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4

Introduction

Lake Joondalup is receiving nutrient enriched waters from the southern lakes of the Yellagonga
Regional Park, as they flow northwards (Lund, 2007, Cumbers, 2004, Congdon, 1986). Lake
Joondalup is the largest lake within the park and suffers from many of the consequences of
eutrophication. Studies over many decades keep leading to Beenyup Swamp as the main source of
nutrients entering Lake Joondalup (Condgon, 1986, Kinnear, 1997, Lund, 2007). An estimated
1,350 kg of phosphorus was exported from the swamp during the 9 months it flowed in 2004,
equating to 93% of Lake Joondalup’s phosphorus inputs (Cumbers, 2004). A more recent study by
Lund (2007) concurs with Kinnear (1994) showing that dissolved phosphorous levels were higher
leaving Beenyup Swamp than when it enters at Walluburnup Swamp. This would suggest that
Beenyup Swamp has an internal source of phosphorus.

Wetland sediments provide short and long term storage for phosphorus (Balla, 1994; Annan, 2002).
Sediments play a vital role in absorbing and releasing phosphorus in and out of the water column
under different physico-chemical conditions, such as changes in pH, redox, iron, calcium, in
relation to water flows and levels, to name but a few. Adding to this are changing environmental
conditions like disturbances, rewetting and abundance of organisms in wetland sediments can
remobilise phosphorus from the sediment producing unwanted increased levels in the wetland and
ultimately moving large amounts of

dissolved phosphorus from an enriched to unenriched

phosphorous site (Bostic & White, 2007).

The aim of this study is to ascertain if the sediment of Beenyup Swamp have the potential to be the
source of P encountered in the outflow.
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5.1

Methods

Study Site

Beenyup Swamp is located in the Yellagonga
Regional Park lying on the ‘coastal limestone
belt of the Swan Coastal Plain’ (Allen, 1976,
cited by Kinnear, 1997). Centrally located in the
chain of wetlands it lies between Lake Joondalup
to the north, Walluburnup Swamp to the east and
Lake Goollelal to the south (Figure 2). It is
managed by the Cities of Wanneroo and
Joondalup and Department of Conservation and
Environment, under the Yellagonga Regional
Park Management Plan.

Located within the Spearwood Dune System,
Beenyup Swamp is nestled in a low elevated
interdunal depression with a high plateau sloping
to swamps’ edge on the western side and
generally flat with slightly undulating slopes to
swamps’ edge on the east. (City of Wanneroo,
1995 cited by Kinnear, 1997)

Figure 2. Direction of water flow through the Yellagonga
Regional Park wetlands (blue circles indicate drains
entering the chain – taken from Ove Arup ).

Beenyup Swamp sediment comprise of loose
floc, thick consolidated organic matter and Beonaddy Sand – dark grey on the surface and
lightening as it deepens (Cumbers 2004). The thickness of the consolidated organic matter in the
open water (see Zone 5), the mucky-peaty (Sommer 2006), was up to 0.35 m thick (this was as far
as the thin steel rod from the flow meter would go). However, this layer is 2 m deep at Lake
Goollelal and up to 10 m at Walluburnup Swamp (Sommer 2006) which suggests that Beenyup
Swamp may have several metres of consolidated sediment. Loose floc and consolidated organic
matter depths varied across the swamp, while sand and a small amount of organic matter was found
at the connection channel to Lake Joondalup (Site 1), loose floc was highest around paperbark trees.
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The swamp contains a number of dominant plant species. The edge of the swamp of the swamp is
surrounded by healthy Kikuyu grass. A woodland of fringing Paperbark (Melaleuca rhaphiophylla)
encloses the swamp. Colonising reeds are found on the east side of the swamp near Walluburnup
Swamp and the Beenyup Swamp boardwalk connection. The understorey contains grasses,
immature figs and weeds.

The height of the land (Australian Height Datum, AHD) varies within Yellagonga Region Park
from Lake Goollelal at 27 m AHD to Walluburnup Swamp 19 m AHD to Beenyup Swamp at 18 m
AHD and onto Lake Joondalup at 18 m AHD. Surface water flows south to north, from Lake
Goollelal through to Walluburnup Swamp then to Beenyup Swamp and onto Lake Joondalup
(Figure 3).

Urbanisation has increased surface flows into the wetlands through decreased infiltration in the
catchment area (City of Wanneroo, 1994 cited by Kinnear, 1987). This has changed the hydrology
of the wetlands and flow regimes. Most of Perth’s rainfall occurs between April and October
(BOM, 2008) this means that Beenyup Swamp has periods of drying (hot dry summers with high
evaporation rates) out and followed by periods of
flooding. Due to its elevation, Beenyup Swamp
has a quick response time to rainfall as it fills
rapidly. (Congdon, 1985). Once filled it connects

In flow

to the southern portion of Lake Joondalup.
Beenyup Swamp is very shallow at 1.2-1.4 m
deep when full. The flow of water through
Beenyup Swamp is shown in Figure 3.

5.1.1

Zones

Beenyup Swamp sample sites have been divided

Figure 3. The flow direction of the surface water
in Beenyup Swamp.

into 5 Zones (Figure 4) based on similar site characteristics, geographical location and
environmental conditions.
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Zone 1 consists of sediment sample sites 1-3 and located in the braided channel that runs from the
main body of water to the exit channel at the bridge separating Beenyup Swamp and the
southern part of Lake Joondalup.
Zone 2 is located on the eastern side of the swamp and has sites 4-6 including the connecting
boardwalk between Walluburnup Swamp and Beenyup Swamp. A limestone track runs
parallel to the swamp edge and is very flat.
Zone 3 has sites 7-10 and is located on the south side of Beenyup Swamp running parallel to
Woodvale drive. Woodvale Senior High School (site 10) located in the far south-west
corner of zone 3.
Zone 4 is located on the western side of the swamp, in front of Woodvale residential area and
consists of sites 11-14. It has a steep embankment.
Zone 5 is the open water of Beenyup Swamp and includes sites 15-21.

1

2

5
3
4

Figure 4. An aerial photo of Beenyup Swamp which was divided into Zones. Sourced from Google Earth, April 2008
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5.2

Sediment Samples

Sediment samples were collected in March 2008. Three sediment samples (to a depth of 100 mm)
were taken from each site and where possible from three different landscape features (eg in water,
by a paperbark, near the bank, near a patch of waterlogged plants). A plastic corer tube (45 mm
dia.) was pushed into the sediment, stoppered and extracted. In the open water, the depth prevented
use of the corer and so an Ekman grab was used instead. The three samples were combined together
into a homogeneous sample and then frozen at -20oC to stop biological activity.

All frozen sediment samples were delivered to CSBP laboratory in Bibra Lake for analysis of Total
P, Total N, potassium, sulphur, nitrate, ammonium-N, conductivity, and pH levels within the
samples.

5.3

Water Samples

In March 2008, two water samples were taken from each site using the following technique; one
sample was then filtered through 0.5 µm GFC filter paper (Pall Metrigard®). The two samples were
then frozen at -20oC until analysed at the Natural Sciences Analytical Laboratories (ECU). Filtered
samples were analysed for filtered reactive phosphorus (FRP), ammonium-N, and NOx-N.
Unfiltered water samples were analysed for Total N and Total P levels.

10
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Results

6.1

Zone 1

Zone 1 had the healthiest understorey vegetation and lowest leaf litter of all the zones (apart from
site 10, Zone 3). It had on average 2 paperbarks per 3 m radius circle like most zones and the lowest
canopy cover of 56% Table 1. Only Zone 1 had the second highest water depth of 0.46 m. The
sediment was sandier that the other Zones.

Water samples showed that Zone 1 had mid range results of NH3, NOx, Total N, FRP and Total P
with 194±29, 47±19, 2770±310, 738±77 and 1378±307 μg L-1 respectively. Site 1 NOx was 3 times
higher than the other sites in the zone (Figure 7).

Zone 1 sediment had the lowest concentrations of N (16.8±2.0 mg g-1), P (0.9±0.6 mg g-1), S, Na,
Ca, Mg, Cl, Cu, B and Zn (Table 2) across all zones. Potassium concentrations were the second
highest at 0.9±0.2 mg g-1 while conductivity (0.2±0.1 mS cm-1) and pH (5.6±0.2) were the lowest.
Manganese and nitrate concentrations were the second lowest of the zones.

Site 1

Site 2
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Site 3

Figure 5. Photographs of the sample sites 1-3 in Beenyup Swamp.

Table 1. Zone characteristics, descriptions and observations averages.
Zones
General Description

1

2

3

4

5

Main

Eastern side

South side of

West side of

In the open

channel

of

Swamp,

the

water,

Woodvale Drive

Woodvale

middle

Estate

Swamp

leading

No of Paperbarks (3m rad)

to

Swamp

near

Lake

Walluburnup

Joondalup

Swamp

Swamp,

of

2

2

2

5

<1

Understorey

High

Low

Med

Low

0

Canopy Cover %

56%

70%

83%

68%

<7.5%

Flowing

Flowing/still

Wet/Still

Still

Still

Some

50% (-site 6)

6%

15%

Nil

0.46 m

0.21 m

0.13 m

0.42 m

1.22 m

Hard/Soft

Very soft

Very soft

Hard

Very soft

Sandy

COM*

OM,COM

OM,Sand,

COM, roots,

Water Characteristics
State
Surface weed %
Depth
Sediment Characteristics
Softness
Type

COM

some litter

*COM = Coarse organic matter; OM = organic matter

6.2

Zone 2

Zone 2 was one of two sites to show evidence of dried aquatic plants and low understorey
vegetation; however leaf litter was comparable to Zones 3 and 4 (Figure 6). It had on average of 2
12
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paperbarks per 3 m radius circle like most zones and had an average canopy cover of 70%. Its was
one of two Zones (Zone 5) that had the softest sediment which consisted of mainly COM
(consolidated organic matter). Zone 2 had the highest amount of floating aquatic plants. The depth
of the water was the lowest at 0.21 m compared to the other zones (Table 1).

Site 4

Site 5

Site 6

Figure 6. Photographs of the sample sites 15-21 in Beenyup Swamp.

Zone 2 had the lowest concentrations of NH3 (<3 μg L-1), NOx (25±9 μg L-1), FRP (510±98 μg L-1)
but high and variable concentrations of Total N (3513±1168 μg L-1) and the second lowest
concentration of Total P (1103±287 μg L-1) (Figure 7).
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The sediments of Zone 2 had the second highest concentrations of N (19.0±2.0 mg g-1) and P
(2.3±1.3 mg g-1) but intermediate concentrations of all other measured parameters. Site 6 skewed
the P result as it had a concentration of 4.9 mg g-1 (Table 2).

a) Total P

b) FRP
1
2

μg.P.L-1
500 - 1000
1000 - 1500

μg.P.L-1

5

500 - 600
600 - 700

1500 - 2000
2000 – 2500

700 - 800

4

800 – 900

3

900 – 1000

Site 10 in Zone 4

1000 - 1100

c) Total N

d) NOx

μg.N.L-1

μg.N.L-1
1000- 1500
1500 - 2000

20 - 30

2000 - 2500

30 – 40

2500 – 3000

40 - 50

3000 - 3500

50 - 60

3500 - 4000

60 - 70

e) NH3

μg.N.L-1
Not
Detected
190 - 200
200 - 210
Expect site 10 with
159 μg.N.L-1

Figure 7. Mean concentrations of a) Total P, b) FRP, c) Total N, d) NOx and e) NH3 in Beenyup Swamp in March 2008.
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6.3

Zone 3

Zone 3 was another zone showing evidence of dried aquatic plants and low understorey vegetation
however leaf litter was comparable to Zones 2 and 4 (Figure 8). It had on average 2 paperbarks per
3 m radius circle like most zones and had the highest canopy cover of 83%. Its sediment was soft
and mainly consisted of COM and OM. Zone 3 had lowest coverage of floating aquatic plants. The
depth of the water was the lowest of all the zones at 0.14 m compared to the other zones (Table 1).
Site 7

Site 8

Site 9

Site 10

Figure 8. Photographs of the sample sites 7-10 in Beenyup Swamp.

Water samples from Zone 3 had the highest concentrations of Total N and Total P at 3715±758 and
2182±932 μg L-1 respectively however the Total N concentrations are skewed by 5830 μg L-1 in site
7 and for Total P, 4900 μg L-1 in site 10. However NH3 was at the detection level of <3 μg L-1, with
the exception of 159 μg L-1 in Site 10. NOx and FRP were intermediate at 41±5 μg L-1 and
626±226 μg L-1 respectively (Figure 7).
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Zone 3 sediment samples had intermediate concentrations of Total N (17.3±2.3 mg g-1) and Total P
(1.3±0.3 mg g-1). The sediment had the highest conductivity (0.6±0.2 mS cm-1) which was probably
the result of having the highest concentrations of K (1.0±0.3 mg g-1), Na (2.3±0.4 mg g-1), Mg
(1.9±0.3 mg g-1), and Cl (2.6±0.3 mg g-1). Manganese (14.8±3.1 µg g-1) and nitrate (11.8±2.8 µg g1

) had the lowest concentrations of all the zones. All other parameters, pH, S, Cu, Zn, Fe, and B had

intermediate concentrations (Table 2).

6.4

Zone 4

Zone 4 had the highest number of paperbarks within a 3 m radius circle with an average of 5
however the canopy cover was mid range at 68% and there was little understorey. There was no
evidence of dried aquatic plants and no aquatic plant cover. Water depth was 0.42 m which was the
mid range depth across all sites. Sediment was predominantly hard and sandy (Table 1).

Site 11

Site 12

Site 13

Site 14

Figure 9. Photographs of the sample sites 11-14 in Beenyup Swamp.
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Zone 4 had the highest water nutrient concentrations of NH3 (209±20 μg L-1) and FRP
(1001±37 μg L-1), the second highest Total P (1536±134 μg L-1) and intermediate concentrations of
NOX (27±7 μg L-1) and Total N (3143±465 μg L-1).

The sediment of Zone 4 had the highest B concentration of 15.7±3.0 µg g-1 and lowest Fe of
13.6±3.2 mg g-1, while Total N was 17.7±2.5 mg g-1 and Total P was 1.1±0.3 mg g-1. All other
concentrations were intermediate (Table 2)

6.5

Zone 5

Zone 5 covered the open water part of the lake, so there was <1 paperbarks per 3 m radius circle
and low canopy cover (7.5%). There was no evidence of fresh or dried aquatic plants or an
understorey however reeds and dead trees were recorded. Zone 5 had the deepest water at 1.22 m.
Sediment was predominantly very soft, and consisted of COM, reed roots and OM (Table 1).
Site 15

Site 16

Site 17

Site 19
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Site 20

Site 21

Figure 10. Photographs of the sample sites 15-21 in Beenyup Swamp.

The water of Zone 5 had high NH3 (197±27 µg L-1), the highest NOx (63±13 µg L-1), but the lowest
Total N (1470±69 µg L-1), FRP (599±34 µg L-1) and Total P (665±29 µg L-1).

The sediments of Zone 5 had the largest number of highest concentrations with Total N
(19.1±0.9 mg g-1), Total P (5.4±1.7 mg g-1), S (23.4±3.3 mg g-1), Ca (23.3±2.0 mg g-1), Cu
(56.8±5.8 µg g-1), Zn (43.5±7.0 µg g-1), Fe (48.1±3.9 mg g-1) and pH (6.8±0.2). This suggests the
sediments of Zone 5 are taking up nutrients and potentially other solutes from the water column.
Conductivity was high at 0.5±0.1 mS cm-1 while K was the lowest at 0.3±0.02 mg g-1.
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Table 2. Average (±SE) sediment concentrations of nutrients, metals, pH and conductivity from Beenyup Swamp.

Zone
Zone
Zone
Zone
Zone

Zone
Zone
Zone
Zone
Zone

1
2
3
4
5

Nitrogen
-1
mg g
16.8 ± 2.0
18.9 ± 2.5
17.3 ± 2.3
17.7 ± 2.5
19.1 ± 0.9

Phosphorus
-1
mg g
0.9 ± 0.6
2.3 ± 1.3
1.3 ± 0.3
1.1 ± 0.3
5.4 ± 1.7

Potassium
-1
mg g
0.9 ± 0.2
0.6 ± 0.1
1.0 ± 0.3
0.8 ± 0.1
0.3 ± 0.0

1
2
3
4
5

Copper
-1
µg g
16.0 ± 7.0
29.2 ± 12.3
29.3 ± 7.8
17.8 ± 3.5
56.8 ± 5.8

Zinc
-1
µg g
16.3 ± 7.5
33.9 ± 14.3
48.2 ± 10.3
32.4 ± 11.1
64.1 ± 6.3

Manganese
-1
µg g
16.2 ± 6.3
24.4 ± 13.1
14.8 ± 3.1
23.1 ± 4.6
43.5 ± 7.0

Sulphur
-1
mg g
4.0 ± 1.7
6.7 ± 0.6
6.2 ± 1.5
13.7 ± 3.2
23.4 ± 3.3

Iron
-1
mg g
15.3 ± 6.6
26.0 ± 13.4
28.4 ± 6.7
13.6 ± 3.2
48.1 ± 3.9

Sodium
-1
mg g
0.7 ± 0.3
1.5 ± 0.2
2.3 ± 0.4
2.0 ± 0.5
1.0 ± 0.0

Calcium
-1
mg g
7.2 ± 3.4
16.3 ± 5.1
13.0 ± 1.6
15.4 ± 2.8
23.3 ± 2.0

Magnesium
-1
mg g
0.9 ± 0.4
1.5 ± 0.4
1.9 ± 0.3
1.7 ± 0.3
1.8 ± 0.1

Chloride
-1
mg g
1.1 ± 0.4
1.3 ± 0.1
2.6 ± 0.3
2.1 ± 0.3
1.6 ± 0.1

Nitrate
-1
µg g
12.3 ± 1.7
13.4 ± 5.5
11.8 ± 2.8
13.4 ± 3.3
15.3 ± 2.3

Boron
-1
µg g
8.8 ± 3.7
10.3 ± 2.1
13.6 ± 1.7
15.7 ± 3.0
12.2 ± 0.6

Conductivity
-1
mScm
0.2 ± 0.1
0.4 ± 0.1
0.6 ± 0.2
0.3 ± 0.0
0.5 ± 0.1

pH
5.6
5.8
5.8
6.5
6.8

±
±
±
±
±

0.2
0.5
0.3
0.2
0.2
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7

Discussion

Over the period of this study of Beenyup Swamp rapid filling was observed. On the 6th of April
2008 Perth Airport received 58.6mm rainfall in a 24 hour period (BOM, 2008). Assuming that
Beenyup Swamp received a similar amount of rainfall, the swamp water level rosed by 60cms in
under 24 hours period. This suggests that the water entering Beenyup Swamp was surface flow
coming from Walluburnup Swamp and direct rainfall. Water entering the swamp stays within the
basin until the water levels raise enough to connect the swamp with Lake Joondalup. The April
deluge connected the two water bodies for the first time that year. Beenyup Swamp could possible
be a perched aquifer due to thick sediment depths found in neighbouring Walluburnup Swamp and
Lake Goollelal. This thick sediment layer acts as a permeable layer preventing Gnangara Mound
groundwater mixing with Beenyup Swamp. If groundwater is mixing with Beenyup Swamp this
would be in the form of springs and could be investigated as a source of P in Beenyup Swamp.

The observations and characteristics results show that splitting up the swamp into zones
successfully differentiated canopy cover, organic matter and softness of sediment. Zone 1 showed
predominately the lowest levels of chemicals anaylised while zone 5 showed predominately the
highest readings. Both zone 1 and 5 showed a relationship of P to Ca, Mg, and Fe, Zone1 had the
lowest P, Ca, Mg and Fe (2nd lowest) while zone 5 the highest. This could be to the binding nature
of P to Ca, Mg and Fe.

Water results showed that there was a small relationship between the levels of phosphate in the
water to the sediment below. Zone 5 had low phosphate levels in water samples while the sediment
below had the highest levels of P suggesting that the sediment may only be releasing small amount
of P into the water column above and one explanation could possibly due to the finer consolidated
organic matter having more surface area to bind the P (Balla, 1994). Zone 4 may be releasing
phosphate into the water column as its water columns readings were high and sediment P was low
possible also due to the large size of the organic matter having a small surface area (Balla, 1994).
High levels of P in the sediment in open water could be explained by the fact the it’s the deepest
part of the swamp and therefore being the last area to possible dry out resulting in more nutrients
being held or trapped. However Kleeberg and Koxerski (1997, cited by Christophoridis and
Fytianos, 2006) suggests that a number of environmental conditions effect and control the release of
phosphorus from the sediment; ph, temperature, redox, sulfate concentrations, mixing, biological
20
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activity and boiturbation. With this in mind Beenyup Swamp sediments could possibly have a suit
of environmental conditions control and influencing P release and absorption.

a) Total P

b) Total N

mg/g dry wt
mg/g dry wt

0-1

16-17

1-2

17-18
18-19

2-3

19-20

3-4
4-5
5-6

Figure 11. Distribution of nutrients in sediment in Beenyup Swamp

The inflow point into Beenyup of 585μg.L-1 was only slightly low than the open water average of
598 μg.L-1 suggesting that the zones 2, 3, 4 may be producing the extra phosphate required to show
that internally loading was occurring. Zones 2, 3, 4 were re-wet after the April rain and Kinnear et
al (1997) suggest that Beenyup Swamp re-wetting of sediments can significantly increase internal P
levels within the swamp. Phosphorus and N levels recorded in Beenyup Swamp’s water samples
exceed the ANZECC/ARMCANZ 2000 water quality guidelines of P and FRP 0.1mg/l and
0.05mg/l respectively and NT 0.35 mg/l and Ammonia 0.1 mg/l.

Site 10 show very high readings of TP in the water results however phosphate levels are very low,
added to this is an extremely healthy cover of Kikuyu.

At a local context Beenyup Swamp showed some major differences in its sediment composition
when comparing it to its neighbouring wetlands Lake Goollelal and Lake Joondalup. The most
noticeable result showed phosphorus levels in Beenyup Swamp were 13 times higher than Lake
Joondalup and 2.6 times higher than Lake Goollelal. Lake Joondalup however had 11 times more
calcium than Beenyup Swamp which had a similar reading to Lake Goollelal calcium levels.
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Beenyup Swamp sediment iron levels were between Lake Goollelal and Lake Joondalup (Table 2).
Beenyup Swamp also recorded low levels of manganese, copper and zinc is relation to Lake
Goollelal and Lake Joondalup. Therefore it appears that Phosphorus in Beenyup Swamp is probably
binding to iron or organics and to a lesser degree calcium, manganese, copper and zinc which would
facilitate FRP release under anoxic conditions.

Table 3. Major and minor components in sediment from Lake Goollelal, Beenyup Swamp and
Lake Joondalup.

Major Components mg.g dry wt -1

Minor Components μg.g dry wt -1

Water body

TP

Fe

Ca

Mg

Na

Mn

Cu

Zn

Goollelal*

1.0

48

11

2

2

20

5

18

Beenyup

2.63

30,000

16.53

1.62

1.46

0.03

0.03

0.04

Joondalup*

0.2

7

190

7

3

90

8

17

*Sourced from Davies et al 1993 & 1995

Water samples from this study showed a 45 μgL-1 increase in FRP levels from the in flow
(Walluburnup/Beenyup Swamp connection) to the out flow (Beenyup/South Lake Joondalup
connection). This concurs with Lund (2007) which showed an increase from the in flow to the out
flow of 390ugL-1 FRP and confirming that internal loading of phosphorous is occurring and being
exported in South Lake Joondalup at sampling time. This 23% increase of FRP being produced in
Beenyup Swamp falls within the 80% of phosphorus internal loading suggested by Penn’s (2000).
High levels of phosphate being held within the sediment could be released into the water column
under the right conditions fueling this internal loading process. Past studies by Upton (1996),
Kinnear (1997), Sommers (2006), Cumbers (2004),
and Lund (2007) highlight some of Beenyup
Swamp’s water and sediment parameters which
could aid in phosphorus being released and
absorption.

Davis et al (1993) suggest that pH and the oxidative
state of water and sediment largely contribute to
fluxes in phosphorus levels. This study identified
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Figure 12. Solubilities of apatite-bound and Ironbound phosphorus in relation to pH (Golterman, 1984),
The red marks show the sediment results highest and
lowest pH levels in relations to the amount that could
possibly be released. Sourced Davies et al 1993.
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that Beenyup Swamp’s sediment had a low pH of 5.6 and 6.84 which suggests that calcium and iron
become more soluble and release phosphorus into the water column. This could explain the internal
loading with Beenyup Swamp (Figure 12). The ratios of Ca: P was 6.1 and Fe: P was 11.1 which
showed that both calcium and iron are in much large proportions than phosphorus and could have
the potential to be a greater sink of phosphorus.

Dissolved oxygen levels in Beenyup Swamp are the lowest in Yellagonga Regional Park. Results
from Upton 1996 and Kinnear et al 1997 water samples of Beenyup Swamp studies over a 15
month period ranged from 1 mg L-1 to just over 4 mg L-1. Under these conditions phosphorus is not
being released into the water column from iron, general requires anoxic conditions or low redox to
release phosphorus from Fe3+ as it moves to Fe2+. This could explain one of the reasons why
phosphorus levels are high in the sediment at Beenyup Swamp as it is non-apatite phosphorus
binding to Fe3. However the study site of Kinnear of Beenyup Swamp was only one site which was
extrapolated to the whole of Beenyup Swamp. Therefore it is plausible that dissolved oxygen levels
could have been low or higher, which may lead to varying amounts of phosphorus being released or
bound from the water column. However the rate of phosphorus release from Fe3+ could be
suppressed due to the large quantities of nitrogen , Davis et al (1994) suggest that is would slow
down phosphorus movement as nitrogen more readily fixes and releases from sediment than
phosphorous. This study found that nitrogen levels in the sediment 18 mg dry wt-1 and the water
results showed a higher out flow level of 2450 μg.N.L-1 than at of the in flow of 1400 μg.N.L-1 ,
which could suggest nitrogen internal loading over larger amounts of phosphorus releases.

Beenyup Swamp is known to dry out completely in summer however how quickly and how dry it
becomes depends on the temperature, rainfall, evaporation and the swamp water level of the swamp
leading into the summer months. Beenyup Swamp has large amounts of organic litter from the
paperbarks which builds up as flock sediment.

Floc sediment under anaerobic and aerated

conditions increased concentrations of TFP after being significantly dried and then rewet (Sommer
2006). Sommer also adds that pH declines while calcium and iron increases with anaerobic slurries
being dried and rewet. This could explain the first flush of nutrients from Beenyup Swamp into
Lake Joondalup however if Beenyup Swamp was considered a poorly flush system, that first flush
of rewetting nutrients may take some time to reach the out flow point. This could explain the higher
phosphate levels at the out flow of Beenyup Swamp, internal loading, low pH and high iron in the
sediment its at the time of sampling.
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Nutrient loading into the water column could be exacerbated by the fact that Beenyup Swamp is a
shady, cool wetland that has a darkened water (humic and fulvic acids which stay in the water
column if no precipitated out by calcium). This combination together inhibits the growth of cyan
bacteria that would otherwise be found in this highly phosphorus enriched waters. The lack of
primary production allows the levels of phosphorus to be maintained in the water while receiving
more phosphorus from chemical (low pH, low DO) and physical processes (rewetting and drying)
within the swamp.

Beenyup Swamp has large amounts of organic matter and low dissolved oxygen (DO) according to
Upton (1996) and Kinnear (1997) studies. Upton suggests that due to high organic matter and low
DO increased assimilation could be occurring due to large population of bacteria and aquatic
macrophytes which could release phosphates from the sediment floc and water/sediment interface.
It is possible that this release could add to the internal loading of phosphorus into the water column.

External sources of P in Beenyup Swamp have been documented far back as Congdon (1986, cited
by Kinnear et al, 1997) suggesting that surface water from Walluburnup Swamp had excessive P
inputs into Lake Joondalup. The water result from site 6 also found Walluburnup Swamp to have
high levels of P. Congdon (1986, cited by Kinnear et al, 1997) found that excessive use of fertilisers
in the agricultural area east of Walluburnup Swamp and animal husbandry practices. Woodvale Rd
sump, Wangara Industrial Park and aquatic birds could be considered places of interest to the
external sources of P. Additions to the external source

Water bodies play a significant role in the life strategies of birds. There is a potential that the
unknown numbers and species that in habitat Beenyup Swamp could be contributing a significant
amount of phosphorus to the water column and indirectly the sediment. Their significance was
highlighted in Lake Joondalup nutrient budget where Cumbers (2004) estimated their contribution
to be 6.3% of the total input. The phosphorus found in avifauna excrement could also be adding to
the internal loading of phosphorus to the water being exported to Lake Joondalup.

Phosphorus in the sediment has been identified in this study and could be a potential source for
internal loading into the water column. Beenyup Swamp’s sediment phosphorous levels were
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shown to have the highest reading in the chain of wetlands within Yellagonga Regional Park. This
large store of P could potentially be released should the chemical and hydrological cycle change
within Beenyup Swamp and flow into Lake Joondalup. Suggestions of the release and absorption
of phosphorous in the discussion have been drawn from studies where Beenyup Swamp was not the
main focus. To date Beenyup Swamp has missed out on an intensive study, which could provide an
understanding of the process and mechanisms working within Beenyup Swamp and where the P
originates from. Which potentially could hold the key to improving Lake Joondalup’s
eutrophication condition as Beenyup Swamp is the major source of phosphorous (93%) to the lake.
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