharging in 1 minute, indicates that the actual amounts of

P—POh and nr P started low, but were then comparatively constant
over the next 22 minutes of the flow, with a small increase in nr P
towards the end of the main water peak, and then P quantities
steadily decreased along with the water flow. (This was the
general pattern of phosphorus discharge). The total soluble salts
took about 10 minutes to reach maximum quantities and then

decreased, in line with the volume of water issuing.

Fig. 16 Discharge of water, P & salts at D5 on23/3/88

30

—a—— P-PO4{mg/min)

—o— Tot.P(mg/min)

—&— TDS(g/min)
—o— Flow (L/min)

e —

Time (min)

PR ) —



-61-

These results suggest that the mechanism of phosphorus collection
is different from that of the soluble salts. The water carrying
these materials flows different distances to the outlet, so outlet
flows may fluctuate, but it is not generally possible to correlate
the condition of emerging water with a particular portion of the
catchment, because of hold-ups and temporary impounding of water
along the drainage path, together with the slower release of

(possible nutrient rich) water from saturated surface soils.

However the high phosphorus concentrations in the small early water
flow strongly suggests that phosphorus sources had accumulated in

all parts of the catchment, including close to the discharge point.

The near constant quantities of phosphorus compounds, even when the
volume of water was decreasing, could result from a slow
solubilizing of the P compounds adding to the water flowing past
from more remote parts of the catchment (possible even in the
drains), whereas salt dissolves relatively rapidly and gets carried

away.

The removal of salt is supported by the occurence of much lower
total soluble salt concentrations in samples collected after rain,
eg. at D5 on 12/5/88 where total salts concentrations averaged
about 0.04g/L (Total P ranged between 120ug/L and 380pg/L).

Some indication of the source of the drain P was obtained from a
brief examination of the samples taken for analysis. All samples
were strongly brown ~oloured, and contained dark particulate matter
(about 20mg/L). When shaken they frothed considerably. (This test
was not tried on the tirst sample collected). It is relevant to
note here that the dis-harge from drain D2 on 27/4/88 and again on
12/5/88 frothed considerably. Examination of the particulate
matter under a microscope suggested that the major component was
humus, but some leat particles were distinguished, and in the
first sample there were some pieces of insect cuticle (? cricket

and ? ant).

This suggests that a project to identify phosphorus sources should
consider loose plant matter in the catchment, and since both plant
saponins and synthetic detergents produce froth, these

possibilities would need testing.
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4.3.2 Total Phosphorus Additions to the Lake

A precise figure for the phosphorus added to the lake from drain
water would have required continuous gauging and analysis of all
drains over the entire 12 months, but an adequate estimate can be
obtained by calculation from the average phosphorus concentrations,

and the water volume discharged from each catchment.

The average seasonal POa and nr P concentrations in Table 9 were
obtained from the separate rain event average POh and average

nr P concentrations, after allowing for single sample values. In
cases where insufficient discharges had been sampled during summer
or spring, the winter values have been used. As these were smaller
drains (D6 and D7), any error introduced will not be larger than
the other uncertainties in the calculation. Since, '"time since
last rain" is a variable in run-off, the natural breaks in rainfall
over the year were chosen to give seasonal groupings; Spring -
September and early October; Summer -~ late October to April
inclusive; and Winter - the rest. Between 1/8/87 and 31/7/88

Floreat station rainfall was 770.4mm, made up of:

Winter 589.0mm
Spring 54 . 2mm
Summer 127.2mm

Run—off from an area can be calculated in a number of ways
(Pilgrim, 1988) but most need some data for the location. Graphs
of run-off against rainfall intensity, with curves for different
conditions of soil and building such as those in the 1977 edition
of Australian Rainfall and Run-off, are not very successful. For
sandy soil this predicts no run-off for rainfall at less intensity
than about 7mm per hour. During the period of this study the Perth
station recorded only 7 events, or about 10% of the 12 months rain,
at an intensity of 7 or more mm per hour, but Lake Claremont drains

flowed much more often.
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TABLE 9
Average Seasonal Phosphorus Concentrations in Lake Claremont Drains
1987-88

(All concentrations in mg/m3)

Drain No.
1 2 4 5 6 7
Season PO4 nr P POA nr P PO4 nr P POA nr P POLL nr P POh nr P
Winter 90 130 80 100 240 60 140 10 60 10 50 40
Spring 140 80 150 100 110 50 110 10 60 10 50 40
Summer 70 130 220 140 70 60 140 150 60 10 50 40
Pilgrim (1982) suggests that for the lower rainfall areas (such as
Melbourne, as distinct from Sydney and Brisbane) a reasonable
estimate of run-—off is the fraction of impervious surface in the
catchment. For the Perth Urban Water Balance computer model
(Cargeeg et al, 1987:3) the water flowing to drains was taken as a
fixed fraction of rain falling on paved areas only (13% for high
density residential) and all other rain, including that on building

roofs was treated as entering the soil.

The Lake Claremont catchment has about 20% imperious surface. Many

down pipes in the area do not discharge to on-site sumps, and in
view of the hydrophobic nature of Perth soils, and the presence of
organic material in early season samples, we think there is also
some run-off from, or over, vegetated and/or bare s0il areas as
well. Therefore altﬁough 20% run-off seems high for a sandy soil
we have used it as a best estimate in calculating the annual

phosphorus discharges in Table 9.

The quantities of phosphorus annually added by the drains
(Calculated P mass in Table 9), are large, being about half the
quantity found in the water column when the lake was full of
water. They do not take account of any unusual additions, or of P
washing in from the grassed area. Clearly some consideration must

be given to this phosphorous source in planning for Lake Claremont
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TABLE 10

Total Drain Water and Phosphorus Discharges to Lake Claremont

1.8.87 to 31.7.88

Drain Catchment Season Rain Water Estimated Calculated P Mass
Area (m) Volume (m) Run-off (rounded)
Volume (m) P-Pb4 (g) nr P (g)

M 50 000 Winter 29 450 5 900 530 770
Spring 2 700 500 70 40

Summer 6 360 1 300 90 170

D2 170 00 Winter 100 130 20 000 1 600 2 000
Spring 9 180 2 800 270 180

Summer 21 620 4 300 950 600

n4 20 000 Winter 11 780 2 400 580 140
Spring 1 080 200 20 10

Summer 2 540 500 30 30

D5 100 000 Winter 58 900 11 800 1 650 120
Spring 5 400 1 100 120 10

Summer 12 720 2 500 350 370

D6 6 000 Winter 3 530 7 100 430 70
Spring 320 60 4 1

Summer 760 100 6 ]

D7 100 000 Winter 58 900 11 800 590 470
Spring 5 400 1100 50 40

Summer 12 720 2 500 130 100

ARITHMETIC TOTALS {343 490m) (74 960m) (7 470qg) (5 121g)

TOTALS 75 000m 7.5kg Skg
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Lake Sediments

In recent years the great importance of lake sediments in
influencing water chemistry has been widely recognized (Golterman,
19773 Cullen et al, 1978; Congdon, 1979; Somlyody and van Straten,
1986:4;5 Sly and Hart, 1989) and at the commencement of this project
we hypothesized that the usual POh_ adsorption-desorption by

the sediments would control Lake Claremont's water phosphorus

concentrations.

As the results in Section 4.2.4 (Discussion of possible mechanisms
of phosphorus mobility) show it seems likely that at higher
phosphate concentrations there is an additional mechanism
influencing dissolved P—POA concentrations. Although the
chemistry is complicated by the linked nature of the potential
reactions, calculations based on the concentrations measured in the
lake show that depending upon pH, the formation of hydroxyapatite
is thermodynamically favoured at high P—POA concentrations, and

in the lake there was a loss of P—P04 under such conditions.

However even when apatite formation was not thérmodynamically
feasible there were changes in the quantities of P—POh in the
water column, so other P—POA removal and release mechanisms must
be operating, and the calculations suggest that some aspects of

these are associated with the precipitation of calcium carbonate.

What happens to the non-reactive phosphorus (condensed phosphates
and organic phosphorus) is even less clear, but one possibility is
adsorption occurred when the water column concentrations were high,

and desorption when water columm concentrations were low. Another

is microbially mediated conversion, either to POA

or to

biomass.

The re-release of adsorbed or precipitated phosphorus is of major
significance to the lake, since sedimentation is the only natural
mechanism for the removal of P from a closed lake, and with a
steady inflow from the surrounding catchment, the phosphorus
concentration has the potential to remain at excessive levels all

year round.
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It is therefore essential to examine the role of the sediments, in
Lake Claremont's functioning. In the time available in this study,
a large part of this has been done, but we suggest that more

studies are desirable.

In 1950 Evans and Sherlock (1950) referred to a thin deposit of
marl in the vicinity of the swamp ''at a higher level than the
present (1949) high water mark of Butler's Swamp", and then quoted
records of 1844 describing the area as consisting of rich black
soil (10-25cm deep) overlying shell marl (25cm thick) then rich
black loam, varying in places to light peaty soil overlying coarse

sand.

Qur examination showed that, when the lake was dry, the western arm
had a grey marly surface deposit of about 15cm thickness, with a
sharp boundary to the underlying lighter coloured siltier soil.
Both contained mollusc shells; a small turban shell tentatively
identified as Gyraulus sp. (Family Planorbidae), and a smaller
planar shell, possibly Physa sp. (Family Physidae). The surface
soil also contained large (up to 2.5mm long) ostracod exoskeletons

(probably Mytilocypris sp. (Family Cyprididae)).

The only sandy areas we noticed were around the edges of the
present lake (now only 15 ha in area), extending 1 to 5m from the

edge and averaging 2m.

When the soil was wet the surface sediments were soft, and we sank
into them, often to depths of 50cm. Examined in this state all the
sediments appeared to be homogeneous, calcareous, and dark grey.
Sediments in the rush areas seemed a little softer than elsewhere;
they contained living and dead roots and rhizomes, and carried a

thin (1 - 5cm) layer of plant detritus on their surface.

Only surface sediments were examined for this project since they
were anticipated as carrying the highest concentrations of
phosphorus, and as phosphorus exchange from, or to, the overlying

water was most probably from, or through, them. The large amount
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of water in the upper layers of the sediments added considerable
uncertainty to a number of aspects:- what depth of dry soil was
involved in this soft soil; what was the rate of movement of the
pore water; in what ways did the entry and exit of this water
influence phosphorus transfer into or out of the surface layers;

and how fast did phosphorus move through this zone.

Most sediment samples were collected when there was no free water
on the surface of that locality, both for practical reasons, and to
minimize loss of fine particles in free water.: For this reason the
south arm sediments were not sampled, but we have no reason to
expect them to differ greatly from those of the western arm. Soil

sampling sites are marked on Figure 2.

Analytic figures for the sampled sediments are given in Table 11.
Except for the W1 and W2 soils, the analysed samples were
composites of the top 5cm of soil. Sample W1B was from the top of
the underlying layer in the western arm (ie. from 15 to 20cm);
samples W2A1 and W2A2 were respectively the top lcm

(ie. 0 to lcm) and 1 to 5cm layers in one of the depressions in the

western arm, and were collected under a thick layer of dried algae.

All the analysed sediments show very large concentrations of
phosphorus. There is a distinct possibility that the samples
contained crystals of phosphorus compounds deposited on drying
out. Few published local lake sediment analyses are available to
compare the Lake Claremont results with, but Teakle and Southern
(1937) give values for phosphorus in various Herdsman Lake peats,
extractable in boiling hydrochloric acid (probably equivalent to
our total, less some organic, phosphorus), which after
recalculation to P (from PZOS) range from 0.25mg/g - 0.08mg/g
(Njookenboroo peat) to 0.6lmg/g — 0.08mg/g (Njookenboroo loamy
peat).

Congdon (1979) analysed samples from Lake Joondalup and obtained
total phosphorus values in surface sediments ranging from 0.15mg/g
to 0.97mg/g and Lukatelich (1985) quoted total phosphorus in Harvey
Estuary sediments at 0.433mg/g. This was made up of 0.123mg/g

~ organic phosphorus, 0.093mg/g "apatite' phosphorus, and 0.224mg/g

of non-apatite inorganic phosphorus.
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TABLE N1

Total phosphorus, organic content, carbonate and calcium content of air dried sediment.

Sample Source Total P Organic CO§— Ca2+
(mg/g) (%) (%) (%)

| WIA 0-5¢m, west arm (30/3/88) .662 22 40 22.1

|

.f

| WiB 15-20cm west arm (30/3/88) 0.470 15 51 37.1
NZA1 0-1cm depression, west arm (30/3/88) .841 33 30 -

|
NZA2 2-5cm depression, west arm (30/3/88) .610 26 36 35.3

| W3 0-5cm, 5m out, site ¢ (11/4/88) .186 26 30 21.3
El 0-5cm, 4dm out, site 4 :n T. orientalis (19/11/87) 0.940 - - 21.3
E3 0-5cm, 4m out, site 4 :n S. validus (24/12/87) 0.475 7 12 7.9
E4 0-5cm, 10m out, site 4 n S validus (24/12/87) 0.282 10 9 5.4
ES 0-5cm, site 4 in S val:dus (24/12/87) 0.386 - - 17.3

§E6 0-5+cm, 12m out, s:te & -n T. orientalis (08/01/88) 0.519 17 37 25.6
E7 0-5+cm, 16m out, s1te & -~ I orientalis (08/01/88) 0.896 27 33 20.4
E8 0-5+cm, 5m out, site " arientalis (11/04/88) 0.826 25 25 15.1

1E9 0-5+cm, 10m out, site ‘'~ T orientalis (11/04/88) 0.894 29 32 20.0
E10 0-5+cm, 12m out, site 4 in T orientalis (11/04/88) 0.966 30 29 17.9
EN 0-5+cm, 16m out, site 4 in T orientalis (11/04/88) 1.044 30 32 19.6
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While some of the Claremont figures are greater than these, in
Lake Balaton (Hungary) which has sediments composed mainly of
calcium carbonate, the total phosphorus concentration is about

200-600mg/g. (Somlyody and van Straten 1986:3).

The Lake Claremont results give average total phosphorus values of
0.87mg/g in the bulrush areas; 0.38mg/g in the lake club rush; and
1.42mg/g for the open surface (based on the W1A and W3 samples).
In our opinion the W2 samples represent the P concentration in the
depressions where the last water collected, together with all its
nutrients and the algae, as the area dried up. These represent

about 10% of the western arm (see Section 4.5).

Mass of Phosphorus Present

The value and use of the data in Table 11 depends upon a number of
factors, most of them uncertain. One is the proportion of the
different phosphorus compounds making up these total P quantities.
Others relate to the quantities and speed of uptake of P compounds
by the surface sediments as they now exist; how fast any of this P
becomes bio-unavailable; and the extent and speed of P return to
the water columm, when water concentrations fall. Finally there
are problems in generalizing from point source data to the

distribution of surface and subsurface soil P content of the whole
lake.

Using the total P values in Table 11, and the data in Table 1, the
mass of P in the top lcm of sediment is given in Table 12. The top
lem of sediment was chosen as this will be the most important in
any restoration program. An average sediment particle density of

1.76g/ml (soil W1A) was used.
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TABLE 12

Estimated Total Phosphorus in the top lcm of Lake Claremont
Sediments in Autumn 1988 (All figures rounded)

Portion of Lake Bed Area Tot. P concentration Total P
(10°m® mg/g (kg)
90% of open area 105 1.4 2 600
enriched depressions (10%) 11.7 2.6 540
bulrush areas 14 0.9 220
lake club rush areas 1.8 0.4 10

TOTAL 3 370 kg

As a check on the validity of this large figure (3.37 tonnes) we
divided it by the weight of soluble phosphorus compounds estimated
as carried into the lake in drain water in the 12 months (12.5kg),
to get 270 years as the time for the build up. If allowance is
made for the large, but unquantified amounts of insoluble material
— including phosphorus containing humus - also washed in, and a
natural level of phosphorus presumably there before settlement, the
figure is more like 100 years, which is within sufficient range to

be acceptable for basic management planning.

Not all the 3 tonnes is presently either bio-available, or
available for exchange to the water column, and in the course of
time the available P should decrease, through both diffusion away
and chemical fixation, but in the meantime one question is how much
more phosphorus can the sediments mop up until a management

strategy is in actiom.
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4.4.2 Phosphorus adsorption

To answer this we obtained some Poz_ adsorption isotherms with
sediment samples. In general terms these showed that while the
sediments are still capable of adsorbing large quantities of

POZ_, adding PO4 also gave higher equilibrium water

column phosphate concentrations.

For example, after shaking 2g of soil W1A, with 50ml of P—POA

solution three times a day, for three days, the solution P—POA
concentration fell, but the greater the starting phosphate
concentration, the greater was the P—POA concentration in the
final solution. Thus for an initial solution of 8mg/L P—POA the
final solution was 1.0mg/L. For an initial solution of 56mg/L the
3 day resultant was 28mg/L. While these initial P—POA
concentrations are greater than any measured at Lake Claremont
(maximum drain; D4, 0.961mg/L on 12/5/88; maximum water column;
Site A, 0.422mg/L on 8/6/88) they show the sediments as

establishing an equilibrium, not acting as a sink.

The results of the quantitative treatment of the adsorption
results, using the ¥reundlich isotherm (Equation E3.1, Section 3)

are shown in Table 13.
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TABLE 13

Values of log k and-%-* obtained with Lake Claremont

sediments, using the Freundlich isotherm

Sediment Initial sediment log K %T*
total P (+ 10%) (+ 20%)
mg/g (dry weight)

W1A 1.662 -0.88 1
1.94
W1B 0.470 -1.1 1
2.1
WZA1 2.841 -0.9 1
2.0
WZA2 2.610 -0.9 1
2.0
W3 1.186 -0.58 1
' 1.6
El 0.94 -0.54 1
2.6
E8 0.826 -0.1 1
1.7
E10 0.966 -0.9 1
2.5
Ell 1.044 -0.9 1
2.5

* Note units used in E3.1; mg/g (°/oo0) for x. but

mg/L (ppm) for c

While the results in Table 13 suggest that all the peats were

adsorbing PO

L

- by a similar mechanism (values ofi§

similar) their magnitude suggests that in each case the process was
precipitation of a calcium - phosphorus complex. Calculation of
thermodynamic values for hydroxyapapite formation (by the method of
Clark and Peech 1955) as was done for the water columm - Section

4.2.4 for sediment W1, in aerated water at 22° and with dissolved
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Figure 17  Water column concentration of P-PO, in

thermodynamic equilibrium with solid hydroxyapatite in the
presence of 40 mg/L calcium ion, in the pHrange 7to 9 ( T=
25°). .
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CO2 in equilibrium with the air, showed that within the
concentration range used (maximum initial P—POA of 56 mg/L) the

process was not apatite formatiomn.

We interpret this as confirming that if P continues to flow into
the lake, the water P concentration will slowly rise as the
sediments adsorb more and more until it reaches a concentration
controlled by the solubility of hydroxyapatite. To what extent, in

the lake, the co-precipitation of phosphate with calcite would

4
as the isotherm experiments used potassium chloride to minimize

modify much higher PO, concentration is not readily apparent,

calcium ion effects.

Should P-PO, concentration be controlled by hydroxyapatite

4
solubility the concentration will be pH dependent. The

relationship between pH and equilibrium P-PO,, for 1mM calcium

a’
ion (40 mg/L) is given in Figure 17 to illustrate how much
phosphate will be available in the water columm. It is worth
noting that as the concentration of other dissolved salts

increases, s0 too does the concentration of phosphate.
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4.4.3 Phosphorus release

The importaﬁt question of the return of sedimented P to the water
colum at Lake Claremont is not answered. It is a complex problem
since many factors contribute to both the speed and magnitude of
release. These include the sediments and the water chemistry; the
depth and wind mixing of the water, especially of oxygen;
temperature; presence of plants; and sediment surface, including
presence and type of burrowing animals. (Golterman, 1977). The
water chemistry data (Appendix 8.3) shows that some of these
factors are fairly constant (when water was present); deoxygenation
was not observed in bottom water, even at the time of bird deaths,
and salt (NaCl), calcium, and bicarbonate ion concentrations were
always high, but others are variable or even unknown for

Lake Claremont.

Return of POZ_ to the water column is also a central issue

because unless there is either a rate, or concentration, limit to
release that is significantly less than that required by nuisance
plants - in this case Anabaena and Anacystis (Microcystis) species,
P—POh deposited on the surface sediment can be pulled back into
use as it is needed. Since in laboratory growth trials on
Microcvstis aeruginosa cultures Okada, et al (1982) observed some
growth even in nominally phosphorus free media (see also

Section 4.5) it could be that a slow rate of release of sedimented

P will be more important than a low equilibrium concentration.

Desorption cannot in general be predicted from adsorption
experiments since different mechanisms are usually involved, but
those adsorption isotherms which included shaking sediment in
phosphate free water do show release of significant amounts of

P—POA, as shown in Table 14.
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TABLE 14

Concentration of P—POA released from 2g of Lake Claremont sediment,

shaken in 50ml of phosphate free water.

Sediment Sediment 3 day equilibrium P-PQy concentration
Total P in distilled water in 0.05M KC1 solution
analysis
mg/kg (ppm) mg/L (ppm) mg/L (ppm)

W1A 1660 1.1 0.6
W1B 470 0.4 ] 0.85
W2A1 2840 0.7 0.5
W2A, 2610 1.0 0.7
W3 1186 0.1
El 940 0.1
E8 830 0.2
E10 970 0.1
Ell 1040 0.1

The large scatter in the values in Table 14 may arise in part from
sediment properties, but probably also results from laboratory

problems with ensuring all solutions were shaken adequately.

Sediment sample W1A was well shaken, and we consider it '"typical"
of the open water samples, so the thermodynamic (hydroxyapatite)
values of Clark and Peech were calculated for the 'three day
equilibrium concentration' of the sediment in 0.05 M KCl. The
ionic strength of 0.05 M potassium chloride was chosen as being
more like that which exists in the lake when pools of water form on
the sediment when the autumn rains come, than the nominally zero

ionic strength of distilled water.

As expected the water was not saturated with respect to
hydroxyapatite formation. One reason for this could be the slow
rate of solution of hydroxyapatite (Hull and Hull, 1987). We

however favour the alternatives, at least in the earlier stages of

4
which it was co-precipitated dissolves, or adsorbed Poh_

re-solution, that, either PO is being released as calcite in
desorbs into solution. This is more consistent with the
observations of the drying lake, but not with conditions observed
in late summer (Site 1) or late May — early June (Site 2) where

solid hydroxyapatite was in equilibrium with its dissolved ioms.
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While specific desorption experiments may give more information on
the mechanisms, we think a more important task is to investigate
methods of reducing water columm phosphorus in late summer, in an

attempt to reduce algal blooms.

Another area of useful investigation would be the rates of movement
(diffusion) of phosphorus compounds through the sediments. This
information could be used to calculate time requirements for
establishing stable lower phosphorus concentrations in the upper

sediment layer.

Lake Plants

The most conspicuous plants of Lake Claremont are the trees, the

"reed" beds, and the alga. The trees, whether dead or alive hold
their phosphorus for years, but the aquatic plants have annual or
shorter life cycles, and this complicates determination of the

phosphorus budget.

The aquatic plants observed during this study were the following:-

Three species of rush:-  Bulrush (Typha orientalis); lake club
rush (Schoenoplectus validug until recently classified as Scirpus
lacustris); and one clump of jointed twig rush (Baumea
articulata).

Three species of submerged, '"rooted"

plants:- Potamogeton pectinatus; and two species of stone wort

(tentatively identified as Chara australis and a Nitella sp).
Epiphytic green algae on anything
standing in the water during spring.
At least five species of floating algae
(phytoplankton), of which the three most important were the
noxious blue-green alga Anabaena spiroides and Anacvstis sp. and

an unidentified plant which grew in the shallows of the western

arm during summer and left a phosphorus rich dried plant mat when
the area dried out. The other two floating plants were a bloom
of a Chlorophyte sp. at Site 3 in late summer, and lumps of

grey green algal material (possibly Oscillatoria sp.).
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While total quantity of plant matter (standing crop) is a factor in
determining a species' phosphorus holding capacity, it is not the
only one, and certainly it does not always reflect its importance

to the lake's functioning.

Trees

Surrounding trees and associated understory would stop detritus
from washing into the lake, as well as extracting water and
phosphorus, with the latter then held in the tree (principally

leaves and shoots) for an extended period.

The present marginal trees are mostly exotics, but they will hold

phosphorus, although we did not evaluate its quantity.

The principal marginal trees in 1902 (Evans and Sherlock, 1950)
were paper barks (Melaleuca rhaphiophylla), blackboys (Xanthorrhoea

preigsii) and eucalypts, presumably tuart (Eucalyptus
gomphocephala) but possibly swamp gum (E. rudis).

The paperbarks (the tea trees in early references) appear to be
particularly important, as they are credited with inhibiting
bulrush and Anabaepa/Anacystis growth. (There are several theories
about this:- Their shade enables plants needing less sunlight than
bulrush/Anabaena to outgrow them. Alternatively chemicals leached
from the paper bark needles, or possibly bark, inhibit the growth
of the blue green algae and the bulrush. It is even possible that
nitrogen from the needles falling into the water, enables
non-nitrogen fixing ~ompetitors of the blue green algae to remain

competitive).

At present there are {ew paper barks at the lake, and most are

small so we did not =valuate their phosphorus content.
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4.5.2 The Rushes

Because of their density; ecological importance; and ability to
assimilate phosphorus from both the sediments and the water columm,
we determined the mass of phosphorus in the two major rush species
in the lake. Both species normally have an approximately annual
cycle and during the latter part of it drop (phosphorus containing)

dead plant matter into the water.

However bulrush and lake club rush are very different plants.
Bulrush is a colonizing plant, pushing out rhizomes up to a metre a
year, usually at a depth of 15-30cm below the litter layer. New
shoots appear about March, and flower spikes appear from about
December, while the wind borne seeds disperse in late March-April.

Their maximum standing crop occurs about December.

Lake club rush is much shallower rooted (5-20cm) and the rhizomes
much shorter, so that the vertical shoots give the impression of
rising from a clump. New shoots appear after May; flowers and
fruit develop after January; and seeds are shed about April-May.

In pure stands the individual shoots, and their flower tassels, are
smaller in all dimensions than the equivalent bulrush structures,
but in mixed stands they appear to grow as tall as bulrush, and at

Lake Carine they out grow bulrush in shady locations.

Both species have water depth limits, which have not been
determined precisely, but are of the order of 80cm of overlying
water for extended immersion. Also both species have been the
subjects of considerable research into their ability to clean up
highly enriched water, such as sewerage effluent. Both provide
habitats for micro organisms and oxygenate the soil around their
roots, thereby accelerating de-nitrification, and increasing P

removal. (Chambers, 1984:2).

Macan (1974) notes that in the natural succession of lakes the
nature of the substratum influences the species growing in each
zone, with Typha the emergent macrophyte favouring where silt is
particularly fine and plentiful. If this also applies in Western
Australian conditions then it is possible that bulrush will spread

only slowly west across the old Shenton Road.



TABLE 15

Aerial standina crop and phosphorus content of Lake Claremont rushes

Collection Averaae Aerial Standing Crop Weighted Averaae* P Content
State Date No. stems | Dry weight by weight by area

2 2

per m (g/m’) (mg/g)# (g/m")

Tvpha orientalis

+ +
Live 15/9/87 - 992 ( 490) 2.318 2.3 (1.1)
Dead (4 sites) - previous season
Live 9/11/88 28 2780 (+900) 1.439 4.0 (+0.3)
Dead (3 sites) 480 (+170) 0.604 0.29(+0.09)
Live 8/12/88 28 1590 (+360) 1.465 2.3 (+0.4)
Dead (3 sites) 306 (140) 0.654 0.20(70.04)
Live 8/12/88 16 1190 1.723 2.05
Dead (mixed stand 240 0.625 0.15

with
S. validus)

Schoenoplectus Validus
Live 8/12/88 436 1730 (+330) 1.624 2.81
Dead (1 site) 30 590 (+90) 0.445 0.26
Live 8/12/88 36 220 1.722 0.38

(mixed stand

with

T. orientalis)

* Results weighted by the proportions of leaf and stem collected.

# P determinations on samples of similar material from the same quadrant

agreed within 3%.
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Total areas of the two species in Lake Claremont, (given in

Table 1B) are, bulrush 14,000m2 and lake club rush 1820m2.

Because of the organization of data collectiomn, only the
September Typha standing crop was obtained in 1987. So the 1988
standing crop was collected around the time of its maximum. Since
in undisturbed stands, bulrush growth in Perth's bright light is
more likely to be water limited, than restricted by any other
seasonal factor, and since at Lake Claremont the rushes are in
wet ground virtually all year, every year, we consider the year
of collection of standing crop data provides less uncertainty
than does stand variability. Stand variability, due to variation
in size and rate of growth, is natural, (and also occurs in the
lake club rush) but it makes estimates of the 1987-88 average

maximum standing crop uncertain by about 25%.

Table 15 contains information on the standing crop of the rushes,
and their phosphorus content, around the time of their expected
maxima, during late 1988. While there is acceptable agreement
between the P concentrations in each species in November and
December, there are large differences in the Typha standing crop,
both between consecutive months in 1988 and with the September

1987 sample.

Bulrush

From a comparison of the data in Table 15, with the figures for
Herdsman Lake in Table 16 (Lantzke, unpublished) we consider a
maximum standing ~rop of bulrush in Lake Claremont of Zkg/m2 a

reasonable approximation.
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TABLE 16

Standing crop of above ground portions of Tvpha orientalis

at 2 sites in Herdsman Lake (Lantzke, unpublished)

SITE 1 SITE 2

Date Standing No. of P Standing No. of P

crop crop

dry weight dry weight

2 2 2 2

(g/m ) stems/m (mg/g) (g/m’) (g/mz) stems/m (mg/qg) (g/mz)
12/11/81 3275* 36 - - 4424* 48 = =
14/12/81  3212* 28 - = 2566* 20 - -
17/11/83 1512 - 1.40 2.117 1346 - 1.06 1.427
20/12/83 2572 - - - 453 - E -

* includes about 15% dead material
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Roberts and Ganf (1986) in determining above ground mean maximum
live standing crop of bulrush in a Murrumbidgee irrigation
channel (where the same large stand variability was observed),
found that 13% of the primary production of a season was lost
from the plants prior to the time they reached maximum dry live
weight standing crop, and a further 20% was produced after the

maximum.

The Lake Claremont, December bulrush samples included about 19%
dead material, consistent with Roberts and Ganf, and so the
plants presumably produced about another O.&kg/m2 of green
tissue before completely dying. 1In this case our best estimate
of dead bulrush tissue falling into the water is 300g/m2 of
tissue dead by December, and 2.4kg/m2 dying subsequently, again
consistent with the annual above ground production of bulrush of
233hg/m2 obtained by Roberts and Ganf in similar growing

conditions (near Griffith).

The total P mobilized in above ground bulrush structures is
therefore 3.516g/m2 (l1ive tissue) plus O.ZOOg/m2 held in dead

tissue or 52kg over all the bulrushes.

Because death of bulrush involves withdrawal of large amounts of
minerals, we determined the density of dry green (live) and dry
dead bulrush leaves, obtaining 0.24g/ml and 0.17g/ml
respectively. Using these figures we calculate that the
Z.Akg/m2 of live leaves (dry weight) subsequently falling into
the water, would have weighed only 1.7kg/m2, and contained
0.654mg/g of P. Adding the BOOg/m2 of already dead material
leads to a figure for the phosphorus return to the lake of 18kg
(approximately 35%) of the mobilized P. '

Lake Club Rush

Undoubtedly the variability in lake club rush stands is similar
to that of the bulrush (ie at least 25%) but in the absence of
more information we have used the December 1988 standing crop
rounded to 1700g/m2 dry live weight to calculate an estimate of
the P mobilized by the specie. We have also used the bulrush
density figures to calculate the weight of dead leaves eventually

returning P to the water columm.
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The values are 5.5kg of P mobilized and 3.2kg (60% of the total
mobilized)\returned to the water. The much smaller area of lake
club rush makes its contribution much smaller than that of the
bulrush, but intrinsically it has similar mobilizing power as it
produces a similar standing crop, containing a similar quantity of
phosphorus. It also releases more of the mobilized P, although
because of the way many dead stems lie in a mat above the autumn
water level, this release probably does not occur until the water
level rises againj a very important contribution to minimizing late

summer, water phosphorus concentrations.

Qther Aquatic Plants

The plants living totally in the water do not change the total P,
but knowing how much is in that compartment at different times of
the year gives information on how much phosphorus is available for
animals to graze on, and how much could become available to the

water column when the plants die (usually when the seasons change).

The general cycle in Lake Claremont at present is slow regrowth of
the rooted submerged plants and small amounts of phytoplankton
during late winter and on into early summer. In 1988 Chlorophyl a
concentration in the central section of the lake rose from 20ug/L
on 22/9/88 to 160upg/L on 26/10/88 (C. Nicholson, pers. comm.)

These help oxygenate the water, and provide food for the herbivores
and detritovores (see Section 4.6). As summer progresses with
falling water levels, and rising water temperatures and pHs, the
lake develops heavy growths of algae (not identified in this study)
on open shallow areas, and increasing concentrations of blue-green
algae in the southern portion. Drying out removes the algae in the
shallow areas, and with the onset of rain the blue green's
disappeared. The reason for the latter, very important, occurrence

is not know.

The only submerged aquatic plants in sufficient quantity to justify

phosphorus measurements were the late summer algae.
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Table 17 records the weights of suspended solids (pér litre)
obtained in sampling the water columm, between mid February and the
first rains of April. Because blue-green algae have variable
buoyancy it was necessary to sample the full depth of the water
column, and this introduced unknown amounts of silt into every
sample. This was particularly so on 9/3/88, when the total solids

of 5.5g/L were obtained.

Because of the contaminating silt load, only the sample collected
at the time of bird deaths (9/3/88) was analysed for phosphorus,
since it was not practicable to separate Poz- adsorbed on silt

from P obtained from algae. Using this figure (1.256 mg/g) and the
calculated water volume (1368m3) we calculated that the water
column contained about 9.5kg of P floating around, in, or on,
suspended material. It was unfortunate that we could not
distinguish between how much P was in the algae, and how much on
sediments, as P on sediments would be more readily bio available.
The water column at that time held about 0.3kg of total P in

solution, at a concentration of 0.22mg/L.
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TABLE 17

Algal concentrations at Lake Claremont, February - April, 1988.

Site 1 Site 3
Date Concentration Major P Concentration Major P
(1988) of suspended species (mg/g) of suspended species (mg/g)
matter matter
(g/L) (g/L)
Anabaena Chliorophyte sp
18 Feb 0.1852 spiroides 0.2510
9 Mar 5.5289 *Anabaena 1.25 6 1.5796 Chlorophyte sp 1.45 3
spiroides
23 Mar 0.7569 A. spiroides 0.0904 Chlorophyte sp
& Anacystis sp Chlorophyte sp
12 Apr# 0.5813 none identified 0.7541 Chlorophyte sp

* Bird deaths occurring

# 18mm of rain during previous 19 days
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As Site 3 was only a pool of less than lm3 of water, the main
interest of this is that it shows the possibility of other alga
than blue—gfeens blooming if the water columm phosphorus
concentrations are consistently lower. (From December to mid
February, Site 3 tot. P concentration was half (or less) of the

value at Site 1).

The vital questions on the conditions that will not favour
blue-green algae, such as Anabaena spiroides, and Anacystis
(Microcystis) in our coastal lakes have not yet been answered.
(Gerloff et al, 1952; Aplin, 19773 Congdon 1979; Gordon et al,
1981; Okada et al, 1982; Colman and Santha, 1988). Just lowering
the water columm P—POA concentration does not appear to be the
complete solution, but as the observations at Site 3 show, in a
competitive, field situation it is possible for less harmful green

algae to be the dominant species, at Lake Claremont.

We consider that practical field measures to reduce phosphorus
levels in the water column, combined with long term monitoring and
feed back into the lake's management, does provide a good option

for the lake.

On 30/3/88 the surface soils of the dry western area of the lake
were examined. In all the depressions there was a thin (0.4cm)
crust of dried algae. A 22500m2 (ill%) section of this,

(air dried) weighed 366.7g and analysed at 2.841mg/g (air dried)
total P. Twenty one 1m2 quadrats along a random 100m transect

showed 11% coverage of the area (65,650m2) with this algal mat.
On this basis there were about 33kg of P present in this crust.

In comparison with only ca 57kg held in rushes over ca 16,000m2
this is a surprisingly large quantity. It may contain a
significant amount of P precipitated or crystalized from the drying
water, and held in, or on, this crust, but the water of the western
arm only held ca 5kg of total P on 4/1/88, at about which time

interchange with the rest of the water ceased.
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We therefore think that most of the algal P has been desorbed from
the sediments (Section 4.4.3) and shows the store of bio-available
P in the sediments to be so large that neither the equilibrium
water column concentration, nor the rate of release is limiting for
algal growth, at least in the warm, shallow, well illuminated
waters in summer. It is well recognized that many algae are
capable of luxury uptake of phosphorus, that is assimilating more
than is immediately required for growth, and storing it as
polyphosphate for later use. This seems the most likely reason for

the large phosphorus load in these dried algae.

The high total P observed in the water columm when the western

section of the lak

(1]
[14]

wag drying up would appear also to have been
released from these algae, which had been encouraged by the warm

shallow water, then killed as the lake approached dryness.

Summary of Mass of Phosphorus in Plants

Table 18 summarizes the quantities of phosphorus calculated as

involved with various plants over the period of the study.

The most unexpected of these is the large amount (33kg) left by the
algae in the western arm of the lake, almost double that released

from dead bulrush.

It does show that harvesting bulrush would remove some phosphorus,
although the amount removed, if say one tenth the total area were
cut (ca S5kg of P) would not even equal the amounts of phosphorus

entering in storm water (ca 12.5kg).
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TABLE 18

Summary of major plant phosphorus masses in Lake Claremont in 1988.

Plant Time of P Area Covered| Average Plant Estimated
max imum (in 1988) Density Total P in Lake
Standing held at available to
2
Crop (mg/g) (mz) g/m maximum water column
(dry weight) (kg) (kg)
Bulrush Dec 1.465 14,000 2,400 52 18
Lake Club
Rush Dec-Jan 1.624 1,820 1,700. 5.5 3.2
West Arm
Algae Jan 2.841 7,200 1,600 B 33
Blue Green
Al M 1.2 7, .5 P
gae arch >/ 5 6 600 § 99 9
(south arm)
Chlorophyte| March 1.45 3 5 250 0.001 Y
sp

(site 3)
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Lake Animals

While the animals constitute a significant phosphorus compartment
of the lake, they are also frequently used to judge the state of a
feelings about the health of

o

[
[

wetland. Thig ranges from subjectiv

e

popular animals, to detailed quantitative studies of the
composition; nutrition and interactions of all the biotic members

of the community.

It is therefore necessary in this section of the report to include
information additional to the phosphorus budget. For this purpose
we have dealt with Lake Claremont's animals in three groups, based
on their habitats and their importance. These groups are; the

aquatic macro-invertebrates; the birds; and the rest. And we will

deal with "The Rest" first.

The "Rest' of the animals consist of the micro-invertebrates, about
which we can say no more because of a regrettable lack of
information, and the vertebrate creatures that people traditionally
think of as animals. We saw dogs, and a few cats on the lake's
surrounds; they looked to be domestic animals and none were seen
entering or leaving the wetlands area. Rats and mice were also
seen; the rats near Site 4 in a lake club rush stand during
December, and in the bulrushes in January; the mice in long grass
on the golf course in late summer. All four of these species could
have contributed to the very poor breeding success of those ducks
that produced hatchlings, but then, too, so could the tortoise and

other birds.

No snakes were seen, and with so little vegetation left we doubt
any remain in the region. On occasions lizards of several sorts

were seen in sunny places around the lake.

In the water there were an estimated twenty plus long necked
tortoise, and mosquito fish (Gambusia affinis) and carp were
sighted between November and January. While these latter probably
survived autumm, they were not seen again, as observation
conditions were very poor then. Several species of frog were heard

calling in November, and again in April as water returned.
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While this is not the place to examine the methods whereby truly
aquatic creatures colonize new waters, it is relevant to record
that in the nineteen fifties (at least), lLake Claremont contained a
native Goby (fish) specie, and carp (Dr G. Knight pers. comm.), and
Mr A. Doepel, (see "Land Use Report") recalls transferring some

"carp" from Mongers Lake to Lake Claremont in 1918.

There is insufficient data to permit any calculation of the
quantity of phosphorus in the aquatic vertebrates. The fish
(ommivores or carnivores) will only cycle the phosphorus within the
aquatic pool, but the tortoise (ommivores) will add formerly
terrestrial phosphorus to the aquatic pool whenever they eat land

fed/grown material, such as dead birds and picknickers' scraps.

Aquatic Invertebrates

Table 19 summarizes the animal observations in both open water and
rushes, in September, December, March and June. Presence of a
specie during those months is marked with a letter recording the

maximum observed animal density per litre.

In all, 31 distinguishably different types of animals were
collected in the lake over the study. Only two species (6%) were
found in March, and the greatest number of species in one habitat
occurred in June (15 species (48%) in rushes; 11 (35%) in open
water) and September (15 species in open water; 6 (19%) in rushes),
while in December species numbers were still high (19 (32%) open;
13 (42%) rushes).

Only broad generalirzations can be made from the results in Table 19
because of signifir~ant sampling variations in the data's
acquisition. As described in Section 8.2 the sampling method was
changed in mid 19%8 from container capture to netting. Differences
in sampling effort also arose from the number of samples at each
site on any occasion. When animal numbers were large, samples were
taken at three depths (top; middle; bottom) and all three analysed
and recorded, whereas when animals were few and field time limited

only single samples were taken, or if multiple depth samples were
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TABLE 19

Seasonal variations in the aquatic invertebrate animal numbers in open

(0) and rush (R) habitats in Lake Claremont 1987-88.
F(ew) 15; L(ow) 15-30; M(edium) 30-50; G(reat) 50 animals per litre.

TAXON COMMON
NAME

SEASON

SEPTEMBER | DECEMBER

R

MARCH
0

JUNE
0 R

PLATYHEIMINTHES
Turbellaria
?Tricladida sp. Flat worm
ANNELIDA
Oligochaeta Aquatic worm
? Tubificid sp.
Hirudinea sp. Leech
MOLLUSCA
Gastropoda
?Gabbia sp. Water snail
ARTHRQPOD
Crustacea
Daphnia carinata Water flea
Simocephalus sp. “ "

Ceriodaphnia quadrangula " "
Chydoridae

Copepoda
Calanoid sp.
Cyclopoid sp.

Ostracoda Seed shrimp
Mytilocypris ambiguosa
Sarscyvpridopsis aculeata
Candonocypris novaczelandiae
Bennelongia Australis

Kennethia cristata
Isopoda
Paramphisopus palustris Scud
Arachnida
Hydracarina Water mite
Diplodontus
Hydracarina sp.

Hor o X

Q@ m m @
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TABLE 19
Seasonal variations in the aquatic invertebrate animal numbers in open

(0) and rush (R) habitats in Lake Claremont 1987-88.
F(ew) 15; L(ow) 15-30; M(edium) 30-50; G(reat) 50 animals per litre.

SEASON
TAXON COMMON SEPTEMBER | DECEMBER | MARCH { JUNE
NAME 0 R 0 R 0 R 0 R
Insecta
Odonata
Zvgoptera sps. Damsel fly
Hemiptera
Micronecta robusta Water boatman F F F F F L
Agraptocorixa hirtifrong Ly "
Anisgps sp. Backswimmer
Merragata sp. Pond skater
Coleoptera
? Dytiscidae Diving beetle
Orange spotted sp.
Black sp.
Larval forms F H
Diptera
Chironamidae sp. Midges F F G
Culicidae sp. Mosquito F F
Stratiomyidae sp. Soldier fly larvg F
Trichoptera sp. Caddis fly larva
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taken, only those showing animals were recorded. Finally sampling
was carried out more frequently in September (3 times, at 2 sites
of each type), than June (2 x 2, each site type), and December

(1 x 2 for open; 1 x 1 for rushes) and March (1 x 1 both types).

Within these sampling constraints it is possible to make several
comments. The first is that some species were so short lived (or
poorly collected?) that they do not appear in Table 19. The second
is that while some specie show definite habitat preferences

(eg. Tubificid; Merragata) others appear to survive equally in
both, and a few '"migrate'" from one habitat to the other as the

seasons changed (eg. the Hemiptera).

This is significant since the aquatic fauna help to modify their

environment, including the chemical environment. Bottom fauna are
important in bio-transport, both of nutrient sediment particles to
the surface, and of water and gases, especially oxygen, down into
the sediment. Animals such as chironamids and tubificids are the
most obvious examples, but the corixids (Hemiptera) contribute to

water mixing and gas exchange at the top of the sediment layer.

A final observation from the information in Table 19 is that except
for September, the rush habitat had as many (in October), or more,
species present than the open water. This is a situation one of us
has noted before at Herdsman Lake and Lake Carine (Lantzke,
unpublished). It seems to us very likely that this results, at
least in part, from the thermal sheltering of the shallow summer
water by dense emergents, so that it does not reach the peak high
temperature that occurs in equivalent open water. This is
consistent with the hemipterans continuing to survive in the
rushes, but not the open water (ie. to "migrate" from open water)

in March.

Like species distribution (which is a guide to the lake's health),
numbers (or weights) of animals were also greatest in June. On
21/6/88, by which time ostracod numbers were decreasing in the open
water, the figures at Site 2 (representative of open water) were
total animals (4 species) 130 per litre (59% water fleas) with a
dry weight of 0.0257g, while at Site 4 (typical of rush habitat),
total animals (10 species) of 130 per litre (53% water fleas) and a

dry weight of 0.0568g were obtained.
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Jorgensen (1979) gives the phosphorus: biomass ratié for copepods
as ranging between 0.4% and 0.8% P on a dry weight basis, and in
the absence of better information the median value of 0.6% P can be
used to estimate the phosphorus mass held in the collected
invertebrates. With the Site 2 collection this gives 0.15g of P in
the animals in each cubic metre of water, while for the Siteyh

samples it gives 0.34g of P/m3.

Extrapolating these figures to the whole lake is tricky since the
animals are not homogeneously distributed. The ostracods are
bottom dwellers, while the water fleas move up and down the water
colum on a 24 hour cycle. They also drift with the wind to give
patchy horizontal distributions. (On 21/6/88 the water flea counts
were 794 animals/litre at Site 1, but 130 at Site 2). However,
assuming the Site 2 data approximates to homogeneity both
horizontally and vertically, gives an open area invertebrate

phosphorus mass of about 8.5kg of P.

It is possible to compare the general biological health of

Lake Claremont with the best, the worst, and the nearest of the
five metropolitan lakes examined by Davis and Rolls (1987) (Lakes
Jandabup, Joondalup, and Mongers respectively) by comparing
invertebrate populations. Because their study used different
levels of classification for some animal groups, it is necessary to
collapse a number of categories, with some loss of information. It
is also necessary, in order to draw meaningful comparisons, to
assume that so far as invertebrates were concerned both seasons

were equivalent.

Table 20 summarizes the species numbers, percentages and changes
between autumn and winter in the four lakes. The table shows that
Lake Jandabup, with an annual species total of 92% of the 39 common
to the four lakes, and a summer minimum of 23% maintains greatest
species diversity (generally a sign of ecological health). Lake
Claremont with annual species number of:~ 54% (open), 67% (rush),
and summer minima of 0% and 5% respectively; Lake Joondalup (51%

and 18%); and Mongers Lake (51% and 28%) show less diversity.



-97-

However in winter, while Lake Jandabup carried 56% of the common

species, Lake Joondalup contained only 21%, whereas Lake Claremont

carried 26% in open water and 36% in rush areas, and Lake Monger

36% also.

The phosphorus concentrations are interesting, as Lake Jandabup's

tot. P did not exceed 50ug/L, whereas Lake Joondalup had much

higher average tot. P with several peaks of around 200mg/L, while

Lake Monger varied between winter—spring tot.P concentrations of

around 100ug/L and values around 800ug/L for the rest of the year.

Although Lake Claremont has higher tot. P concentrations it has

greater invertebrate diversity, and greater seasonal range in

species abundance (as expected for a seasonal wetland), than

Lakes Joondalup, and Monger.

We do not consider it valid to make interlake comparisons of

particular animal numbers (eg seasonal densities) because of

differences in methods in the two studies.

TABLE 20

Comparison of seasonal invertebrate diversity at
Claremont, Jandabup, Joondalup and Mongers Lakes

Lakes

Claremont

Jandabup Joondalup Mongers

Season open rush total

Autumn No of species 0 2 2 9 7 11

(March/April) % of common sp. 0 7 7 23 18 28

Winter No of species 10 14 15 22 8 14

(June/July) % of common sp. 26 36 38 56 21 36

Annual No of species 21 26 27 36 20 20
% of common sp. 54 67 69 92 51 51

No of common categories = 39
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4.6.2 Birds

The intention of this section is to relate bird observations to the
lake's phosphorus budget. A number of other éspects related to
bird habitation at the lake are discussed in the section of the
project 'Lake Claremont Bird Survey'. We also draw attention to
the extensive observations of Clifton and Clifton, included, with

permission, as Appendix 8.5.

Like the other animals, the birds are related to the lake's
phosphorus budget in three ways:- by being a part of that budget;
as being another mover of phosphorus; and as indicators of the
health of the lake, assuming that this latter is related to its

phosphorus budget, an aspect discussed shortly.

Table 21 is a summary of counts of water associated birds at the
lake between 30/9/87 and 15/6/88. It shows only five species of
water birds (Black Duck, Hybrid Duck, Seagulls, Dusky Moorhen and
Western Swamphen) present on all sampling occasions, and a change
from swimming to wading birds in summer, and back the other way in

early winter.
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TABLE 21

Monthly counts of water birds observed at Lake Claremont
between 0630 and 1015 hours, 1987 - 1988

SPECIES 0OCT NOV DEC JAN MAR APR MAY JUN
Black Swan 29 57 89 11 - - 10 6
Black Duck 27 61 139 123 8 5 90 17
Grey Teal 4 3 27 148 - - 58 -
Blue Bill Duck 1 5 11 11 - - - -
Pink-eared Duck 5 6 15 16 - - - 2
White-eyed Duck 1 - 2 - - - - -
Mountain Duck 1 - 4 4 - - 10 4
Blue-winged Shoveller 2 - 2 14 - - = -
Musk Duck 2 - - - - - - -
Hybrid Domestic Duck 10 6 13 14 18 3 2 2
Hoary-headed Grebe 1 - 1 - - I
Little Grebe - 5 2 - = = = -
Australian Pelican 1 - 1 - - - - 4
Black Cormorant 1 1 1 - - - - -
Little Black Cormorant 1 3 3 - - - - 1
Little Pied Cormorant 1 3 2 - - - - -
White-faced Heron - - 1 2 - - - -
White Egret - - - 2 - - - -
Sacred Kingfisher - - - 1 - - - -
Silver Gull 188 451 448 520 160 110 306 202
Caspian Tern 1 - - - - - - -
Black—winged Stilt - 1 4 70 2 7 16 -
Black-fronted Dotterel - 1 12 12 8 22 -
Greenshank - - - - 2 - - -
Wood Sandpiper - - - - 2 - - -
Coot 86 153 147 145 - - 2 50
Dusky Moorhen 3 18 10 14 14 2 1 13
Western Swamphen 17 9 16 27 13 7 15 23
Marsh Crake - 1 - - - - - -
Clamorous Reed Warbler 20 32 25 34 4 - 4 7
Little Grassbird 1 5 2 b - - 1 5
Tree Martin 211 36 38 136 68 - 56 20
Welcome Swallow S8 89 84 230 140 92 251 68
All "Water Users"

No. of birds 532 945 988 1538 443 134 844 428
No. of species 24 20 26 21 12 8 15 19
Water Fowl .

No. of birds (N) 402 783 839 1134 231 142 532 328
No. of species (S) 20 16 22 17 9 7 11 12
*H! 1.61 1.39 1.78 1.80 1.18 0.92 1.40 1.37
*k ! 1.23 1.16 1.32 1.46 1.24 1.08 1.34 1.27

*H' Shannon Weiner Diversity Index

AN Evenness
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We have been unable to calculate the phosphorus content of this
bird compartment because, to our surprise, we were unable to find
the necessary data, despite the widespread recognition of the

aesthetic and ecological importance of water birds.

[In passing we suggest that local secondary school students, after
obtaining the appropriate licence from CAIM, may be interested in
quantitative studies of feeding preferences, nutrition and growth
of common wetland birds, together with quantitative data on
excretion (even average weight of droppings, let alone mineral

composition)].

Fortunately, because of bird longevity and mobility we think the
phosphorus in the bird compartment can be treated as a relatively
constant quantity, not interacting with the other lake
compartments. The amounts of P released from the few birds that
die in the catchment, approximately balances that consumed by young
birds and the few trans-equatorial migrants building up weight

before leaving.

The role of the birds in phosphorus transfer is probably
significant, but hard to unravel because of conflicting bird
behaviour, and quantitative studies are needed to determine the
balance. The formation of guano (rock phosphate) from marine bird
droppings is well known, the phosphorus being transported from the
birds' prey to the guano site. At Lake Claremont the Cormorants
have been importing phosphorus over the years. During.1987—88
cormorants roosted on the dead paper barks, except when the lake
was only a-small shallow pool, and inter-alia excreted into the
lake. This has been going on for some time; Emory et al (1975)
recorded up to seven birds roosting in 1974, while during 1987-88
there were 9-20 birds roosting with a maximum of 40 on one occasion
in early November. They were not seen to feed in the lake, except

in December, confirming their role as phosphorus importers.

It is interesting to speculate if phosphorus contributed by
Cormorants is the reason that the calculatiomns (in Section 4.3.2)
of the time required for present storm run-off P concentrations to
build up 3 tonnes of P in the surface sediments was about

100 years : much longer than the present high flow rate can have

existed.
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The grass eating birds (eg the grazers such as coot and black swan)
will transfer P in the grass, to where ever their droppings end up;
most likely into the lake in run-off. But again there is

insufficient data to guess at the magnitude of these processes.

The insectivorous birds, especially the terrestrially nesting
species (eg welcome swallow), by eating midge and mosquitos provide
an avenue for P removal, as well as an important service to

neighbouring humans.

The "mud" feeders probably make no noticeable difference to the
phosphorus balance, just cycling small amounts from their prey into
the water in excreta, but the wader group is of great significance
because it includes two trans—equatorial birds (Greenshank and
Wood Sandpiper). The feeding habitat of these is mud flats,
recently exposed by (slowly) receding water, and they feed from
arrival (August) to departure (April), moving from lake to lake.
Two Greenshanks and two Wood Sandpipers were sighted at Claremont
on March 2nd , having arrived after January llth, and departing

before April 8th.

Both these species are covered by the China Australia Migratory
Bird Agreement, and the Japan Australia Migratory Bird Agreement,
which oblige all three countries to protect them. Implicitly this
means protection of habitat, ie Lake Claremont mud flats (with food
in them), even although the lake is not explicitly covered by the

International Wetlands Species Agreement, because of its small area.

To reinforce this need to maintain Lake Claremont the RAOU, (pers.
comm.) recorded a Black Tailed Godwit, another migrant covered by

the Agreements, at Lake Claremont in Autumn 1989.

The use of water birds to assess the water quality and health of
the lake needs to be examined carefully because, overall, there is
no simple direct relationship between bird numbers (or species) and
water quality. The preferences of some species for water of
particular salinity does not appear to extend directly to other

water quality parameters. This is unfortunate because birds are of
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such aesthetic interest that (despite this complexity of
relationship) comments on wetland health are frequently based on
selected birds, but factors within the region as well as in the
lake, influence the usage of Lake Claremont; additionally, casual

or short term, observations may be misleading.

A major reason for needing a regional view, is the mobility of
birds. When conditions are not to their liking (or instincts),
they can, and do, move out seeking a better habitat (Serventy and
Whittell, 1976). This happened in summer (1987-88) with most of
the water using birds, and was reversed for the waders when the
rains came. Conversely if no better habitat is within reach, bird

numbers on a wetland can build up far beyond optimum numbers.

Another complexity in using bird data comes from birds needing
habitats that satisfy four different functionsg:— feeding; loafing;
roosting (shelter); and breeding. Some species need four different
habitats, others less, but these need not necessarily be on the
same lake, a point made by the cormorants, which mostly fished in
the river, but roosted at the lake. This interpretive problem is
extended further by the range of habitats and food used by
different species (Hnatiuk, 1985). Thus in March when the aquatic
plant browsing ducks were being poisoned by the algal toxins, the
waders fed, apparently unharmed, on the exposed mud flats only

meters away.

It is through food that the influence of water column P is most
direct. Too little P will mean limited plant growth and limited
feeding for aquati- browsers and "hunters'. Too much P
(especially, it is thought, if the ratio of P to N increases as
well) may produce noxious blue green alga — poisoning the aquatic

plant eaters.

Also contributing to the complexity of using bird data, is the
opportunistic breeding of many Western Australian water birds,
whereas others follow seasonal patterns (Serventy and Whittell,

1976:2), thereby adding a further variable.
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Problems of observation and misinterpretation can Arise at Lake
Claremont hecause, with its small size, it cannot provide all
possible habitats, all year, and with the falling water levels of
the district it is too shallow in most summers to adequately
support deeper water, water fowl (regardless of algal toxins).
Also the small size, and rapid seasonal changes make some habitats
so small, or so fleeting, that it is possible to not notice their
occupancy, or a change in them, over the years. For example if at
Lake Claremont, Western Swamphen; Clamorous Reed Warblers; and
Little Grass Birds breed in bulrush at the same density as at
Herdsman Lake (Curry 1981) ie 2-3 pairs per hectare, then the 1.4
ha of bulrush will only carry 3 or & breeding pairs of each, and
all 3 could be overlooked on one visit, while a change from 3 to 2

pairs over several years would also be missed.

In view of the issues discussed above it is our intention to
consider the health of the lake in terms of its provision for each
of the four bird requirements (food; rest; shelter; breeding) for

the birds observed using it in 1987-88.

A comparison with the bird lists of 1972, 1974 (Emory et al, 1975),
1977 (Morris and Knott, 1979) and 1987-88 summarized in Table 22
show that during winter and spring the same species have been
present for at least 16 years, although not all were sighted in the

September observations, some being seen in October or July.
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TABLE 22
Comparisons between bird usage of Lake Claremont

in Spring and Autumm in 1972, 74, 77 and 87-8.

Spring (September) Late Summer (April)
Date 5.9.72 24.9.74 14.9.77 30.9.87 | 7.4.72 3.4.77 8.4.88
Total Birds 81 51 126 367 114 Le7 136
Total Species 8 9 10 18 8 7 7
*H' 1.64 1.95 1.72 1.56 1.62 1.10 0.795
Kk J! 1.81 2.04 1.72 1.95 1.79 1.30  0.941

*H
K

Shannon Wiener Diversity Index

Evenness

The values of H' (Shannon Wiener diversity index) and J' (Evenness)
show this basic similarity in spring, despite the large number of

seagulls present on 30/9/87 (188; half the birds counted).

The Autumn figures, though not so complete, suggest a change in the
bird usage of the lake. In 1972 the birds observed were most of
the species observed in winter; in 1977 the Little Grebe, an
essentially fresh water bird (Serventy and Whittell, 1976:3), and
the Blue Bill Duck, a deeper water bird, were ''replaced" by

Stilts. In 1988, there were only a few ducks present (Black and
domestic/hybrid) with Stilts, Black Fronted Dotterel, and many
seagulls present (on the exposed flats). This is shown also in the
Diversity and Evennéss indices, as the limited number of species,

and large number of seagulls had a major effect.

We do not think there is a trend, rather a correlation between
water depth (and possibly aquatic invertebrate numbers), and the
species seen on the lake. By including the observations of Clifton
and Clifton in 1978, 1985-87 (Appendix 8.5) with the other bird
information, and using the ground water levels (Fig. 3) it can be
seen that in an autum with low water levels there were few ducks;

with higher water levels more ducks remained.
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In every year under consideration the winter rains proper did not
commence until May (June 19th 1972), and waterfowl migration to
inland breeding sites would not have commenced in April. The water
depth in the southern arm can be estimated since on 31 March 1988
the adjacent WAWA bore level was 1.058m, and the lake water level
was about 7c¢m, (ie the lake bottom is about 0.99m A.H.D.). Using
this and the bore water levels, the water depths in Table 23 were

estimated.

TABLE 23

Estimated w