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Abstract
River and catchment management in Australia’s Murray-Darling Basin underwent a trans-
formation in the latter part of the twentieth century, from being focused on delivering water 
predominantly for human and agricultural needs to also considering environmental considera-
tions. The main driver of this change was the realisation that a comparatively long period of river 
regulation and associated alterations to natural systems had resulted in negative consequences. 
Native fish communities, in particular, have been considered to be in a poor or degraded con-
dition. The centrally located Lachlan River, in New South Wales (NSW), is a poignant example, 
as the fish community has been rated as ‘extremely poor’ in both of the basin-scale Sustainable 
Rivers Audit reports in 2008 and 2012. River management can generally be regarded as a 
top-down process, with the Murray-Darling Basin Authority and state-based agencies simul-
taneously relied on and looked to for advice, but also blamed for any perceived problems and 
inequities. However, neither the federal nor state governments and their agencies have the 
capacity to undertake accurate monitoring of individual catchments at localised scales. In order 
to achieve this, local communities and stakeholders can make a difference to the management of 
their catchments by actively sponsoring and participating in sampling and monitoring projects 
that can then inform broader catchment management. This process has begun with positive 
results within the Lachlan catchment, and offers a representative case study that can be applied 
to other areas within the Murray-Darling Basin. 

Keywords:  Lachlan River, off-river areas, Lake Cargelligo, Booberoi Creek, community 
involvement, fish surveys, endangered species
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Introduction
In Australia’s heavily modified Murray-Darling 
Basin (M-DB) in the nation’s south-east, rivers 
were historically managed (from the mid-1800s) 
in order to ameliorate the effects of Australia’s 
unpredictable weather systems and ensure that 
water could be supplied for towns and agriculture 
and – somewhat later – for the establishment and 
sustenance of irrigation districts and the generation 
of hydroelectricity.

Due to Australia’s dry climate, the principal 
tools for controlling flows in the M-DB were (and 
remain) large headwater dams that enabled flows 
from the highest-rainfall areas to be harvested and 

stored, and a series of smaller weirs or other struc-
tures situated at various points downstream that 
similarly enabled water to be prevented from follow-
ing riverine  channels until it was required (Water 
Conservation and Irrigation Commission, 1971). 
Today, there are very few rivers in the M-DB that 
are unaffected by such regulation (a notable excep-
tion is the Paroo River in far western Queens land 
and New South Wales; Kingsford & Thompson, 
2006). 

By the latter part of the twentieth century, 
and facilitated by evolving areas of study within 
applied science and ecology, it became obvious that 
the regulated rivers of the M-DB were affected by 
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a range of negative issues, including damming of 
rivers preventing natural flows, the introduction and 
spread of alien species, over-allocation of water, 
riparian denudation, pollution, and the decline of 
native fish species and stocks (Arthington, 1991; 
Walker et al., 1995; Humphries et al., 1999; King 
et al., 2003; Koehn, 2004). However, these issues 
were also complicated by geographic location, for 
the basin occupies four Australian states and one 
territory: Queensland, New South Wales, Vic-
toria, South Australia and the Australian Capital 
Territory. Within each jurisdiction, agencies with 
associated responsibilities (water, planning, natural 
resources and fisheries) worked autonomously to 
develop ‘their’ rivers and associated infrastructure. 
However, within 100 years it became necessary to 
create an over-arching organisation, first called the 
Murray-Darling Basin Commission (MDBC) and 
then the Murray-Darling Basin Authority (MDBA), 
as it became obvious that addressing basin issues at 
basin scale was essential. 

The observed problems were also confounded 
by a general absence of historical records that 
documented these perturbations in a quantita-
tive manner (the survey work of J. O. Langtry, in 
Cadwallader, 1977, being a notable exception). 
Given that fish are the ecological focus of this 
paper, a dataset that illustrates native fish decline in 
the M-DB is the commercial catch data from New 
South Wales (Reid et al., 1997). From 1947 (when 
records commenced) the catch records for three 
of the four native species targeted by commercial 
fishers (Murray cod, Maccullochella peelii; silver 
perch, Bidyanus bidyanus; and freshwater catfish, 
Tandanus tandanus) plummeted by the 1970s (Reid 
et al., 1997). Following a peak in 1960 (80 tonnes), 
Murray cod capture fell rapidly and stabilised to 
less than 10 tonnes per year within seven years. 
Silver perch peaked in 1958–1959 with a catch of 
44 tonnes, but the fishery was exhausted by 1984–
1985. Catfish were similar: 43 tonnes in 1974–1975 
and complete decline by 1990. This compelling 
evidence led to the closure of the inland riverine 
commercial fishery for native species in September 
2001 and is indicative of the wider problems within 
the basin by that time (Lintermans, 2007). 

The imposition of a top-down framework to 
manage the M-DB (including the MDBA and state 
government agencies, supported by research by 

universities and other groups) has often led to fric-
tion between jurisdictions and – most noticeably 
– anger within local riverine communities who 
sometimes feel affronted by this approach. Graphic 
examples include irrigators in Griffith, New 
South Wales publicly burning copies of the draft 
Murray-Darling Basin Plan in 2010 (Australian 
Broadcasting Commission, 2010), and the world-
wide media reaction to fish kills in the Darling River 
near Menindee in the summer of 2018–2019 (The 
Guardian, 2019). A more consultative approach to 
managing these rivers is therefore clearly desirable. 

The Lachlan catchment is the geographic focus 
of this paper and is centrally located in the basin 
within NSW (Figure 1). It is the northern most 
catchment in the southern M-DB, the fourth- 
longest river in Australia, and somewhat unique 
within the M-DB as it most usually reaches a termi-
nus in the Great Cumbung Swamp (near Oxley), so 
is essentially an isolated catchment. The Lachlan 
rises in the Great Dividing Range west of Sydney, 
and the headwater reservoir – Wyangala Dam – 
harvests water from both the upper Lachlan and 
Abercrombie Rivers.

With the exception of the native species caught 
by commercial fishers and targeted by recreational 
and illegal fishing (those mentioned above and 
golden perch or yellowbelly, Macquaria ambi
gua), there is limited historical knowledge of the 
fish communities within the Lachlan catchment 
(Roberts & Sainty, 1996; Trueman, 2011). Indeed, 
the first published record of species within the 
Lachlan did not occur until Llewellyn’s survey 
(1983), where nine native and four alien species 
were detected. 

In response to the realisation that fish com-
munities within the M-DB (in particular) were 
declining, NSW Fisheries and the Cooperative 
Centre for Freshwater Ecology conducted the NSW 
Rivers Survey (Harris & Gehrke, 1997) in an effort 
to generate baseline river health data across the 
state. The Lachlan delivered poor results, with only 
six native fish species present.

The urgency of the M-DB problems prompted 
the MDBC/MDBA to initiate a large-scale and 
ambitious project – the Sustainable Rivers Audit 
(SRA) – in an effort to measure several indicators 
(fish, macroinvertebrates, vegetation and  hydrology) 
in all major M-DB catchments. However, against 
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the SRA criteria, the fish theme presents sobering 
reading, as the Lachlan fish community consistently 
rates as ‘extremely poor’ (Davies et al., 2008; Davies 
et al., 2012).

The data presented in this paper relate to fish 
from multiple surveys at multiple locations in the 
mid-Lachlan (i.e. roughly between Condobolin and 
Booligal; Figure 1), conducted at various times and 
for many different reasons between 2017 and 2020. 
These data have not been collected as part of a 
large-scale study, but instead have been sponsored 
and supported by local and/or regional groups – both 
government and not-for-profit – with an interest in 
auditing and then contributing to improvement of 
the riverine environment at local scales. The data 
are presented and then discussed under five head-
ings that highlight the benefits of this ‘bottom-up’ 
approach to river management: the involvement, 
interest and education of local participants; the 
delivery of records for unknown or poorly known 
areas that can inform riverine management; the eco-
logical relevance of s ampling off-river areas away 
from the main stem of M-DB rivers; the longevity 
and flexibility afforded by localised monitoring; and 
the creation of new projects that can ensue following 
initial engagement. The results and discussion may, 

therefore, be rele vant to other systems throughout 
the M-DB and are intended to inform future moni-
toring programs and management strategies. 

Materials and Methods
Study Area
All fish sampling described in this paper was 
undertaken in what could be termed the ‘mid-
Lachlan’ between 2017 and 2020. The sampling 
area stretches from Condobolin (elevation 220 m) 
in the east to Booligal (elevation 83 m) in the south-
west, across a distance of approximately 253 km 
(Figure 1). As such, the mid-Lachlan represents a 
typical meandering, low-gradient river valley that 
is similar to many of the longer M-DB rivers such 
as the Murrumbidgee, Darling and Macquarie. 
The principal land use within this stretch of the 
Lachlan is dryland agriculture (cereal cropping 
combined with livestock production); however, 
irrigated  systems are also common, with concentra-
tions around Hillston and Condobolin producing 
 cotton and tree crops (nuts and citrus). The climate 
of the mid-Lachlan is mediterranean, with long, hot 
summers (temperatures frequently exceed 40°C 
between November and March) and short, cold 
 winters with multiple frosts. 

Figure 1. Map of the Lachlan catchment. Arrows indicate areas where the fish sampling described herein has 
occurred between 2017 and 2020.
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The mid-Lachlan is characterised by a deep (fre-
quently deeper than 10 m) and incised main channel, 
and several creeks and off-river areas that are gen-
erally regulated by weirs and lock gates  managed 
by WaterNSW. The majority of  sampling was 
undertaken in these off-channel areas, such as the 
Wallamundry Creek complex close to Condobolin, 
Booberoi Creek between Condobolin and Lake 
Cargelligo, Torriganny Creek between Hillston and 
Booligal, and within the Lake Cargelligo  system 
(Figures 1 & 2). Con structed from 1902–1904 by 
excavating channels to link low-lying areas, the 
Lake Cargelligo  storage comprises three con-
nected lakes that hold 36,000 ML when full. The 
Lake Cargelligo  storage is used in conjunction with 
Wyangala Dam and the Lake Brewster storage to 
supply water to the lower sections of the Lachlan. 
Sampling was also undertaken at main channel sites 
close to the Booberoi Creek offtake and re-entry 
points; in the Brewster weir pool; and in Mountain 
Creek, which drains Lake Brewster back to the 
main channel of the Lachlan (Figure 1).

Sampling Rationale and Timing
The data presented do not derive from a discrete 
project but are the cumulative data collected from 
several projects that have occurred within the mid-
Lachlan since 2017. As such, some sites have been 
sampled on multiple occasions, whereas others have 
been sampled only once or twice. Nevertheless, the 
same sampling methodology (described below) has 
been used during all sampling events, thus allowing 
the data to be used to infer general trends regarding 
the fish communities in this section of the Lachlan 
catchment.

Booberoi Creek was sampled on eight occa-
sions between November 2017 and January 2020. 
The purpose of this sampling was to monitor the 
short- and long-term changes in the fish com munity 
following environmental flow releases by state 
and/or national water holders, who also  enabled/
sponsored the monitoring (NSW Depart ment 
of Pri mary Industries and Environment (DPIE) 
and Commonwealth Environmental Water Office 
(CEWO)). Main channel sites in the vicinity of 
Booberoi Creek were sampled as an addition to 
Booberoi Creek sites in September–October 2019. 

The Lake Cargelligo system was sampled on 
seven occasions between December 2017 and 

January 2020. The purpose of this sampling was 
to provide basic inventory information to a local 
not-for-profit group, the Cargelligo Wetlands and 
Lakes Council, in order to inform their manage-
ment of an island (Robinson Crusoe Island) which 
they lease and manage for conservation. 

The weir pool above Brewster Weir was  sampled 
in both February and March 2019 and also in 
February 2020 in order to monitor the population 
of the endangered olive perchlet (Ambassis agas
sizii) that is known to inhabit this area. This work 
was undertaken in conjunction with volunteers 
from NSW ANGFA (Australia and New Guinea 
Fishes Association). Mountain Creek, which drains 
Lake Brewster back to the main channel of the 
Lachlan River, was also sampled in February 2019 
in order to monitor the population of olive perchlet.

Yarrabandai Creek and Wallamundry Creek 
(both close to Condobolin) were sampled in 
October 2019 in order to provide basic inventory 
information and monitor an environmental flow 
(NSW DPIE/CEWO), and Torriganny Creek (close 
to Booligal) was also monitored in October 2019 
for the same reasons. 

In all areas, a minimum of three sites were 
s ampled on each sampling occasion.

Fish Sampling Methods
Fish populations were sampled at all sites and on 
all sampling occasions using a combination of 
large and small fyke nets. These methods success-
fully capture fish of all body sizes and life stages 
in Australian inland waterways (Arthington et 
al., 2005; Balcombe et al., 2007). Large double-
winged fyke nets with a 13 mm stretched mesh and 
8 m wings (1 m deep) were set parallel to the bank 
with their openings facing in opposite directions 
upstream and downstream from a central post. 
Cod-ends were secured above the water surface in 
order to allow air-breathing vertebrates to survive 
if they became entrapped. Small double-winged 
fyke nets with a stretched mesh of 2 mm and a 
wing width of 3 m (1 m deep) were set in an identi-
cal manner. All fyke nets were set in the afternoon 
(as close as possible to 4.00 pm) and retrieved 
the following morning (as close as possible to 
9.00 am). Following the clearing of fyke nets, all 
fish were held in shaded water-filled buckets prior 
to processing.
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Figure 2. Habitats sampled between 2017 and 2020 ranged from areas of open water in the Lake Cargelligo 
system (top) to channelised riverine environments such as Booberoi Creek (bottom) (Photos: Adam Kerezsy).
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Fish species were identified using a combina-
tion of published literature relating to fishes of 
the Murray-Darling Basin (Allen et al., 2002; 
Lintermans, 2007). All sampled fish were meas-
ured from the tip of the snout to the caudal 
peduncle to obtain a standard length (SL) measure-
ment in millimetres. Following identification and 
measurement for standard length, all native fish 
were returned to the water alive and alien species 
were euthanised using a dilute solution of Aqui-S 
(as per OEH Animal Research Authority AEC 
Approval No. 171017/01). 

Data Presentation and Comparison with 
Previous Studies
Owing to the large number of sites and the fact 
that some sites were sampled on multiple occasions 
whereas others were only sampled once over the 
extended seasonal sampling timeframe,  analysis 
of the entire dataset was neither envisaged nor 
attempted.

Overall total catches were calculated and tabu-
lated for each site and species. Totals were calcu-
lated by adding all results from all sampling events 
in a particular area, with the number of  sampling 
occasions also noted. 

Totals were used in areas sampled multiple times 
(Lake Cargelligo and Booberoi Creek) in order to 
graph and compare fish community composition 
and provide a visual representation of the contri-
bution of common and alien species in such areas.

Fish species’ presence/absence was compared to 
previous sampling data within the Lachlan catch-
ment (Llewellyn, 1983; Harris & Gehrke, 1997; 
Growns, 2001; Kerezsy, 2005; MDBC, 2004a; 
Davies et al., 2008; Price, 2009; Davies et al., 
2012) in order to permit discussion of the current 
state of fish communities within the mid-Lachlan 
catchment.

Results
Total Fish Results, 2017–2020
Close to 30,000 individual fish were sampled at 
all sites in the mid-Lachlan between 2017 and 
2020, with the vast majority (84%) being native 
species (Table 1). Small gudgeons of the genus 
Hypseleotris were the most commonly  sampled 
species and were found at all sites except in the 
main channel of the Lachlan (Table 1). Bony 

 herring (Nematolosa erebi) were also sampled in 
large numbers (>10,000; Table 1); however, their 
range was generally concentrated in the open water 
habitats (such as Lake Cargelligo and the Brewster 
Weir pool; Table 1).

Small-bodied native species such as un-specked 
hardyhead (Craterocephalus stercusmuscarum ful
vus), Australian smelt (Retropinna semoni) and 
flathead gudgeon (Philypnodon grandiceps) were 
sampled in reasonable numbers; however, they were 
generally detected more often in Lake Cargelligo and 
Booberoi Creek, the two areas that were  sampled on 
multiple occasions.

Large-bodied native species such as yellowbelly 
and Murray cod were sampled in small numbers, 
and only from Lake Cargelligo, and the endan-
gered population of olive perchlet was detected 
within its known range in the Brewster Weir pool 
(Figure 1; Table 1).

Freshwater catfish – classified as a listed endan-
gered population within the M-DB – was found 
at four locations, including Booberoi Creek, 
Mountain Creek, Wallamundry Creek and Lake 
Cargelligo. At each location, one adult catfish was 
sampled (Figure 1; Table 1). 

The most commonly sampled alien species 
was gambusia (Gambusia holbrooki), which was 
present at all sites except the main channel of the 
Lachlan River and Yarrabandai Creek (Figure 1; 
Table 1). Carp were similarly distributed, occurring 
at all sites except Wallamundry Creek. Goldfish 
and redfin were sampled in far lower numbers and 
at a more limited number of sites (Table 1).

Fish Communities in Different Areas
The fish community in the meandering and  riverine 
Booberoi Creek (summed from eight sampling occa-
sions) was dominated by small species such as gud-
geons and gambusia, whereas the open-water habitat 
of Lake Cargelligo was dominated by bony herring 
(Figure 3).

In Booberoi Creek, gudgeons and gambusia 
were sampled during all surveys (eight) and carp 
were sampled during seven. Goldfish were sampled 
during five surveys, and un-specked hardyhead and 
flathead gudgeon during four. All other species in 
Booberoi Creek (bony herring, freshwater catfish, 
Australian smelt and redfin) were sampled during 
one survey.
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Figure 3. Proportional representation of summed totals of all fish sampled in Lake Cargelligo (left) and Booberoi 
Creek (right) between 2017 and 2020.

In Lake Cargelligo, gudgeons and bony  herring 
were sampled during all surveys (seven), carp and 
gambusia during six, flathead gudgeon during 
five, and yellowbelly, redfin and Australian smelt 
 during four. Un-specked hardyhead were sampled 
during three surveys, Murray cod during two, and 
both freshwater catfish and goldfish were sampled 
 during one survey. 

The population of native fish sampled in Booberoi 
Creek represented 67% of the total, whereas in Lake 
Cargelligo native fish comprised 95% of the total.

Comparison with Existing Surveys in the 
Lachlan Catchment 
Two native species (yellowbelly and Hypseleotris 
gudgeons) and three alien species (carp, goldfish 
and gambusia) have been detected during nine sur-
veys in the mid-Lachlan since 1983 (Tables 1 & 2).

Two native species (bony herring and flathead 
gudgeon) have been detected during eight of the 
nine surveys, and two native species (Murray cod 
and Australian smelt) and one alien species (redfin) 
have been detected during seven (Tables 1 & 2). 
Native species detected in fewer surveys include un-
specked hardyhead (five surveys), freshwater catfish 
(four surveys), silver perch (three surveys) and olive 
perchlet (two surveys; Tables 1 & 2). Southern 
pygmy perch, flathead galaxias,  Murray-Darling 

rainbowfish, southern purple- spotted gudgeon 
and trout cod have not been detected by any of 
the surveys of freshwater fish in the mid-Lachlan 
(Tables 1 & 2).

Discussion
Fish Records for Unknown or Poorly Known 
Areas Can Inform Management
River and catchment management relies on accu-
rate records such that decisions can be made in 
relation to restoration works or the provision of 
flows that may have ecological benefit. During 
the monitoring studies presented here, both NSW 
DPIE and CEWO have used the fish survey results 
from specific areas to inform the timing and 
 volume of environmental flows (J. Lenehan, DPIE, 
pers. comm.). 

Following the detection of endangered fresh-
water catfish in Booberoi Creek, environmental 
flows were directed down this off-river system, and 
during subsequent sampling events populations of 
small native species such as un-specked hardyhead 
and flathead gudgeon were also recorded (Table 1). 
Subsequent sampling of other off-river creeks such 
as Wallamundry and Mountain Creeks also found 
catfish present and may become target areas for 
future environmental flows (J. Lenehan, NSW 
DPIE, pers. comm.).



67Community and Stakeholder driven FiSh monitoring in a murray-darling BaSin river

T
Ta

bl
e 

2.
 R

ec
or

ds
 o

f fi
sh

 sp
ec

ie
s i

n 
th

e 
m

id
-L

ac
hl

an
 c

at
ch

m
en

t d
ur

in
g 

su
rv

ey
s u

nd
er

ta
ke

n 
si

nc
e 

19
83

. E
m

pt
y 

sq
ua

re
s i

nd
ic

at
e 

ab
se

nc
e.

 

Fa
m

ily
Sc

ie
nt

ifi
c 

na
m

e
C

om
m

on
 n

am
e

Ll
ew

el
ly

n
H

ar
ri

s &
 

G
eh

rk
e

G
ro

w
ns

M
D

BC
 

SR
A

 P
ilo

t 
St

ud
y

K
er

ez
sy

SR
A

 1
D

av
ie

s 
et

 a
l.

M
D

FR
C

Pr
ic

e

SR
A

 2
D

av
ie

s 
et

 a
l. 

R
ec

en
t 

su
rv

ey
s

19
83

19
97

20
01

20
04

20
05

20
08

20
09

20
12

20
17

–1
92

0

N
at

iv
e 

sp
ec

ie
s

C
lu

pe
id

ae
N

em
at

ol
os

a 
er

eb
i

B
on

y 
he

rr
in

g
*

*
*

*
*

*
*

*

Re
tr

op
in

ni
da

e
Re

tr
op

in
na

 
se

m
on

i 
A

us
tra

lia
n 

sm
el

t
*

*
*

*
*

*
*

Pl
ot

os
id

ae
Ta

nd
an

us
 

ta
nd

an
us

Fr
es

hw
at

er
 

ca
tfi

sh
*

*
*

*

At
he

ri
ni

da
e

C
ra

te
ro

ce
ph

al
us

 
st

er
cu

sm
us

ca
ru

m
 

fu
lv

us
 

U
n-

sp
ec

ke
d 

ha
rd

yh
ea

d
*

*
*

*
*

Am
ba

ss
id

ae
Am

ba
ss

is
 

ag
as

si
zi

i
O

liv
e 

pe
rc

hl
et

*
*

Pe
rc

ic
ht

hy
id

ae
M

ac
qu

ar
ia

 
am

bi
gu

a
Ye

llo
w

be
lly

*
*

*
*

*
*

*
*

*

Pe
rc

ic
ht

hy
id

ae
M

ac
cu

llo
ch

el
la

 
pe

el
ii 

pe
el

ii
M

ur
ra

y 
co

d
*

*
*

*
*

*
*

Te
ra

po
nt

id
ae

Bi
dy

an
us

 
bi

dy
an

us
Si

lv
er

 p
er

ch
*

*
*

El
eo

tr
id

ae
Ph

ily
pn

od
on

 
gr

an
di

ce
ps

Fl
at

he
ad

 
gu

dg
eo

n
*

*
*

*
*

*
*

*

El
eo

tr
id

ae
H

yp
se

le
ot

ri
s s

pp
.

C
ar

p 
 

gu
dg

eo
ns

*
*

*
*

*
*

*
*

*

A
lie

n 
sp

ec
ie

s

C
yp

ri
ni

da
e

C
yp

ri
nu

s c
ar

pi
o

C
ar

p
*

*
*

*
*

*
*

*
*

C
yp

ri
ni

da
e

C
ar

as
si

us
 

au
ra

tu
s

G
ol

dfi
sh

*
*

*
*

*
*

*
*

*

Po
ec

ili
da

e
G

am
bu

si
a 

ho
lb

ro
ok

i
G

am
bu

si
a 

*
*

*
*

*
*

*
*

*

Pe
rc

id
ae

Pe
rc

a 
flu

vi
at

ili
s

R
ed

fin
*

*
*

*
*

*
*



68 AdAm Kerezsy

In Lake Cargelligo, the presence of most ex-
pected species in the Robinson Crusoe Island area 
similarly prompted the managers of this reserve 
(Cargelligo Wetlands and Lakes Council) to ask the 
water provider (WaterNSW) to consider altering 
their traditional management of the lake as a storage 
to also factor in the ecological and social benefits of 
more regular water delivery (P. Skipworth, CWLC, 
pers. comm.). The result has been that some water 
that normally would have flowed down the Lachlan 
has been diverted through the Lake Cargelligo 
 system, and this appears to have had a positive 
 effect on aquatic fauna (Tables 1 & 2).

In both of these cases, locally sponsored moni-
toring provided survey results that have then been 
used by managers to make informed decisions 
regarding catchment management. 

The Biological Relevance of Repeated Sampling 
in Off-river Habitats 
Broad-scale river surveys provide a snapshot of 
fish community composition in a catchment but are 
g enerally restricted to main channel sites, as opposed 
to lotic or lentic sites that are situated in creeks, 
lakes and floodplains (Davies et al., 2008; Davies 
et al., 2012; Price, 2009). Localised s ampling has 
the potential to fill knowledge gaps with regard to 
catchment fish communities by augmenting broad-
scale surveys with monitoring in a wider range of 
off-river habitat types. Furthermore, the repeated 
nature of some of this sampling (for example in 
Booberoi Creek and Lake Cargelligo) may deliver 
more informative and useful fish community data 
from which to inform river and water management.

Results from the mid-Lachlan between 2017 and 
2020 compare favourably with all previous sur-
veys with regard to species present (Table 2) and 
suggest that these off-river areas may provide valu-
able habitat and ecosystem services, particularly 
as potential refuge or nursery areas (Datry et al., 
2017). 

The Lake Cargelligo system (Figures 1 & 2) was 
essentially altered from an ephemeral wetland to a 
permanent storage from the early 1900s (Kerezsy, 
2005). This has created large areas of shallow, open 
water and provided ideal habitat for pelagic school-
ing species such as bony herring, Australian smelt 
and un-specked hardyhead. The numerical domi-
nance of bony herring in this habitat is exemplified 

by the survey results from 2017 onwards (Table 1), 
and unsurprisingly, the species also favours the simi-
lar lacustrine environment created by the Brewster 
Weir (Table 1).

In contrast, in the channelised and riverine 
habitat that occurs in Booberoi Creek (Figure 2), 
bony herring are uncommon and the community is 
dominated by small generalists such as gudgeons 
(Hypseleotris spp.) and alien gambusia (Table 1). 

Carp are generally present in off-river habitats of 
the mid-Lachlan. However, it is notable that com-
mercial carp fishers have been operating in Lake 
Cargelligo since 1 May 2018 and estimate they 
have removed approximately 180 tonnes of carp 
from the system in the intervening period (Steve 
Hounsell, pers. comm). It is therefore possible that 
sustained carp removal may be contributing to the 
positive results for all native species recorded from 
Lake Cargelligo since mid-2018 (Table 1).

Monitoring undertaken in the mid-Lachlan be-
tween 2017 and 2020 has confirmed the presence 
of endangered species such as freshwater catfish in 
four areas (Table 1) and has similarly confirmed the 
presence of olive perchlet within the Lake Brewster 
weir pool (Table 1) following the discovery of this 
isolated population approximately 10 years earlier 
(McNeill et al., 2008). 

However, five species remain elusive in the 
mid-Lachlan, despite predictions that they were 
his torically present and may still occur (Davies 
et al., 2008; Davies et al., 2012). Flathead  galaxias 
(Galaxias rostratus), Murray-Darling rainbow fish 
(Melanotaenia fluviatilis), trout cod (Maccullochella 
macquariensis), southern pygmy perch (Nannoperca 
australis) and southern purple-spotted gudgeon 
(Mog urnda adspersa) have not been recorded in mid-
Lachlan surveys since 1983 (Table 2), and museum 
records do not exist for any of these species except 
for a single record of a rainbowfish from Hillston 
in 1950 (Amanda Hay, Australian Museum, pers. 
comm.). 

The Longevity and Flexibility Associated 
with Localised Monitoring Projects
Localised and locally supported fish sampling can 
be timed to coincide with and/or inform environ-
mental watering events, and can be tailored and 
expanded to meet desired project management 
goals where necessary. For example, all of the 
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s ampling that has occurred in Booberoi Creek 
has been targeted with a view to obtaining before, 
 during and after samples of fish populations relative 
to the timing and volume of environmental water 
deliveries (J. Lenehan, DPIE, pers. comm.), and 
the sampling in Wallamundry Creek was initiated 
for the same reason. It is envisaged that long-term 
monitoring of Booberoi Creek is likely to con-
tinue (J. Lenehan, NSW DPIE, pers. comm.), and 
commencing in late 2020, another project aimed 
at mid-Lachlan creeks in the Forbes/Condobolin 
area is also planned (Mary Ewing, Lachlan Valley 
Water, pers. comm.). 

In Lake Cargelligo, the local not-for-profit 
Cargelligo Wetlands and Lakes Council made 
a decision to continue fish monitoring in the 
Robinson Crusoe Island reserve area on a regu-
lar basis from 2019–2020 onwards. This decision 
was based on the early fish survey results and the 
need to create a longer-term dataset upon which to 
base environmental watering management plans 
(P. Skipworth, CWLC, pers. comm.).

This flexible approach to sampling and moni-
toring can have unintended benefits, with a good 
example being the detection of freshwater catfish 
in Mountain Creek (Table 1), which was initially 
sampled (along with the Brewster weir pool) for the 
purposes of auditing the Lachlan population of the 
endangered olive perchlet.

Locally sponsored sampling can complement 
established long-term monitoring projects (Dyer et 
al., 2019) by expanding the overall sampling area 
within a catchment and focusing on specific habi-
tats or areas that are beyond the scope of larger 
projects. 

Involvement, Interest and Education 
of Local Participants
Monitoring that is sponsored and supported by 
community and/or stakeholder groups – by its 
very nature – encourages the participation of local 
communities, and in the mid-Lachlan numerous 
examples relating to the work that has been  carried 
out between 2017 and 2020 suggest that the flow-
on effects regarding community engagement are 
beneficial.

During two of the Booberoi Creek monitoring 
events (spring 2018 and spring 2019), fish sampl-
ing took place as part of stakeholder engagement 

weekends/overnight trips that included local land-
holders, representatives from the local Aboriginal 
community and government agents (from NSW 
DPIE and CEWO). The majority of participants 
– but most notably the landowners – expressed 
interest (and surprise) at both the variety and 
abundance of small-bodied native fish, and most 
commented that although they had lived adjacent 
to the creek for extended periods, they were some-
what ignorant of (but keen to learn about) the local 
biodiversity (landowners D. Stewart, J. Ireland, 
pers. comms).

In April 2019, as part of routine sampling of 
the Robinson Crusoe Island area sponsored by 
Cargelligo Wetlands and Lakes Council, two co-
ordinators and six Aboriginal teenagers from the 
Down The Track youth-at-risk program attended 
and assisted with both fish sampling and bird 
counts, as well as staying overnight and helping 
with general chores associated with bush camping 
(Figure 4). Coordinator Lana Masterson com-
mented that the participants were all completely 
engaged with the activities, and – as soon as they 
were heading back to the ‘mainland’ by boat – 
enquired as to when they would be repeating the 
exercise (L. Masterson, Down The Track, pers. 
comm.).

Similarly, interest in ecological projects and 
associated work has become an accepted and pos-
sible career/occupation pathway for school-aged 
students, with one Year 10 student working on 
fish sampling within Lake Cargelligo as part of 
the local ‘School to Work’ work experience pro-
gram (T. Kendall, careers advisor, Lake Cargelligo 
Central School, pers. comm.).

The Creation of New Projects Following Initial 
Engagement
Fish monitoring work undertaken in the mid-
Lachlan from 2017 onwards has yielded some 
encouraging results regarding native fish, par-
ticularly for the areas that have been sampled on 
multiple occasions (Table 1; Figure 3). The commu-
nication of results from this work – mainly through 
informal networks and word of mouth – appears to 
have had a positive influence within the catchment, 
and as a consequence, monitoring of other areas, 
sponsored by different stakeholders, has com-
menced or will be commencing from 2020.
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Figure 4. Members of the Down The Track program for at-risk youth participating in fish sampling at Robinson 
Crusoe Island, Lake Cargelligo, in March 2020 (Photo: Mal Carnegie). 

From mid-2020, the ongoing monitoring of 
the Robinson Crusoe Island area within Lake 
Cargelligo will be funded and supported by 
a partner ship between Cargelligo Lakes and 
Wetlands Council (a local not-for-profit group) 
and Lachlan Shire Council (P. Skipworth, CWLC, 
pers. comm.). This is an important development as 
it indicates that local governments have the ability 
to contribute positively to community-based pro-
jects that have a broad utilitarian goal (i.e.  better 
management of the catchment for the benefit of 
all parties).

Commencing in spring 2020, a three-year pro-
ject will commence in the Belubula catchment, 
and this work will be supported by Newcrest 
Mining (T. Thornberry, Newcrest, pers. comm.). 
The Belubula, which rises in high country between 
Bathurst and Orange and joins the Lachlan close 
to Gooloogong, can be considered an upstream 
tribu tary of the Lachlan, as opposed to the 
 majority of sites discussed and sampled to date 
(Table 2). However, the Belubula is also poorly 

known  regarding fish communities; thus, there is 
demonstrated interest from local landholders and 
government agencies (G. Fitzhardinge, M. Martin, 
C. Dunhill, J. Sanders, M. Payten, C. Proctor, pers. 
comms), and the results from these surveys are 
also likely to contribute to management of both the 
Belubula and Lachlan Rivers.

In a similar fashion, Lachlan Valley Water – a 
water users group with a focus on irrigation – will 
sponsor the aforementioned fish monitoring in 
another poorly known area of the Lachlan (from 
Jemalong, downstream of Forbes, to Wallamundry, 
in the vicinity of Condobolin) commencing in 
spring 2020.

Lastly, based on the success of the community-
based monitoring workshops held at Booberoi 
Creek (spring 2018 and spring 2019), NSW DPIE 
is planning to repeat this model (incorporating fish 
sampling, bird sampling and other ecological infor-
mation) in the lowland section of the Lachlan in the 
area close to Booligal, again commencing in spring 
2020 (J. Lenehan, NSW DPIE, pers. comm.).
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Conclusions
Monitoring specific or targeted areas within a 
catchment is beset by the same problems that apply 
to broad-scale monitoring, because not all areas are 
likely to be sampled, and some important areas will 
inevitably be missed. However, if this monitoring is 
supported by a broad range of local and regional 
groups – as the surveys presented and discussed 
here have been – the chances of obtaining accurate 
information that can guide catchment management 
can certainly be improved.

Contrary to the results from broad-scale  riverine 
surveys (Davies et al., 2008; Price, 2009; Davies 
et al., 2012), the results from specific areas within 
the mid-Lachlan (for example Booberoi Creek 
and Lake Cargelligo) indicate that off-river areas 
are likely to provide habitat for the majority of 
extant native species. The importance of these 
habitats can be confirmed by targeted fish surveys, 
especially if sampling is carried out on multiple 
occasions. Replicating surveys such as those docu-
mented herein, both within individual catchments 
and across the M-DB, would undoubtedly provide 
enhanced records and reliable information upon 
which fishery and catchment managers can base 
decisions.

Though desirable, monitoring at these scales 
is beyond the capacity of state agencies and the 
MDBA. However, the work cited demonstrates 
that there is both capacity and intent within local 
 riverine communities to learn about and improve 
river management with a view to enhancing bio-
diversity and overall catchment health. The 
diversity of interested community and stakeholder 
groups – encompassing a local not-for-profit, a local 
council, a mining company, an irrigation group, 
Indigenous owners, and state and federal  agencies 
charged with delivering environmental flows – is 
indicative, perhaps, of a changing mood within 
r iverine communities in the M-DB, and bodes well 
for the future.

A bottom-up approach to catchment manage-
ment, where local and regional people can invest 
in monitoring programs that seek to document 
the biota and health of their rivers and waterways, 
could be an extremely effective way of sharing 
the considerable load associated with making 
informed management decisions. The template 
that has evolved – and is evolving – in the Lachlan 
catchment in New South Wales could easily be 
adapted and replicated in other catchments across 
the M-DB and elsewhere.
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