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groundwater levels in spring. Thereafter, drainage and evaporation reduce the amount of
surface water and wetlands start to recede; salinities will increase if there is any salt to
concentrate. wetlands in direct contact with the Main Groundwater will be saline, although
precipitation may reduce the salinity in winter. wetlands on perched Groundwater will
tend to be liesh in the south of the catchment where precipitation is higher and evaporation

lower, bu1 perched wetlands in the north, where the net annua"l effect is salt concentration.

will gradually become saline.

Previous studies of water quality in the area have tended to concentrate on measuring

salinity, although there have been several studies that have also measured nutrients. These
tended either to be at a few wetlands in the catchments or to be in association with

broadscale surveys of aquatic macroinvertebrate and/or fish commgnities across larger
parts of southwestem Australia.

The current study initially chose 15 basin-tlpe wetlands for sampling in october 1996,

January and May 1997, selected to provide good coverage of the study area aad to

represent the broad range of wetland tJpes and states present.

naturally saline, as a mark against which secondary salination of freshwater

wetlands could be assessed,

permanently inundated,

seasonally inundated,

dominated by .Baumea articulota,

dominated by em ergenl Melaleuca tees,

currently receiving land drainage,

adjacent to cleared land and/or in the path of future land drainage, and

well buffered by reserve or state forest.

Subsequently 12 additional sites, predominantly seasonally inundated heathland-type

wetlands were sampled in May and October 1997.

A seasonal cycle of increasing salt and nutrient levels as wetlards receded in summer and

autumn was apparent. Some wetlands were showing the early stages of secondary

salination, with increasing salt levels (up to 5 ppt) and declining quality of vegetation,

especially Baumea articulata, the dominant omergent. On the basis of nitrogen levels, the
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from the main body of a saline wetland may survive, and d.) aquatic macroinvertebrate

species in parts of the southwest of Westem Australia may be adapted to higher than

expected salinity due to historical exposwe to saline groundwater.

Seven species of fish were recorded, with a maximum of six from one site ald five from

tbree other sites. Black-Stripe Minnow (Galaxiella nigrostriata) and Mud Minnow (G.

munda) were the most infrequently encountered species, found at two sites, and Balston's

Pygmy Perch (Nannatherina balstoni) was the next rarest species, found only at four sites.

A11 tkee species are very scarce, with distributions restricted to the southwestem coastal

area of Western Australia. The only inkoduced species was the Mosquito fish (Gambusia

holbrooki) which was prosent at the majority of sites. Other species encountered, Westem

Pygmy Perch (Edelia vittata), Westem Minnow (Galaxias occidentalis) and Nightfish

(Bostocbia porosa) were all relatively common in the study area, and although endemic to

southwestem Westem Australia, are widely distributed and relatively common.

Implications for increasing salinity on macroinvertebrate and fish faunas are discussed,

both from direct effects and indirect effects as a result of changes in habitat structure,

especially the possible loss of Baumea articulata.

Effects and management implications of eleven potential threats to the nature conservation

values of the wetlands are discussed:

. Catchment clcaring

o Increased salinity

o Increased inundation

o Reduced inundation

r Invasion by exotic species

. Fire

o Nutrient enrichment

r Drains

Riparian buffer clearing

Stock access for water/grazing

Mining

a
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o Review existing knowledge and undertake surveys of aviaa fauna,

. Review existing knowledge and undertake surveys of aquatic invefiebrate and fish
faunas and of the physico-chemistry, and,

o Review existing knowledge and undertake surveys of aquatic, emergent and fringing

vegetation

2,2 Project aims

This report presents the background information, methods, results and preliminary

assessments of the conservation significance and management implications with respect to

the aquatic invertebrate and fish faunas and physico-chemistry of a representative sample

of wetlands {iom the system. Specifically, the report reviews existing knowledge of the

aquatic invertebrate and fish faunas, water chemistry and hydrology of wetlands in the

Muir and unicup catchments. Data derived from field sampling of aquatic invertebrate and

fish faunas and physico-chemistry are then used to assess the conservation significance of

the wetlands with respect to the aquatic fauna, relate the occumence of the fauna to

chemical, hydrological and other characteristics of the wetlands, and assess the likely

impacts on the fauna ofchanges in water regime, salinities and nutrients.

2,3 Review of existing knowledge of hydrology and water chemistry
2.3.1 Hydrology
Hydrology, as well as geology and geomorphology of the Muir and Unicup catchments has

recently been reviewed in the draft management plan for nature reserves in these areas

(cArM, 1998). Information in the draft management plan is supported by additional

information on geology, geomorphology and hydrology in Semeniuk & Semeniuk (i996)

and AgWA (unpub. data). Geology and geomorphology have a strong influence on

catchment hydrology and therefore all are here summarised.

In broad terms, the catchments lie within the Darling Plateau and the Ravensthorpe Ramp,

which are the two main regional mega-scale geomorphic units of the area. The geology,

through the varied rock and sediment t5,pes, aquifer properties and precambiian structures

such as faults, fo1ds, shears, dykes, joints etc have an influence of the hydrology of the area

by affecting development of aquifers, seepage points, discharge zones, perching pattems,
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Plateau by approximately 3 - 6 m, exposing bedrock, saprolite, laterite and other Cenozoic

materials. The tributaries are broad and shallow; varying to steeply incised channels.

As well as geology and geomorphology, climate also affects hydrology through its effects

on landform, precipitation, evaporation, water salinity and vegetation. Rainfall influences

groundwater aquifer recharge and maintains wetlands through direct precipitation.

Evaporation influences wetlands in the short term through seasonal changes in sa.linity, and

in the long term through increasing groundwater salinity as evaporation exceeds

precipitation. The catchments have a Mediteranean climate with approximately 900 mm

rainfall per annum in the south, decreasing to approximately 700 mm towards the north.

Rainfall is seasonal, the majority falling between May aad October. Armual evaporation,

which exceeds rainfall, increases ffom approximately i400 mm in the south to 1600 mm in

the north. There is also a slight gradient of increasing groundwater salinity from south to

north reflecting the opposing gradients in rainfall and evaporation.

Hydrologically, the area consists of three main water tlpes: Main Groundwater, Perched

Groundwater and Surface Drainage water. The Main Groundwater is regionally inclined,

located at 180 m AHD in the south to 220 m AHD in the north. Lake Muir and Unicup

Lake are surface expressions (windows) of this main groundwater. Salinity of the Main

Groundwater generally varies from approx. 4 ppt to 16 ppt, although locally it may be

fresher (e.g. bores north of the Muirs Hwy produce fresh water (< 1.0 ppt) that is suitable

for inigation). The fresher groundwater is primarily located in recharge areas situated in

the upper catchment, whereas the more saline water occurs in valleys aad depressions

underlain by shallow basement rock. The Perched Groundwater is of various heights

depending upon the perching mechanism. Some is perched due to the relatively

impermeable saprolite, and other perching is due to laterite, ferricrete in wetlands, and

wetland fiIl deposits such as clay and peat. Perched aquifers are normally fresh and

generally occur as saturated sand layers of aeolian and fluvial origin, which overlie

impermeable clay layers. The Surface Drainage is derived from runoff of precipitation or

from emergent springs, which are channelled into the creeks and rivers. Generally the

Surface Drainage is fresh, except either where it is draining saline land upslope or the

charmels are incised to the underlvine saline Main Groundwater.
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fresh in spring but progress to brackish in summer, and the M. cuticularis and Halosarcia

assemblages indicate wetlands permanently brackish to saline. Semeniuk & Semeniuk

(1996) noted that the majority of wetlands had stable vegetation structure, with no

indications of changing conditions (e.g. dead or stressed assemblages). Stable conditions

applied to both freshwater and naturally saline wetlands. However, there were wetlands

where key vegetation indicators had died, suggesting a relatively recent change in water

salinity. Examples from Semeniuk & Semeniuk (1996) included a drainage line north of

Lake Noobijup, a sumpland north ofRed Lake and the northem shore ofByenup Lagoon.

Semeniuk & Semeniuk (1996) identifred four anthropogenic and two natural processes by

which wetlalds in the area are or become saline:

l. Land clearing proximal to a wetland, and a consequent reduction in transpiration

losses, leading to a rise in the saline Main groundwater table, which under the effects

of evaporation within a near-surface zone ofcapillary rise leads to land salination.

2. Land clearing leading to salts accumulating in the upper parts of the vadose zone,

which leads to salt mobilisation in surface drainage under the effects of increased run-

off and seepage via spring.

3. Increased salinity in areas distal to wetlands due to land clearing, resulting in export of

salt to the wetland via surface drainage.

4. Artiflcial drainage of salt-affected areas into wetlands.

5. Evaporation of perched wetland groundwater systems, through gradual input of salts

from precipitation and concentration of these salts by evaporation and transpiration.

Generally, more prevalent in the northem parts where there is lower rainfall and higher

evaporatron.

6. Evaporation of large wetland basin surface areas where the wetland is a window to the

underlying brackish/saline Main Groundwater.

Solutions to the anthropogenic causes of salination (#1 - 4 above) include the longer-term

replanting of vegetation and the 'quick-fix', but usually temporary solution of laad

drainage. Currently, the use ofdrains is relatively common, especially on private farmland.

There is one instance where a large drain has been constructed through a nature reservo.

The drain was constructed in 1993 following a proposal from the Unicup Landcare Group

to drain saline water from the Mordalup Lakes, south and then west, through the Kodjinup

Nature Reserve and into the already saline Tone River (the application to construct this
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The Unicup Landcare Group has recently commenced monitoring of Noobijup Creek

and two other creeks flowing into the Lake Muir system.

AgWA presented water quality data for Kulunilup Creek, collected by the then Water

Authority of Westem Australia as part of the Lake Unicup Catchment Drainage

Proposal.

An EM38 survey of salinity of Pindicup Creek was undertaken in

SeptemberA{ovember i 994.

r In September 1996, the Water & Rivers Commission initiated the Lake Muir,{Jnicup

Nature Reserves Inflow Study which involves sampling discharge 1m3 sec-l; and

salinity (as conductivity mS m'L) at all points of inflow (n:20) to Lake Muir.

Generally, all these projects have concentrated on salinity, as the main element of concem.

An exception was the survey of salinity, nitrogen and phosphorus levels in several creeks

and bores in the Unicup catchment in the winter of 1996 by AgWA. Several other studies

in the catchments have collected a more extensive range of water quality parameters.

The Westem Australian Department of Conservation and Land Management has been

monitoring depth, salinity, pH and total phosphorus from Muir, Byenup, Tordit-Gum:p,

Poorginup, Unicup, Yamup and Red Lake wetlands for varying periods since the 1970's.

This program recorded a sudden and, as yet unexplained increase in depth and pH and a

decrease in salinity in Lake Unicup in the late 1980s. Allowing for between-year

differences in rainfall (which affect water depth and therefore salinity), depth, pH and

salinity have been fairly consistent at most of the other wetlands monitored over this

period, with Yamup Swamp being a notable exception (water salinity has increased and

salt scalds axe present to the south and southwest ofthe wetland).

DeHaan (1987) measured depth, salinity, pH, temperature, dissolved oxygen, chlorophyil-

a, nitrogen and phosphorus in Poorginup Swamp and Tordifcurrup and Byenup Lagoons

in late 1985 and mid 1986. Salinity in Poorginup Swamp ranged from 0.1 to 1.0 ppt, in

TorditGumrp from 0.8 to 2.7 ppt. aad in Byenup from 2.5 to 7.0 ppt. Concentrations were

dependent upon water levels and season. TordifGumrp and Byenup Lagoons were slightly

alkaline (pH 7.0 to 9.0), whereas Poorginup was acidic (pH 5.0 to 6.6). Chlorophyll-a

levels were relatively low in all wetlands, as was phosphorus, with Byenup and Tordit-
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Cowan University, unpub. dat.) is currently studying the origin and fate of organic matter

in Bokerup, east Kodjinup and Noobijup wetlands, and has sampled the aquatic

invertebrates ofthese wetlands as part of this project, and there have been small collections

of aquatic invertebrates from the catchments by the WA Museum (Harvey 1987 ' 1996

(cited CALM, 1998)).

DeHaan (1987) sampled aquatic invertebrates (and water chemistry; see section 1.3.2.

above) by coring and sweep sampling (250pm mesh aperture) in December 1985 and April

1986 and used these data to speculate on the possible effects of a proposal to mine peat on

aquatic invertebrate communities. A total of 103 taxa were recorded from the four

wetlands, including 7 taxa of microcrustacea (cladocera, 1 taxon; Ostracoda 5 species; and

copepoda 1 taxon). Ninety-seven taxa were recorded from the wetland suite consisting of

TordiGGumrp Lagoon (52 taxa), Byenup Lagoon (43 taxa) and Poorginup Swamp (39

laxa) (NB Poorginup was not sampled as intensively as the other two sites and this may

account for the lower species richness). within each site, DeHaan (1987) reported seasonal

differences in species composition aad in richness. TordiFGumrp Lagoon declined from

approx. 52 taxa in December i985 to 28 taxa in April 1986, and Byenup Lagoon decreased

from 40 to 10 taxa. At that time, DeHaan (op. cit.) considered taxa richness in these

wetlands to be higher than any other fieshwater wetlands in southwestem Australia. Three

species of water-mite were recorded from Poorginup Swamp which were of particular

interest because of their restricted distribution, and sediments from Tordit-Gumrp and

Poorginup wetlands were carbon datedto 5270 + 320 and 8300 + 500 years BP.

Horwitz (1994) sampled 45 wetlands across the southem region of southwestem Australia,

with sites sampled each season (quarterly) throughout 1993 and ear\y 1994. Four sites were

sampled in the MuirAJnicup catchments (Poorginup swamp, Lake Unicup, a Teatree

swamp off Thompsons Road and 1ow shrubland off Boyndiminup Road). Interstitial fauna

was sampled from aa auger hole, pholeteros (burrow fauna) by flushing crayfish burrows,

and aquatic fauna by sweep samples of surface waters with a 125 pm net. Microcrustacea

were not identified, Oligochaeta were taken to species level, and Gastropoda, Amphipod4

Isopoda, Ephemeroptera, Plecoptera, Trichoptera, Hemiptera and Coleoptera were not

identified beyond order. Horwrtz (1994) recorded 2I7 taxa from the whole region (60 in

intemtitial habitat, 75 from burrows and 205 taxa from surface waters). An aterage of 27.2

taxa were recorded from the four sites in the Muir/unicup catchments, and within these
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Edelia vittata, Bostocbia porosa, Nannatherina balstoni, Galaxiella munda and G.

nigrostriata. Permanent waterbodies were dominated by E. vittata, and aestivating species

(Lepidogalaxias salamandroides, Galaxiella munda artd G. nigrostriata) were restricted to

the seasonai wetlands. This study did not extend northwards towards the MuirAJnicup

catchments.

The survey of Jaensch (1992) also was restricted to the south coast, sampling 27 wetlands

between Cape Naturaliste and Albany, and did not extend northwards into the Muir,{Jnicup

catchments. Jaensch (1992) recorded 12 species of fish. In addition to the six species

recorded by Pusey & Edward (1990b), Jaensch (op. clt) also recorded Tandanus bostocki,

Leptatherina wallacei (previously called Atherinosoma wallacei), Afurcagobius supposittts

(previously called Favonigobius suppositus), Galaxias maculatus, Galaxias occidentalis

and Gambusia holbrooki. The majority of wetlands were dominant by Edelid vittata.

Table 1. Sites sampled and fish species recorded by Morgan et al. (1996) from the Lake
Muir watershed.

occidentalis nunda porosa

Lake Muir + +
NoobLJup Lake

Jn L. Unrcup & PtDolcup Kds + -

+
+
; + +

Byenup lagoon

Cowerup Swamp

Dmrn trom Kec! ltke + + +
Red lake'R ;cu l i  - ' ;  ' ' ' ' ' ' ' ' ' ' '  ' - ' '  ' ' +  " ' r  ' ' ' ' ' '

--Dff; 
RA-L;I; Lai.; Mriii

La*eiizn rHan;'[arnriAA

rool adjacent L. Mulr-Hanekamp Rd

rool adracent L. Murr-Hanekam. Kd, "  . .  , ; . - - - . . . . . -_ .  .
roor alliacent L. Murr-tlanekirmD Kd
* . .:-.........,...,,.. .
rool aoJacenI L, Mulr-Hanekamp KCI

+

Siream adlacent L. Muir-Muirs Hwy +
Siream aojacent L. Murr-Murfi H\,Iry +
Pool adj L. Muirrlhomson Rd

PooI adj L. Muir-Thomson Rd
Pool adj L. Muir-Thomson Rd +

- 
Pdi;DaiL. Muii:i6ins6n Rd 

- -----' ' -
- 
FiJiji-aijL. Miiii-rhb-nson Rd 

'-""- "

rool aqj L, Murr-t honson Kd
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Byenup-Muir Aquauc Fauna survey

presence of plant species that require occasional drying). In addition, Semeniuk (unpub.

dat.) has independently classified eight of the 15 sites as'Sumplands: seasonally inundated

basins', with six sites ciassifliing as 'Lakes: permanently inundated basins' (one of the

selected sites (Bokarup) was outside the range of mapping). Locations of the sites within

the catchment are indicated in Figure 1, site names, map coordinates, basic description and

classification by Semeniuk are listed in Table 2, and representative examples of the

wetlands are illustrated in Plates I - 6.

Baseline botanical surveys of wetlands in the catchment (Greig Keighery & Neii Gibson,

WADCALM, pers. comm.) identified an additional suite of seasonally inundated

damplands and flatlands, containing distinctive floristic communities. These wetlands

often bordered the basin-type wetlands and were not represented in the initial selection for

faura surveys because it was seen as a higher priority to provide adequate coverage ofthe

larger, distinctive and numerous basin-type wetlands which tended to be more lowJying in

the landscape. However, in mid-1997, additionai funding was provided to expand the

initial selection of 15 wetlands to include some additional basin-type wetlands (n=4), but

also to include seasonally-inundated heathland{?e wetlands (n-8). These additional 12

sites were to be sampled on two occasions, May and October 1997. The additional sites

and their basic characteristics are listed in Table 2, locations illustrated in Figure I and

representative examples illustrated in Plates 7 & 8.

There was high rainfall in the MuirAJnicup catchments in winter of 1996 and as a result the

original 15 wetlands (seasonal and permanent) were vory full at the end of winter and all

held water throughout the following summer. Of the additional 12 wetlands, eight were dry

in May 1997 (the seasonally-inundated heathland-type sites), but all 12 sites held water in

October 1997.

The four field trips were conducted between 17 to 22 Octobet 1996, 13 to 16 Jantary 1997,

5 to 1 1 May 1997 , ad 20 to 24 October 1997 respectively. The location of each site was

recorded by GPS to al1ow re-sampling of the same locations in subsequent visits (both for

this study and any future investigations).

- Wella d Research & Manase,henl - 20
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Byenup-Mrd. Aquatic Falna Suryey

Amphipoda and Isopoda). Given the nature of this survey, it was considered that 1og. scale

abundance classes were adequate for detecting major changes in the fauna (e.g. change in

relative abundance) and are a good cost-compromise over counting ail animals, particularly

as a quasi-quantitative sampling protocol was used. Because of the nature of the swamps,

many samples contained large quantities of organic matter. Therefore, a specific protocol

for sorting samples was developed, incorporating sequential sieving and subsampling. This

protocol is described in detail in Appendix 1.

3.2.4 Microinvertebratefauna
For the purposes of this study, the microinvertebrate fauna was defined as all

microcrustacea (Copepoda, Ostracoda, Cladocera), rotifers and Protozoa. Previous studies

have shown that for assessing the conservation value of aqualic system in southwestem

Australia the rarer components of the aquatic invertebrate fauna tend to be in the

microinvertebrate fauna (Storey et al.,1993; Halse & Storey, 1996, Halse, Storey & Shiel,

unpub. dat.). However, this may partly reflect sampling effort as the microinvertebrate

fauna, historically has been less studied. In this study, microinvertebrate assemblages were

sampled using a 53pm mesh net over a 50 m transect using the same sampling protocol as

used for macroinvertebrates (with the exception that benthic sediments were not disturbec,.

Al1 samples were then preserved'tn 3Vo formalin for severa.l days, before being transferred

into 70o/o alcohol for long term storage.

The microinvertebrate fauna requires specialist taxonomic expertise and it was too

expensive to process and identiff these samples under the available budget. Therefore,

samples of the microinvertebrate fauna were preserved and archived in the Deparftnent of

Zoology, The University of Australia for future processing. These components of the

aquatic invertebrate fauna are not considered in any analysis or discussion in the cuffent

repon.

3.2.5 Fishfauna
The fish fauna was sampled at each site on each occasion by a range of methods with the

aim of maximising the number of species recorded. Methodology depended upon the

characteristics of each site, but generally consisted of sweep netting, rotenone and happing

at each site. Seine netting was used occasionally in the larger, more open wetlands where

sandv beaches were Dresent.
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Common (C) (v2. taxon has been recorded in other States/Territories)

Endemic (S) to the southwest of Westem Australia (vlz. is restricted to, but is widely

distributed across the southwest of the state)

Locally (L) endemic within the southwest of Westem Australia (viz. appears restricted

to a few locations within the southwest ofthe State)

Indeterminate (I) distribution (viz. therc is currently insufficient knowledge on either

the distribution or taxonomy of the taxon to assess its level of endemism). Within this

category, taxa only ever recorded from southwest Westem Australia are highlighted (*)

The CSIRO Pattem Analysis package PATN (Belbin, 1995) was used to ordinate and

classiff sites on physico-chemical parameters and on macroinvertebrate assemblages, and

then to investigate relationships between invertebrate assemblages and physico-chemical

parameters. This approach demonstrated:

. groups of sites with similar/dissimilar chemical/physical characteristics, with a measure

of this dissimilarity,

. between site differences in the fauna,

. groups of sites which contained similar/dissimilar macroinvertebrate assemblages, with

a measure of this dissimilarity,

o relationships between macroinvertebrate assemblages and chemicaVphysical

characteristics of the sites/site groupings, and,

. taxa that may be used as indicators of different groups of sites identified in the analysts

(i.e. taxa that are indicative of specific water quality conditions such as increased

salinity).

Data from each sampling ffip were treated separately, with the exception that the four

additional sites sampled n May 1997 were analysed together with data for all 12 sites

sampled in October 1997 to assess the extent of seasonal changes at these sitos. Data were

classified and ordinated to identif' between-site differences in physico-chemical

composition and invertebrate community structure. Physico-chemical variables were

standardised (v2. within each variable, values were divided by the maximum value for that

variable to produce a scale 0 - 1) prior to ordination and classification. This was necessary

to set ali variables on the same scale and so avoid variables on a higher scale having an
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tnvestigated. Pearson product moment correlations were calculated for each taxon using

the abundance of the taxon at each site on each sampling trip (logro abundances) and

salinity values for the site on each sampling trip (n = 61 samples). Taxa that decreased in

abundance with increasing salinity would show a significant negative relationship, tara

that increased in abundance would have a significant positive relationship and there would

be no significant correlation for taxa that did not respond to the salinity range recorded in

this study. Sites were ranked according to increasing salinity, and taxa were then ranked

according to the strength of the correlation coefficient (fiom -ve, through zero correlation

to +ve relationships) to produce a two-way table ofpossible salinity tolerances for al1 taxa

recorded.

4 Results
Physico-chemical data and taxa occurrences for each site on each sampling occasion are
presented in Appendices 2 & 3 respectively and these data have been entered onto Excel

spreadsheets and electronic copies lodged with the wA Department of conservation and

Land Management for future reference.

4.1 Physico-chemistry
4,1.1 Inter-dependencies within physico-chemical parameters
Rank correlation between all variables for each sampling trip demonstrated a range of

significant relationships, many of which related to basic limnological processes (Tables 4 -

7). The strongest consistent relationships within each season were amongst variables

relating to ionic composition, salinity, conductivity and alkalinity. concenkations ofall the

major ions (Ca2*, Cf, K*, Mgt* and Na*.) increased together, as did saiinity/conductivity

and alkalinity. As would be expected, conductivity, salinity and pH also were significantly
positively correlated. The strengths of these relationships (e.g. the magnitude of the

correlation coefficients and the significance levels) increased from spring through summer

to late autumn, reflecting the concentration effect of these parameters as the wetlands

receded (Appendix 2).
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1akes. Forty lakes were individually assigned to a trophic state based on qualitative criteri4

and site-measurements of mean annual total phosphorus were then used to determine

standards (means + standard deviations) for each category. For the CEPIS study, warm-

water lakes were defined as lakes with a minimum temperature of greater than 10"C, with a

minimum annual average of i5oC. All wetlands sampled in the current study classified as

warm-water lakes and therefore, the classification by CEPIS is most appropriate for

classifzing wetlands in the MuirAjnicup system to a trophic status.

Table 8. Classification of lake trophic status based on ranges in nutrient concenhation (mg/l) (Wetzel, 1975)

Oligo-mesotrophic
Meso-eutrophic
Eutrophic

0.005 -  0.01
0.01 -  0.03
0.03 0.1

0.021
.010 -  0 .04

0.25 0.60
0.30 1.10
0.50 1.50

0.03 96
.021 - 0.07

0.20 - 0.40
0.30 0.65
0.50 -  1 .50

0 . 1 1 8 7
0.028 - 0.508

Hyper-eutrophic >0.1 > 1.50 > 1.50

Table 9. Mean amual total phosphorus levels (mg/l) for each trophic category under the OECD (1982)
and CEPIS (Salas & Martino, 1991) classifications (means and range over 2 standard deviations)

Category

(+ 2 SD) (0.003 - 0.022) (0.08 -  0.091) (0.017 0.424)

CEPIS
+ 2 S D

OECD and CEPIS do not classiff lake trophic status according to Total-N. However,

according to Wetzel (1975), the majority of sites in this study classified as eutrophic. Of

the 61 samples taken, there were 48 occasions when Total-N exceeded 1.1 mg/l (upper

limit for meso-eutrophic). On 39 occasions Total-N exceeded 1.5 mg/l (Table 10) and

therefore classified as hyper-eutrophic on the basis of Total-N.

Spot measurements of Total-P exceeded 0.02 mg/l on only two occasions (Wimbalup Rd

swamp #52, October 1997,0.05 mg/l and SW Kodjinup NR #50, October 1991,0.04

mg/l), and, therefore, wetlands in this study generally classified as oligotrophic based on

Total-P and the CEPIS classification.

4.1.3 Ionic composition
Ionic concentrations were determined from all seasons (Appendix 2), and relative cation

and anion concentrations were determined for all October samples, when all wetlands

contained water. Ionic composition amongst lakes was extremely consistent (Table 11). ln

all instances the wetlands were dominated by the anion Cl-. Of the cations, Na* was

I--
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Table 11. Relative ionic composition for a1l wetlands sampled in October of each year.

Site No RelatiYe Ionic Concentration

Tordit-Gurrup l,agoon

Yamup Swamp

Bokarup Swamp

Cobertup Swamp

Noobijup Swamp

Kulunilup NR

Mulgamup Swamp

Byenup l"agoon

N end of Byenup Lagoon

Geordhup Swamp

Westem swamp h Kodjinup NR

Calamup Swamp

Lake Unicup

Itrlc 12676, S ofE end ofPindicup Rd

Pindicup lnle

Loc 12686, SW ofUnicup NR

Loc 12561, SE ofGeordinup Rd

NE Unicup NR

S Kulunilup NR

W Kulunilup NR

NE Kodjinup NR

Myalgelup Road

SE Kodjinup NR

SW Kodjinup NR

Wimbalup Rd

SW Cowerup NR

Na

N a > M g > C a > K

N a > M g > C a > K

N a > M g > C a > K

N a > M g > C a > K

N a > M g > C a > K

N a > M g > C a > K

N a > M g > C a > K

N a > M g > C a > K

N a > M g > C a > K

N a > M g > C a > K

N a > M g > C a > K

N a > M g > C a > K

N a > M g > C a > K

N a > M g > C a  > K

N a > M g > C a > K

N a > M g > C t > K

N a > M g t K . t q l ,

N a > M g > C a > K

N a > M g > C ^ > K

Na > Mg ' ,irri:m,t,;: ' :lii:€nii:l

l " ' T " t : ' :
N a > M g > C a > K

N a > M g > C a > K

N a > M g > C a > K

N a > M g > C a > K

2

5

o

7

cl
cl
cl
cl

8 C l

11 Cl

12 c!

14 CI

15 Cl

16 Cl

18 c l

t9  c l

24 Cl

29 Cr

30 cr
31 Ct

33 Cl

35 Cl

37 Cl

38 Cl

43 Cl

44

49 Ct

50 ct

52 Cl

53 Cl
rredran conc€ntrations (mg/t) 635.0 335.0 47.5 20,0 6.0

4,1.4 Ordination andclassification
Classification and ordination of sites on physico-chemical data for each sampling trip are

illustrated in Figures 2 to 9. Signifrcant gradients in physico-chemical parameters are

presented for each ordination and groupings from the UPGMA classifications are overlaid

on each ordination. In all instances there was a significant separation of groups in

ordination space (P<0.0001). In October 1996, classification detected four main groups,

with the most saline sites (#31, Loc. 12686 SW of Unicup NR and #33, Loc. 12561 SE of

Geordinup Rd) showing the strongest separation from all other sites (Group 4), but with

Byenup and Tordit-Gumrp Lagoons also forming a sub-group (Group 3). The remaining

.,...._-- Wetla d Research & Managemeat -
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saiinity and conductivity) were in the direction of the saline sites (Group 4). Generally,

wetlands were not separating on the basis ofnutrient status (Figues 2 & 3).
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Figure 4. UPGMA classification of wetlands by physico-chemical variables sampled in
Ianuary 1.997 , indicating four main groups. Refer to Table 2 for site codes and names.

t t  r

l s O
Open \rater

+

Salinity/Condrctivity
+ _ _  _ -  - ,  - _

f 
Lr. r( Mg, Na 

a j l
Alkalinity, pH, DO

12a
+

a  1 6
t 5

1, Group I gGoup 2 6 Group 3 lGoup 4 .r- Crradients
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chemical variables are overlain. Numbers refer to wetland names (refer to Table 2).
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Figure 10. Number of taxa recorded on each sampling occasion (October 1996, January

and Mav 1997\ aI each of the orieinal suite of 15 wetlands.
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Figure 13. Total number of taxa recorded over all sampling occasions at the additional
suite of 12 wetlands. Al1 sites were sampled in October 1997, and those indicated (2) were
sampled twice, in May and October 1997.

Comparisons in taxa richness between this and other studies are possible, but must be

treated with caution because of differences in sampling method (e.g. standardiSed sweeps

of open water versus rigorous sweeps of all habitats), level of taxonomic resolution,

exclusion of micro-fauna/micro-crustacea in this study. and number of times each wetland
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microfauna) recorded in winter and summet were 32.4 and 39.0, with respective maxima

of 51 and 56 taxa.

Horwitz (1994) sampled 45 wetlands in the southern region of southwestem Australia,

with sites sampled each season (quarterly) throughout 1993 and early 1994. The study

directly overlapped with the current study, with four sites sampled in the Muir,{Jnicup

catchments, and both studies had two sites in common (Poorginup Swamp, site #1; and

Lake Unicup, sire #24). Comparisons are restricted by differences in sampling

methodology (e. g. Horwitz (1994) sampled interstitial fauna from an auger hole, pholeteros

@urrow fauna) by flushing crayfish burrows, and aquatic fauna by sweep samples of

surface waters with a 125 pm net, as opposed to the present study which sampled aquatic

fauna from surface waters with a 250pm mesh net), and taxonomic resolution (e.g.

although Horwitz (1994) did not identifu microcrustacea, Oligochaeta were taken to

species level, but Gastropoda, Amphipod4 Isopoda, Ephemeroptera, Plecoptera,

Trichopter4 Hemiptera and Coleoptera wete not identified beyond Order level). Horwitz

(1994) recorded 217 taxa from the whole region (60 taxa in interstitial habitat, 75 from

burrows and 205 taxa from surface waters). An average of 27.2 taxa were recorded from

the four sites in the Muir,4Jnicup catchments, with approximate totals of 36 wtd 23 taxa in

Poorginup Swamp and Lake Unicup respectively. The current study recorded totals of 68

and 28 taxa from these sane two sites.

Halse & Storey (1996) sampled nine swamps around Perth Airport in September and

November i995 and recorded a total of approximately 125 taxa, including 42 Iaxa of

micro-crustacea. A maximum of 56 taxa (including 12 Iaxa of microcrustacea) was

recorded at a wetland on one occasion, with an average per wetland of 30 taxa (including

microcrustacea).

Generally, allowing for the above-listed differences between the various studies,

macroinvertebrate taxa richness in this study appears to be greater than most previous

studies. Qualitatively, this is partly due to the high number ofColeoptera (62 taxa of adults

and larvae) and Chironomidae (42 taxa), and quite a diverse Odonata fauna (17 species).

Considering that most other studies recorded a high proportion of micro-invertebrates (e.g.

of the total number of taxa recorded by Davis et al. (1993), l5o/o were Cladocera, 10ouo

Ostracoda and 4% Copepoda), the taxa iists for the current study will likely be much
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salinity (e.g. Austrochiltonia sp.2, Peza sp1, Leptoceridae sp3, Oniscoidea spy2, Coxiella

striatula/exposita, Berosus sp.(L)), and the converse (e.g. Perthia branchialis,

Dicrotendipes ?conjunctus, Austroqgrion coeruleurn, Hyphydrus elegans, Sternopriscus

minimus, Tasmanocoenis tillyardi, Cloeon sp., Hirudinea sp3, Veliidae sp4) (Figure l9).
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Figure 14. UPGMA classification of wetlands by macroinvertebrate taxa sampled in
October 1996, indicating five main groups. Refer to Table 2 for site codes and names.
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Figure 1?. MDS ordination of wetlands by macroinvertebrate taxa sampled in January
1997. Groupings from the UPGMA classification and significant gradients in (a)
macroinvertebrate taxa and (b) environmental variables are overlain. Taxa are grouped
under five general gradients (Gl - G5), refer to Table 14 for taxa on each gradient. Refer
to Table 2 for site names. Optimum solution to the ordination was achieved with 3
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acrp I trGrp 2 AGa 3 acrp 4 FC 'p  t  " c "p ,  ac "p3  . c "p1 l

Figure 22. Site -groupings derived from ti?GMA classification of wetlands on physico-
chemical parameters for each season (see Figures 2, 4, 6 & 8) overlain on MDS ordination
of wetlands by macroinvertebrate community structure.

4,3 Fish fauna
A total of seven species have been recorded from the are4 with a maximum of six species

at Poorginup Swamp, and five species from three other sites (Bokarup Swamp, Kulunilup

Lake and Mulgamup Swamp) (Table 16, Figure 23). The introduced Gambwia holbroolci

was present at each of these four sites. Galaxiella nigrostriata and G. munda were the most

infrequently encountered species, found only at Poorginup and Myalgelup Road Swamps.

Nannatherina balstoni was the next rarest species, found only at four sites.(Bokarup

Swamp, Kulunilup Lake, Mulgamup Swamp and Lake Unicup). A11 three species are very

scarce, with distributions restricted to the southwestern coastal area of Westem Australia.

Edelia vittata was the most ubiquitous native species, recorded at 17 sites, followed by
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clearing in the catchment upstream and indicates a continual salt-load to the Muir,/Byenup

wetland chain. In October 1997, a spot measurement of salinity from a salt scald on the

west side of Noobijup Swamp, at the head of this catchment, was 15.5 ppt, again indicating

secondary salination due to clearing.

A final suite of wetlands were saline, but the vegetation appeared in good condition,

suggesting that the salinity in these wetlands was not changing. These included site #31

(Loc. 12686 SW of Unicup nature reserve), site #33 (Loc. 12561 SE of Geordinup Road)

and Pindicup Lake. It is likely that these wetlands are in direct contact with the saline Main

Groundwater (Semeniuk & Semeniuk, 1996).

Therefore, the wetlands sampled in this study appear to cover the range of hydrologic types

and are affected by the range of salination processes referred to by Semeniuk & Semeniuk

(1996; see section 1.3 of this report): wetlands with Perched Groundwater that is fresh,

wetlands in direct contact with saline Main Groundwater, wetlands suffering from

longterm natural salination due to evaporative processes, and wetlands suffering secondary

saiination due to rising groundwater and inflows ofsaline surface drainage waters.

With respect to nutrient enrichment, water quality in the wetlands appears relatively good.

Many of the wetlands would classifl, as eutrophic to hyper-eutrophic on the basis of

nitrogen levels. DeHaan (1987) also noted elevated nitrogen levels in a subset of the

current suite of wetlands, and suggested this was due to the release of nitrogen from

decomposing peat. However, wetlands in this study did not behave as eutrophic (e.g.

extensive algal blooms were not observed). The absence of algal blooms and the fact that

phosphorus 1eve1s were relatively low, may indicate that the wetlands are phosphorus-

limited. The potential therefore exists for substantial algal activity if phosphorus levels

become elevated (e.g. as a result of agricultural run-off). Lake Towerrinning (Froend &

McComb, 1991) and Lake Powell (Edward et al., 1994) appear to have become eutrophic

as a result of human activities.

There was a range of pH conditions in the wetlands, mostly reflecting either high salt

levels (alkaline) or dominance by peat (acidic). The main seasonal effect in all wetlanos

was the concentration effects, with salinity increasing as wetlands receded. The extent of

this concentration effect will vary between years depending upon rainfall in the preceding

wlnter.
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articulata, with deep, unconsolidated peat deposits characterised by low dissolved oxygen

levels). However, sampling was conducted in spring, summer and autumn, which would

allow for seasona"l changes in taxa composition. ln addition, some wetlands progressed

from fresh to saline over the duration of the study, providing the potential for

representatives of freshwater and haline fauna.

Interestingly, the highest taxa richness in this study was recorded from two wetlands (site

#35, NE Unicup and site #29, east end of Pindicup Road) that are affected by increased

inundation, presumably from land clearing. Evidence for the increased inundation was

dead, inundated Melaleuca and Banl<sia spp and flooded fence lines through the wetlands.

Both wetlands were downstream of large areas of cleared 1and, which presumably had

resulted in increased run-off. It is like1y that the increased inundation had provided

additional habitats (dead, flooded kees, open water, flooded marginal reeds/rushes etc) and

permanent water, allowing colonisation by additional taxa. Water in both wetlands was

fresh throughout the year. Presumably, land clearing had not resulted in salination in these

instances - at this point in time. Ifthese wetlands start to suffer from secondary salination,

then taxa richness is likely to decline.

It is well accepted that saiinity will play a major role in structuring invertebrate

communities in a wetland, and that species richless will decline as salinity increases.

Aspeets restricting the fauna include the lowest salinity achieved when a wetland is at its

freshest, and the highest salinity achieved during the amrual cycle of evapoconcentration as

a wetland recedes. There is growing scientific literature documenting the types of fauna

associated with saline waterbodies in Westem Australia (Halse, i981; Geddes et al., 1981;

Edward, 1983; Cruse et al., 1989; Bunn & Davies, 1992) and Australia (Bayly & Wiliiams,

1966; Geddes, 1976; Timms, 1981; DeDeckker & Williams, i982; DeDeckker, 1983; Harr

et al., 1997 (cited Bunn & Davies, 1992)), and this literature indicates four broad

categories into which the fauna may be classified:

1. taxa adapted to freshwater aad tolerant of salt up to 2 or 3 ppt

2. taxa adapted to freshwater and tolerant ofsalt up to -15 ppt

3. taxa occurring at 20 to 50 ppt

4. taxa occurring at > 50 ppt
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Byenup-Muir Aquatic Fauna Survey

background salinity due to the historical exposure to saline groundwater. Therefore, the

salinity ranges used in the above categories may need to be adjusted. The presence of the

relatively shallow, saline Main Groundwater in the MuirAJnicup catchments, with

nahually saline wetlards certainly provides a mechanism for adaptation.

ln addition to the response of individuai species, the literature also suggests there should be

a reduction in taxa richness with increasing salinity. The present study failed to detect a

significant negative relationship between taxa richness and salinity using rank correlation.

This is somewhat misleading, and probably relates to the conservative method of analysis

(rank correlation as opposed to product-moment correlation) and the fact that most

wetlands had salinities less than 5 ppt for most of the year. General trends of declining taxa

richress with increasing salinity in each wetland in each season are presented in Fi gure 24.
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Figure 24. Relationships between taxa richness and salinity at each wetland in each
season, with trend lines showing general gradients.

The ordination and classification techriiques identified obvious differences in

macroinvertebrate community structure between fresh, brackish and saline . wetlands,

indicating that changes in community structure may be anticipated in response to changes

in salinity. Froend & Storey (1996) recommended that a cost effective approach for future

monitoring of the effects of salinity on aquatic invertebrate community structure for
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benthic sediments, burrowing into the bed as the wetland recedes, will be exposed to

maximum salinities experienced in the wetland through evapoconcentration. Small

increases in wetland salinity may lead to the demise of these species.

The four sites at which Na nnatherina balstoni occurred (Bokarup Swamp, Kulunilup Lake,

Mulgamup Swamp and Lake Unicup) are considered to have a high conservation value

because of the limited distribution of this relatively rare endemic species. This study

probably represents a range extension for this species as reported by Allen (1989). The

species is listed as Data Deficient under the IUCN Species Survival Commission 1996 Red

List (IUCN, 1996), however, Christensen (1982) suggested that lI balstoni was one of the

rarer native freshwater species in southem Western Australia.

Edelia vittata, Galaxias occidentalis and Bostockia porosa were all relatively common in

the study area. Although all three are endemic to southwestem Westem Australia, they are

widely distribution and are relatively common within the region.

Only one introduced species, Gambusia holbrooki was recorded ftom the area. However, it

was relatively common, present at 16 of the 27 sites sampled and occuned at 83% of the

sites at which native species were present. The presence of this exotic species lowers the

conservation value of those sites at which it occurred as it is known to have an adverse

effect on native species (Morgan et al., 1996).

Those sites at which G. holbrooki did not occur but at which native species were prosent

(e.g. Yamup and Noobijup Swamps and SW Cowerup NR) might be considered to have a

higher conservation value over sites containing G. holbrooki. However, these three sites

were not particularly noteworthy in terms of composition ofnative species,

5,4 Likely threats to wetland condition and management impli€ations

Although not all-encompassing, the current study has identified a range of threats to the 27

wetlands surveyed in the Muir,{Jnicup catchments (Table 17). Generally, threats to

wetlands in the Muir/Unicup catchments can be classified into eleven broad categories:

Catchment clearing

Increased salinity

Increased inundation

Reduced inundation
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5,4.1 Catchmentcleaing
As has been seen across the majority of the wheatbelt Region of westem Australian,

broadscale catchment clearing is a driving force for many of the identified threats (e.g.

secondary salination, increased inundation, increased nutrient runoff from agricultural

applications etc). The effects of these threats on wetlands are detaiied below. However, the

general implications of catchment clearing are here further discussed.

Generally, clearing of native vegetation leads to secondary salination of wetlands and

other, mainly low-lying parts of the landscape. Deep-rooted native, perennial vegetation

intercepts more rainfall and uses more water at gleater depths than the shallow-rooted,

annual, pastures and cereals with which it has been replaced. As a consequence, when

native vegetation is removed, water tables rise bringing stoled salt to the surface. some of

the best evidence for this process comes from the catchment of Toolibin Lake in the

Wheatbelt Reeion.

Farming in the Toolibin catchment first started in the 1890s, but widespread clearing did

not occur until after the First Worid War. By the mid- 1930s about 1/3 of the native

vegetation in the catchment had been cleared. Most of the remainder was cleared in the late

1940s and early 1950s. By 1972, atleastg}Yo had been removed (I.IARWRC 1978). Fifty-

seven bores were sunk in the catchment between 1907 and 1913. When fust drilled, most

bores were 25 to 30 m deep and bottomed onto rock. About half were dry and in tlle others

the water tables generally were deep and saline (- 30 ppt) (NARWRC 1978)' By 1971

water tables had risen by 12 - 15 m (watson 1978). Continued monitoring of bores in the

catchment suggested that the effects of land clearing on the water table had yet to be fully

exoressed and the situation would deteriorate further in years to come. This highlights the

between and an increase in the water and

response to replanting. This has major implications for management of the Muir/unicup

catchments in that prompt action is required to revsrse salination, and even when

mitigation is started, the situation may further deteriorate before improving'

Secondary salination may occrr as a result of saline groundwater rising under the wetland

or as a result of flushing of salt flom affected land upstream of a wetland. Reduced

vegetation cover in the catchment also results in increased nrnoff. This contributes to

secondary salination of wetlands by causing more waterlogging and flooding in the
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As previously discussed (Section 2.3) there are naturally saline wetlands in the

Muir/Unicup catchments which reflect the complex hydrology and geomorphology of the

area. Because of this complex hydrology, and the variety of processes by which a wetland

may suffer from primary or secondary salination, each wetland must be considered on an

individual basis when considering its susceptibility to salination and in plaruring future

clearing or revegetation.

5.4.2 IncreasedsaliniU
S.cda-fitfiattd;fwetlands may occur as a result of a.) a rise in the saline water table

beneath the wetland or b.) draining of salt-affected land into a wetland (either via natural

watercourses/seeps or by man-made drains).

The effects of increased salinity on wetland flora, waterbirds and aquatic

macroinvertebrates are discussed by Froend & Storey (1996)' Generally, plants and

animals dependent upon freshwater will have a tolerance to some salt that will vary

between species. Once this tolerance is exceeded, the plant or animal will no longer be able

to survive in the system, but over time may be replaced by other species with a higher

tolerance. The demise of wetland vegetation due to salinity and associated effects (e.g.

increased inundation; see below) has been recorded by Froend & McComb (1991) and

Froend & Storey (1996). Emergent reeds/rushes are relatively intolerant and will die if

salinity in the wetland is increased above a specific threshold. This has occurred in Lake

Toweninning and Toolibin Lake. Thresholds are hard to determine due to the absence of

good historical data and the absence of controlled experiments, but the threshold for

Baumea articulatais likely to be approximately 3 ppt (Ray Froend, pers' com )' Similarly'

fteshwater-adapted emergent trees, such as Melaleuca spp and Eucalyptus rudis, will die if

saline gtoundwater rises to be in contact with their root systems or wetland salinity

increases. These species will likely be more tolerant than freshwater-adapted reeds/rushes,

but not excessively so (e.g. a tkeshold of5 - 10 ppt)'

The majority of peat swamps in the Muir^Jnicup catchments are characterised by dense

cover of,3. articulata, and this cover undoubtedly is responsible for the thick peat deposits

in the wetlands. The low tolerance of B. articulata to salt should be a major concem to

managers. wetlands are already showing the effects of rising salinity, and in some of these

wetlands large areas of B. articulata appear affected (e'g' Yamup and Geordinup Swamps)'

Given the dominance of this vegetation type in these wetlands (e'g' > 90% cover)' and the
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Water potability for young birds is also of concem. For the first week or so after hatching,

young birds must have freshwater to drink. This is because their salt glands are not

developed and the birds are unable to regulate salt intake (Halse, 1987). This applies to

salt-tolerant as well as salt-intolerant species. However, species wiil breed successfully on

saline wetlands if freshwater seepages are available for drinking. Subsequently, adult birds

of most species can survive by drinking brackish/saline water.

Therefore, so long as water is fresh in spring, when most breeding occurs, it does not

matter in terms of drinking water for waterbirds, if salinity rises later in the year. From

unpublished data ofbreeding attempts of waterbird species on various wetlands in different

salinity categories in southwestem Australia, Halse (1987) determined that if salinity rn

Toolibin Lake in September rose to >10 ppt at least 1i species known to breed on the lake

between 1981 and 1992 would stop. Similar effects may occur to waterbirds utilising

wetlands in the Muir,{Jnicup catchments if they become saline.

As well as the direct effects of salinity on waterbird populations through habitat and

physiological limitations, there will be indirect effects through changes to factors such as

food supplies. The salinity tolerance and effects of increasing salinity on the

macroinvertebrate fauna has been previously discussed (Section 5.2). Loss of species of

fish or macroinvertebrates on which species of waterbird are dependent may lead to the

demise ofthat species.

Manipulation of water levels to flush salt out of a wetland is an option to reduce salt loads

in a system (Froend & McComb, 1991; Froend & Storey, 1996). In the Muir/Unicup

catchments this may not be a viable option for some wetlands, however, it may be a

realistic option for other wetlands. Also, some wetlands may be flushed naturally following

average winter rains, to such an extent that salt loads may never increase above levels

critical to fauna or flora.

5.4.3 Increasedinundation
Previous studies of catchment clearing have shown that the clearing of native vegetation

will lead to increased runoff which leads to longer periods of inundation in seasonal

wetlands and, where excessive, the death of emergent species. It is thought that this was

the initial reason for the death of vegetation in Lake Taarblin (Watson 1978), and death of

fringing vegetation in Lake Towerriming was attributed to increased inundation and
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5.1.5 Invasion by exotic species
currently only one exotic species of fish, the Mosquitofish, Gambusia holbrooki has been
recorded from the MuirAlnicup wetlands. This species is now widespread throughout the
southwest of westem Australia, and throughout the MuirAJnicup catchments. once

established, it is virtually impossible to eradicate, without taking extreme action (e.g.
poisoning a whole wetland). Even if removed, there is a high probability the species will

re-invade via watercourses or in sheet flooding. It is accepted that the Mosquitofish will
compete with native species and may reduce the populations of some, however, it is not as

damaging as other non-native species, such as Redfin perch (perca fluviatitis), Rainbow

trori (oncorhynchus nrykiss) or Brown trott (salmo trutta) lhat possibly could be

introduced to these wetlands. As a general policy, any introductions should be discouraged,

and any ventures, such as aquaculfure, from which species could escape into these

wetlaads should be located away fiom the wetlands and their watercourses.

lntroductions of weed species of plants will be discussed in a separate reporl addressing

flora of the wetlands.

5.4,6 Nutrientenrichment
Alother consideration with respect to catchment clearing is the potential for eutrophication

of wetlands due to the flushing of nutrients applied for agricultural purposes into

watercourses and then into wetlands. water quality data collected in this study show that

many wetlands classifu as eutrophic based on nitrogen levels, but phosphorus levels are

still low. The absence of extensive algal blooms during this study suggests that these

systems are probably phosphorus limited. The flushing of fertiliser-derived phosphorus

into the wetlands would quickly lead to algal blooms with associated decreases in

biodiversity. The potential would also exist for bird deaths through algal poisoning or the

outbreak of botulism, especially towards the end of summer as wetlands dry and nutrients

are concentrated.

The application of only slow release fertilisers, maintenance of effective buffers around

wetlands and redirection of drains away from wetlands is recommended to avoid nutrient

enrichment of wetlands.

5.4.7 Fire
FrE;aA certain situations, will be extremely detrimental to the peat wetlands in the

Muir,{Jnicup catchments. Horwitz (199a) highlights fire as a threat to the far southern
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Eyenup-Muir Aquattc Fauna Sudey

wetlands. Currently, rivers in the area are already saline (e.g. Tone and Frankland). If

drains are to be constructed, it is preferable to drain degraded land into these systems rather

than into relatively undisturbed wetlands.

5,4.9 Riparian buffer clearing
Maintenance of adequate buffer zones around wetlands in the Muir,ilJnicup catchments

should be a management priority. Buffers prevent wind mixing and associated turbidity in

open wetlands, provide waterbird habitat and nesting sites, and assist in preventing

overland flow of nutrients into wetlands and thus prevent eutrophication. There are few

empirical data on what constitutes an adequate buffer zone, however, Davies & Lane

(1996) recommend a buffer zone of at least 200 m to minimise nutdent enrichment of

wetlands on sandy soils (vlz. Swan Coastal Plain wetlands). Buffers should not include part

of the wetland itself, but should be formed from non-wetland dependent vegetation (e.g.

vegetation that lies above the high water level ofthe wetland).

5.4.10 Stock access .for water/graang
Access of livestock to wetlands should be avoided because of the associated effects of

degradation of wetland vegetation through grazing and trampling, disturbance to the

substrate (peat) of the wetland, and introduction of nutrients ultimately leading to

eutrophication. Wetlands and their buffers should be fenced-off to prevent stock access. If

water is required during summer, then watering points should be provided remote from the

wetland (e.g. either by pumping or gravity feed via a pipe or channel). The amount of

water removed should be restricted so that the inundation regime of the wetland is not

altered.

5.4.11 Mining
The only significant mining activity in the Muir,i{Jnicup catchments is peat mining (to

supply horticultural demands) which currently occurs in Red Lake and has been proposed,

but was rejected for TordirGumrp Lagoon. The possible effects of peat mining on the

aquatic fauna and ecology of Tordit-Gum:p Lagoon, with reference to Byenup Lagoon and

Poorginup Swamp was addressed by DeHaan (1987). Basically, peat swamps in the

Muir,ilJnicup catchments are characterised by dense cover of Baumea articulata growing

on deep deposits ofpeat. The ecology of these systems is adapted to these characteristics.

Peat mining involves the removal of the peat. It is predicted that this activity will

irrevocably change the nature of a peat wetland.
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By€lrup-lrl lir Aquatic fauna survey

Copepoda
Cladocera
Rotifera
Protozoa

Any additional vials, as above, should be labelled and identifred as coarse fraction, along with
the site name, number and date sampled.

Step 2.
The fine fraction, being that which passes through the 2 mm sieve but is retained by the 250prm
sieve will likely need to be subsampled. In some instances this fraction will be small (or contain
few animals) and may be sorted in its entirety.

The recommended approach to subsampling is to use a jug splitter, as used for the Monitoring
River Health Initiative. This splits the entire sample into half and then successive halves into
quarters, eighths etc. The aim is to derive a subsample portion that contains a sufficient number
of animals to stiii be representative ofthe whole ofthe fine fraction, but not to contain so many
animals as to be impossible to sort. As a ru1e of thumb, the subsample fraction must contain at
least 200 animals. Remove al1 animals from the subsample and place in a vial (subsample
fraction), recording the size of the subsample on the label (i.e. Il4, Il8, 1116 etc). If a
subsample contains large numbers of a distinctive species, it is not necessary to remove every
individua.l from the portion. If you are sure they are al1 one species, remove a representative
sampie (i.e.20) and estimate the total number in the subsample and record this on the data
sheet. Later on, the number estimated will be multiplied by the subsample portion, added to any
individuals removed from the bulk portion and then converted to the abundance categories. As
above, even if we subsequently discover that what appeared as one species is actually two
closely related species - abundances can be estimated using the proportion of each in the 20 that
was selected and applying this to the total number estimated.

Chironomidae and Hydracarina should be kept in separate vials as they will be sent to specialist
taxonomists. Also, representatives of any microinvertebrates should be kept in a separate
subsampled bulk sample. Taxa considered as microinvertebrates include:

Ostracoda
Copepoda
Cladocera
Rotifera
Protozoa

Any additional vials, as above, should be labelled and identified as subsampled fractions -
recording the size of the subsample (i.e. ll4, 1/8, 1/16 etc) along with the site name, number and
date sampled.

Step 3.
After the subsampled portion (i.e. the 1i8) has been sorted, it may be discarded. However, the
remaining 7/8*' must be retained, preserved in 70% alcohol for future reference. Before
preserving the remaining 7/8th', it should be quickly scarured for any additional taxa that have
not previousiy been recorded. Representatives should be placed in an additional vial labelled
fine fraction residue. This will generally only include macroinvertebrates. Any singleton
microinvertebrates will likely be in the dedicated samples for microinvertebrates collected with
the 50pm mesh net and can be ienored.
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datasheet to be used with the above ling protocol

ite Name

representatives
were oicked-out

Size of Subsample =F ine Fraction SubsamPle

ffieachcomponent)
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Poorginup Swamp
Poo€inup Swamp
Tordit-Gunup t agoon
TordiFcur.up Lagoon
Tordit-Gurrup Lagoon
Yamup Swamp
Yamup Swamp
Yamup Swamp
Bokarup Swamp
Bokarup Swamp
Bokatup Swamp
Cobertup Swamp
Cobeltup Swarnp
Cobertup Swamp
Noobijup Swamp
Noobijr-tp Swamp
Noobijup Swa,.np
Kuluniiup NR
Kulunilup NR
Mulgamup Swamp
Mulgamup Swamp
Mulgamup Swamp
Byenup lagoon
Byenup lngoon
Byenup Lagoon
N end of Byenup Lagoon
N end ofByenup Lagoon
N end of Byenup Lagoon
Geordinup Swamp
Geordinlrp S\ra,.!p
Geordinup Swamp

Byenup-Muir aquadc Fauna SuBey

Appendix 2. (cont.)

Top Bottom us/cm PP'f gauge D€epest mg/L
P

\ l4t0lt97 18.8 18.2 570 0.29 5.64 4.42 0.57 20
t ).0t05t97 r4.1 11.6 835 0.42 6.44 0.15 0.30 18
2 20,10t96 18.2 18.2 2000 1.00 6.76 2.'78 2.78 98
2 t4t0|97 25.8 25.8 2260 1.13 7.63 2.56 2.56 1r0
2 l0l()5i9'7 13.3 13.3 2620 1.31 7.88 2.23 2.23 160
5 2Ul0t96 t8.2 18.1 2800 i.40 5.78 r.02 r.02 43
5 15t01t97 28.2 25.1 5ll0 2.56 7.16 0.7',7 0.77 73
5 8t05t9'7 t2.3 12.3 9080 4.54 7.28 0.53 0.53 110
6 2IA0t96 19.9 l ' ./.g 2650 1.33 7.36 0.78 0.78 35
6 l5t0]/97 3l.s 24.6 5450 2.73 ',7.44 0.53 0.53 95
6 ',7t05t97 t2.4 12.4 10760 5.38 7.20 0.18 0.18 83
'1 t9t),0t96 16.8 16.7 986 0.49 5.66 0.87 0.99 33
1 l3t0|97 28.3 25.9 1610 0.81 6.79 0.54 0.66 63
't 5t05t91 16.4 16.4 2440 1.22 6.50 0.18 0.30 58
8 2V10/96 17.9 17.9 2s50 1.28 6.40 1.12 |.23 45
8 rs/0|97 27.8 27.8 3630 r.82 ',7.04 0.85 0.96 88
8 '/ t05t9'7 ls.3 ).2.',7 2910 1.46 6.68 0.69 0.80 73
rt 5t08t97 14.2 14.1 4400 2.20 6.95 0.27 2.00 70
l), 22t10t97 22.8 19.1 3700 1.85 7.0r 0.74 2.47 58
12 t'//10t96 13.8 13.',7 2.t'70 t.09 6.24 0.62 0.80 43
n r6ta|97 31.5 22.6 3460 L',13 6.33 0.32 0.50 ',70

12 6/0st9"t 15.9 r5.9 6280 3.14 6.',// 0.02 0.20 88
14 \9t10/96 r9.9 19.5 4380 2.19 8.0r 252 2.52 140
14 t4t0t/97 26.8 26.4 7160 3.58 8.16 2.19 2.19 190
t4 9/05/97 t4.9 14.9 8730 4.37 8.60 1.89 r.89 240
15 17/10/96 1't.9 15.3 2160 r.08 6.13 0.69 0.81 68
t5 r6t0lt97 30.6 28.9 6060 3.03 6.7',7 0.41 0.53 140
t5 6t05t9'7 16.0 16.0 9830 4.92 '7.50 0.18 0.30 200
16 18/10/96 18.1 17.2 2500 1.25 5.91 0.68 Ll8 33
16 14/0v91 30.1 24.6 5910 2.96 1.26 0.36 0.86 75
t6 9/0s/91 13.3 r3.3 9600 4.80 7.80 0.00 0.50 180

westem swamp in Kodjinup NR I8 201),0196 20.8 16.5 2860 1.43 6.11 0.60 0.85 38

westem swamp in Kodjinup NR 18 16101191 26.1 22.1 3880 1.94 6.62 0.32 0.57 55

westem swamp in Kodjbup NR 18 610519'l \3.2 13.2 5820 2.91 7.35 0.05 0.30 70

Galamup Swamp
Galamup Swamp
Galamup Swamp
Lake Unicup
Lake Unicup
Loc. 12676, S ofE end ofPindicup Rd 29 21/10/96 1'1.8 )5./ 1446 A.72 7.90 0.80 1.54 15

Loc. 12676. S ofE end ofPindicuo Rd 29 15/01197 30.0 23.9 1930 0.9'7 1.20 0.57 1.31 85

Loc. 12676, S of E end of Pindicup Rd 29 7105197 12.1 11.5 2910 1.46 6.55 0.08 0.82 100

Pindicup Lake
Pindicup Lake
Loc. 12686, Swofunicup NR 31 21110/96 19.3 1,9.9 34'/00 1'/ .35 '7.96 1.00 1.32 200

Loc. i2686, Swolunicup NR 3l 16101197 25.8 25.8 37600 18.80 8.33 0. '75 1.4'7 240

Loc. 12686, SW ofunicup NR 31 6105/97 12.6 12.6 46800 23.40 8.60 0.48 0.80 370

Loc. 12561, SE ofBasivceordinup Rd 33 19110196 I7.'7 17.'7 4050 2.03 9.94 0.65 0.92 83

Loc. 12561, SE ofBasiyceordinup Rd 33 15/01/97 25.8 25.8 12100 6.05 9.58 0.34 0.61 300

Loc. 12561. SE ofBasi l /GeordinuD Rd 33 9105197 12.8 12.8 56100 28.05 9.01 -0.15 0.12 850

NE Unicup NR
NE Unicup NR
S Kulunilup NR
W Kuiunilup NR
NE Kodjinup NR
Myalgelup Road
SE Kodjinup NR
SW Kodjinup NR
Wimbalup Rd
SW Covr'erup NR

ge

19 18/10/96 21.6 17.2 572 0.29 5.86 0.52. 4.7',7 15

l9 l3t0l. /97 28.5 28.5 1165 0.58 6.53 0.26 0.51 95

t9 5t05t97 15.2 15.2 2260 L.t3 6.49 -0.10 0.15 60

24 5/0819'/ 15.0 1s.0 9'720 4.86 8.10 1.28 t.28 120

24 21t10/97 t9.7 19.4 6980 3.49 8.16 1.14 t.14 94
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- l
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l | i

30 6t05t9'7 15.0 15.0 13670 6.84 8.54 0.1' l  0.40 180

30 20'L0t97 21.9 21.9 7190 3.60 8.59 0.57 0.57 110
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3s 5/08t97 r5.0 13.9 2480 1.24 7.01 0.39 0.75 88
35 21t10/97 25.0 18.3 i300 A.65 7.4'l 1.03 1.39 58
37 22t10/9'/ 19.4 r9.4 1630 0.&2 6.25 0.25 0.2s 18
38 22t10/97 29.4 29.4 610 0.31 7.A4 0.10 0.10 13
43 2U1,0/97 \'.7.5 1',7.5 2',700 L35 7.35 0.20 0.20 160
44 23tl0t9't 18.1 18.1 3170 ]159 6.1.4 0.30 0.58 13
49 2\r0t97 20.6 20.6 2050 1.03 6.91 0.20 0.20 53
50 2v),0t97 22.1 22.1 3100 r.55 7.47 0.25 0.25 63
52 23tr0t97 20.4 20.4 640 0.32 6.50 0.20 0.30 25
53 23tr0/91 20.9 20.9 2360 i.18 7.03 0.10 0.10 48

t , . !
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Byerup-r4uir Aquatic Fauna Suney

cms woter 9/o rush€f 7o Vo o/"

Tordit4urup Lagoon 2 85 45 54 I 20
Yamup Swamp
Bokarup Swamp
Coberfirp Swamp
Noobijup Swamp
Kuluniiup NR
Mulgamup Swamp
Byenup Lagoon

Geordinup Swamp
Westem swarnp in Kodjinup NR
Gaiamup Swamp
Lake Unicup

11 80 30 69 |
1.2 75 0 7r 29

97  l 0  89  I  l 0
6 1 5 0 3 s  6 4  1 0
7 1 3 0  0 9 9  l 0
8  6 0 0 9 9  l 0

I O
0

1 m 2 5 7 2 3 1
N end ofByenup lagoon 15 120 0 90 r 0 0

1 6  1 5 0  1 5 8 4  r  0
1 8 7 5 0 8 0 2 0 0

14

l 9 105 0 99 I
2 4  1 5 9 5  4 1 9 0

Loc. 12576, S ofE end ofPindiouo Rd 29 3 50 t 7 2 5 0
3 0  I 0  5 5  4 4  1 5 5
3 t 2 9 5 3 2 0

1 0 9 0 5 s 8 0
2 5 0  3 0  1 0  4 0
1 1 5 9 1  0

38 3 9 0 r 0  I
50 25 75 I

4 4  1 5 1 9 9  0
4 9  1 1 5 9 4  0
5 0 5 1 0 4 5 9 5 0

Pindicup Lake
Loc. 12586, SW ofunicup NR
Loc. 12561. SE ofBasivceordinuD Rd 33
NE Udcup NR
S Kuiunilup NR
W Kullmilup NR
NE Kodjinup NR
Myalgetup Road
SE Kodjinup NR
SW Kodjinup NR
Wirnbalup Rd 52 | 5 1 99 0
S W  C o w e r u p  N R  5 3  1 5 1 9 9  0
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