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Executive Summary
Background
In late 2017, D’Estrees Entomology began an invertebrate biosurvey of Banrock Station, including the Ramsarlisted wetlands on the property. The broad aim of the first year of surveying is to provide an initial assessment of
the invertebrate fauna occurring in various habitat types. An important element of this was to sample aquatic and
semi-aquatic species from a range of aquatic habitats, including:
• river/creek (moving water) and associated banks
• wetland (low energy, long term water) with aquatic vegetation
• floodplain with flooding and drying cycles

In this report we provide an initial list of aquatic and semi-aquatic taxa sampled and discuss various taxa of
interest. Further, we discuss some aspects of trapping as well as the effects of Banrock Station’s environmental
watering (E-watering) at Wigley Reach.
To this point, three survey trips have been conducted:
• 13-16 December 2017
• 27 Febraury-02March 2018
• 19-22 April 2018
Sample Methods
A broad range of sample method was used to trap as broad a range of invertebrates as possible. These methods
included:
• malaise traps
• pitfall traps (terrestrial and floating)
• water and terrestrial net sweeping
• blue vane traps
• coloured pan traps
• manual/ad-hoc collecting
• light attraction
• litter and bark samples
Aquatic and Semi-aquatic Species Captured
These sampling methods combined, led to a range of aquatic and semi-aquatic taxa being sampled, which
covered some 12 Orders and ≈35 families of invertebrates. This is only a subset of the total specimens sampled
with many trap samples only having undergone sorting but not classification. Additionally, current classifications
are preliminary and will be further refined over time.

Amongst these captured taxa were some groups of note that are not often captured in standard water net
sampling protocols. These are briefly discussed and include:
• semi-aquatic spiders from families Pisauridae (e.g. Dolomedes and Ornodolomedes fishing spiders) and
Lycosidae (e.g. Artoria spp. wolf spiders),
• aquatic Collembola, Sminthurides sp.,
• native Polydesmida (keeled millipedes) that are rarely seen and prone to desiccation,
• semi-aquatic ground beetles (Carabidae): Pherosophus verticalis and Chlaenius darlingensis,
• predatory aquatic Hemiptera (bugs) that are hard to catch such as water treaders (Mesoveliidae) and
small water striders (Veliidae),
• three species of moth (Lepidoptera: Crambidae: Acentropinae) with fully aquatic larvae; Banrock Station
is close to the most southerly and westerly records for two of the species, Elophila responsalis and
Parapoynx polydectalis,
• a strong swimming species of pygmy grasshopper (Tetrigidae: Scelimeninae).
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Effects of E-watering
Although we did not sample systematically across sites or habitats, and lack some pre-flood data, we conducted
a range of sampling techniques at Wigley Reach at a site where E-watering was conducted. We were able to
use pitfalls to sample invertebrates associated with:
• the edges of standing (receding) water in February/March,
• the same area once surface water was gone in mid-April, leaving a thick cracked clay layer above a
more even damp layer,
• and we could also sample nearby areas at the same times, which were not subject to flooding.

There were clear effects from the E-watering at Wigley Reach. Some of these effects relate to the presence of
water which directly supports aquatic species. This was evident from sampling aquatic species that could not
have been there prior to flooding (e.g. dragonfly nymphs).
However, we noted other important effects such as:
• possible triggering of the emergence of species unable to handle dry conditions,
• invertebrate community changes associated with the drying cycle,
• production of complex cracked clay substrate after surface water has gone. This thick cracked layer
allowed many individuals to shelter in a humid environment, close to the still damp under-layer.
These things were evidenced by:
• capture of desiccation-prone native keeled millipedes (Polydesmida) in pitfall traps at the edge of
receding flood water but not in other pitfall traps nearby or elsewhere. These are not commonly seen
and are often short-range endemics,
•

a specialised invertebrate community present in the complex cracked clay substrate at about 6 weeks
after surface water had receded. This community was characterised by numerous large predatory
beetles (some semi-aquatic), a specialised spider fauna, and breeding of prey items such as crickets
(Gryllidae). This was one of the few invertebrate communities not dominated by ants because they could
not nest in flooded ground so there was therefore some degree of spatial isolation from them, and they
could not easily move over the deeply fissured terrain.

Therefore, we consider that E-watering:
• was important for increasing the habitat available to fully and semi-aquatic invertebrates in an otherwise
semi-arid environment (at the same time mallee habitats were very dry and had significantly lower
invertebrate activity),
• was important for triggering dry-intolerant species,
• facilitated the progression of specialised invertebrate communities as the drying cycle progresses,
• was important for producing the complex cracked clay habitat that supported a unique community
assemblage containing some semi-aquatic species at least 6 weeks after surface water was gone. This
effect is likely to last until the sub-surface, below the cracked layer, has dried.
Comments on Trapping Methods
We found that using the full array of described collecting techniques was beneficial for capturing a broad range
of invertebrate taxa and functional groups. Malaise and light attraction were the most labour-efficient methods
of collection, whilst pitfall traps were excellent for catching ground dwelling invertebrates that could be linked to
the substrate in which the pitfall traps occur.

The testing of floating pitfall taps was a success in that:
• a high proportion of floating traps captured specimens,
• floating traps caught a different array of taxa to other trap methods and some of these taxa are difficult
to catch (e.g. water-surface bugs, Veliidae and Mesoveliidae),
• they sample the water surface,
• they allowed sampling of surface of deeper water,
• they were relatively easy to set and check.

Banrock Station Invertebrate Survey Dec 2017 – Apr 2018; Preliminary Report; Glatz et al. 2018

2

Therefore, the use of floating pitfall traps will be refined and increased. This will require more traps to be made
and continue to improve the design; we are not aware of a commercially available floating pitfall trap.

Ogyris subterrestris subterrestris (Arid bronze-azure butterfly)
The exciting discovery of the rare, ant-associated butterfly, Ogyris subterrestris, occurred at the northern end of
Wigley Reach on 28 February 2018. This species has only been recorded previously at a handful of sites in the
Murray Mallee and this is the only known colony on land designated for conservation purpose. We were able
to determine that female butterflies were laying eggs at the bases of Acacia stenophylla growing in higher sandy
ground in the floodplain.
The occurrence of this colony on a floodplain, distant from mallee vegetation is unusual. This site is not only
important to preserve this species but will also be a useful site for studying its biology, which is still poorly
understood. A western Australian subspecies of the butterfly is listed as Endangered and protected under WA
state legislation. The SA subspecies occurring at Banrock Station is likely just as endangered however, SA state
endangered species legislation does not recognise insects.
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Introduction
In late 2017, Accolade Wines contracted D’Estrees Entomology to undertake an invertebrate biosurvey of
Banrock Station including the Ramsar-listed wetlands occurring on the property. The broad goal of the first year
of sampling (December 2017-December 2018) is to provide an initial assessment of the invertebrate biodiversity
of various habitat types on Banrock Station.
A more specific goal was to assess water-associated invertebrates and their association with different aquatic
habitats including those created by environmental watering (E-watering or E-flooding), which is intended to mimic
the natural flooding events as far as possible. In this context, we define water-association as having one part of
the life cycle obligately occurring in aquatic environments or being largely found in aquatic or damp habitats.
One aim of such an assessment is to develop a sampling protocol to monitor the biodiversity of water-associated
species and the effects that flooding and drying have on these species. This is important because flooding cycles
would affect many hundreds of invertebrate species, which themselves are key for many ecological functions
such as pollination.
As of May 2018, three survey trips have been conducted; 13-16 December 2017, 27 February-2 March 2018,
and 19-22 April 2018. This report provides some preliminary information about the water-associated
invertebrates surveyed on these trips. It should be noted that many samples have only undergone sorting and
are yet to be classified. Other samples are being assessed by various experts. Therefore, the information
provided within is incomplete in its scope and preliminary in terms of findings.

Sample Sites
With regard to water, there were three broad habitat types that were sampled (Figure 1):
1. river and riverbank habitat (Fig 1a; higher energy water and associated banks)
2. wetland habitat (Fig 1b; “permanent” shallow, low energy water with aquatic vegetation)
3. floodplain and associated depressions (Fig 1c; vegetation adapted to seasonal, flooding and drying
cycles).

a

b

c

Figure 1. Three broad water-related habitats sampled for invertebrates at Banrock Station wetlands between December 2017 and
April 2018. Habitats are (shown in February 2018): (a) river and river bank (Banrock’s Bend), (b) wetland (“site 7”at NE edge of
Banrock Lagoon) and (c) floodplain (N end of Wigley Reach). Photos: Richard Glatz.

Figure 4 shows all sample sites where ≥20 individuals have been sampled, although most sites had hundreds of
individuals captured at them. The spatial relationship of the sample sites to the previous environmental watering
events is shown (map from 2015-2016 season); many of the same areas were again flooded in December
2017 as the first invertebrate sampling was taking place.
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Figure 2. Map of Banrock Station and Ramsar-listed wetlands showing invertebrate sampling sites (white stars) in relationship to
inundation from previous (2015-2016) environmental watering events (blue and yellow shading). Sampling was conducted from
December 2017 to April 2018 and only sites resulting in ≥20 invertebrates are shown. Base map from Tourenq 2017.

Sampling Methods
A range of sampling methods was employed to try and survey as broad a cross-section of the fauna as was
possible in the relatively short time available. Sampling methods were not employed systematically across sites
and were somewhat ad-hoc based on equipment available, weather conditions, accessibility etc. However,
each habitat was sampled using a broad range of techniques. It is envisioned that future work may target specific
questions and employ a systematic approach enabling statistical analysis. The results from the first year of
surveying will provide information of the effectiveness of various techniques for sampling various taxa.
Table 1 provides a list of sampling methods employed and information on the type of invertebrates that are most
often caught using each technique. Additionally, some of these methods are pictured in Figure 3. Of particular
interest was the initial testing of custom floating pitfall traps (Fig 3c) which have not been widely used and for
which we are not aware of a commercially available alternative. The initial version of floating pitfall trap was
used at two wetland sites around Banrock Lagoon in April 2018 and we wanted to assess how well the traps
caught specimens and if the trapped species were different to those collected by other means.
On 22nd April 2018, a malaise trap was established near the staff carpark at Banrock Station Wine and
Wetland Centre for ongoing trapping at that site.
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Table 1. Methods used for sampling invertebrates at Banrock Station and the primary taxa targeted by the various methods.

Sampling method

Taxa targeted

malaise or SLAM trap
(flight intercept trap)
(Fig 3a)
pitfall traps (Fig 3b)

flying insects (mainly wasps and flies) and some terrestrial taxa such as ants

floating pitfall traps
(Fig 3c)
water net sweeping
(Fig 3d)
pan traps (red, yellow and
blue) (Fig 3e)
blue vane traps (Fig 3f)
litter samples
bark samples
mercury vapour or
UV LED light (Fig 3g)
standard insect net

ad-hoc collecting

any species moving over the substrate containing the traps including and soil/litter species such as
ants, beetles, crickets, cockroaches, spiders, centipedes, mites, Collembola etc.
aquatic species moving over, or landing on, the water surface. Includes spiders, bugs, beetles etc.
aquatic species living in the water and substrate beneath; most often larvae/nymphs of flies,
beetles, bugs but also snails, crustaceans, and a range of micro-invertebrates such as mites,
copepods and ostracods
mainly flying insects that can be caught incidentally or attracted to the various colours
mainly flying insects attracted to the blue vanes of the trap; mostly bees (widely used bee sampling
method)
litter-inhabiting species, often flightless e.g. ants, spiders, cockroaches, beetles
bark inhabiting species such as spiders, psueodoscorpions, cockroaches, beetles, wasps
used to sample a broad range of invertebrates that are attracted to light; primary method of
collecting moths
mainly used to sweep a wide range of invertebrates that inhabit vegetation including flowers,
leaves branches and trunks. Also used to catch insects in flight. Primary method used for “ad-hoc”
collecting where collectors move around catching invertebrates they come across. Can also be
used by placing beneath bark as it is stripped etc.
where collectors move around (day or night) catching invertebrates they come across using the
best available method, most often a sweep net but including manually, with jars/vials etc. Broad
range of taxa but mainly active species, those moving over the ground, those in flight, and those
on vegetation

a.

b.

d.

e.

c.

.f

g.

Figure 3. Some methods used to sample invertebrates from Banrock Station, December 2017 to April 2018. (a) malaise trap (receding
lagoon at “site 1” Wigley Reach, April 2018), (b) pitfall trap (“site 3” floodplain N of Banrock Lagoon, February 2018), (c) floating
pitfall trap (“site 10” off boardwalk in Banrock Lagoon, April 2018), (d) water net (“pool 2” from “site 9” at N margin of Banrock
Lagoon, December 2017), (e) coloured pan traps (“site 2” mallee fenced enclosure, December 2017), (f) blue vane trap (spiny daisy
enclosure at “site 3” N of Banrock Lagoon, February 2018, and (g) mercury vapour light (“light 4 site” at mallee/floodplain intersection
at N end of Wigley Reach, March 2018). Photos: Richard Glatz.
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Preliminary list of water-associated invertebrate taxa collected December 2017 April 2018
The following list (Table 2) presents the water-associated invertebrate taxa collected between December 2017
and April 2018, and their current identification as of May 2018. It should be noted that only a relatively small
subset of the trapped material has been classified and that many of the classifications are initial and yet to be
refined.
Table 2: Water-associated invertebrate taxa collected at Banrock Station between December 2017 and April 2018. Taxa are listed
in alphabetical order of the Class in which they reside and then alphabetically within each Class. The list is not complete and
classifications are preliminary in most cases.

Higher level taxon

Species or
no. of morphospecies

ARACHNIDA
ARANEAE
Lycosidae
Artoriinae

5

Artoria
Artoria sp.

Artoria howquaensis
2

Pisauridae

Dolomedes sp.

Dolomedes facetus

Ornodolomedes sp.

3

Tetragnathidae

Tetragnatha sp.

Common name & comments
ARACHNIDS
SPIDERS
Wolf spiders
Riparian wolf spiders; some members of Artoriinae are semi-aquatic/
riparian spiders
found in riverbanks, flood plains and mound springs
genus includes riparian and semi-aquatic species
Fishing spiders; aquatic/semi-aquatic spiders, actively hunt for prey on
water surface
Clever fishing spider; nocturnal active hunter, hides beneath rocks at
water’s edge in day
Ornate fishing spiders; actively hunt on water, inhabit vegetation close
to the water’s edge when not hunting
Long-jawed orb weaver spiders; many tetragnathids are associated
with wetlands/river systems where they build webs in vegetation close
to the water surface

2

COLLEMBOLA
SYMPHYPLEONA
Sminthurididae

SPRINGTAILS

Sminthurides sp.

1

consume diatoms on water surface

DIPLOPODA
POLYDESMIDA

1

MILLIPEDES
KEELED MILLIPEDES; native species

INSECTA
COLEOPTERA
Carabidae

Chlaenius sp.
Pherosophus sp.
Dytiscidae
Heteroceridae

Heterocerus sp.
Hydrophilidae

Chlaenius darlingensis
Pherosophus verticalis
≈3
1
≈4

DIPTERA
Ceratopogonidae

FLIES
Biting midges; aquatic larvae are predatory or detritivorous, adults
blood-feeding or predatory

Ceratopogoninae?
Chironomidae

≈3
≈12

Culicidae

≈5

Psychodidae
Simuliidae

1
1 (larvae)

Sciomyzidae?

Dichetophora sp?
Tipulidae

INSECTS
BEETLES
Ground beetles/Tiger beetles; predatory
predatory, associated with damp areas
predatory, associated with damp areas
Diving beetles; adults and larvae aquatic predators
Variegated mud-loving beetles; larvae live in sediment
very common & adults widespread
Water scavenger beetles; mostly predatory aquatic larvae, adults
aquatic and herbivorous/detritivorous

1 (larva)
≈4

Non-biting midges; many are common and abundant, often larvae live
in sediment, adults widespread
Mosquitos; larvae are aquatic filter-feeders, female adults bloodfeeding
Moth flies; larvae aquatic or semi-aquatic and feed on algae or detritus
Black flies; larvae are aquatic filter-feeders; female adults bloodfeeding; larvae sampled in riffle of creek
Marsh flies; aquatic larvae are predators or parasites of gastropods,
adults nectar-feeding
sampled in floating pitfall trap
Crane flies; larvae often aquatic predators, adults nectar feeding
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EPHEMEROPTERA

≈4

HEMIPTERA
Belostomatidae

Diplonychus sp.
Corixidae
Notonectidae
Mesoveliidae

Mesovelia sp?
Veliidae

TRUE BUGS
aquatic and predatory

Diplonychus eques?
≈2
≈3
1
2

LEPIDOPTERA
Crambidae:
Acentropinae

Elophila sp.
Parapoynx sp.

MAYFLIES; aquatic larvae feed on detritus and/or algae

Water boatmen; aquatic, detritivorous and predatory
Back swimmers; predatory
Water treaders; on water surface or edges, predatory, sampled in
floating pitfalls
semi-aquatic species
Small water striders or riffle bugs; on water surface or edges, predatory,
sampled in floating pitfalls
BUTTERFLIES & MOTHS
Aquatic crambid or pyralid moths

Elophila responsalis
Parapoynx nitens
Parapoynx polydectalis

fully aquatic larvae are herbivorous
fully aquatic larvae are herbivorous
fully aquatic larvae are herbivorous

1
≈3
1
1
≈3
1

DRAGONFLIES & DAMSELFLIES; nymphs aquatic, nymphs and adults
predatory
Dragonflies
Damselflies
Dragonflies
Damselflies
Dragonflies
Dragonflies

ORTHOPTERA
Tetrigidae
Scelimeninae

1

GRASSHOPPERS, CRICKETS, KATYDIDS etc.
Pygmy grasshoppers; breed in mud and eat algae or plant material
an actively swimming species; can dive under water

TRICHOPTERA

≈5

ODONATA
Aeshnidae
Coenagrionidae
Hemicorduliidae
Lestidae
Libellulidae
Synthemistidae

MALACOSTRACA
DECAPODA
Parastacidae

Cherax sp.

Cherax destructor

CADDISFLIES; range of functional groups including predators,
herbivores and detritivores
MALACOSTRACANS
SHRIMP, CRAYFISH
Crayfish/Yabbies/Marron
Yabbies; predator; caught in creek in pool environment

Discussion of selected water-associated taxa sampled
This section provides a brief discussion of selected taxa of interest, in the order listed in Table 2. Here we have
concentrated on groups or species which often receive less attention because they are not sampled using the
standard water net sweeping approach and/or have a more a subtle link to water (than being fully aquatic for
part of the lifecycle). Such species (or the communities they comprise) may be useful indicators to assess
complete flooding/drying cycles. General information on biology of aquatic groups most often acquired from
Gooderham & Tsyrlin (2002) or MDFRC (2018).

Araneae (Spiders)
A variety of spiders were collected close to or on water. Many species are secondarily reliant on water in that
they make use of surrounding vegetation and/or prey that are directly reliant on aquatic environments. However,
two spider families were strongly associated with water, Lycosidae (Wolf spiders) and Pisauridae (Fishing
spiders).

Banrock Station Invertebrate Survey Dec 2017 – Apr 2018; Preliminary Report; Glatz et al. 2018

8

Pisauridae (Fishing spiders)
Pisaurids are aquatic/semi-aquatic spiders, adapted for living in and close to water. Two pisaurid genera were
collected; Dolomedes (1 species) and Ornodolomedes (3 morphospecies). Mature specimens of Dolomedes
facetus (Clever fishing spider; Figure 4 left) were collected in floating pitfall traps and by hand from several sites.
This was the only pisaurid species for which mature specimens were collected and therefore for which a species
name can be assigned morphologically. The genus Ornodolomedes was collected in floating pitfall traps, hand
collected from the surface of the water and swept from vegetation standing in the water and at the water’s edge.
They were also collected from deeper, open water >20m from the edge (off the boardwalk). At least three
morphospecies of Ornodolomedes were collected, which is interesting because only one species of
Ornodolomedes has been described from South Australia.
Lycosidae (Wolf spiders)
Lycosidae is a large and diverse family of spiders, which includes riparian/semi-aquatic groups and floodplain
specialists (Whyte & Anderson 2017). These riparian specialists are diverse and are only found near water
sources. Lycosids were abundant and represented the numerically dominant family in water-associated pitfall
trapping (with the exception of floating pitfalls situated in deeper water, where lycosids were absent).
Lycosidae were strongly associated with temporary water sources, such as those sites inundated by E-flooding.
When water was present, Lycosidae were diverse and collected in high numbers. The two most abundant
morphospecies in pitfall traps close to water were in the genus Artoria (Figure 4 right), which is known to contain
riparian/semi-aquatic specialists. Both of these morphospecies were collected in terrestrial and floating pitfalls
and were also observed walking on the surface of the water. Once water had largely receded, and in closely
neighbouring traps that were not flooded, these species were not collected. Once surface water was gone
(approx. six weeks later) a different suite of lycosid morphospecies were collected from the deeply cracked
clay, formed in previously flooded areas. A number of different lycosids were collected from this cracked-clay
habitat. Although analysis of these specimens is in its preliminary stages, it appears that the species collected
here were not collected from other habitats.

Figure 4. Water-related spiders trapped at Banrock Station. Left side: A mature male Dolomedes facetus (clever fishing spider) hand
collected at night from the wetland water surface (north-east edge of Banrock Lagoon, “site 7”, 28 February 2018). Right side:
Artoria sp. (Lycosidae) was one of the most abundant wolf spiders caught in pitfall traps close to water. This individual is a mature
female with juveniles on her abdomen, caught in a pitfall set near the bank at the same site on 02 Martch 2018. Photographs: left
Jessica Marsh, right: Richard Glatz.

Collembola (Springtails)
A species of Collembola, believed to be an aquatic Sminthurides sp. (Figure 5) was sampled using floating
pitfall traps set on open water containing aquatic vegetation. Aquatic springtails are thought to consume diatoms
on the water surface (Gooderham & Tsyrlin 2002).
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Figure 5. Collembola (Sminthurididae). This is believed to be an aquatic springtail (Sminthurides sp.) likely to feed on diatoms. This
species was sampled using floating pitfall traps off the boardwalk at Banrock Lagoon (“site 10”). Photo: Richard Glatz.

Diplopoda (Millipedes)
Polydesmida (Keeled millipedes)
Polydesmida is the largest and most diverse order in the class Diplopoda, with a large number of undescribed
species. They are moisture dependent and highly sensitive to desiccation. In hot, dry climates they survive by
remaining deep in the soil or within large logs, as juveniles, or eggs. They emerge as adults to breed when
humidity increases. Polydesmida are poor dispersers and display high levels of habitat specificity and shortrange endemism (Mesibov 2016).
Native Polydesmida (Figure 6) were collected in pitfall traps in sites that had been flooded by E-watering. They
were not collected in traps at a distance from water, nor from where standing water had dried, or from traps
located near more permanent water sources. Both mature males and females were collected in pitfall traps.

Figure 6. A native keeled millipede, Polydesmida. This species was collected only in pitfall traps at Wigley Reach (“site 1”) in an area
where water from E-flooding had impacted and was receding, in late February and early March 2018. Photo: Jessica Marsh.

Insecta (Insects)
Aquatic or semi-aquatic species were classified from a wide taxonomic range, encompassing eight insect
Orders, viz: Coleoptera (beetles), Diptera (flies), Ephemeroptera (mayflies), Hemiptera (true bugs), Lepidoptera
(moths & butterflies), Odonata (dragonflies & damselflies), Orthoptera (grasshoppers, crickets etc.), and
Trichoptera (caddisflies).
Coleoptera (Beetles): Carabidae (ground beetles/tiger beetles)
This is a diverse family that contains predatory species. We sampled two species that are semi-aquatic,
Pherosophus verticalis (Figure 7 left) and Chlaenius darlingensis (Figure 7 right). These species were caught in
pitfall traps placed near the water’s edge in various situations, and also walking over vegetation in shallow
water. Interestingly, they reached their highest numbers in the cracked clay of a floodplain with a damp
subsurface, some weeks after standing water was present.
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Figure 7. Semi-aquatic species of Carabidae sampled from near the water’s edge and in cracked clay of floodplains after surface
water had receded. Pherosophus verticalis is shown on the left and Chlaenius darlingensis is on the right. Photographs: Richard Glatz.

Hemiptera (True Bugs): Mesoveliidae (water treaders) and Veliidae (small water striders)
Both of these semi-aquatic families are predatory on the water surface and at the water’s edge. They are both
difficult to sample because of their good vision, ability to detect vibration and quick movement over the water
surface when startled. Mesoveliidae (Mesovelia sp. Figure 8 left) and Veliidae (Figure 8 right) were able to be
sampled using floating pitfall traps and were in open water with significant aquatic vegetation. Mesovelia sp.
appeared to be abundant, and most nymphal stages and adults were collected.

Figure 8. Semi-aquatic predatory Hemiptera sampled from the water surface using floating pitfall traps. At left is shown a group of
Mesovelia sp. water treaders (Mesoveliidae) of various developmental stages, and at right is a species of small water strider (Veliidae).
These specimens were collected over 20-22 April 2018 from Banrock Lagoon (western side, off boardwalk).
Photographs: Richard Glatz.

Lepidoptera (Moths & Butterflies): Crambidae: Acentropinae (aquatic crambid/pyralid moths)
These small moths have fully aquatic larvae. The larvae trap air using masses of fine hairs or their rough
integument, or have fine gills along the sides of their bodies. They feed either on aquatic plants or algae. It has
been noted that they, among a broader suite of aquatic insects, may provide a useful indicator of water quality.
Three acentropine moths from two genera were collected on Banrock Station. While one sampled species
Parapoynx nitens, is of near-cosmopolitan distribution in Australia the other species in this subfamily tend to have
tropical or subtropical distribution. Two of these latter species were collected during February 2018, viz: P.
polydectalis and Elophila responsalis, and these vouchers represent some of the most southern and westward
records of both of these species.
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Orthoptera (Grasshoppers, Crickets etc.): Tetrigidae: Scelimeninae (pygmy grasshoppers)
A species of swimming pygmy grasshopper believed to be of the subfamily Scelimeninae (Figure 9) was
captured at light, in pitfalls and in a malaise trap placed near wetland and receding flood water. Pygmy
grasshoppers are often associated with damp areas where they are often found on mud feeding on algae,
diatoms or plant material. Therefore, it is likely that this species relies on the water margin and changing water
levels. This particular species was able to swim on the surface of water and was also observed to dive beneath
the water surface as a defensive action.

Figure 9. A pygmy grasshopper (Tetrigidae: Scelimeninae) captured at light on the margin of Banrock Lagoon (“site 7”) in late February
2018. This species inhabits muddy areas and has the ability to swim on and below the water surface. It was also caught in pitfall traps
at the same site and in a malaise trap near receding flood water at Wigley Reach (“site 1”) in April 2018. Photograph: Richard Glatz.

Effects of environmental flooding
Although we did not assess the effects of E-flooding in a systematic way, and did not use pitfall traps in the preflooded (dry) substrate of the targeted floodplains (i.e. no pre-flood control for pitfalls), we were able to infer
some clear effects of the flooding which can be further tested in a systematic way.
The primary site where we could examine a flooded area was at the northern end of Wigley Reach (“site 1”)
where a sampling period was conducted prior to E-flooding (13-16 December 2017) with the site being
inundated just a few days after that time. We were then able to sample when standing water was present but
almost completely receded (late February-early March 2018) and then again in mid-April 2018 when all surface
water was gone and a thick cracked clay layer was present above a damp layer of even clay into which pitfalls
could be placed.

Figure 10. “Site 1” at Wigley Reach where E-flooding was conducted. The pre-flooded site (left) was surveyed in mid-December 2017
just prior to impact of the E-flooding. At the next survey that commenced in late February 2018, a small amount of standing water was
still present (right). At the most recent survey in mid-April 2018 the top layer of the clay substrate had dried and cracked but a more
even, damp layer was maintained beneath. Our sampling indicated that this clay floodplain supported a unique invertebrate community
that changed in response to the flooding and drying cycle. As such, these drying floodplains represent a specialised, ephemeral habitat
for a range of invertebrates. Photographs: Richard Glatz.
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The following observations indicate that there were significant effects on the invertebrate communities of the
floodplain in response to the E-flooding that was conducted:
• pitfall sampling on the margin of receding water in February-March (Fig 10 right) yielded a number of
Polydesmida (Fig 6) which likely had emerged from a concealed situation (in wood or the ground)
where they stay to prevent desiccation when dry. These millipedes are not seen commonly and are often
short-range endemics;
• the capture of fully or partly aquatic species in the same pitfall traps at the same time (e.g. capture of
final stage dragonfly nymphs crawling out of the water for adult emergence);
• when sampling the cracked clay in mid-April after surface water had gone, a unique mix of species was
making use of the complex substrate overlying a more even and damp layer. This community was
sampled primarily using pitfall traps and was characterised by:
o loss of fully aquatic species compared to when standing water was present;
o high numbers of large predatory invertebrates including at least 5 spp. of Carabidae, several
of which are semi-aquatic (see Fig 7) and occurred in relatively high numbers (compared to
pitfall traps set elsewhere;
o a specialised spider fauna; preliminary observations suggest that while fewer spiders were
collected here than in pitfall traps adjacent to water, still a relatively large number were
collected, especially compared to neighbouring areas that had not been flooded. Additionally,
it appears that the species collected here were not collected from other habitats;
o evidence of breeding of prey species (capture of juveniles) such as crickets (Gryllidae) and
earwigs (Dermaptera);
o relatively small numbers of ants which were the dominant predators in other pitfall lines, including
those where water did not impact but were only a short distance away. We believe this is
because ant nests were not able to be maintained in flooded areas; indeed most ant nests
appeared to be located in higher, sandy areas;
o high number of dragonfly larval cases attached to various substrates on the edge of receding
water in small lagoons (generated by the same flooding) nearby in April 2018 (Figure 11).

Figure 11. Large numbers of dragonfly exuvae on substrate at the edge of receding indicates that E-flooding has been beneficial for
populations of these insects which have fully aquatic larvae. The mature larvae crawl out of water and up onto a nearby perch for
adult emergence. They could not have reproduced at this site prior to E-flooding. Photographs: Richard Glatz.

We believe that flooding of the floodplains is therefore important for the specialised invertebrate community that
makes use of the water as well as the flooded and drying clay substrate. The complex structure of the dried
cracked layer created a unique habitat and was important in that it allowed many invertebrates to shelter in an
area of high humidity. It is one of the few terrestrial communities where ants are not the dominant predator and
these areas appear to be important for breeding of some (prey) species such as Gryllidae (crickets) and for
triggering the emergence of dry-intolerant taxa such as Polydesmida (Fig 6). In an otherwise semi-arid
environment characterised by mallee, flooding of these clay flats is important for preserving the communities
making use of this specialised environment. Our data show that effects on E-flooding were obvious at approx. 6
weeks after surface water had gone, Likely the effects will continue whilst there is moisture in the subsurface
allowing prey items to breed and/or shelter. It must be remembered that members of these communities may
also perform important ecological functions.
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Future standardised trapping could be used in conjunction with environmental and spatial variables to
understand how these communities change with flooding and drying cycles, and which species are indicative
of the cycle’s progress or overall health of these areas. This may allow a more informed and efficient application
of E-water.

Comments on sampling methods
As expected, the various sampling methods were able to trap different groups of taxa with various degrees of
cross-over. Together, they allowed sampling of a very broad range of taxa in a relatively short time. Malaise
traps and collecting at light were the most efficient trapping methods in terms of number of species caught per
effort spent. Pitfall traps were effective for trapping a different suite of (often flightless) taxa that importantly could
be linked directly to the substrate where the pitfalls were set.
Blue vane traps were useful for sampling bees (they are a standard method for that purpose) but also resulted
in other interesting specimens such as several species of Reduviidae (assassin bugs) as well as a scarab beetle
of the genus Microvalgus. This scarab which likely inhabits termite nests (Matthews 1984) requires further
investigation because there are very limited records for SA some of which lack location data. Blue vane trapped
some aquatic insects such as midges (Chironomidae), Ephemeroptera and Zygoptera.
The test of floating pitfalls (Figure 12) was successful in that:
• a high proportion of traps captured invertebrates
• the trapped species were aquatic and largely different to what was caught using other methods
• species that are difficult to capture were caught e.g. Mesoveliidae (Fig 8 left), Veliidae (Fig 8 right),
Sminthurides sp. (Fig 5)
• allowed sampling of deeper water such as off the boardwalk
• they were relatively easy to set and remove specimens
a

b

c

Figure 12. Floating pitfall traps were successfully tested and had various advantages including trapping of taxa that are hard to sample
and the ability to sample deeper water. (a) two floating pitfalls set on the edge of wetland at the northern edge of Banrock Lagoon
(“site 9”) amongst aquatic vegetation, (b) close up of floating pitfall at same site, (c) collecting specimens from the floating pitfalls was
relatively easy. Photographs: Richard Glatz.

We envision that subsets of collecting methods could be applied in a standardised way to answer various
questions about invertebrate ecology and the effect of land management practice such as E-flooding. For
example, as suggested above, the change in invertebrate communities related to flooding could be
characterised and be correlated to environmental variables such as soil moisture content. This may allow the
definition of indicator species to monitor and inform E-flooding events.

Ogyris subterrestris subterrestris (Arid bronze-azure butterfly)
Although not an aquatic species, the rarely seen ant-associated butterfly Ogyris subterrestris (Figure 13) was an
exciting discovery, and the colony we discovered at Wigley Reach (“site 1”) occurs entirely on higher areas in
this floodplain. This butterfly was only recognised as a separate species in the late 1990s and has only been
taken at a handful of sites in the Murray Mallee and historically, west of Ceduna and near Broken Hill. It has
unusual biology in that the butterfly lays its eggs at the base of tree trunks nearby entrance holes of nests of the
nocturnal sugar ant, Camponotus terebrans. The butterfly larvae complete their entire development in the ant
nests and their behaviour is largely unknown; presumably they feed on ant larvae or pupae. The butterfly has
usually been associated with mallee vegetation, with eggs laid at the base of mallee trees.
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The colony we discovered is therefore atypical in that it occurs entirely on a floodplain in the absence of mallee
(the nearest mallee is on higher ground several hundred metres away). By observation, the colony at Banrock
Station appear to be healthy although we have no data to assess this. It should be noted that a western Australian
subspecies of the butterfly is rated as Endangered and is protected under WA state legislation. The rarity and
limited distribution of the butterfly is likely to be reflected in South Australia also, where it has rarely been seen,
however invertebrates are not covered by the relevant SA state legislation. Therefore, the Banrock Station colony
is important because it is apparently healthy, is somewhat atypical compared to other known colonies (on
floodplain, use of ant nests at base of Acacia stenophylla) and is protected in the sense it is on private
conservation land and is in Ramsar-listed wetlands. This colony also provides a good opportunity to understand
what butterfly larvae do in the ant nests.
We first discovered the butterfly in late February 2018, where we witnessed multiple males (Figure 13 top left)
interacting on open sand dunes and also saw a few females. In mid-April 2018 we again witnessed males and
also observed a female (Figure 13 top right) that appeared to be searching for ant nests as egg-laying sites (we
did not observe laying). By searching the bases of nearby trees at night when ant activity was easily observable,
we were able to find the nests and examine the nearby bark for butterfly eggs (Figure 13 bottom). This allowed
us to ascertain that most of the ant nests supporting the butterfly at the site were located at the base of Acacia
stenophylla growing at the margin of sand dunes rising up from the lower clay areas of the floodplain.

Figure 13. The rare Ogryis subterrestris (arid bronze-azure butterfly) was discovered at Banrock Station by Richard Glatz at Wigley
Reach (“site 1”) on 28 February 2018. Top left: male butterfly resting on small perch in open sand dune area and showing cryptic
markings on wing underside. Top right: a female butterfly rests while searching for egg laying sites nearby, again showing cryptic wing
underside. Bottom: groups of butterfly eggs (some circled) laid previously at the base of Acacia stenophylla that has a nest entrance
of Camponotus terebrans at its base. Photographs: Richard Glatz.
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