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Abstract

The objective of this project was to determine if Galaxiella nigrostriata populations
could belong to a metapopulation. Metapopulation theory describes how multiple
populations with occasional connectivity are a ‘population of populations’. Some
populations’ habitats have optimal conditions (source habitats), others experience
regular extinctions (sink habitats). Connectivity allows repopulation of extinct or
uninhabited habitats. Galaxiella nigrostriata occurred randomly in 11 seasonal wetlands
in the Kemerton wetland complex in south-west Western Australia over a 16 year
period. The wetlands did not appear to be connected.

Around 70% of wetlands on the Swan Coastal Plain in south-west WA have been filled
or degraded since European settlement around 180 years ago. Of those, seasonal
wetlands are at most risk from degradation. Galaxiella nigrostriata mainly live in
seasonal wetlands between Augusta and Albany and in three remnant populations on the
Swan Coastal Plain. They are small freshwater fish (<45mm total length), aestivate in
moist wetland sediments when wetlands dry and live for about one year. Seasonal
wetlands and G. nigrostriata are threatened by nutrient enrichment, salinity, introduced
fish, landscape modification and changes to hydroperiod by groundwater abstraction
and declining rainfall.

Inundated wetlands that previously contained G. nigrostriata, and wetlands where they
had not been recorded, were sampled throughout south-west WA. Fish and crayfish
abundance was surveyed and water samples analysed on site and in a laboratory.
Physical characteristics of each wetland and surrounding landscape were also recorded.
Information about wetlands was analysed to determine if physico-chemical
characteristics accounted for G. nigrostriata abundance or distribution between
wetlands. Lentocorrals were then established in two Kemerton wetlands prior to
inundation. They were sampled following inundation to determine how and where
within a wetland G. nigrostriata entered the sediment to aestivate. Aestivation was
examined to determine whether any physical features may be lacking which could
inhibit population persistence. Galaxiella nigrostriata specimens from each population
had morphological measurements and counts taken prior to tissue being removed for
genetic analyses. Two mitochondrial DNA markers were used to investigate divergence
and connectivity within and between populations and catchments.



Most wetlands were small (mean 0.6 ha), had tannin-stained water and 41% vegetation
cover. All wetlands exceeded guideline values for Fe and Zn and those near agricultural
land exceeded guideline values for TN and TP. However, no physico-chemical water
properties or habitat features impeded G. nigrostriata abundance or distribution
between wetlands. Additionally, it was thought there may be a commensal relationship
between G. nigrostriata and burrowing crayfish, with G. nigrostriata using burrows to
enter the sediment. No relationship was found between G. nigrostriata, crayfish or their
burrows, indicating an alternative way for them to enter the sediment. Genetic research
and examination of wetland positions in the landscape confirmed G. nigrostriata
populations (particularly Kemerton) are part of metapopulation. This research showed
populations between catchments had not connected for thousands of years but

populations in wetland complexes had recent connectivity.

Management of wetlands requires investigation and monitoring of nearby wetlands
which may be part of a metapopulation, and may affect population longevity of all

wetlands.
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1 Introduction



1.1 Metapopulation: a population of populations

Metapopulation theory explains survival or extinction patterns in a group of individual
populations that interact through occasional connectivity and where the average rate of
extinction is less than that of migration (Levins 1970; Hanski & Gaggiotti 2004; Batzer,
Cooper et al. 2006). Some of those populations may go extinct from time to time, only
to be recolonised later from neighbouring populations. Populations that persist over
time are considered to be source populations, these populations are found in habitats
that have optimal conditions for their survival (Dias 1996). Populations that regularly
become extinct are known as sink populations, which exist in habitats that are unable to
sustain a population in the long-term. Metapopulation theory was introduced by Levins
(1970), following on from MacArthur and Wilson’s work on island biogeography
theory (MacArthur & Wilson 1963; 1967).

Hanski and Gilpin (1997) list four requirements for the use of metapopulation theory to
be valid for a group of populations. A region thought to contain a metapopulation must
be made up of: (1) a mosaic of distinct areas of suitable and unsuitable habitat, (2) each
population must at some time be threatened by extinction, (3) there must be some
interaction between the populations, and (4) the dynamics of one population should be
independent of other population dynamics. Jordan and Baldi et al. (2003) examined
populations of the endangered Pholidoptera transsylvanica Bush Cricket in Hungary,
which followed the above criteria. Their results showed the most important dynamic for

the cricket populations was connectivity between patches of habitat and habitat size.

Dispersal from source populations may occur prior to or once the carrying capacity has
been reached and then flow into potential sink populations (Hoopes & Harrison 1998).
Hoopes et al. (1998) also suggest that sink populations may ultimately provide the
necessary stock to repopulate source populations, should a catastrophic event happen to
the source population. Lafferty et al. (1999) also emphasise the importance of sink
populations. While investigating the affects that small wetlands have on metapopulation
dynamics of the endangered Eucyclogobius newberryi Tidewater Goby, they concluded
that small wetlands need to be incorporated into management plans. They suggested that
small wetlands can harbour (sink) populations during low rainfall years and during
higher rainfall years provide important migration pathways between larger wetlands
containing source populations. This implies that metapopulations are dynamic and
require spatial and temporal monitoring in multiple wetlands to understand the seasonal

fluctuations that may occur.



Population connectivity may be difficult to establish without genetic analyses (Lowe &
Allendorf 2010). Historic or recent dispersal between populations can be inferred by
gene flow, as shown by Barson et al. (2009) and their research into Poecilia reticulate
Guppy. Genetic diversity was higher in Guppy sink populations than the source, a
common phenomenon due to high death rates (turnover) and migration into the sink
population (Gaggiotti 1996). While genetic analysis alone is not effective in detecting
metapopulations, it can be a useful tool when used to complement other methods, such
as habitat assessments and population surveys (Davis & Roberts 2005; Lowe &
Allendorf 2010).

Stochastic environmental conditions (for example: wildfire, climate change or disease),
may cause the extinction of a source or sink population or interrupt the connectivity
between these populations. Therefore, to understand a species’ habitat requirements or
manage a species for conservation, information about more than one population may
need to be considered. Indeed, if there is more than one population within close range,
then all nearby populations should be investigated or managed together. Furthermore,
researchers and land managers need to know how much impact there will be on
surrounding populations should an area of (populated) habitat be reduced or removed
for development (Hanski 1994).

Populations of Galaxiella nigrostriata Black-stripe Minnow at the Kemerton wetlands
are ideal candidates for testing metapopulation theory, given their intermittent presence
in separated wetlands within a wetland complex. The Kemerton wetland populations

follow the four criteria for a region to qualify as a metapopulation:

1) A mosaic of suitable and unsuitable habitat - the Kemerton wetlands are relatively
heterogeneous in their size, depth, mix of vegetation, soil types and water quality
(BEC 2004; Rockwater 2008).

2) Each population threatened by extinction - the hydroperiods of the Kemerton
wetlands vary over time, caused by long-term climate change, nearby groundwater
extraction regimes and changes to the local topography (through mining)
(Rockwater 2008).

3) Interaction between populations - through environmental monitoring records, some
Kemerton wetlands appear to maintain G. nigrostriata populations while in others

their presence is sporadic.



4) All populations are independently dynamic - there are no permanent surface water
connections between wetlands. Connectivity may be limited to abnormally high

rainfall seasons.

Therefore, metapopulation theory could explain why some G. nigrostriata populations

are temporary while others are permanent within a wetland complex.

1.2 Seasonal wetlands in south-west Western Australia

Seasonal wetlands are wetlands that have a predictable annual filling and drying regime
and are inundated for months in between (Boulton & Brock 1999). Seasonal wetlands in
south-west Western Australia (WA) generally begin to fill with the onset of winter rains
(April-July) and start to dry as temperatures and evaporation increase from November —
January (Balla 1994). Most seasonal wetlands in south-west WA are groundwater
dependant, receiving water from unconfined aquifers as groundwater levels rise
(recharged by rainfall) and also directly from rainfall and run off (Balla 1994; Gibson,
Keighery et al. 2005). The majority of seasonal wetlands in south-west WA are found
on the Swan Coastal Plain and the Warren bioregion, which includes the Scott Coastal
Plain (Gibson, Keighery et al. 2005).

Around 70% of wetlands on the Swan Coastal Plain have been drained, filled or
otherwise degraded since European settlement over 180 years ago, mostly from
urbanisation and agriculture (Seddon 1972; Balla 1994; Davis & Froend 1999).
Additionally, on the Swan Coastal Plain between Harvey and Dunsborough, an
estimated 95% of wetlands have been filled or drained for agriculture (Riggert 1966).
Unfortunately, many of the remaining wetlands are experiencing degradation from
clearing or modifying riparian vegetation (replacement by exotic species), poor water
quality from increased nutrients and pollution (fertilizers, stormwater runoff) and
hydrological changes (e.g. climate change or groundwater abstraction) (Hill, Semeniuk
et al. 1996; Davis & Froend 1999).

Seasonal wetlands generally have higher genetic diversity and have higher diversity of
flora and fauna compared to permanent wetlands (Hill & Del Marco 1996). However,
south-west WA has a low diversity of native freshwater fish species, with only 10
species present (Morgan, Gill et al. 1998; Allen, Midgley et al. 2002). Of those, eight
species are endemic, the high degree of endemism is probably due to the long term
geographic isolation of this group (Morgan, Gill et al. 1998; Unmack 2001). Of the
endemic species, there are three representatives of the Galaxiidae: Galaxias occidentalis



Western Minnow, Galaxiella munda Mud Minnow and G. nigrostriata (Morgan, Gill et
al. 1998).

1.3 Galaxiella nigrostriata

Galaxiella nigrostriata is a small (maximum total length (TL) <50 mm), scaleless
freshwater fish with an elongate body that is mostly grey-tan with a white underside
(Plate 1) (Morgan, Gill et al. 1998; Allen, Midgley et al. 2002). From early larval stages
G. nigrostriata has two black longitudinal stripes that run from the eye to the base of the
tail, divided by a yellow to red stripe (Gill & Neira 1994; McDowall & Waters 2004).
Each female G. nigrostriata lays about 60 eggs per season, possibly over a period of a
couple of weeks, between June and September (Pen, Gill et al. 1993; Gill & Neira
1994). When larvae hatch they are about 3.5 mm TL and develop their stripes soon after

(Gill & Neira 1994; Morgan, Gill et al. 1998). Galaxiella nigrostriata become sexually

mature when nearly one year old and die soon after spawning (Pen, Gill et al. 1993).

Plate 1. Adult Galaxiella nigrostriata approximately 30 mm total length (courtesy of Gerry Allen)

Migration between water bodies is limited to direct connections such as annual or
perennial creeks and rivers and seasonally inundated damplands or floodplains. It is also
possible they migrate between waterbodies during temporary sheet flow caused by
heavy rainfall, as they have been observed swimming in water 2 mm deep (Beck 1985).
Galaxiella nigrostriata are typically found in seasonal wetlands with irregular
connectivity to nearby water bodies. To survive regular drying of their habitat,
G. nigrostriata aestivate in the damp sediments when wetlands dry around December
and appear again when wetlands inundate around June (Berra & Allen 1989a; Pen, Gill
et al. 1993; Morgan, Gill et al. 1998).

Galaxiella nigrostriata typically inhabit vegetated water that is about 300 mm deep,
highly tannin stained and has a wide pH and temperature range of 3.0-8.0 and 11-30°C

respectively (Jaensch 1992; Gill & Morgan 1996; Morgan, Gill et al. 1998; Allen,
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Midgley et al. 2002). They are usually found in lentic pools up to 100 km from the
coast, with limited connectivity to surrounding wetlands (Pusey & Edward 1990;
Morgan & Gill 2000). The main populations of G. nigrostriata are in catchments
between Augusta and Albany, with the highest prevalence found within the Gardner
River catchment near Windy Harbour in D’Entrecasteaux National Park (Morgan, Gill
et al. 1998; Morgan & Gill 2000) (Figure 1). Until recently, there were only two known
remnant populations on the Swan Coastal Plain, one about 30 km NNE of Perth at a
Melaleuca Park wetland designated EPP173 and the other 130 km S of Perth in
wetlands within the Kemerton wetlands near Bunbury (Morgan, Gill et al. 1998;
Bamford & Bamford 2002; Knott, Jasinska et al. 2002). However, an adult
G. nigrostriata was captured by Neisha McLure (ECU student) while sampling for
aquatic macroinvertebrates at Lake Chandala about 50 km NNE of Perth, which is the
first recorded capture north of Melaleuca Park (McLure & Horwitz 2009; Galeotti,
McCullough et al. 2010).

Lake Chandala o
(2009) N
Melaleuca Park \
(1996) R {
N “ = p A
s /
| | .
100 km
& City/town * Kemerton
* Remnant (1993) Western
population Australia

Northcliffe
e

Scott Coastal Plain

Walpole Albany

Figure 1. Current approximate distribution of G. nigrostriata populations in dotted area, which
includes the Scott Coastal Plain (shaded area), and remnant populations shown by stars (date
remnant population discovered in brackets) within the Swan Coastal Plain (shaded).



1.4 Threatening processes

The main threats likely to affect G. nigrostriata population survival are climate change,
habitat modification and destruction. Rainfall in south-west WA is expected to decline
by over 40% by 2070 and evapotranspiration is expected to increase (Watterson,
Whetton et al. 2007). A drying climate will likely affect wetland hydroperiod through
decreased run-off and reduced groundwater recharge, with some wetlands becoming
permanently dry (Pratchett, Bay et al. 2011). Wetlands will also be affected by a
predicted rise in mean temperatures which will lead to an increase in evapotranspiration
in south-west WA (Watterson, Whetton et al. 2007).

A number of land use practices have directly or indirectly caused the loss of wetlands in
south-west WA, such as filling or draining for agriculture, urbanisation and roads,
forestry, dams and other such infrastructure, mineral and quartzite sand mining under
wetlands (Seddon 1972; Balla 1994; Davis & Froend 1999; Smith, Knott et al. 2002).
Unfortunately, seasonal wetlands are disappearing faster than other wetland types as
they are less obvious as a wetland (when dry), making them an easy target for
development (Hill & Del Marco 1996). Indeed, the reduced distribution of many native
freshwater fish species to relatively pristine areas in the south-west corner of WA is
considered due to widespread loss and degradation of wetlands in the region (Morgan,
Gill et al. 1998; Allen, Midgley et al. 2002).

Additionally, groundwater levels at Melaleuca Park’s EPP173 have been decreasing
since the early 1970’s due to declining rainfall, groundwater abstraction and uptake
from the nearby pine plantation (WRC 1997). Excessive anthropogenic groundwater
extraction can cause unseasonal or extended dry periods in wetlands and decreasing
groundwater levels could induce acidification through acid sulphate soils (Smith, Knott
et al. 2002; Horwitz, Bradshaw et al. 2008). Furthermore, altered wildfire seasons and
prescribed burning practices can cause organic-rich sediments in seasonal wetlands to
burn for long periods, possibly killing fish that may be aestivating within the substrate
(Trayler, Davis et al. 1996; Semeniuk & Semeniuk 2005; Horwitz, Bradshaw et al.
2008). In some areas, an increase in wetland salinity has been caused by massive
historical land clearing degrading water quality in rivers and streams (Halse, Ruprecht
et al. 2003).

Introduced exotic fish species may also impact upon native species through competition
for food, aggressive/predatory behaviour that causes displacement, injury or death and
by introducing disease (Becker, Laurenson et al. 2005; Rowe 2007; Marina, Beatty et
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al. 2008). For example, introduced Gambusia holbrooki Eastern Mosquitofish prefer the
shallow still water of wetlands and may show aggressive behaviour (fin-nipping) toward
co-habiting species, particularly when water temperature is over 20 °C (Morgan, Gill et
al. 2004; Rowe 2007). One advantage G. nigrostriata have over introduced species is
the ability to aestivate during dry periods. Exotic (and most native) fish species known
in south-west WA wetlands cannot aestivate, therefore they die or leave an area that
dries. However, exotic species could still have a deleterious effect by attacking
G. nigrostriata populations as water subsides, niche habitats in the water column

disappear and competition for food and space increase.

Galaxiella nigrostriata are listed as a species of conservation concern with local,

national and international organisations:

Priority 3 (Taxa with several, poorly known populations, some on conservation
lands) with the West Australian Department of Environment and Conservation
(DEC, unpublished data, 2010)

Restricted with Australian Society of Fish Biology (ASFB 2007)

Lower Risk - Near Threatened with the International Union for Conservation of
Nature (Wager 1996).

1.5 Project structure

The objective of this project was to establish if G. nigrostriata populations belong to a
metapopulation. Galaxiella nigrostriata populations were found to occur seemingly
randomly in many seasonal wetlands in the Kemerton wetland complex over a 16 year
period. The wetlands did not appear to be connected. Research was conducted to
systematically demonstrate how metapopulation theory could explain their appearance

in the wetlands.

This chapter (Chapter 1) outlines metapopulation theory and how it can be applied to
populations of various taxa. It explains how conservation of a species can be managed
through monitoring multiple populations or habitats and the importance of sink
populations. Background information about wetlands in south-west WA is next,
particularly the apparent lack of value placed on them by past (and current) generations.
Pertinent ecological and biological facts about G. nigrostriata are then given, which
include their habitat, distribution and life cycle. Factors that may threaten populations

follow, highlighting impacts to habitats from climate change and anthropogenic.



Finally, general features of the wetlands sampled and surrounding areas and climate of

south-west WA is discussed to give an understanding of their environment.

Chapter 2 reports on the methods used that are common to more than one chapter. It
includes a detailed account of the ad hoc assessment of sampling techniques. This
followed the inefficiency of the box traps initially used by the author, based on their use
by other researchers for similar sampling. The statistics used in the following chapters

are also fully described in this chapter.

The first criterion for metapopulation theory requires areas of suitable and unsuitable
habitat. Inundated seasonal wetlands throughout south-west WA were sampled and
analysed to determine which factors may limit habitat suitability for G. nigrostriata
populations (Chapter 3). All factors deemed significant to G. nigrostriata population
survival were examined and included population presence and abundance, water quality
and habitat characteristics. Besides the threatening processes already mentioned in the
introduction, any G. nigrostriata habitats found to be unsuitable may also satisfy the
second metapopulation theory criterion: that each population must at some stage be

threatened with extinction.

Dry wetlands were examined next (Chapter 4), given that nearly half of
G. nigrostriata’s life cycle is spent in aestivation. Two experiments investigated how
G. nigrostriata access the groundwater table, their assumed use of crayfish burrows, and
what part of the wetlands is used for aestivation. Knowing if burrowing crayfish are
required for G. nigrostriata to enter the sediments or if ideal habitats for aestivation are
not available in certain wetlands may limit aestivation and therefore reduce long-term

survival of G. nigrostriata populations.

Chapter 5 examined gene flow between populations to infer connectivity, which would
satisfy the third and fourth criterion, that there must be connectivity and that
populations should be independently dynamic. Connectivity was investigated between
nearby wetlands within a wetland complex, and between catchments to consider how
long populations in neighbouring catchments may have been separated. Furthermore,
morphology of G. nigrostriata was examined to see what effect had come from

separation.

The final chapter (Chapter 6) summarises the main findings of this project and discusses
those outcomes. How the criteria for metapopulation are met from this research is also
discussed. Limitations are considered and recommendations for further research are

suggested.



1.5.1 Project aims
The following aims, and the chapter in which they are addressed, are used in this project

to provide evidence for G. nigrostriata populations belonging to a metapopulation. Each
chapter includes hypotheses to lend support to the aims and the overall project

objective.
Chapter 3

Do any specific physical or chemical characteristics of wetlands or their water
quality impact on G. nigrostriata abundance or distribution? What conditions

may cause a habitat to be a source or a sink?
Chapter 4

Are there specific habitat features/requirements (presence of burrowing
crayfish?) for aestivation to be successful? Not all wetlands are exactly the

same, which may preclude aestivation survival, creating a sink habitat.
Chapter 5

Is there connectivity between populations within a wetland complex?

Populations require the ability to migrate to be classed as a metapopulation.
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2 General methods
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2.1 Sampling sites

Sampling sites on the Swan Coastal Plain and the south-west corner of WA (herein the
‘south-west region’) were mostly groundwater dependant seasonal wetlands that have
relatively predictable hydroperiods. The wetlands begin to inundate with the start of the
winter rains Only two wetlands contained permanent pools: Melaleuca Park near Perth
(EPP173) and Poorginup Swamp north of Walpole (MR1 and MR2) (Knott, Jasinska et
al. 2002; R Hearn, DEC Manjimup, 2008, pers. comm.). Wetlands sampled ranged from
having virtually none to almost impenetrable stands of riparian and wetland vegetation.
Several wetlands were also on floodplains and experience occasional flooding. Some of
the south-west region wetlands sampled were artificially created in the 1950’s as water
points for fighting bushfires or used for soil to form roads. Sites sampled were near
Perth, Bunbury, Augusta, Northcliffe, Walpole and Albany (Figure 2). More detailed

site information including GPS coordinates are in Appendix 8.1.

Wetland names referred to in this thesis are designated by the author, except for three
Kemerton Silica Sand (KSS) wetlands (see 2.1.2 Kemerton wetlands) and EPP wetlands
(Environmental Protection [Swan Coastal Plain Lakes] Policy 1992) (Balla 1994).
Wetlands chosen for sampling sites were from general locations known to contain
G. nigrostriata from previous fish surveys (Morgan, Gill et al. 1998; Knott, Jasinska et
al. 2002), KSS environmental monitoring reports (Bamford & Bamford 2002; Bamford
& Bamford 2006) and Western Australian Museum records (WAM; unpublished data).
Similar wetland types where G. nigrostriata were not present were also sought within
the same regions that the fish had been recorded, to make comparisons to what factors

may be limiting their presence.
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Figure 2. Sampling locations in south-west WA. Kemerton wetlands inset. Only natural wetlands
were sampled at Kemerton wetlands. Weather stations shown are where Bureau of
Meteorology climate information was obtained.

2.1.1 Melaleuca Park

Wetlands EPP173 and Mb are groundwater fed, seasonally inundated swamps in
Melaleuca Park, 30 km NNE of Perth on the Swan Coastal Plain (Knott, Jasinska et al.
2002). The wetlands probably used to drain into the nearby Ellen Brook, which is a
tributary of the Swan River, prior to landscape modification for agriculture (such as
drainage and roads) and when groundwater levels were higher. Wetland EPP173 covers
about 1.5 ha and Mb covers about 0.3 ha joining the northern side of EPP173 and both
wetlands are thought to be part of a previous single large wetland (Smith, Knott et al.
2002). The wetlands are surrounded by Banksia menziesii open woodland containing
Eucalyptus marginate Jarrah, Corymbia calophylla and Xanthorrhoea preissii Balga or
Grasstree on slightly undulating Bassendean sands, are fringed by Melaleuca preissiana
and EPP173 is dominated by the rush Baumea articulata (WRC 1997; Knott, Jasinska
et al. 2002).

Both wetlands are continuous at the height of winter water levels and have a small
outflow stream which drains into neighbouring agricultural land during high water level

13



years (Smith, Knott et al. 2002; Cullinane, Wilson et al. 2009). An area of several
square metres within EPP173 has shallow standing water all year due to groundwater
spring seepage, otherwise the remaining wetland is only inundated from about June to
January (Knott, Jasinska et al. 2002). Prior to this project there were only two records of
G. nigrostriata from EPP173 (D. Morgan, Murdoch University - Centre for Fish and
Fisheries Research (MU-CFFR), unpublished data; Knott, Jasinska et al. 2002).

2.1.2 Kemerton wetlands
The Kemerton wetlands or Kemerton wetland complex referred to in this project

incorporate wetlands within the Kemerton Nature Reserve and KSS mine lease project
area 30 km NNE of Bunbury on the Swan Coastal Plain. The wetlands are 1 km from
the Wellesley River, a tributary of the Collie River. Eleven wetlands were sampled, nine
within the nature reserve, one on the mine lease and one spanning the boundary between
the two. There are 9 EPP wetlands (EPP1-9) and three unofficially named wetlands:
Paperbark New (PN), Paperbark Shallow (PS) and Paperbark Deep (PD) following
McCullough et al (2008)*. All EPP wetlands had intermittent yearly monitoring records
from 1993. Typically the wetlands are on gently undulating Bassendean sands
surrounded by E. marginata - C. calophylla - Agonis flexuosa woodlands, and E. rudis -

Melaleuca woodlands fringe inundated areas (McCullough, Lund et al. 2007).

The wetlands range from moderately disturbed from previous agricultural use, to
relatively pristine. Most wetlands are managed by Department of Environment and
Conservation (DEC) (Bamford & Bamford 2006; McCullough, Lund et al. 2007). The
environmental importance of the region is enhanced by the presence of Threatened
Ecological Communities, Threatened Fauna and Declared Rare Flora, some of which
have national and international conservation significance (Bamford & Bamford 2002;
DEC 2008). Most of the Kemerton wetlands are groundwater dependant and although
some appear perched, all rely on rainfall for seasonal inundation (van Etten,
McCullough et al. 2008). The wetlands generally remain inundated from July to
November (McCullough & Lund 2008).

2.1.3 South-west region
The majority of wetlands sampled in the Augusta to Walpole region were artificially

constructed roadside pools dug to supply soil for road construction and maintenance.

! Adjacent to four EPP wetlands were three large artificial dredge ponds, about 9-21ha, used for the KSS mining
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However, they were seasonally contiguous with surrounding natural floodplain wetland
systems with poorly draining sandy soils (Degens & Wallace-Bell 2009). Most wetlands
sampled were thought to receive water from rising groundwater and/or rainfall, either
directly or through surface flows. About half of wetlands sampled were near Augusta
and Northcliffe on the Scott Coastal Plain, which stretches from Augusta to Walpole
(Pen 1997).

The Augusta sites were on Scott River Road (site names - SR), 15 km NE of Augusta,
in the Scott River National Park and the Northcliffe sites were on Chesapeake Road
West (site names - CW) 15 km SSE of Northcliffe and Chesapeake Road and Moores
Hut Track (site names - CP) 25 km SE of Northcliffe, all within the D’Entrecasteaux
National Park. The remainder of the south-west sites were further inland, 25 km NW
and 22 km N of Walpole on Beardmore and Thompson roads (site names - BR and TR),
and 45 km N on Myalgelup Rd in the Poorginup Swamp (site names - MR) (part of the
Lake Muir-Byenup system) on the southern extremes of the Darling Plateau (Pen 1997).
Augusta wetland sites are collectively referred to as ‘Scott’ (within the Scott River
catchment), Chesapeake Road West wetlands as ‘Gardner’, Chesapeake Road and
Moores Hut Track as ‘Shannon’, and Beardmore, Thompson and Myalgelup Roads as

‘Deep’.

Vegetation and topography ranged from heath and sedgelands on the low-lying coastal
peat flats, to E. diversicolor and C. calophylla forests further inland on rolling hills
(Christensen 1982; Pusey & Edward 1990). All of the wetlands sampled in this region
were within DEC controlled national parks or nature reserves and are recognised as
having important conservation values (Pen 1997). The wetlands on the coastal flats are
generally flooded from June to December; and the only permanent wetland sampled was
Poorginup Swamp (Pusey & Edward 1990; Storey 1998).
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Plate 2. Examples of sampling sites - Melaleuca Park (a) virtually covered in Baumea articulata
(b) neighbouring wetland with almost impenetrable woody shrubs, Kemerton wetlands (c, d)
showing tannin stained water, (e) roadside pool on Scott River Rd, and (f) Chesapeake Rd

West.
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2.1.4 Climate
Climate and hydrological history of the Kemerton wetlands were compiled from KSS

site records, KSS environmental reports and Bureau of Meteorology (BOM) data. All
sampling sites listed above are located within a temperate (Mediterranean) climate
region (BOM 2008). The region experiences mild wet winters, generally from June to
August, and hot dry summers from December to March (Figure 4). The majority of rain
falls in June/July and annual rainfall ranges from 690 mm at Melaleuca Park, 950 mm at
Kemerton and 1200 mm in the south-west. Combined average annual rainfall data for
Kemerton and nearby Wokulup (7 km east of KSS) weather stations show a >5mm
decrease in rainfall per year over a 20 year period (Figure 3). Data based on the last 100
years shows a decrease in rainfall of >10 mm every decade and an increase in mean
temperature of 0.1°C per decade (Figure 5A, Figure 5B). Climate change is predicted to
continue affecting seasonal rainfall which may reduce inflows to catchment areas
(Watterson, Whetton et al. 2007). For seasonal wetlands in south-west WA, the trends
mean shorter hydroperiods through decreased rainfall and therefore lower groundwater

recharge, and higher evaporation rates.
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Figure 3. Mean annual rainfall at Wokulup (grey bars) and Kemerton (black bars). Trendline
shows declining rainfall over 20 years. (Data for Wokulup from BOM,
http://www.bom.gov.au/climate/data/, accessed June 2011; Kemerton from KSS site records)
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Figure 4. Annual mean climate graphs from weather stations representing Melaleuca Park (RAAF Pearce weather station), Kemerton (Wokalup) and south-west
region (Pemberton). Solid bars are mean monthly rainfall, dotted bars are mean monthly evaporation and solid lines are mean maximum daily temperature.
Evaporation data for Melaleuca Park taken from Perth Airport weather station. Pearce rainfall data from 1937-2010 and temperature from 1940-2010, Perth Airport
evaporation from 1981-2010; Wokalup rainfall from 1951-2010, evaporation from 1969-2000 and temperature from 1951-2000; Pemberton rainfall and temperature
from 1941-2010 and evaporation from 1967-2010. (Data from BOM, http://www.bom.gov.au/climate/data/, accessed May 2012)
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Figure 5. A) Annual rainfall for south-western Australia (1900-2010) with linear regression in
bold. B) Annual mean temperature anomaly from average for south-western Australia (1910-
2010 with linear regression in bold. (Data from BOM, http://www.bom.gov.au/cgi-
bin/climate/change/timeseries.cgi, accessed May 2012)
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2.2 Field sampling

Starting in late October 2008 (mid-spring) three sampling trips were conducted over
four weeks, which included an initial ad hoc assessment to determine the most efficient
capture method for G. nigrostriata. Field trips sampled wetlands at Kemerton (11
wetlands, 8 days), Melaleuca Park (2 wetlands, 2 days) and Augusta to Walpole (19
wetlands, 5 days) and took place between 0800 and 1800 h. Each wetland was sampled
for fish and crayfish, with water quality and wetland features also recorded. Historical
distribution of G. nigrostriata was determined from various unpublished and published
mining company, DEC, Department of Fisheries WA, WA Museum and National
Museum of Victoria (NMV) records, and peer reviewed journal papers (Shipway 1953;
McDowall & Frankenberg 1981; Christensen 1982; Jaensch 1992; Morgan, Gill et al.
1998; Storey 1998; Smith, Knott et al. 2002; Bamford & Bamford 2006; NMV and
WAM unpuplished data, 2010). Fish were sampled first, prior to water sampling and
setting crayfish traps, to reduce disturbance effects to catch efficacy. To further improve

catch efficacy, fish and crayfish were sampled in the three most common habitat types.

2.2.1 Assessment of trapping method

Previous freshwater fish researchers in south-west WA have used a variety of methods
for collecting fi