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NON-TECHNICAL SUMMARY

The effects of Balranald Weir on spatial and temporal distributions of lower Murrumbidgee River
fish assemblages

PRINCIPAL INVESTIGATOR: Lee Baumgartner
ADDRESS: Narrandera Fisheries Centre
PO Box 182,

Narrandera, NSW, 2700
Telephone: 02 6959 9021 Fax: 02 6959 2935

OBJECTIVES:

(1) To document changes in the composition of fish assemblages upstream and downstream
of Balranald Weir over different seasons.

(i1) To investigate whether small native fish are adversely affected by a low level weir.

NON-TECHNICAL SUMMARY:

Fish assemblages in rivers and streams of the highly regulated Murray-Darling River system are
greatly affected by direct (physical) or indirect (behavioural) effects of dams and weirs. Direct
effects arise from alteration of flow, changes to channel shape and barriers to migration. Indirect
effects arise from factors such as cold water pollution, reduced nutrient loads and breakdowns of
food webs because of changes in the composition of aquatic biota.

The proliferation of dams and weirs has significantly reduced migratory opportunities for
Australian native fish species. At Euston Weir (Lock 15) on the Murray River, numbers of golden
perch, silver perch and Murray cod recorded from a fish trap between 1940-45 and 1987-92 have
been reduced by 51%, 94% and 96% respectively. However, most early studies of inland fish were
confined to recreationally and commercially important species because these were considered
highest priority by fisheries agencies. Consequently, little is known of the migratory requirements
of small fish despite earlier studies suggesting that they may also be susceptible to the effects of
weirs.

This present study focused on identifying the effects of Balranald Weir on fish of the
Murrumbidgee River. Fish were sampled by boat electrofishing from upstream and downstream
regions at three monthly intervals between April 2000 and September 2002. Sampling yielded
11,960 fish from 13 species. Bony bream (40.41% of total catch), Australian smelt (34.25%),
crimson spotted rainbowfish (10.16%) and common carp (7.26%) were sampled in greatest relative
abundance. Sampling immediately downstream of Balranald Weir yielded the most individuals and
species such as western carp gudgeon, crimson spotted rainbowfish and flyspecked hardyhead were
caught in large numbers despite previously being considered non-migratory.

The structure of upstream and downstream fish assemblages differed significantly between seasons.
Alien species, in particular goldfish, carp and redfin perch accumulated downstream of Balranald
Weir during summer. Some native species also accumulated during summer and increases in
downstream abundance were observed for bony bream, crimson-spotted rainbowfish and western
carp gudgeon. Few juveniles of golden perch, Murray cod or silver perch were sampled at all,
indicating their recruitment may be compromised in this section of river.

Species diversity (Shannon’s index) varied significantly among seasons but not between upstream
and downstream regions. Seasonal changes in the relative abundance of bony bream, Australian
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smelt, crimson-spotted rainbowfish and common carp lowered species diversity downstream of
Balranald Weir. In contrast, species richness did not change significantly among seasons or
between upstream and downstream regions, possibly because the occasional removal of Balranald
Weir was permitting the upstream passage of some species.

In conclusion, the effect of Balranald Weir on fish assemblages of the lower Murrumbidgee River
was greatest during summer and autumn, when fish were seeking upstream passage. The
dominance of small species from downstream samples further suggest that fish passage facilities
constructed in the Murray Darling Basin should provide passage for a much wider range of size
classes.

Spatial and temporal effects of Balranald Weir Baumgartner
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1. INTRODUCTION

The construction of weirs is recognised as a serious issue for aquatic organisms not only in
Australia (Gehrke et al, 1995; Kearney et al. 1999; Gehrke et al, 2002), but globally (Townsend,
1975; Fjellheim and Raddum, 1996; Holmquist, 1998; Rivinoja, 2001). The role of these structures
in facilitating 1ges in macroinvertebrate and fish assemblages is well documented (Jansen ef al,
1996; Lucas a=¥rrear, 1997; Cortes et al, 1998; Lake, 1998; Gehrke and Harris, 2001; Agostinho
et al, 2002) but one of the most common effects, the prevention or reduction in migration, is often
underestimated (Lucas and Frear, 1997).

Sixty six species of fish native to south eastern Australia migrate to some extent and, for many
species, migrations are an essential part of their life histories (Reynolds, 1983; Mallen-Cooper,
1989; Mallen-Cooper and Harris, 1990; Mallen-Cooper, 1996). Migrations are known to include
both adult (Reynolds, 1983; Mallen-Cooper, 1996; Thorncraft and Harris, 2000) and juvenile
(Mallen-Cooper and Brand, 1992; Harris et al, 1992; Mallen-Cooper, 1996) stages. Tagging studies
in the extensive Murray-Darling River system have revealed some individuals can travel over
1,400km when dams and weirs are inundated by floods (Reynolds, 1983). Such observations have
led researchers to implicate the obstruction of fish passage as a partial cause of population declines
in some species (Cadwallader, 1978; Cadwallader and Lawrence, 1990; Allan and Flecker, 1993;
Wager and Jackson, 1993).

Accumulations of migratory fish in the vicinity of dams and weirs are a well known phenomenon
(Pavlov, 1989). Consequently, large abundances of upstream migrating fish are commonly sampled
downstream of weirs (Bishop and Bell, 1978; Harris, 1983; Pavlov, 1989; Mallen-Cooper, 1996;
Taylor et al, 2001; Gehrke et al, 2002). Early studies on fish migration within the Murray Darling
basin were confined to large bodied species of recreational and commercial importance (Table 1),
as these were considered highest priority by fisheries agencies (Reynolds 1983; Harris et al, 1992;
Mallen-Cooper and Brand, 1992; Mallen-Cooper, 1996). Such studies were conducted over wide
temporal and spatial scales to ensure any method of improving large fish passage, such as the
construction of fishways, were applicable to many sites throughout the Murray-Darling Basin.

In contrast to large fish, the migratory requirements of small species remain largely unknown,
despite some previous studies suggesting they may be equally susceptible to effects of weirs
(Mallen-Cooper and Brand, 1992; Mallen-Cooper, 1996; Harris et al, 1998). For instance,
Australian smelt (Retropinna semoni) were frequently observed attempting to ascend a vertical slot
fishway at Torrumbarry Weir on the Murray River (Mallen-Cooper, 1996). Similarly, flyspecked
hardyhead (Craterocephalus stercusmuscarum) and Australian smelt frequently attempted to
negotiate a rock ramp fishway at Goondiwindi Weir on the Macintyre River (Harris et al, 1998).
Although such observations may suggest these species were attempting to migrate, no studies have
attempted to document the extent of such behaviour, over spatial or temporal scales. Therefore,
management plans for dams and weirs in the Murray-Darling Basin frequently fail to provide for
small fish species as they are generally regarded as non-migratory.

The present study used boat electrofishing to determine the composition of migratory fish
assemblages upstream and downstream of Balranald Weir on the Murrumbidgee River over a
period of two years. Data was collected in relation to the entire migratory fish community,
including small species, to assess whether the weir obstructed fish attempting upstream migrations.
Sampling was stratified over spatial and temporal scales to assess whether observed changes in
relative abundance were consistent among species, among seasons or between upstream and
downstream regions.
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Table 1. Classifications of large and small potamodromous species referred to in this study
and the current known age of migration (based on results of: Reynolds 1983;
Battaglene, 1991; Harris et al, 1992; Mallen-Cooper, 1996; Stuart and Jones, 2002;
the present study). Age of migration is defined as Y — young of the year, J —

juvenile (1+ up to sexual maturity), A — adult (after sexual maturity).

Species Name Common Name Native or Age of
Alien migration
Large fish (>100mm at sexual maturity)
Bidyanus bidyanus Silver perch Native Al
Carassius auratus Goldfish Alien Y,A
Cyprinus carpio Common carp Alien Y,ILA
Leiopotherapon unicolor Spangled perch Native A
Nematalosa erebi Bony bream Native Y,J,A
Maccullochella peelii Murray cod Native LA
Macquaria ambigua Golden perch Native LA
Perca fluviatilis Redfin perch Alien Y,J, A
Tandanus tandanus Freshwater catfish Native A
Small fish (<100mm at sexual maturity) *
Craterocephalus stercusmuscarum Flyspecked hardyhead Native Y,J,A
Gambusia holbrooki Eastern gambusia Alien A
Hypseleotris spp Carp gudgeon Native Y,J,A
Melanotaenia fluviatilis Crimson-spotted rainbowfish ~ Native Y,J,A
Retropinna semoni Australian smelt Native Y,J,A
Spatial and temporal effects of Balranald Weir Baumgartner
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2. METHODS

2.1. Sampling sites

The Murrumbidgee River is a highly regulated stream incorporating eight weirs (Ebsary, 1992) and
draining 86,467 km® (Harris and Gehrke, 1997) from its source to its confluence with the Murray
River. The weirs were constructed for domestic water supply, stock water supply, irrigation,
rediversion to irrigation areas and rediversion to effluent streams. Two storages, Burrinjuck and
Blowering Dams, release water based on seasonal allocations with flows mostly released between
September and March when all weir operations are based on irrigation demand.

Balranald Weir is the most downstream barrier on the Murrumbidgee River. It is located
approximately 6km west of the Balranald township (Figure 1) and is a drop-board regulated
structure measuring 40m long and 3.7m high. The weir is primarily used for stock and domestic
water supply and presents a barrier to fish passage at flows up to 4,500ML.day". Once flows
exceed this level, all drop-boards are removed and free passage is restored. Two downstream sites
(0 km and 25 km) and two upstream sites (25 km and 80 km) were sampled at three monthly
intervals over two years (Figure 2). No site was sampled immediately upstream of Balranald Weir
as the study focused primarily on obstructions of upstream migrating fish rather than downstream
migrations.

2.2, Seasonal sampling and boat electrofishing

Sampling was conducted in spring (September-October), summer (December-January), autumn
(March-April) and winter (June-July) between April 2000 and December 2001 (Figure 2). Fish
were sampled using a boat mounted 7.5kW Smith-Root Model GPP 7.5 H/L electrofishing system.
Sampling operations consisted of 20 replicate 2-minute (elapsed) electrofishing ‘shots’ during
daylight hours. Fish were collected via dip net and placed into a live well for recovery prior to
identification and measurement (fork length). Each individual was inspected for diseases, parasites
or injuries. Any positively identified fish unable to be dip netted were recorded as “observed”. In
instances of large individual species catches, random sub-samples of 20 individuals were measured
per shot.

2.3. Data analysis

Data were analysed using the PRIMER (Version 5.0) multivariate statistical package and S-PLUS
2000 (Insightful corporation, 2001). Multidimensional scaling ordinations of Bray-Curtis similarity
measures were used to plot fish community data, in two dimensions, after pooling replicate shots at
each site. For the purposes of this study, fish communities were defined by the relative abundance
of species sampled during the course of routine electrofishing. Two-way analyses of similarities
(ANOSIM), (as described in Clarke and Warwick, 1994), using regions (upstream and
downstream) and seasons (summer, autumn, winter, spring), as factors were performed on fourth-
root transformed data to determine spatial and temporal differences in fish communities. A one
way ANOSIM was also performed to identify differences in fish communities between each site
sampled. Where possible, each test was conducted using 20,000 Monte Carlo randomisations to
calculate probabilities. A similarity percentages (SIMPER) test was subsequently performed to
identify species contributing most to average dissimilarities within and between factors.

Baumgartner Spatial and temporal effects of Balranald Weir
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Figure 1. A map of the Murrumbidgee catchment along with sites sampled on the
Murrumbidgee River (inset). The main channel of the Murrumbidgee River has
been emboldened for clarification.

8000 7
7000
= 6000
]
S
= 5000 T
\% _______________
z 4000
=
3000
2000 7
1000 T
' s 2 & I L 1z I L4
S 2 LT 3T 2T £ 2 L =T T = <9
! - Q — ! -
s £ 2 8 8 B &£ 2 2 & & B 2
Sampling Date
Figure 2. A hydrograph of the Murrumbidgee River between April 2000 and April 2002.

Black dots represent sampling occasions and the dotted line represents flows where
Balranald Weir is normally removed.
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A two-way factorial Analysis of Variance (ANOVA) was performed to identify any significant
differences in the relative abundance of individual species, species diversity (Shannon’s H' as
described in Clarke and Warwick, 1994) and species richness (total number of species) using
regions and seasons as factors. Prior to performing ANOVA Cochran’s tests determined non-
homogeneity of variances within the data set and a variance stabilising transformation (log x+1)
was subsequently performed. Quantile-quantile plots (as described in Insightful Corporation, 2001)
confirmed the data were approximately normally distributed.

Two tailed Kolmogorov-Smirnov tests (KS: Sokal and Rohlf, 2001) were performed on the most
common species from each site to assess differences in length frequency distributions among sites
and seasons. For the purpose of the present study, length frequency analysis revealed whether
populations upstream and downstream of weirs were dominated by particular size classes. All data
were standardised to electrofishing time (fish per minute) and all statistical tests were considered
significant at p<0.05.

Baumgartner Spatial and temporal effects of Balranald Weir
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3. RESULTS

3.1. Spatial and temporal variation in fish community composition

Sampling upstream and downstream of Balranald Weir over the two years of this survey yielded
11,960 fish from 13 species (Table 2). Bony bream (Nematalosa erebi) (40.41% of total catch),
Australian smelt (34.25%), crimson spotted rainbowfish (Melanotaenia fluviatilis) (10.16%) and
common carp (Cyprinus carpio) (7.26%) were sampled in greatest relative abundance. Significant
differences in fish communities were detected among seasons (ANOSIM: Global R=0.220,
p=0.004) and also between regions upstream and downstream of Balranald Weir (ANOSIM:
Global R=0.151, p=0.048). Temporal differences arose because catches of most species were lower
during spring and greater during summer and autumn (SIMPER). Spatial differences were
characterised by higher relative abundances of common carp, goldfish (Carassius auratus), redfin
perch (Perca fluviatilis), crimson-spotted rainbowfish and western carp gudgeons (Hypseleotris
spp) from the downstream region. The only species consistently sampled in greater relative
abundance from upstream samples was golden perch (Macquaria ambigua) (Table 2).

The composition of fish communities varied significantly among sites within each region (upstream
and downstream) with pairwise tests identifying a unique fish assemblage at the Balranald Weir
site (ANOSIM: Global R=0.112, p=0.032). This site significantly differed from all other sites,
because more species were present in greater relative abundance (Table 3). In contrast, pairwise
comparisons of remaining sites were non-significant, confirming that observed differences between
regions (upstream and downstream) were due to accumulations of fish downstream of Balranald
Weir and that the relative abundance of fish downstream of Redbank Weir, and from the two non-
weir sites, was of much smaller magnitude.

ANOSIM is unable to compute an interaction term, therefore a two-way ANOVA was performed
to identify whether the relative abundance of individuals species was consistent among seasons and
between regions. The relative abundance of two species, crimson spotted rainbowfish and common
carp differed significantly between upstream and downstream regions and also among seasons
(Table 4). Significant seasonal differences were also detected for goldfish. However, significant
interactions demonstrated seasonal differences were not consistent between sampling regions in all
three species (Table 4, Figure 3). During summer sampling the downstream relative abundance of
crimson spotted rainbowfish was over 12 times that of upstream (Table 2, Figure 3). In addition,
common carp and goldfish were sampled from both regions but were sampled in greatest relative
abundance immediately downstream of Balranald Weir during summer (Table 2, Figure 3).

Most other species such as western carp gudgeon, redfin perch and bony bream were also sampled
in the greatest relative abundance from downstream samples during summer, albeit not
significantly (Table 2, Figure 3). Similar observations were made for Australian smelt but this
species only accumulated downstream of Balranald Weir during autumn. These observations were
contrasted during winter because the relative abundance of most species was greater from upstream
samples, although this relationship was only significant for crimson spotted rainbowfish (Figure 3,
Table 2).

Most species were sampled in lowest relative abundance during spring and highest during summer
and autumn except for western carp gudgeon, which was relatively less abundant during winter
than in spring, or summer (Figure 3).

Spatial and temporal effects of Balranald Weir Baumgartner



12 NSW Fisheries

Table 2. Summary of total fish catches from sites downstream (D) and upstream (U) of
Balranald Weir showing sites and seasons sampled. Catches are pooled results
from both years sampled.

Species name Autumn Winter Spring Summer
D U D U D U D U
Native
Silver perch 7 3 0 6 1 1 9 18
Flyspecked hardyhead 3 0 5 3 10 0 3 0
Western carp gudgeon 5 9 1 2 32 34 86 28
Murray cod 8 7 13 1 3 1 1 2
Golden perch 14 45 36 66 7 11 10 29
Crimson-spotted rainbowfish 82 41 47 306 22 4 660 54
Bony bream 988 807 525 1450 7 13 756 288
Flatheaded gudgeon 0 0 0 0 0 0 1 0
Australian smelt 999 129 626 1581 70 9 388 295
Alien
Common carp 45 70 56 136 24 37 455 46
Goldfish 9 15 3 39 5 2 91 53
Mosquitofish 0 3 0 1 0 0 0 1
Redfin perch 14 23 1 9 9 2 134 9
Table 3. One-way ANOSIM results among sites sampled on the lower Murrumbidgee

River. Probability values are based on 20,000 Monte-Carlo randomisations. Sites
are defined as Willow Isles (25km downstream Balranald Weir), Balranald Weir
(immediately downstream of Balranald Weir), boat ramp (25km upstream of
Balranald Weir) and Redbank Weir (immediately downstream of Redbank Weir).
Asterisks denote a significant result.

Comparison R-value P-value
Global test

Among sites 0.112 0.032"
Pairwise tests — Sites

Willow Isles v Balranald Weir 0.213 0.036*
Willow Isles v Boat Ramp -0.018 0.517
Willow Isles v Redbank Weir 0.066 0.188
Balranald Weir v Boat Ramp 0.222 0.031*
Balranald Weir v Redbank Weir 0.080 0.013*
Boat Ramp v Redbank Weir 0.111 0.108

Baumgartner Spatial and temporal effects of Balranald Weir
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Figure 3. Interaction plot of seasonal changes in log mean relative abundance (t+one standard
error) for the most common fish species sampled upstream and downstream of
Balranald Weir. Error bars represent one standard error.

Table 4. Results of Two-way ANOVA between upstream and downstream regions (R) and
seasons (S) for the most common species sampled during the study. Only F-values
are given and results are based on log transformed data. Species are: AS,
Australian smelt; BB, bony bream; CR, crimson spotted rainbowfish; GP, golden
perch; CC, common carp; GF, goldfish; RP, redfin perch. *p<0.05, **p<0.01,
**%p<0.001.

Effect df Species

AS BB CR GP CC GF RP

R 1 0.13 0.03 17.00™ 4.08 10.59" 1.10 0.72

S 3 1.86 1.75 25.15™ 2.96 14.68" 14.97" 0.87

R*S 3 1.84 1.38 31.52°" 0.36 17.57™ 5.617 0.91
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14 NSW Fisheries

3.2. Species richness and Shannon’s H’

All species were sampled from both upstream and downstream regions except for eastern gambusia
(Gambusia holbrooki), which was absent from downstream samples, and flatheaded gudgeon
(Phylipnodon grandiceps), which was absent from upstream samples. Two way ANOVA
determined no significant differences in species richness among seasons or between upstream and
downstream regions (Figure 4, Table 5). There was no significant interaction. Despite seasonal
changes in relative abundance, little variation in species richness led to significant differences in
species diversity (Shannon’s H') among seasons but not between upstream and downstream regions
(Table 5). This data suggests some species were dominating catches in some seasons. For example,
when relative abundance of most species was low during spring, species diversity was greater
(Figure 4). In contrast, greater relative abundances of Australian smelt, crimson-spotted
rainbowfish, common carp and bony bream from downstream regions during summer lowered
species diversity. The opposite occurred during winter as species diversity was greater from
upstream regions where the relative abundance of all species had increased uniformly.

3.3. Differences in length frequencies between species

Only three species, common carp, goldfish, and golden perch were sampled in sufficient numbers
from each season to permit length frequency analysis between regions and among seasons.
Significant differences (KS: p<0.05) in length frequency distributions between upstream and
downstream regions were detected in common carp and goldfish during summer months where
large numbers of juvenile and young of the year fish were present from downstream samples
(Figure 5). In addition, summer was the only season where the relative abundance of alien species
was much greater from downstream samples, demonstrating aliens were recruiting well from
downstream regions, and that accumulations of fish were predominantly juveniles and young of the
year fish (Figure 5).

In contrast to alien species, there were relatively few juvenile golden perch sampled at all.
Significant differences in length frequencies were only detected in autumn (KS: ks=0.483,
p=0.002) where larger fish were sampled from the upstream region (Figure 6). However, only one
individual less than 100mm was sampled over the entire study period, suggesting this species may
be recruiting poorly both upstream and downstream of Balranald Weir.

Significant differences in length frequency distribution were also detected for bony bream in all
seasons except spring (KS: p<0.05). In summer, autumn and winter, significantly greater
proportions of smaller individuals were sampled downstream of Balranald Weir with young of the
year fish present in greatest proportions during summer and winter (Figure 6). In addition,
downstream samples contained the greatest proportions of large individuals during autumn.
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Figure 4. Interaction plots of (a) mean species diversity (Shannon’s H’ as described by

Clarke and Warwick, 1994) and (b) mean species richness and downstream of
Balranald Weir on the lower Murrumbidgee River. Error bars represent one
standard error.

Table 5. Summary of two-way analysis of variance of species richness, total relative
abundance and Shannon’s H' between sampling region (upstream and downstream)
and seasons on the lower Murrumbidgee River. df is the degrees of freedom for the
test. All tabulated values represent the F-statistic of the test. * p<0.05, **p<0.01,

**%p<0.001.
Effect df Species Richness Shannon’s H'
Region 1 0.03 0.78
Season 3 1.36 9.36**
Region * Season 3 0.57 0.87
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significantly different by Kolmogrorov-Smirnov tests are shown.
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4. DISCUSSION

4.1. Fish communities upstream and downstream of Balranald Weir

This study has identified that a low-level weir was significantly affecting migratory fish
assemblages of the lower Murrumbidgee River on a seasonal basis. The weir was acting as an
obstruction to upstream fish passage during summer and autumn when the relative abundance of
Australian smelt, fly-specked hardyhead, crimson-spotted rainbowfish, western carp gudgeon,
common carp and goldfish was greater downstream of Balranald Weir than at any other site.

Australian smelt, one of the most common species, was observed to accumulate downstream of
Balranald Weir during summer and autumn. Within the Murray-Darling Basin, this species was
previously recorded migrating through a vertical slot fishway at Torrumbarry Weir on the Murray
River (Mallen-Cooper, 1996), rock ramp fishways on the Namoi River (Baumgartner and Lay,
2001), Maclntyre River and Bell River (Thorncraft and Harris, 1996) and a lock fishway on the
Murrumbidgee River (Baumgartner, 2003; Chapter 6). Although accumulations downstream of
Balranald Weir observed in this study were not surprising, the requirement for upstream passage
varied with time of year. The greatest difference in relative abundance between upstream and
downstream regions was during summer and autumn, demonstrating this species can have an
extended migratory period.

Bony bream have been sampled actively migrating upstream in a number of studies (Mallen-
Cooper and Brand, 1992; Mallen-Cooper, 1996; Thorncraft and Harris, 1996; Baumgartner and
Lay 2001) but few of these studies have documented temporal variation in such behaviour. Most
migration in other clupeid species is typically anadromous (Messiah, 1977; Loesch, 1987; Jessop,
1994) and exclusively freshwater representatives of this family are generally non-migratory (Lucas
and Baras, 2003). In contrast, bony bream commonly migrate through fishways in the Murray-
Darling Basin with activity greatest in late summer and smallest in late spring (Mallen—Cooper,
1996). Accumulations of this species downstream of Balranald Weir, including both adults and
juveniles, were greatest during summer and are consistent with previous studies (Mallen-Cooper,
1996; Harris et al, 1998).

Prior to this study, there were few accounts of migrations in crimson-spotted rainbowfish,
flyspecked hardyhead or western carp gudgeon within the Murray-Darling Basin and it was
suggested these species only undertake localised movements (Harris and Gehrke, 1997). A species
of coastal melanotaenid, M. splendida, is known to undertake long upstream migrations during
autumn in the tropical Alligator River (Bishop et al, 1995). Similarly, species of hardyhead
(atherinidae) are also known to migrate through a vertical slot fishway on the Fitzroy River barrage
(Stuart and Mallen-Cooper, 1999). Data collected at Balranald Weir suggest fish within these
families also migrate within the Murray Darling Basin, especially during summer, when they were
observed to accumulate downstream. This interpretation was further supported when flyspecked
hardyhead and crimson spotted rainbowfish passed through a recently constructed fishlock at
Balranald Weir (Baumgartner, 2003) and suggests these species may benefit from improved
passage at other weirs within the Murray Darling Basin.

Excluding flatheaded gudgeon and eastern gambusia, all small fish species were present
downstream of Balranald Weir in all seasons but their relative abundance was generally greatest
following periods of high flow in spring. Displacements of fish by high flow are not uncommon,
and large numbers of coastal fish were previously reported to be transported downstream of a large
dam on the Fitzroy River during a flood event (Stuart and Berghuis, 1997). Similarly,
accumulations of 1+ fish immediately downstream of a large dam on the Warta River in Poland
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were also thought to have been attempting to counter displacement during floods (Penczak et al,
1998). Small species have relatively poor swimming abilities (Mitchell, 1989; Mallen-Cooper and
Brand, 1992) and would be expected to be susceptible to downstream displacement during high
flow events. If downstream displacements after high flows are frequent, the provision of passage
after periods of high flow may be critical for recolonisation of upstream habitat.

Reductions of downstream accumulations during winter, and also the low relative abundances of
fish during spring, were likely impacted by reduced water temperature, and subsequently reduced
activity by individual fish. Araujo et al (1999) demonstrated that temperature had a significant
influence on temporal changes in fish assemblages of the Thames River, with some species
decreasing in relative abundance as temperatures fell. In addition, Northern Hemisphere clupeids
(Slotte, 1999; Vaboe et al, 2002) and salmonids (Seki et al, 2000) are known to cease upstream
migrations and seek wintering habitat until water temperatures subsequently rise in spring. In the
Murray River common carp, golden perch, silver perch, bony bream or redfin perch do not migrate
during the months of May to September (i.e. winter and early spring), when water temperatures are
significantly lower (Mallen-Cooper, 1996). The results of the present study are consistent with
these findings, as accumulations of Australian smelt, crimson-spotted rainbowfish, western carp
gudgeon and alien species such as common carp and goldfish, were sampled downstream of
Balranald Weir in greatest relative abundance during summer and autumn when water temperatures
were warmest. All of these species have a widespread distribution throughout the entire Murray-
Darling Basin (McDowall, 1996; Allen, 2002) and seasonal accumulations could be readily
expected at many other barriers to migration. Therefore, improving opportunities for passage, at
least during summer and autumn, would enable large proportions of the migratory community to
continue upstream migrations.

For at least one species, bony bream, seasonal accumulations can be related to previously observed
spawning behaviour, as was suggested by Mallen-Cooper (1996). Adult bony bream are known to
perform upstream migrations in spring and summer (Mallen-Cooper and Brand, 1992) and spawn
until the end of autumn (Puckridge and Walker; 1991). Downstream of Balranald Weir, adults
formed a high proportion of catches in spring samples whilst young-of-the-year fish dominated
catches in summer and winter. The appearance of young-of-the-year fish in summer suggests that
this species spawned in spring or earlier. Further, the reappearance of similar sized young-of-the-
year fish in winter is also suggestive of a repeat spawning sometime in autumn. Therefore, any
obstruction to passage during these seasons could limit spawning success in bony bream.

Accepted migratory species such as golden perch, silver perch and Murray cod were not common
in either upstream or downstream reaches during this study. The rarity of these fish might be an
issue of catchability, but this is unlikely. The present study sampled fish accumulations from
riverine habitats using boat electrofishing, whereas previous studies have used panel nets, fyke nets
(Harris et al, 1992; Mallen-Cooper, 1996) and drum nets (Harris ef a/, 1992) which are particularly
effective for sampling large migratory fish from deep habitats under high flows. Although
electrofishing is limited in the depth over which it is effective (Koehn and McKenzie, 1985; Bohlin
et al, 1989; Harvey and Cowx, 1996), the depth immediately downstream of weirs sampled in this
study was less than 1.5m in all instances, and is within the effective range of boat electrofishing.
Furthermore, few juvenile individuals of these species were sampled indicating that either
spawning or recruitment may be limited in this section of river.

4.2, Effects of Balranald Weir on species diversity (Shannon’s H') and richness

Dam and weir construction can seriously affect species richness and diversity. Gehrke et al (1995)
and later Gehrke and Harris (2001) identified significant decreases in species richness and diversity
in reaches downstream of dams in regulated Australian streams. In the Northern Hemisphere,
species richness and evenness decreased significantly only 3 years after the construction of the
Pitit-Saut Dam on the Sinnamary River (De Merona and Albert, 1999). Similarly, localised
extinctions of fish species were observed only four years after the construction of a dam on the
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Warta River (Penczac ef al, 1998). These observations suggest that the effects of dams and weirs
on species richness may be quite sudden and the impact of Balranald Weir was probably most
dramatic in the years immediately following its construction. On the Murrumbidgee River, seasonal
changes in the relative abundance of bony bream, Australian smelt, crimson-spotted rainbowfish
and common carp influenced species diversity (Shannon’s H'), especially during spring, summer
and autumn. By improving passage during times when these species are likely to accumulate,
possibly by increasing the frequency and duration of temporary weir removal, weir inundation
events or constructing a fishway, the adverse seasonal effects of Balranald Weir on species
diversity (Shannon’s H") may be reduced. Original ecosystem structure may be restored to at least
some degree, if such methods benefit all species and size classes.

4.3. Proliferation of alien species

Adult alien fish were frequently sampled in all seasons but large numbers of young of the year
common carp, goldfish and redfin perch were most common in summer. Young-of-the-year fish
were less commonly sampled from upstream samples, suggesting these species are recruiting well
downstream of Balranald Weir. Although few juvenile fish were present in spring samples, this is
consistent with other studies documenting alien fish recruitment in Australian systems (Gehrke et
al, 1995; Harris and Gehrke, 1997; Stuart and Jones, 2002; Gilligan and Schiller, 2003). However,
during spring juveniles are most likely to be caught as larvae (Humphries and Lake, 2000;
Humphries et al, 2002; Stuart and Jones, 2002; Gilligan et al/, 2003) which are inefficiently
sampled by electrofishing.

In contrast to native fish species, aliens are frequently reported to benefit, at least relatively, from
the construction of a dam or weir (Martinez et al, 1994, Taylor et al, 2001; Koel and Sparks, 2002).
In less than a decade, the fish assemblage of the lower White River (Colorado) significantly
decreased in relative abundance and changed from a composition of 90% native to 80% alien
species after the construction of Taylor Draw Dam (Martinez et al, 1994). Similarly, common carp
became established in the Shoalhaven River system following the construction of Tallowa Dam
(Gehrke et al, 2002). Dams and weirs have also been responsible for observed inverse relationships
between the relative abundance of alien and native species in Caribbean streams (Holmquist, et a/,
1997). Although no pre-construction sampling was possible, the present study supported these
observations because alien species were well represented, relative to large native species, in the
lower Murrumbidgee River 23 years after Balranald Weir was completed.

Seasonal accumulations of juvenile alien fish downstream of weirs are a phenomenon rarely
reported in Australia (Stuart and Jones, 2002). Such behaviour may render these species susceptible
to control measures such as capture in selective separation cages, which are presently in trial on the
Murray River (see Stuart and Jones, 2002). A limitation of this technology is that it is currently
only suitable for large individuals that have the ability to jump. However, developing this
technology to selectively trap alien species of all sizes could help control the proliferation of these
species throughout the Murray Darling Basin through species selective harvesting during periods of
accumulations downstream of weirs.

4.4. Mitigating the effects of Balranald Weir

Balranald Weir is usually partially removed when flows exceed 4,500ML.day”" (Ebsary, 1992).
Since some species of native fish are known to migrate during high flows (Reynolds, 1983;
Battaglene, 1991; Mallen-Cooper, 1996), weir removal may provide increased opportunities for
upstream passage. Adult silver perch, golden perch and spangled perch (Leiopotherapon unicolor),
were observed to successfully pass Bourke Weir (Darling River) as it became inundated during a
flood event (Harris et al, 1992). Unfortunately, these previous studies only confirmed passage for
large native fish during times of weir inundation and the issue of small fish passage was not
addressed. The occasional removal of Balranald Weir is likely to provide passage for many more
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species as the dropboards that create the weir crest are totally removed, thus restoring relatively
natural flow conditions during floods.

The lack of significant differences in species richness upstream and downstream of Balranald Weir
may be explained by increased opportunities for fish passage during the temporary removal of
dropboards when flooded. Similarly, regular cycles of flooding helped maintain species diversity
upstream of a small dam on the Niger River (Victor and Tetteh, 1988). To be efficient at providing
passage, periods of weir inundation must occur relatively frequently, during peak periods of
migration and last for an appropriate period of time, to allow a sufficient proportion of fish to
migrate upstream (Gilligan et al, 2003). However, fish continued to accumulate downstream of
Balranald Weir even after the dropboards were replaced suggesting current weir removal events are
of insufficient duration to provide passage for all species.

In Australian coastal systems, accumulations of small catadromous fish species downstream of
dams and weirs are common. Downstream of Tallowa Dam on the Shoalhaven River, large relative
abundances of Australian smelt and some gudgeon species (Eleotridae) have been reported on a
number of occasions (Bishop and Bell, 1978; Gehrke et al, 2002). Similarly, a number of gudgeon
species were netted whilst accumulating downstream of a tidal barrage on the sub-tropical Fitzroy
River (Stuart and Mallen-Cooper, 1999). These coastal fishways must be constructed on
conservative slopes, which lower water velocity and turbulence, to enable small fish with relatively
poor swimming abilities to ascend (Mallen-Cooper, 2000). Once these fishways are constructed,
the effects of weirs on small fish of coastal streams are effectively mitigated.

Constructing fishways is a common method to mitigate effects of weirs in the Murray-Darling
Basin (Mallen-Cooper, 2000). At Torrumbarry Weir on the Murray River, downstream
accumulations of golden perch, silver perch and common carp significantly decreased as passage
was restored upon fishway construction (Mallen-Cooper, 1996). However, the fishway was
inefficient at passing small fish species as large numbers of Australian smelt were observed to
accumulate at the fishway entrance. Consequently these fish, which are hypothesised to only
negotiate flows less than 1.4 ms™ (Mallen-Cooper and Brand, 1992), did not successfully ascend
the fishway in large numbers despite the fishway being constructed on a conservative 1:18 slope
(Mallen-Cooper, 1996). Applying the principles of fishway construction used for small fish on
coastal streams would facilitate the design of more effective fishways within the Murray Darling
Basin (Mallen-Cooper, 2000). Migratory pathways would then be restored to a wider range of
species and size classes of native fish. In light of the small fish accumulations observed at
Balranald Weir, this should be seen as a research priority.
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SUMMARY AND RECOMMENDATIONS

This study determined that small fish species, previously not considered migratory, such
as Australian smelt, western carp gudgeon, crimson-spotted rainbowfish and fly-specked
hardyhead were seeking upstream movement. Given the magnitude of these attempted
migrations, it is recommended that these species be considered when designing fish
passage facilities in the Murray-Darling Basin.

Fish were present from downstream samples in highest relative abundance during
summer and autumn when migratory behaviour was greatest. As there was wide seasonal
variation between species it is recommended that functional fishways, to cater for small
species, are constructed in the Murray Darling Basin and operate continually.

High catches of juvenile alien species downstream of Balranald Weir further indicated
that these actively seek upstream migration in lowland river reaches. These observations
have been seen elsewhere in the Murray Darling Basin and it is recommended that
research be conducted into possible control mechanisms that exploit this behaviour.

Although Balranald Weir was removed periodically during this study, there was little
evidence to suggest that this adequately provided passage for all species because fish
continued to accumulate after the event. Further, there was no detectable increase in
relative fish abundance upstream of the weir. Whilst the removal of Balranald Weir most
likely restored passage to some species in the short term, it does not represent a
permanent option for fish passage at this site.
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