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Executive Summary
Management decisions to improve Australia’s native freshwater fish populations
are based largely on the Flood Pulse Concept (Junk et al. 1989). Floods are
commonly thought to both stimulate spawning in native fish and provide sufficient
food for the recruitment of larvae. More recently, however, this notion has been
challenged (Humphries et al. 1999, 2002). Many native species have been
shown to spawn irrespective of flow events, and the decline of native species has
been related to a lack of slow flowing and productive habitats suitable for
recruitment of larvae.
This study examines the use of different but interconnected flow habitats by
adult, juvenile and larval fishes on Lindsay Island. Thirteen fish species were
collected as adults or juveniles from three different flow habitats (fast creek,
shallow pond, weir pool). Large bodied fish, including Murray cod, golden perch
and carp, were most abundant in the fast creek habitat, followed by the shallow
ponded habitat and the weir pool, respectively. Smaller bodied fish, including
gudgeon, hardyhead and Australian smelt, were most abundant in the shallow
creek habitat, followed by the weir pool and fast creek habitats, respectively.
With the exception of golden and silver perch, all species collected as
adults/juveniles were also collected as larvae. The species diversity of larval
catch was similar in all three habitats, though many species were collected only
in either the fast creek or the slow flowing (weir pool and shallow pond) habitats.
Only three species, flathead gudgeon, Murray rainbowfish and Australian smelt,
were collected as larvae from all three flow habitats.
Larval abundances in the three flow habitats varied temporally and were highly
dependent on the timing of individual species spawning. Overall, the weir pool
yielded the greatest larval abundance, followed by the shallow pond and the fast
creek. This catch pattern supports the ‘low flow recruitment hypothesis’ of
Humphries et al. (1999).
Comparison of the timing of the appearance of larvae in Lindsay Island
with that in the Broken and Campaspe rivers (Humphries et al. 2002)
indicates that in both upland and lowland systems, spawning of many
native species occurs at similar times of the year independent of temporal
changes in flow. This refutes the commonly held notion that a flood pulse
is necessary to stimulate spawning and recruitment of native fishes. A new
model, the temporal trophic cascade, is suggested as a more appropriate
model for the management of native fish populations.
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Introduction
Australia’s lowland river floodplain systems are highly degraded and the
modification of flows due to river regulation is one of the major threatening
processes. The magnitude, frequency, duration and seasonality of flows have all
been fundamentally changed resulting in a detrimental and sometimes
catastrophic impact on the native fish fauna.
Successful management of environmental water to reverse this trend of declining
native fish abundance requires that a conceptual model of the water
requirements of fish be accepted. Such a model should define suitable breeding
cues, habitat for breeding and predator avoidance, and suitable food resources
for all life stages of fish, from larvae to adult. Traditionally the model most widely
accepted has been the Flood Pulse Concept (FPC) of Junk et al. (1989). Based
on work overseas, the FPC suggests that floodplain inundation stimulates
phytoplankton and zooplankton production by providing a large carbon and
nutrient input.
The greatest mortality in the life cycle of a fish occurs as it moves from the larval
to the early juvenile stage, and more specifically, as it changes from endogenous
to exogenous feeding (Lazzaro 1987; Wootton 1998). It is therefore critical that
zooplankton food is both abundant and available during this period. Given the
relationship between microcrustacean abundance and the flood pulse offered by
the FPC, it follows that a successful breeding strategy for riverine fish would
involve cueing spawning to the onset of a flood. This idea has been broadly
accepted within Australia due to the apparent concurrence of early fish breeding
studies (eg. Lake 1967a,b) with the hypothesis that an increase in water level
stimulates the spawning of several important native fish species in the MurrayDarling Basin. The conclusion commonly drawn from this is that the spring
flooding that once occurred in many areas of the Murray-Darling Catchment
stimulates native fish spawning and, in turn, recruitment. It is this premise that
forms the basis for many environmental flow and waterway management
decisions aimed at increasing the abundance of native fish.
In truth, our knowledge of the spawning cues of native fish is incomplete
(Appendix A). More recent collections of fish larvae from the Broken and
Campaspe Rivers (Humphries et al. 2002) suggests flood cues do not stimulate
the spawning of many species, rather many native fish breeding patterns are
temporally predictable, irrespective of flow and water temperature conditions.
Further, the relationship between recruitment success of fish and the flood pulse
was questioned by Humphries et al. (1999) in their development of the ‘low flow
recruitment hypothesis’ (LFRH). Stated simply, the LFRH suggests that the
predictability and timing of warm summer low flows are ideal for both larval fish
and their food (microinvertebrates). They suggest that at least some native fish
may target their spawning activities to warm and slow flowing waters and not, as
has been widely accepted, to the more natural annual spring flood pulse.
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In the light of this more recent conflicting evidence and theory, and because of
the recent upsurge in environmental flows initiatives (eg. ‘The Living Murray’ –
MDBC 2002), a new conceptual model of the relationship between water regime
and fish spawning and recruitment is required. This project aims to provide such
a model.

Lindsay Island
Lindsay Island (Fig. 1) is a floodplain wetland located on the Victorian side of the
Murray River immediately upstream of the South Australian border. Lindsay
River, an anabranch of the Murray River, leaves the Murray River upstream of
Lock 7, and returns upstream of Lock 6. Lindsay Island comprises approximately
15,000 ha of land between the Murray and Lindsay rivers, and lies entirely within
the Murray-Sunset National Park. The Island represents an important
recreational reserve, particularly for anglers. Lindsay Island is also an important
study site for current and future environmental flow research as part of the NHT
funded Environmental Flows Project being undertaken by NRE Vic and the
Mallee CMA.
Figure 1: Lindsay Island
(courtesy Sinclair Knight Merz)
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The flora of Lindsay Island is diverse, and contains 2 species of National
significance, 60 species of state significance and 80 species of regional
significance (Egis 2001). Many of these are listed as Rare or Threatened
Australian Plant Species (ROTAPS) by Briggs and Leigh (1996), ANZECC
(1999) or listed under the Commonwealth Environment Protection and
Biodiversity Conservation Act (1999).
Similarly, the fauna of Lindsay Island contains 27 species of national significance
and 37 species of State significance (Egis 2001). These include several fish
species; silver perch (Bidyanus bidyanus), flat-headed galaxius (Galaxius
rostratus), Murray rainbowfish (Melanotaenia fluviatilis), Murray Cod
(Maccullochella peelii peelii) and golden perch (Macquaria ambigua).
These and other fish species live in a diversity of flow regime habitats on Lindsay
Island, ranging from ephemeral to permanently inundated creeks and wetlands.
This project’s objective is to examine the larval and adult/juvenile fish
assemblage’s relationship with this diversity of flow regime habitat.

The Larval Fish Fauna of Lindsay Island
The value of fish larvae research to our understanding of the factors important for
successful spawning and recruitment of native fish has been recently
demonstrated in the Broken and Campaspe rivers (Humphries et al. 1999, 2002;
Humphries and Lake 2000). Five years of ongoing work in these systems has
redefined much of the historical thinking on the cues for spawning of native fish,
and the conditions required for successful recruitment. The study of larval fish on
Lindsay Island aims to build on the knowledge generated in this recent work by
focusing on the importance of flow regime habitat use by different fish species.

Materials and Methods
Sampling Sites
Three or four permanent sampling sites were established in each of three flow
regime habitats present on the island (Fig 2) were sampled, with 3 or 4
permanent sites on each . These were:
1. Mullaroo Creek (MC): A fast flowing creek (Fig 3) which floods in
spring (flows of >4000 ML/d) in 7 out of 8 previous years, and
maintains a high flow and large volume of water throughout the year
(90% exceedence probabilities of 465 ML/d in summer, 486 ML/d in
Autumn) (SKM 2001). The three permanent sampling sites on MC
have an average maximum depth (max. cross sectional depth
averaged across all sites) of 2.8m.

2. Upper Lindsay River (ULR): A shallow ponded channel (Fig 4)
located above the confluence of the Lindsay River with MC. ULR
floods in spring (flows of >4000 ML/d) in 7 out of 8 previous years, but
contains much slower flows and smaller volumes of water than MC
during the rest of the year (90% exceedence probabilities of 18 ML/d in
summer, 17 ML/d in Autumn)(SKM 2001). The four permanent
sampling sites on ULR have a maximum average depth of 1.9m.
3. Lower Lindsay River (LLR): LLR is a slow flowing weir pool (Fig 5)
rising from the water backed up behind Lock 6. It is located below the
confluence of MC and ULR, and floods in spring as a result of flooding
in its two major tributaries (MC and ULR). The four permanent
sampling sites on LLR have an average maximum depth of 4.3m.
Figure 2: Location of sampling sites on Lindsay Island

Mullaroo Creek
= weir pool
= shallow ponded
= fast creek

Lindsay River
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Figure 3: Mullaroo Creek (Fast creek habitat)

Figure 4: Upper Lindsay River (Shallow ponded habitat)

9

Figure 5: Lower Lindsay River (Weir pool habitat)

Physico-chemical characteristics
A variety of water quality parameters were measured as part of each routine
sampling trip. All water quality data was collected using U-10 multi-probe
(HORIBA Ltd, Aust.) in the late afternoon (4pm – 7:30pm) as fish traps were
being set.
Electrical conductivities (ECs) in the fast creek (MC) and the weir pool (LLR)
sites were always similar to each other and always lower than ECs measured in
the shallow ponded section (ULR) (Fig. 6a). Similarly, turbidity in fast creek and
weir pool sites was similar throughout the study period, but always higher than
turbidity measurements in the shallow ponded section (Fig. 6b). There was no
such consistent pattern in pH values (Fig. 6c).
Water temperatures (taken approx 20cm below the surface) in the fast creek
sites were always lower than those in the shallow ponded section, however weir
pool sites displayed no such consistent pattern (Fig. 6d). This likely reflects the
homogeneity of water quality in the fast creek due to turbulence, and the similarly
eclectic water quality found in the less turbulent, more patchy weir pool.
Change in water depth was also measured at each habitat. A wooden stake
marked at 1cm intervals was hammered into the sediment within each flow
regime habitat and the height of the water level was recorded on each sampling
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trip. Data are presented here as change in water height since first measurement
(Fig 6e).
Figure 6: Water quality in the fast creek, shallow ponded and weir pool habitats.
a) Electrical conductivity, b) turbidity, c) pH, d) water temperature, and e) change
in water height
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Larval Sampling
Sampling occurred approximately fortnightly throughout the study period. Three
different larval sampling techniques were employed:
Light traps: Modified quatrefoil light traps identical to those used by
Humphries et al. (2002) were constructed of perspex and steel, with a
removable 250um mesh sieve attached such that larvae could be easily
retrieved (Fig. 7). Light traps were set in the late afternoon by placing a
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yellow Cyalume ® 12 h light stick in the core perspex tube of each light
trap and submerging traps near the bank. Traps were left overnight and
harvested in the morning.
Drift Nets: 1m long cone shaped nets with an opening diameter of 50cm
were constructed from 500µm nylon mesh (Fig. 8). These nets were
attached to a square PVC pipe frame which was fitted with floatation
material and lead weight in opposing sides of the square tube. Drift nets
and associated PVC frames were tied to snags and or artificial structures
(eg. a bridge) in the late afternoon and left overnight and harvested the
following morning. It was estimates that drift nets required a flow velocity
of greater than 5cm.sec-1 to be effective.
Larval Tows: An identical conical net to that used as a drift net (Fig. 8)
was attached to a purpose built aluminium handle identical to that used by
Humphries et al. (2002). This handle was deployed from the side of a
small boat and towed through the surface water with the top of the net
held just above the surface.
Once collected, all larval samples were preserved immediately in 95% ethanol
and sorted either in the field or in the laboratory using a dissecting microscope.
Figure 7: Larval light trap
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Larval sampling techniques employed at each flow regime habitat differed due to
the physical and flow characteristics of each site. For a standard field trip;
- three light traps were deployed at every site within every habitat.
- Drift nets were set only in the fast creek (MC) sites (flow velocity 22 –
46 cm.sec-1, measured Oct 10 2002) due to a lack of flow (<5cm.sec-1)
in the weir pool (LLR) and shallow ponded (ULR) habitats.
- Larval tows were completed in the weir pool after dark.
Sampling commenced in Oct 2001 and finished in Feb 2002.
Figure 8: Drift and larval tow net

Results
Presence/absence of larvae
Larvae of eight species of fish were collected from the three flow regime habitats
over the study period. The larvae of three fish species were collected in all flow
regime habitats: Flathead gudgeon (Philypnodon grandiceps), Australian smelt
(Retropinna semoni) and Murray rainbowfish (Melanotaenia fluviatilis). A further
three species, gudgeons (Hypseleotris spp.), carp (Cyprinus carpio) and
hardyheads (Craterocephalus sp.) were collected only from the still and slow
flowing habitats of the weir pool and the shallow ponded section. Bony herring
(Nematalosa erebi) were collected in the fast creek and the weir pool sections.
Murray cod (Maccullochella peelii peelii) larvae were collected only from the fast
flowing habitat.

Temporal abundance
To facilitate the temporal comparison of larvae caught using a variety of
techniques, data are presented and discussed as ‘total larval catch per standard
field trip’. A standard field trip included:
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three light traps at each of 3 sites in the fast flowing creek habitat, and
4 sites in both the weir pool and shallow ponded habitats (total 33 light
traps),
- three drift nets set in the fast flowing creek habitat
- three 5 minute larval tows in the weir pool habitat
Where incomplete sampling occurred due to loss of traps, accidents or lack of
resources, total larval numbers from available sampling gear was multiplied by a
factor appropriate to standardise for ‘total larval catch per standard field trip’. For
example, if only two light traps were collected from a site, the total catch from
these two traps would be multiplied by a factor of 1.5.
-

The weir pool habitat yielded more larvae (753) than the shallow ponded (433)
and fast creek (127) habitats. This was not a temporally uniform pattern, with the
weir pool habitat producing most larvae at the start (early October) and end (mid
December to February) of the sampling period, while the shallow ponded habitat
produced more larvae in the intervening sampling trips (Fig 9). The fast creek
habitat was never the numerically dominant habitat with regard to total larval
catch.
Individual species total larval catches are presented in Table 1, with the temporal
breakdown of catch rates and their comparison with those found by Humphries et
al. (2002) presented in Figure 10a-h.
Figure 9: Total larval catch in each of the three flow habitats
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Figure 10: Larval catch of individual species at each of the three flow habitats: a)
Flathead gudgeon, b) Australian smelt, c) Murray rainbowfish, and d) Gudgeon
b) Australian Sm elt
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Flathead gudgeon (Fig 10a) larvae were collected in large numbers from late
October until early December, after which the catch rate declined severely.
Flathead gudgeon larvae were, however, still collected in the shallow ponded
environment in January. The shallow ponded habitat yielded by far the most
flathead gudgeon larvae, followed by the weir pool habitat and the fast creek
habitat. Humphries et al. (2002) collected flathead gudgeon larvae over a much
longer period (August to April). However, because much of this period was not
sampled in the current study and because our larval catch pattern was consistent
with that found in some of the 5 years sampled by Humphries et al. (2002), it can
not be concluded that the spawning and recruitment of flathead gudgeon is
different on Lindsay Island than in the Broken and Campaspe rivers.
Large numbers of Australian smelt larvae were collected in all three habitats
(Table 1). The majority of these larvae (464 of 499) were collected during the
initial sampling in early October, with catches rapidly declining after this sampling
(Fig 10b). Humphries et al. (2002) collected smelt in both the Broken and
Campaspe rivers over a much longer period (August to April) than found in the
current study. Because no Australian smelt larvae were collected after the early
December sampling on Lindsay Island, it is considered that the timing and
duration of smelt breeding here is different to that found in the Broken and
Campaspe rivers.
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Figure 10 (cont): Larval catch of individual species at each of the three flow
habitats: e) Common carp, f) Hardyhead, g) Bony herring, and h) Murray cod.
e) Com m on Carp
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In comparison to both flathead gudgeon and Australian smelt, the total catch of
Murray rainbowfish larvae was relatively low, despite being found in all flow
habitats. Rainbowfish were caught for late October to early January in the
shallow ponded habitat, but only in mid-December in the other habitats (Fig 10c).
Humphries et al. (2002) caught rainbowfish larvae from November through to
January, which is consistent with the timing of catches on Lindsay Island.
Gudgeon (Hypseleotris spp.) are treated as a species complex because recent
genetic work by Bertozzi et al. (2000) suggests previously published
nomenclature is inadequate. Gudgeon were the only larvae collected on every
sampling trip throughout the sampling period. From October to early December,
gudgeon larvae were collected primarily from the shallow ponded habitat.
However, for the remainder of the sampling period, most gudgeon larvae were
collected from the weir pool habitat (Fig 10d). Humphries et al. (2002) found
gudgeons from October through to April, which is consistent with the catch on
Lindsay Island.
Unfortunately it appears that sampling began too late to pick up the peak in the
abundance of common carp (Fig 10e). Substantial early catches of the larvae in
the shallow ponded habitat later declined, and only one larvae was ever caught
16

outside this habitat. Humphries et al. (2002) found carp larvae from September to
December throughout a 5 year period, though in some individual years larval
carp were collected in only one or two months of the year. Carp larvae catch
times in Lindsay Island were therefore not considered markedly different from
those in the Broken and Campaspe rivers.
Hardyhead larvae could not be identified to species due to their small size.
Approximately 10% of all adults caught in bait and light traps (see below) were
identified and all were Murray hardyhead (Craterocephalus fluviatilis), however
this was thought insufficient evidence to conclude that C. fluviatilis was the only
hardyhead species present. Hardyhead larvae were collected in their greatest
numbers in the weir pool habitat near the end of the sampling period (midDecember to February). Fewer were collected in the shallow ponded section (Fig
10f). No hardyhead larvae were caught by Humphries et al. (2002) as the Broken
and Campaspe rivers lie outside the natural range of this species (Allen et al.
2002).
Bony herring larvae were also collected only towards the end of the sampling
period - in January and February (Fig 10g). Unlike any other species, bony
herring larvae were only collected from both the weir pool and the fast creek
habitat. No bony herring larvae were caught by Humphries et al. (2002) as the
Broken and Campaspe rivers lie outside the natural range of this species (Allen
et al. 2002)
Murray cod larvae were collected only from the fast creek habitat from November
through to January (Fig. 10h). This is identical to the timing of larval Murray cod
catches made by Humphries et al. (2002) in the Broken River.
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Table 1: Total larval catch abundance by species and site.
Species
Flathead gudgeon (Philypnodon
grandiceps)
Australian smelt
(Retropinna semoni)
Murray rainbowfish
(Melanotaenia fluviatilis)
Gudgeon
(Hypseleotris spp.)
Common carp
(Cyprinus carpio)
Hardyhead
(Craterocephalus sp.)
Bony herring
(Nematolosa erebi)
Murray cod
(Maccullochella peelii peelii)
Total

Weir
Pool
12

Shallow
Pond
284

Fast
Creek
1

Total

386

50

63

499

2

16

3

21

210

56

0

266

1

23

0

24

120

5

0

125

23

0

38

61

0

0

22

22

754

434

127

1315

297

Larvae consumed in light traps
Light traps often collected large numbers of small-bodied juvenile and adult fish
(see below). Early dissection of the gastro-intestinal tracts of these fish revealed
that some were consuming larvae (Fig 11a,b). The results of 1388 dissections of
fish collected in light traps throughout the study period are presented in Table 2.
It appears that gudgeon are the only species consuming larvae, though further
dissection of both flathead gudgeon and Murray rainbowfish would be required to
confirm this.
The 81 larvae removed form the GIT consisted of gudgeon (15), Murray
rainbowfish (12), hardyhead (4) and 50 unidentifiable larvae. The high
unidentifiable proportion was a result of larval decay in the GIT of their predator.
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Fig 11: Dissection of a gudgeon: a) eye of larvae can be seen in gastro-intestinal
tract of gudgeon, and b) the larvae removed from the GIT following dissection.
a)

b)
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Table 2: Dissections of the gastro-intestinal tract (GIT) of adult/juvenile fish
collected in the light trap.
Total fish
dissected

Total
Larvae
found in
GIT

Number of
fish with
larvae in
GIT

Proportion
(%) of fish
with larvae
in GIT

Smallest
fish with
larvae in
GIT

Most
larvae
found in a
single GIT

1131

81

55

4.86

9

58

-

-

-

15mm
SL
-

28

-

-

-

-

-

170

-

-

-

-

-

1

-

-

-

-

-

1388

81

55

Gudgeon
(Hypseleotris spp.)
Australian smelt
(Retropinna semoni)
Murray rainbowfish
(Melanotaenia fluviatilis)
Hardyhead
(Craterocephalus sp.)
Flathead gudgeon
(Philypnodon grandiceps)
Total

-

The Adult/Juvenile Fish Fauna of Lindsay Island
Adult and juvenile fish have been sampled within Lindsay Island on several
occasions using a variety of different techniques. Table 3 summarises the
previous recorded catches of adult species in Lindsay River (both shallow
ponded and weir pool habitats) and Mullaroo Creek (fast flowing creek).
For this study, it was important that adult/juvenile fish distributions could be
linked directly to the larval catch such that mismatches in different life stage
distributions and abundances could be explored. Adult/juvenile fish sampling was
therefore employed at the same sites larval fish sampling was undertaken.

Materials and Methods
Three methods were employed to catch adult and juvenile fish:
Electrofishing. An electrofishing survey was completed in August 2002.
Three sites within each flow regime habitat were electrofished for
approximately 1400 shock seconds (ie, the electrofisher was actively
shocking fish for 1400 seconds at each site). Each flow regime habitat
was therefore sampled for approximately 4200 shock seconds (70
minutes). All fish were measured (fork length) and returned once they had
recovered. There were no fish mortalities during this process.
Light Traps. The light traps employed to catch larval fish (see above) also
collected smaller bodied adult and juvenile fish. All adult/juvenile fish
collected in light traps were euthanased and preserved in ethanol as per
the larval sampling procedure.
Bait traps. Two bait traps, one unbaited and one baited with a yellow 12h
Cyalume ® light stick, were placed at each site where light traps were set.
Traps were left overnight and harvested in the morning. All fish caught in
bait traps were identified, counted and released
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Table 3: Presence/absence of adult and juvenile fish collected
previously from Lindsay River and Mullaroo Creek.
Species

Lindsay
River
Present

Mullaroo
Creek
Present

Golden perch
(Macquaria ambigua)

Present

Present

Freshwater catfish
(Tandanus tandanus)
Silver perch
(Bidyanus bidyanus)
Bony herring
(Nematolosa erebi)

Present

-

Harris and Gehrke 1997; Douglas et
al. 1998; DNRE 2000; NSWF 2000;
SKM 2001
Harris and Gehrke 1997; Douglas et
al. 1998; DNRE 2000; NSWF 2000;
SKM 2001
Douglas et al. 1998; DNRE 2000

Present

-

Douglas et al. 1998; DNRE 2000

Present

Present

Hardyhead
(Craterocephalus sp.)
Flathead gudgeon
(Philypnodon grandiceps)
Australian smelt
(Retropinna semoni)

Present

-

Harris and Gehrke 1997; Douglas et
al. 1998; DNRE 2000; NSWF 2000;
SKM 2001
Douglas et al. 1998; DNRE 2000

Present

-

Douglas et al. 1998; DNRE 2000

Present

Present

Murray rainbowfish
(Melanotaenia fluviatilis)

Present

Present

Gudgeon
(Hypseleotris spp.)

Present

-

Common carp
(Cyprinus carpio)

Present

Present

Goldfish
(Carassius auratus)

Present

Present

European perch
(Perca fluviatilis)
Gambusia
(Gambusia holbrooki)

Present

Present

Present

-

Murray cod
(Maccullochella peelii peelii)

Source

Harris and Gehrke 1997; Douglas et
al. 1998; DNRE 2000; NSWF 2000;
SKM 2001
Harris and Gehrke 1997; Douglas et
al. 1998; DNRE 2000; NSWF 2000;
SKM 2001
Douglas et al. 1998; DNRE 2000;
SKM 2001
Harris and Gehrke 1997; Douglas et
al. 1998; DNRE 2000; NSWF 2000;
SKM 2001
Harris and Gehrke 1997; Douglas et
al. 1998; DNRE 2000; NSWF 2000;
SKM 2001
Harris and Gehrke 1997; Douglas et
al. 1998; DNRE 2000; NSWF 2000
Douglas et al. 1998; DNRE 2000

Results
Electrofishing
Electrofishing catch rates are standardised to number of fish per 4200 shock
seconds. Catch results and fish length data are presented in Table 4.
The fast creek habitat yielded the most fish, and the weir pool yielded the least.
The most abundant species caught overall was carp. However, on a habitat-byhabitat basis golden perch were the most abundant fish caught in the weir pool
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and fast creek habitat, with carp the most abundant only in the shallow ponded
section. Many more Murray cod were caught in the fast creek habitat than
anywhere else. Notably, this catch of Murray cod included both juvenile (95mm)
and very old (1250mm) individuals.
Table 4: Electrofishing results for different flow regime habitats. All catches are
standardised to fish caught per 4200 shock seconds. Numbers in parentheses
are minimum and maximum fork length measurements (mm)
Species
Murray cod
(Maccullochella peelii peelii)
Golden Perch
(Macquaria ambigua)
Bony herring
(Nematolosa erebi)
Silver Perch
(Bidyanus bidyanus)
Common carp
(Cyprinus carpio)
Goldfish
(Carassius auratus)
Total

Weir
Pool
1.0

Shallow
Pond
0.0

(870mm)

Fast
Creek
14.7

Total
15.7

(95-1250mm)

14.6

11.8

25.5

(240-430mm)

(240-420mm)

(135-410mm)

3.0

0.0

3.0

1.0

1.0

0.0

51.9

(225-300mm)

0.0

0.0

(130mm)

5.8

32.6

20.6

(220-605mm)

(285-720mm)

(230-580mm)

5.8

3.0

4.9

(145-195mm)

(110-165mm)

(85-210mm)

27.2

50.4

66.7

59.0
13.7
144.3

Light traps
Many more fish were caught in light traps set in the shallow ponded habitat than
in the weir pool habitat (Table 5). The fast creek habitat light traps collected
many fewer fish than both slow flowing habitats. Gudgeons and hardyheads
comprised 94% of the total catch of juvenile/adult fish in light traps, and both
were prevalent in the slow flowing habitats. More Australian smelt were collected
in the fast creek than in the slow flowing habitats.
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Table 5: Adult/juvenile fish collected from light traps (Mean fish per light trap),
averaged over entire study period.
Species
Gudgeon
(Hypseleotris spp.)
Australian smelt
(Retropinna semoni)
Hardyhead
(Craterocephalus sp.)
Murray rainbowfish
(Melanotaenia fluviatilis)
Flathead gudgeon
(Philypnodon grandiceps)
Bony Herring
(Nematalosa erebi)
Common carp
(Cyprinus carpio)
European perch
(Perca fluviatilis)
Gambusia
(Gambusia holbrooki)
Total

Weir
Pool
13.34

Shallow
Pond
43.36

Fast
Creek
0.23

0.55

0.34

1.58

0.80

14.85

0.02

0.22

1.43

0.02

0.17

0.21

0.02

0.01

0.00

0.02

0.01

0.02

0.00

0.00

0.15

0.02

0.05

0.03

0.00

15.15

60.39

1.91

Bait Traps
As with the light trap results, the majority of adult/juvenile fish collected in bait
traps were collected from the shallow ponded section, and the majority of these
fish were gudgeon (Table 6). Overall, many fewer fish were collected in the bait
traps than in the light traps.
Comparison of bait traps with and without a light stick revealed that bait traps
with light sicks caught twice as many species of fish than those without a light
stick (Table 7). Further, for all but one species (flathead gudgeon), more
individuals were caught in the traps containing a light stick.
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Table 6: Adult/juvenile fish collected from bait traps (Mean fish per light trap),
averaged over entire study period.
Species
Gudgeon
(Hypseleotris spp.)
Australian smelt
(Retropinna semoni)
Hardyhead
(Craterocephalus sp.)
Murray rainbowfish
(Melanotaenia fluviatilis)
Flathead gudgeon
(Philypnodon grandiceps)
Common carp
(Cyprinus carpio)
European perch
(Perca fluviatilis)
Gambusia
(Gambusia holbrooki)
Total

Weir
Pool
1.54

Shallow
Pond
19.24

Fast
Creek
0.06

0.21

0.00

0.04

0.00

0.18

0.00

0.00

0.26

0.00

0.03

0.06

0.00

0.01

0.11

0.00

0.01

0.01

0.00

0.00

0.01

0.00

1.80

19.87

0.10

Table 7: Adult/juvenile fish catch from bait traps with and without a light stick:
totals over entire study period
Species
Traps with
Traps
light stick
without
light stick
Gudgeon
850
649
(Hypseleotris spp.)
Australian smelt
17
0
(Retropinna semoni)
Hardyhead
13
0
(Craterocephalus sp.)
Murray rainbowfish
14
5
(Melanotaenia fluviatilis)
Flathead gudgeon
3
3
(Philypnodon grandiceps)
Common carp
8
1
(Cyprinus carpio)
European perch
2
0
(Perca fluviatilis)
Gambusia
1
0
(Gambusia holbrooki)
Total
908
658
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Discussion
Fish species collected on Lindsay Island
Thirteen fish species were collected from the three water regime habitats
examined on Lindsay Island. The shallow ponded and weir pool habitats yielded
by far the most small bodied adult/juvenile, with the catch largely influenced by
gudgeon, hardyhead and Australian smelt. In contrast, the greatest number of
larger bodied adult/juvenile fish were collected in the fast creek habitat. This size
dependent distribution of fish is likely a result of the different flow velocities in the
fast creek (>15 cm.sec-1) and in the weir pool and shallow ponded habitats (0-5
cm.sec-1), with smaller fish less able to feed and maintain their position in faster
flowing waters (Tyler and Gilliam 1995).
Despite wide fluctuations in the abundances of adult fish, the diversity of
adult/juvenile fish was similar in all habitats (11 species caught in the shallow
ponded habitat, 12 species caught in both the weir pool and fast creek habitats).
For the purposes of this study, it is therefore considered that the presence of a
species in one of the habitats is not indicative of preference for that habitat,
rather the abundance of a species within each habitat is a more accurate
reflection of preference.
There was a strong relationship between adult and larval fish abundances in the
three habitats. In the weir pool habitat, a total of 754 larvae were caught, with the
catch dominated by three small bodied species Australian Smelt (386), Gudgeon
(210) and Hardyhead (120). Similarly, the total catch of 434 larvae in the shallow
ponded habitat was also dominated by the smaller species - flathead gudgeon
(284), gudgeon (56) and Australian smelt (50). The dominant larval species in
the fast creek habitat (total 127 larvae) was also a small bodied species
(Australian smelt – 63 larvae), but two other larger bodied species, bony herring
(38) and Murray cod (22), provide the next most abundant larval catch. This
reflects well the adult/juvenile catch data in the fast creek habitat, where
Australian smelt are the dominant small fish, and larger bodied fish are more
abundant than in the slow flowing habitats.
That larval and adult fish abundance was by far the greatest in slow flowing
habitats lends support to a spatial interpretation of the Low Flow Recruitment
Hypothesis (LFRH) of Humphries et al. (1999). They describe a temporally
defined advantage for larvae spawned as water velocities are decreasing during
flood-water dissipation. Slower water velocities facilitate the production of
zooplankton and provide less turbulent conditions suitable for the exogenous
feeding of larval fish (Humphries et al. 1999). In the current study, the diversity of
flow conditions relevant to the LFRH are defined spatially rather than temporally.
The greater abundance of fish in both slow flowing habitats may therefore reflect
more successful recruitment in these habitats than in the fast creek habitat. If this
is the case, the juxtaposition of fast and slow flowing habitats, such as that found
on Lindsay Island, may provide ideal conditions for the spawning and recruitment
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of large bodied species such as Murray cod. This is discussed below, where the
adult/juvenile and larval catch of individual fish species are discussed further.

Murray cod
Adult Murray cod were collected from both the fast creek (Mullaroo creek) and
weir pool (Lower Lindsay River) habitats during the electrofishing survey. Larvae,
however, were collected only from the fast creek habitat. These findings suggest
an increased spawning of cod in the fast creek system due to either the greater
abundance of adult Murray cod and/or the provision of a more suitable breeding
habitat.
It is generally agreed that adult Murray cod use complex woody debris as both a
living habitat and a place to lay their eggs during the breeding season (Appendix
A). SKM (2002) concluded that there was little difference in the amount, type and
orientation of woody debris in Lindsay River and Mullaroo Creek, thus this cannot
describe the observed difference in larval catch. It is, however, significant that
Humphries et al. (2002) were catching cod only in the relatively unregulated and
faster flowing Broken River, and not in the slower flowing more regulated
Campaspe River. Similarly, it appears that on Lindsay Island the combination of
abundant woody debris and fast flowing water in Mullaroo Creek provides
conditions suitable to both maintain a resident population of adult Murray cod,
and to stimulate spawning of this population during late spring – early summer.
That Murray cod larvae were caught over the identical time period (November December) to that observed by Humphries et al. (2002) is also significant. This
study adds a lowland river context to the growing body of evidence that Murray
cod, like many other species, are spawning at the same time of year independent
of flow and temperature variability (Humphries and Lake 2000; Humphries et al.
2002). Much more predictable spawning cues, such as changes to photoperiod
or endogenous rhythms within fish (Humphries and Lake 2000) appear more
likely cues to those of ‘spring and summer floods’ listed in much of the popular
literature (Appendix A).

Golden perch
Adult golden perch were the most commonly caught species in the weir pool and
the fast creek habitats and the second most abundant fish collected overall
(behind common carp) during the electrofishing survey. Despite this, no golden
perch larvae were collected throughout the study period.
Humphries et al. (2002) found a similar result, and concluded that unlike most
other species, golden perch spawning is not an annual occurrence. Lake’s
(1967a,b) experiments on golden perch showed an increase in pool level and
temperature induced spawning in earthen ponds near Narrandera, and that
golden perch gonads were ‘presumably reabsorbed’ in the absence of favourable
breeding conditions. All of this evidence suggests that the spawning of golden
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perch may, indeed, be reliant on localised flooding. This concurs with the notions
of the flood pulse concept (FPC) and supports the popular literature (Appendix
A). As such, the use of environmental flows to generate overbank flows may be
the appropriate action to increase the abundance of golden perch in our rivers.

Bony herring
Surprisingly few adult bony herring were caught during the electrofishing survey,
with only 3 individuals collected from the shallow ponded habitat. However, the
electrofishing survey was undertaken in August 2002, at the end of winter and
following the annual dieback of bony herring due to water temperature induced
reduction of resistance to disease. The reduced catch of adult bony herring may
therefore reflect particularly high mortalities during the 2002 winter.
Paradoxically, juvenile and larval bony herring were collected earlier in the year
in only the fast creek and weir pool habitats. The lack of larvae in the shallow
ponded area may, however, be an artefact of the sampling regime. All bony
herring larvae were collected in either the drift or larval tow nets, with none
collected in the light trap. Neither the drift nor larval tow techniques were
employed in the shallow ponded system due to a lack of flow and depth. The
larval distribution of bony herring observed may not therefore be an accurate
reflection of the true distribution.
The timing of the appearance of bony herring larvae was consistent between the
fast creek and weir pool systems. Larvae were not observed until late January
2002. The appearance of these larvae can not be linked to any preceding
consistent increase in water level, as water levels were increasing for the second
time in the fast creek system and decreasing in the weir pool habitat.
Temperatures, however, were increasing in both habitats, reaching a sampling
period maximum of 28.0°C in the weir pool and 25.4°C in the fast creek habitats
in January. It appears therefore that bony herring spawning on Lindsay Island is
triggered either by temperature, or by the more predictable cues (photoperiod
and endogenous rhythms) predicted by Humphries and Lake (2000) for other
native Australian species. Further sampling of bony herring larvae is required to
examine this.
Humphries et al. (2002) did not collect bony herring larvae as the Broken and
Campaspe rivers are outside the natural distribution of the fish.

Silver perch
Silver perch have recently been listed as endangered in the lower Murray River.
The scarcity of this species that has lead to this listing is borne out in the current
study, with only one juvenile silver perch (130mm FL) caught during the
electrofishing survey and no larvae caught during the larval sampling period. It
thus appears that on Lindsay Island, the lack of breeding by silver perch is due to
a lack of breeding adults, and not as a result of loss of spawning cues due to
changes to the flow regime.
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This catch of a single silver perch in the fast creek does, however, represent the
first recorded catch of this species in Mullaroo Creek.

Gudgeon
Gudgeon were by far the dominant small fish collected in bait and light traps from
the two slow/zero flow habitats. Although Australian smelt were more abundant in
the fast creek habitat, gudgeon were found there and as such, this study
represents the first recorded collection of gudgeon (Hypseleotris spp.) from
Mullaroo Creek.
Despite the collection of adult gudgeons from all habitats, gudgeon larvae were
found only in the weir pool and shallow ponded habitats. Further, the timing of
peak larval gudgeon abundance was earlier in the shallow ponded habitat than in
the weir pool (Fig 10d). It is not clear if these differences in spatial and temporal
distribution of gudgeon larvae are a function of the varying densities of adults in
these habitats, or if different habitats provide essential breeding cues and habitat
on different spatial and temporal scales. The answer to this question is further
complicated by the genetic (allozyme) work of Bertozzi et al. (2000). Ongoing
research in this area has since identified ten genetically distinct species within
the Hypseleotris genus (Mark Adams, Evolutionary Biology Unit, South Australian
Museum, personal communication 2002). Mackay (1973a,b) identified distinct
and different breeding behaviours of two such species (H.klunzingeri and H.
galii). In the light of the recent genetic work, the taxonomic accuracy of these
studies cannot be verified, however they do highlight the complexity of
interpreting the Hypseleotris larval catch results - it may be that differences in the
timing and abundance of larvae in different habitats is due to differences in the
species present. Clearly, this is an area for future work.

Australian smelt
Sampling for this project began in October 2001, and as a result it appears as
though we missed much of the Australian smelt breeding period (Fig 10b). This is
in stark contrast with Humphries et al. (2002), who found smelt breeding over a
protracted period (September – April) in both the Broken and Campaspe rivers.
Spatially, adult smelt were collected in all habitats, however they were more
abundant and were the dominant small species in the fast creek habitat. In
contrast, the bulk of the smelt larvae collected in light traps came from the weir
pool habitat, with lower catches in both the fast creek and the shallow ponded
habitats.
Whether more Australian smelt eggs are being released and/or fertilised in the
weir pool habitat, or, as suggested by the low flow recruitment hypothesis of
Humphries et al. (1999), the recruitment of smelt is greater in the slower flowing
weir pool habitat is unclear, and requires further work.
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Hardyhead
Hardyhead adult/juveniles were most abundant in the shallow ponded habitat,
and much less so in the weir pool and fast creek habitats. Approximately 10% of
all adults were identified, and all were the vulnerable Murray hardyhead
(Craterocephalus fluviatilis), and not the flyspecked hardyhead (C.
stercusmuscarum fulvus) found previously on Lindsay Island. This study
therefore represents the first time that this species has been collected from
Lindsay Island.
Hardyhead larvae appeared late in the sampling period, and were found only in
the slow flowing habitats (Fig 10f). Larval abundances were, however, reversed
from that of the adult catch, with many more larvae collected in the weir pool than
in the shallow ponded habitat. The reason for this is not clear. It may be that the
peak hardyhead spawning period in the shallow ponded habitat occurred after
the sampling period, or that the weir pool habitat provided essential spawning
cues when the shallow ponded habitat did not. This question, along with much of
the baseline breeding requirement information for the Craterocephalus genera
(see Appendix A), remains the topic for further work.

Murray rainbowfish
Both adult/juvenile and larval Murray rainbowfish were collected in low numbers
from all three habitats. Because of these low abundances, little can be
determined regarding the habitat preferences of this species. This study is,
however, in accordance with the limited information on the timing of Murray
rainbowfish breeding presented by Humphries et al. (2002) and in Appendix A,
with larvae collected from October to January.

Flathead gudgeon
Adult/juvenile flathead gudgeon were collected in low numbers from all three
habitats, making this the first record of the species in Mullaroo Creek. A
seemingly disproportionate high number of flathead gudgeon larvae were
collected from the shallow ponded habitat from late November to early
December, with many fewer larvae collected in other flow regime habitats (Fig.
10a). The reason for the high larval abundance in the weir pool is not clear.
Humphries et al. (2002) found a much longer spawning period for flathead
gudgeon in the highly regulated Campaspe River, and suggested that these fish
were an opportunist spawning in a broad range of flow and temperature
conditions. This appears to not be the case on Lindsay Island, where a much
shorter breeding period exists for flathead gudgeon. Whether or not this is a
function of reduced physico-chemical habitat cues for the flathead gudgeon, or
whether this simply reflects a difference in the abundance of adult fish between
the Lindsay Island system and the Campaspe River requires further research.

Common carp and Goldfish
The larvae of common carp and goldfish were indistinguishable, thus these two
species are grouped for discussion.
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Carp and goldfish adults and juveniles were abundant in all three habitats.
Unfortunately, however, the peak spawning period for carp/goldfish appears to
have been missed in the current study despite catches of carp larvae by
Humphries et al. (2002) from September through to January, and in November
every year of sampling.
Those carp larvae that were caught were all collected in the slow flowing weir
pool and shallow ponded habitats despite large numbers of adult carp being
collected from the fast creek habitat. This offers some support to the theory that
the expansion of common carp and goldfish throughout Australian freshwater
systems has been enhanced by the provision of warm, productive and slow
flowing conditions offered by weir pools as a result of river regulation (ref).
Further collection of carp larvae is, however, needed to draw any firm conclusion
regarding the habitat preference and breeding requirements of carp and goldfish
on Lindsay Island.

European perch and Gambusia
Adults/juveniles of both of these introduced species were caught in very low
numbers, and no larvae of either fish were caught throughout the study. If
spawning did occur, sampling may have begun too late for the collection of
European perch larvae, but not so for gambusia (Humphries et al. 2002). That
these species do not exist in large numbers on Lindsay Island is a more likely
explanation for the lack of larval catches.

Consumption of larvae in light traps
This study is the first recorded case of fish larvae being consumed by gudgeon.
Given the abundance of gudgeon throughout the basin, predation may be an
important source of mortality for both conspecific larvae and the larvae of other
fish. Larval predation coupled with the gudgeon’s extended and opportunistic
breeding season (Humphries et al. 1999, Meredith et al. in prep) may go some
way to explain why gudgeon have become one of the most widespread and
abundant of all of Australia’s native freshwater fish (Gehrke et al. 1995; Unmack
2000).
Also, the majority of larvae found in the gastrointestinal tract were only
moderately decomposed, suggesting that these larvae were consumed in the
light traps. Light traps such as those used in this study are a commonly
employed technique for catching larval fish, yet to our knowledge, no previous
studies have recorded larvae being consumed by adult/juvenile fish within the
trap. The resultant underestimation of larval catch may be significant, particularly
for rare species.
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A solution to this is achievable by wrapping 3mm stretch mesh around the light
traps. More recent tests of this set up shows that the mesh excludes
adult/juvenile gudgeon, while still collecting a diversity of larval fish species.

A New Conceptual Model – the Temporal Trophic Cascade
Current environmental flow decision support system models (e.g. SKM 2001)
work on the premise that an overbank flow will induce spawning and enhance
recruitment of native fish such as Murray cod and golden perch. This notion,
based strongly on the adherence of the popular literature to the Flood Pulse
Concept (FPC), provides a sound basis for the adaptive management of
environmental flows. However, a model which more accurately reflects recently
gained information specific to Australian fish species (eg, this study and
Humphries et al. 1999, 2002) is now required. Such a model is presented here.
Shapiro et al. (1975) were the first to popularise the targeted manipulation of food
webs as a management tool. Using simplistic food webs of lake systems (eg. Fig
12), they proposed that the manipulation of the abundance of one trophic level
will necessitate changes in the abundance of others. This theory, more recently
termed ‘biomanipulation’, has since been applied to a diverse range of lake
systems as a means for the control of nuisance algae. Algal abundances are
often targeted by either the addition of piscivorous fish or the removal of
zooplanktivorous fish (ie. ‘top-down’ biomanipulation) or by the control of nutrient
availability (ie. ‘bottom-up’ biomanipulation). In all cases, the food web that is
manipulated is considered ubiquitous, with all trophic components being in a
dynamic equilibrium with the other trophic levels within the food web.

31

Figure 12: Simplistic food web such as that used for ‘top down’ whole lake
biomanipulation

The intentional inundation of floodplains and ephemeral wetlands using
environmental water allocations can also be viewed in this context. The
mineralisation of carbon, nitrogen and phosphorus that results from inundation
supplies floodwaters with an abundance of available nutrients. This process can
be viewed as a bottom-up biomanipulation, whereby these nutrients are rapidly
incorporated into the algae, causing algal cell abundances to boom. In turn, the
microinvertebrates utilise this increased abundance of their primary food source
to reproduce rapidly, producing a boom in microinvertebrate numbers. FPC
theory suggests that this will in turn lead to an increase in the abundance of fish
whose spawning has been stimulated by flood onset, and who now have an
abundant microinvertebrate food source. Similarly, water birds that rely on fish as
a food source for their young will, in turn, benefit from the overbank flow.
Conceptually, this can be represented as a temporally defined trophic cascade
(Fig. 13).
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Figure 13: Temporal trophic cascade model of overbank flows
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This is the current paradigm. Extant management theory suggests that the use of
environmental flows for floodplain and wetland inundation stimulates the
spawning of native fish such that the larvae of these species can take advantage
of the increase in microinvertebrate abundance. This study and the recent work
of Humphries et al. (1999, 2002) shows that, with the possible exception of
golden and silver perch, native fish do not require overbank flows to stimulate
spawning. Instead, an alternate hypothesis introduced by Humphries et al. (1999)
is that differences in the recruitment of larvae to adult stages, and not spawning,
has driven the changes we have observed in the structure of Australian fish
communities. The current study supports this, suggesting that the temporal
trophic cascade model based on the FPC will not necessarily result in an
increase in native fish abundance.
It follows that we need to manage for the recruitment of native species whose
spawning is not cued to the flood pulse. To do this, we need to provide
microinvertebrates for larvae at their most critical stage for survival – the switch
from endogenous to exogenous feeding (Wootton 1998). To manage for fish, we
therefore need to
a) manage for microinvertebrates, and
b) marry the timing of peak microinvertebrate abundance to peak larval
fish abundances.
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Managing for microinvertebrates
Nutrients in floodplain sediments are mineralised and become available for algal
uptake within hours (Darren Baldwin, pers. comm.). The rate which this available
nutrient is incorporated into the algae is likely more variable, being more
dependent on temperature and the abundance and composition of seed-stock
algae in the floodwaters. Similarly, the timing of peak microinvertebrate
abundance following the entrance of water onto the floodplain/wetland is
increasingly variable, being not only dependent on the temperature and
abundance of seed-stock microinvertebrates, but also the timing of algal peak
abundances.
Our understanding of precisely how variable the time from flood onset to peak
microinvertebrate abundance and the environmental conditions that affect this
variability (eg. salinity) is very poor. To the best of our knowledge, no Australian
studies are currently underway that will improve our knowledge in this area.
Using this temporal trophic cascade model as a focus, such studies are key to
our ability to manage native fish resources, and should be pursued.

Marrying peak abundances of microinvertebrates and larval fish
Our knowledge of the timing of Australian native fish breeding is improving. This
study suggests that despite gross habitat and geographic differences, many
species of native fish larvae appear on Lindsay Island at similar times of year as
that observed by Humphries et al. (2002). Although it is not yet possible to
conclude specific spawning cues for individual species (if indeed such generic
cues exist), we can generalise the breeding period of native fish on Lindsay
Island into early-season, mid-season, late-season, and flood dependent
breeders, with some species belonging to more than one category. On the basis
of one years sampling on Lindsay Island and reference to Humphries et al.
(2002), the fish species collected can be divided as such:
Early-season breeders (August – October): Australian Smelt, Common carp
Mid-season breeders (November – January): Flathead gudgeon, Murray
Rainbowfish, Gudgeon, Murray cod.
Late-season breeders (February – April): Gudgeon, Hardyhead, Bony herring
Flood dependent breeders: Golden perch, silver perch
It follows that ‘early’ floods favour the early season breeders, ‘late’ floods favour
the late season breeders, and all floods favour the flood dependent breeders.
The appropriately timed application of environmental water to maximise the
recruitment of target fish species thus requires a sound understanding of peak
microinvertebrate response rates.
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Conclusions and Future Work
Lindsay Island is an important wetland floodplain system that provides a diversity
of water regime habitats for adult fish. This diversity of habitat is spatially, rather
than temporally defined, and represents a range of flow regimes that would have
naturally occurred in the island’s creeks and rivers on annual or semi-annual
timescales. Maintaining a diversity of habitat thus appears key to maintaining a
diverse fish fauna, and this should be a goal of future environmental water
management of both the island, and elsewhere throughout the Murray-Darling
basin.
Provision of suitable habitat for adult fish appears enough to induce spawning in
most species examined in this study. However, three key knowledge gaps must
be addressed if we are to better manage for native fish in systems such as
Lindsay Island.
1. Examination of the variability in the response of microinvertebrates to
floodplain inundation. To manage for fish recruitment, we need to manage
for microinvertebrates. Using the temporal trophic cascade model
described above, an understanding of the factors that affect the
microinvertebrate response to overbank environmental flow regimes is
critical to our ability to responsibly allocate environmental water to achieve
native fish outcomes.
2. Greater understanding of the important spawning cues and habitat
requirements for all fish species in the Murray-Darling Basin. Our
knowledge of individual species breeding habitat requirements is poor.
There is little question that although the increased regulation of Australian
river systems has been detrimental for some native species, others such
as gudgeon, have expanded in both range and abundance. Until we
understand the mechanisms behind such changes, we cannot hope to
adequately predict what affects our further management of aquatic
systems will have. Of particular interest here, two native species (golden
perch and silver perch) were collected as adults but not as larvae in this
study. On this basis, and because of similarities in previous studies, it was
suggested that these species might be reliant on floods as a spawning
cue. This conclusion is, however, strongly based on assumption and
needs further examination. Targeted in-situ sampling for larvae on the
floodplain during high flow events and/or environmental flow allocations
would likely provide suitable evidence to confirm life history requirements
of these species and allow us to manage accordingly.
3. Examination of factors important for recruitment of native fish. Although
larvae of many fish were collected as part of this study, our knowledge of
the environmental requirements for successful recruitment of larvae to
adults is only poorly understood. Such an understanding is key to native
fish management.
Future work in these three key areas will make a significant contribution to the
provision of the information necessary for the successful management of fish
populations in freshwater ecosystems.

35

Acknowledgements
This study was funding by the AFFA through its NHT Fish Rehabilitation
program. The authors would also like to thank Juanita Renwick, Bernard
McCarthy and Caroline Chong for field assistance, and Oliver Scholz for valuable
comments on this manuscript.

36

References
Allen, G.R. (1989). Freshwater Fishes of Australia. T.F.H. Publications.
Brookvale, NSW. 239p.
Allen, G.R., Midgley, S.H., Allen, M. (2002). Field guide to the freshwater fishes
of Australia. Western Australian Museum Publishing. Perth. 394p.
Bertozzi, T.; Adams, M.; Walker, K.F. (2000). Species boundaries in carp
gudgeons (Eleotrididae: Hypseleotris) from the River Murray, South
Australia: evidence for multiple species and extensive hybridization.
Marine and Freshwater Research. 51: 805-815.
DNRE (2000). Victorian Fish Database. Online Sept 2000.
Douglas, J., Gooley, G. Kemp, D. and Ingram, B. (1998). An ecological survey of
three major Murray River anabranches in north-western Victoria, with
reference to ecosystem condition indices. Marine and Freshwater
Research Institute. Alexandra.
Egis (2001). Lindsay and Wallpolla Islands environmental flow issues
investigation. Issues Paper. Egis consulting, Melbourne Australia.
Gehrke, P. C., Brown, P., Schiller, C. B., Moffatt, D. B., and Bruce, A. M. (1995).
River regulation and fish communities in the Murray-Darling river system,
Australia. Regulated Rivers-Research & Management . 11, 363-375.
Harris, J.H. and Gehrke, P.C. (1997). Fish and Rivers in Stress: the NSW rivers
survey. NSW fisheries, Office of Conservation and the Cooperative
Research Centre for Freshwater Ecology, in association with RACAC.
Humphries, P., King. A.J., and Koehn, J. D. (1999). Fish, flows and flood plains:
links between freshwater fishes and their environment in the MurrayDarling River system, Australia. Environmental Biology of Fishes. 56, 129154.
Humphries, P. and Lake, P.S. (2000). Fish larvae and the management of
regulated rivers. Regulated Rivers - Research & Management. 16: 421432.
Humphries, P., Serafini, L. G., and King, A. J. (2002). River regulation and fish
larvae: variation through space and time. Freshwater Biology. 47, 13071331.
Junk, W., Bayley, P. B., and Sparks, R. E. (1989). The flood pulse concept in
river-floodplain systems. Can. Spec. Publ. Fish Aquat. Sci. 106, 110-127.
37

Lake, J. S. (1967a). Rearing experiments with five species of Australian
freshwater fishes. I. Inducement to spawning. Australian Journal of Marine
and Freshwater Ecology. 18, 137-153.
Lake, J. S. (1967b). Rearing experiments with five species of Australian
freshwater fishes. II. morphogenesis and ontogeny. Australian Journal of
Marine and Freshwater Science. 18, 155-173.
Lazzaro, X (1987). A review of planktivorous fishes: their evolution, feeding
behaviours, selectivities and impacts. Hydrobiologia. 146: 97-167
Mackay, N. J. (1973a). The reproductive cycle of the firetail gudgeon,
Hypseleotris galii: I. Seasonal histological changes in the ovary. Australian
Journal of Zoology. 21, 53-66 .
Mackay, N. J. (1973b). The reproductive cycle of the firetail gudgeon,
Hypseleotris galii: II. Seasonal histological changes in the testis.
Australian Journal of Zoology. 21, 67-74.
McDowall, R. (1996). Freshwater fishes of South-eastern Australia. Reed Books.
Sydney, Australia. 247p.
MDBC (2002). The Living Murray: a discussion paper on restoring the health of
the River Murray. Murray Darling Basin Ministerial Council. 54p.
Meredith, S.N., Matveev, V.M., Mayes, P. (in prep.). Spatial and temporal
variation in the distribution and diet of the gudgeon (Eleotridae:
Hypseleotris spp.) in a sub-tropical Australian reservoir.
NSWF (2000). New South Wales Fish Database. Online Sept. 2000
Shapiro, J., Lamarra, V., and Lynch, M. (1975). Biomanipulation: an ecosystem
approach to lake restoration. In Brezonik, P.L. and Fox, J.L. (eds.):
Proceedings of a Symposium on Water Quality Management through
Biological Control. University of Florida, Gainsville. 85-96.
SKM (2001). Lindsay River Project: Mullaroo Creek aquatic ecosystem
assessment. Sinclair Knight Merz: Report R06
Tyler, J.A. and Gilliam, J.F. (1995). Ideal free distributions of stream fish – a
model and test with minnows, Rhinicthys atralatus. Ecology. 76:580-592.
Unmack, P. J. (2000). The genus Hypseleotris of south eastern Australia: it's
identification and breeding biology. Fishes of Sahul. 14, 645-657.
Wootton, R. J. (1998). Ecology of Teleost Fishes: 2nd Edition. Fish and Fisheries
Series 24: Kluwer Academic Publishers, Great Britain. 386p.

38

Appendix A: Environmental and ecological breeding requirements for fish species found on Lindsay Island.
Species

Breeding Habitat
Requirements

Cue for Breeding

No. eggs per female

Egg type

Spring to early summer,
which usually coincides
with annual flooding

Murray Cod
(Maccullochella
peelii peelii)

Hatching times, size of
larvae

Larvae feed on

Eggs hatch in 1-2 weeks

Age/size at maturity

5-6 years (40-50cm)

Source

Allen et al. (2002)

Solid objects (eg, rocks, Spring and early summer 10,000-90,000
(usually Sept-Oct) when
wood, clay banks) to
attach eggs to.
water temp rises to 20C.
may be later and at lower
temps in Vic.

3-3.5mm adhesive

5-7 days @ 20-27C. Larvae
are 5-8mm with a large yolk
sac. May remain clumped for
8-10days post-hatching until
yolk sac is absorbed

Eggs are laid in a mass on Spawning occurs in
Up to 60,000
the bottom.
spring and early summer
when water temperatures
reach about 20C.

2-3mm, laid in a mass on
the bottom

Hatching occurs in 1-2
weeks, depending on
temperature. Larvae are 69mm.

♂=400mm, 5-6yo,
♀=480mm, slightly older

Hatching takes 8 days @
Larvae feed on
16.6-23.3C (average 20C),
zooplankton
and 13 days @ 16.5C. Can
take only 6 days at 25C.
Larvae are 6-9mm depending
on when they hatch (early =
smaller larvae)

Cod probably breed when Lake (1967a,b,c)
4yo, 560mm and 1.8-2.7kg

Eggs float near surface

Hatch in 24-36 hours.

♂=200-300mm, 2-3yo.
♀=400mm, 4yo

4mm. Colourless, nonadhesive, semi-buoyant

24-33 hours @ 20-31C.
Larvae feed on
Larvae are 3.2mm,
zooplankton after ~ 5
unpigmented, buoyant and
days
float upside down. Positively
phototactic, swim actively
after ~ 5 days. Metamorphosis
begins @ 25 days and 12mm

Spawning is triggered by
a rise in river level when
temperatures rise from
16.4C to 20.6C. Eggs are
probably nearly always
attached to the inside of
hollow logs.

Spawning often occurs in
October and early
November in the Murray
and Murrumbidgee
Rivers, though as early as
September in the Darling
and Bourke-Brewarrina
area.

Spawns in flooded
Golden perch
(Macquaria ambigua) backwaters near the
surface at night after
heavy spring and summer
rains. Usually a long
upstream spawning
migration is undertaken.

Spawns in flooded
backwaters near the
surface at night after
heavy spring and summer
rains.

20,000 eggs produced 3-4mm when fully water
at first spawning, may hardened. Opaque white.
exceed 200,000 in
Adhesive and demersal.
larger fish.

Spawn during floods in Spawn during floods in 2.5kg fish produces
spring and summer when spring and summer when >500,000 eggs
water temp > 23C
water temp > 23C.
Females can reabsorb
gonads if breeding
requirements not met

Copepods and
4-5 yrs
cladocerans, switching to
chironomids when 1520mm.

zooplankton

McDowell (1996)

Allen (1989)

Allen et al. (2002)

♂=190mm, 2-3yo.
McDowell (1996)
♀=400mm, 4yo and 1.4kg

Spawning occurs during Spawning occurs during >500,000 eggs
spring and early summer spring and early summer
flood periods.
flood periods.

24-33 hours

3.9mm (water hardened).
Transparent, colourless,
non-adhesive, pelagic,
semi-buoyant

♂=not normally until 3yo, Lake (1967a,b,c)
Hatching takes about 33
Larvae feed mainly on
hours @ 20-25C, and 24
zooplankton – copepods but some at 2yo. ♀=4yo
hours @ 27-31C. Larvae are and cladocerans being the and 1.4kg
3.2mm and are incapable of main items.
free swimming until 5 days
old.

2.75mm. Semi-buoyant

hatch in ‘a few days’, after
which they drift downstream
while feeding on zooplankton

♂=250mm, 3yo.
♀=290mm, 5yo

McDowell (1996)

Spawning takes place in
summer from early
November to late January
after migrating upstream.

Pelagic eggs

Hatch in about 30 hours at
26-27C. Larval development
requires 18 days.

Maturity occurs after 23yrs

Allen (1989)

Spawning usually from A 1.8kg fish will
October onwards (usually yield up to 500,000
Oct-Nov) after slight rises eggs
(as little as 30cm) in river
or pond levels.
Temperatures in the
shallows must reach 23C.
This temperature is not
necessary at depths
greater than 90cm.

2.8mm Matt surface.
Spherical, colourless,
transparent, non-adhesive,
pelagic, will rest on the
bottom in still water

Phytoplankton and
Hatch in about 30 hours @
22-31C. Larvae average
zooplankton
length = 3.6mm, lack
pigementation and are
incapable of swimming. They
rest on the bottom and make
jerky head movements to take
them to the surface, whence
they drift back to the bottom

♂=2yo, ♀=3yo

Lake (1967a,b,c)

Spawn during floods and 2.3kg fish produces
freshets when water
as many as 500,000
temperatures exceed
eggs
23.5C. A reasonably
sudden rise in
temperature of at least 3C
must also occur.
Spawning has occurred as
late as March in the
Darling River.
Spawns in spring and
Spawns in spring and
300,000+
Silver Perch
(Bidyanus bidyanus) summer after long
summer after long
upstream migrations to upstream migrations to
areas behind the peaks of areas behind the peaks of
floods
floods
Extreme fluctuating
conditions are necessary
for successful breeding.
Spawn during floods and
freshets when water
temperatures exceed
23.5C. Spawning takes
place in still water.

Catfish (Tandanus
tandanus)

feed on zooplankton after ♂=200-300mm and 2-3yo, Allen (1989)
~ 5 days
♀=close to 400mm, 4yo

4mm. Float near the
surface.

Breeding occurs in spring Breeding occurs in spring
and summer when water and summer when water
temperatures rise to
temperatures rise to
between 20 and 24C
between 20 and 24C
Pebbles/gravel to make Not stimulated by
2,800 – 20,600
nest
flooding. Spawns when
temperatures rise during
spring and summer.

Allen et al. (2002)

Spherical, non-adhesive
and light green-yellow

Hatch in 7 days – one parent Zooplankton and
remains over nest to guard. chironomid larvae.
Larvae are 7mm, barbels
appearing after 3 days

some at 3yo, but all mature McDowell (1996)
at 5yo
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Up to 20,000
Male constructs a 0.6Spawning occurs in
2.0m nest from gravel and spring and summer
rocks with a central sandy
depression
A nest (up to 200mm) is Spawning may take place 1.4kg fish yields
usually built in pebbles or from late spring until
about 20,000 ova
gravel, using sticks and mid-summer.
small stones sometimes.
It is not certain which sex
builds the nest. If water
levels fluctuate too much
spawning may not take
place.
Spawns in spring and
early summer

Bony Herring
(Nematolosa erebi)

Several hundred
thousand

Spawning in southern
Thousands
areas is probably annual,
but may occur several
times a year in northern
locations, with peak
activity in the early wet
season.

Gudgeon
(Hypseleotris spp.)

Spawning occurs when
water temperatures rise
above 22C

Spherical, non-adhesive

Hatch in about 7 days @ 1925C

Allen (1989)

Over 3.2mm when
hardened. Spherical,
yellow-green, chorion is
slightly rough. Nonadhesive and demersal

Hatch in about 7 days @ 1925C. Larvae are 7mm, barbels
appearing after 3 days.

Lake (1967a,b,c)

<1mm

Probably at 1yo and
~80mm

McDowell (1996)

Tiny eggs that float

Usually mature at the end
of the second year

Allen (1989)

Spawning occurs usually Tens of thousands to <1mm
in the spring and early
hundreds of thousands
summer.
Spawning occurs from
late spring to summer
when water temperatures
rise above 22C

Eggs are deposited in a Spawning occurs from
mass on the bottom,
late spring to early
usually attached to rocks summer
or vegetation. Eggs are
guarded and fanned by
the male
Eggs are attached to grass
and twigs at depths of
<25cm, and often only a
few cm. Successful
breeding therefore
requires stability of the
water level. Suggests

Probably mature at 1yo and Lake (1967a,b,c)
<70mm

Hatching occurs in 47-53
hours @ 18-23C. Larvae are
1.8-2.1mm

Oval shaped eggs: ave=
0.49x0.42mm

Hatching occurs after 47-53
hours @ 18-23C. 5-6 days to
first feeding. Eyes are
unpigmented and jaw is not
developed

zooplankton

Reach sexual maturity by
the end of the first year

Allen et al. (2002)
for H.klunzingeri

Reach sexual maturity by
the end of the first year

Allen (1989) (for H.
klunzingeri)

Anderson et al.
(1971) –
H.klunzingeri
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most spawing would
occur on floodplains.
Eggs are deposited on
Spawning occurs when
aquatic plants, grass or temperatures rise to a
twigs at depths of 5little over 22.5C in the
25cm. Minor falls in river shallows.
level may desiccate eggs.
Eggs are guarded and
fanned by the male.

Ovaries contain 1000- 0.44-0.53mm. Slightly
2000 ova.
ovoid.

Hatching takes 48 hours @
18-23C. Larvae are 1.5mm
and incapable of free
swimming. Larvae sink to the
bottom, though jerky
movements allow them to
swim upward for 10-50mm at
a time.

Probably spawns eggs
Hardyhead
(Craterocephalus sp.) with adhesive filaments
among weeds

Spawns eggs with
Extended breeding season
adhesive filaments among – mid-oct to mid-feb.
weeds
Spawning occurs mainly Each female lays
Spawns eggs with
adhesive filaments among between Oct and Jan in several eggs per day
weeds
Victoria
Breeding occurs in spring Fecundity is low.

Flathead gudgeon
(Philypnodon
grandiceps)

Lake (1967a,b,c)

McDowell (1996)
for C. fluviatilis
Spawning takes place in Fecundity relatively
spring-summer.
low

Murray
Rainbowfish
(Melanotaenia
fluviatilis)

Fish mature at 1yo.

a hard surface, such as a Breeds mainly in springrock of a piece of wood summer

Small and adhesive

Lake (1967a,b,c)
for C. fluviatilis

Up to 1.46mm

McDowell (1996)
for C.s.fulvus
Hatch in about 1 week @ 2529C

Eggs are adhesive
Egss are adhesive

Breeds in spring and
summer in coastal
drainages
Eggs deposited on solids Spawning occurs mainly 500-1000
surfaces such as rocks or in spring and summer.
logs. Male remains with
eggs until hatching.
Spawning takes place in Fecundity is low.
spring-summer.

McDowell (1996)

Lake (1967a,b,c)
hatching occurs after 4-6 days

Allen et al. (2002)

McDowell (1996)

Hatch in 4-6 days. Larvae are
3.5-4.0mm.

Eggs are adhesive

Allen (1989)

Lake (1967a,b,c)
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Eggs are laid amongst
Australian Smelt
(Retropinna semoni) aquatic vegetation.

Breeds between July and
March (mostly in Spring)
when water temperatures
exceed 15C.

Hatch in about 10 days

Reach maturity at the end
of the first year

Eggs are demersal and
adhesive and sink to the
substrate where they
attach to vegetation,
debris or sediment.

Spawning occurs when 100-1000
water temperatures reach
15C, from mid-winter to
autumn in QLD, but
mostly in spring and
summer further south

About 1mm, demersal,
adhesive

Hatch in about 10 days,
dependent on water temp.
Larvae are <5mm.

Reach maturity towards the McDowell (1996)
end of their first year

Eggs adhere to bottom
vegetation

Spawning occurs in the
spring.

Adhesive

Hatching occurs in about 9
days

Mature at the end of the
Allen (1989)
first year and 60-70mm,
though may be as small as
40-50mm

A small number of
eggs

Spawning takes place in Less than a hundred Average 0.8mm, 0.95mm Hatch in 9 days @15-18C.
spring, often in the last 2 or two (estimate)
after fertilised and water Larvae are 4-6mm.
weeks in September when
hardened. Spherical and
water temperatures reach
pale amber in colour.
15C.
Carp (Cyprinus
carpio)

Allen et al. (2002)

Spawning season
dependent on
temperature, at about 1725C in spring
Spawning occurs in
Spawning occurs in
shallow water. Eggs are spring and early summer
when temperatures reach
scattered on aquatic
plants and other objects. about 18C.
Eggs are deposited on
fibrous plant matter in
shallow water

Goldfish (Carassius Eggs are laid among
Spawns during summer
auratus)
aquatic plants. Young
attach themselves to
plants for a few days until
the yolk sac is absorbed
Eggs attach to aquatic
plants and other objects
as they are scattered from
the spawning fish.

Up to 1.5million (6kg
fish)
0.9kg fish produces
100,000 ova.

Hatch after only a few days

Up to 2mm. Creamy or
yellow.

Up to several hundred About 1mm
thousand

Spawns during spring and Tens of thousands for About 1mm, adhesive
a fish of 227g
summer, usually when
temperature exceeds 15C.
Often spawns after
sunrise on sunny days.

Hatching takes 2 days @ 30C
to 6 days @ 18C

Mature at 1yo and 6575mm

Lake (1967a,b,c)

♂=1yo. ♀=125-150mm,
2yo

McDowell (1996)

Lake (1967a,b,c)

Hatch in about a week

Ripe/spent fish as small as McDowell (1996)
100-150mm

Fry feed on plankton

May mature in 1yr at only Lake (1967a,b,c)
30-50cm
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Redfin (Perca
fluviatilis)

Females deposit
thousands of eggs (in a
long gelatinous ribbon)
among vegetation
Thousands to several
hundred thousands of
eggs laid in gelatinous
ribbons among weeds,
submerged logs etc

Spawning occurs in the
spring.

Thousands

Eggs hatch in 1-3 weeks

Thousands to several 2-3mm, yellowish eggs
Spawning occurs in
laid in long gelatinous
spring. Females have no hundred thousands
ribbons
oviduct, thus eggs are
released through a
temporary pore in the
body wall

Hatch in 1-3 weeks dependent
on temperature. Mortality rate
of males > females, thus adult
populations mostly female.

Spawning will occur
Averages about 2mm. Eggs Hatch in 8 days @ 14-19C.
Spawning occurs in early A 1.4kg fish may
nearly anywhere, but
yield >100,000 eggs laid in long strings or
Larvae are about 5mm.
spring when water
preferably away from fast temperatures warm to
ribbons
currents. Increase in
about 12C
water level and plankton
abundance increases
survival.
Mosquitofish
(Gambusia affinis)

Young are produced
50-300 juveniles per livebearer
throughout the warm
brood (livebearer). up
months. Peak activity in to 9 broods per year
spring
Produces young while
water temperatures
remain above 27C. Birth
usually takes place in the
early morning

Gives birth to as
many as 80 young
fish several times
during the year

livebearer

Allen et al. (2002)

Young take 3-4 weeks to
develop. Newborn are ‘a few
millimetres long’.

Males may mature at end of McDowell (1996)
1st yr, however usually after
several yrs

Plankton, particularly
copepods and
cladocerans.

Fish of about 12cm and 1yo Lake (1967a,b,c)
have been known to spawn

May mature in under 2
McDowell (1996)
months, females at 21mm.

Lake (1967a,b,c)
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