. =
.‘. ® UNSW
@ %% © Centre for :
.‘.;a .. ) 2 € €10

Ecosystem Science UN W

.. SYDNEY
Reconnecting River Country Program Lower Murrumbidgee

Waterbird Environmental Benefits Analysis
January 2024

K Brandis, Centre for Ecosystem Science, UNSW




Report Citation: Brandis, K. (2024) Reconnecting River Country Program Lower
Murrumbidgee Waterbird Environmental Benefits Analysis. Final report to the NSW
Department of Climate Change, Energy, the Environment and Water, Centre for Ecosystem
Science, UNSW.

Cover photo: Gayini wetlands

Photo credit: Shot by Harro for UNSW, with permission from Nari Nari Tribal Council.

Funding acknowledgement: This research was funding by the NSW Department of Climate
Change, Energy, the Environment and Water

Disclaimer: The views and opinions expressed in this publication are those of the authors and
do not necessarily reflect those of the NSW Government. While reasonable efforts have been
made to ensure that the contents of this publication are factually correct, the NSW
Government does not accept responsibility for the accuracy or completeness of the contents
and shall not be liable for any loss or damage that may be occasioned directly or indirectly
through the use of, or reliance on, the contents of this publication.



Table of contents

Al OF CONTENTS. ..ttt 3
TADIE OF FIGUIES .ot 4
TADIE OF TADIES ... 5
e To VLR AY I U T 0 o 1= 2SS 6
BACKEIOUNG .o e e e e e e e e 8
AV =1 o T KPP UUPRSPP 9
IV o o] loT={Tor:] Ho -} - [ PO U PP U UPPPPRUPPRPPI 9
WaterDIrd data .. e i 10
SPATIAL ANAIYSES et e e e aa e 11
RESUIES et 11
Relationship with observed waterbird data........cccocvviiiiiiiii 11
Potential outcomes under Reconnecting River Country Program flow options.................. 22
Spatial analyses of Waterbird SITES .......ccvviiiiiiiie e 27
SUMIMNIAIY e 30
POteNtial DENETITS ... 30
W aLEIDITd FESPONSES ..t e et e e e e e e e etraee e 31
RTINS ...ttt 32



Table of figures

Figure 1 Map showing Lowbidgee Floodplain and Redbank and Gayini Nimmie Caira areas
within the floodplain BOUNArY. ........oiiiiiii e 11
Figure 2 Records of years with breeding 1980-2020 — combined data from NSW DCCEEW and
Waterbird Breeding Database (Brandis 2010) and EAWS. Blue columns indicate water years
with minor nesting, orange columns indicate water years with major nesting. ...................... 12
Figure 3 NSW DCCEEW waterbird breeding data records 1981-2020 - breeding abundance.
Orange line represents 10,000 nest threshold for major breeding. >10,000 nests — major
breeding, <10,000 Nests - MINOr Bre@diNG. ......covuviiiiiiiiiie et 12
Figure 4 Using NSW DCCEEW spring survey data, combined data across multiple sites,
percentage of years in which breeding in different species was detected over the 1981-2021
period. See Table 3 for species and UIld. .......cooiiiiiiiiiiiiic e 13
Figure 5 Comparison of waterbird breeding data (NSW DCCEEW 1990-2020) with ‘observed
flows’ and associated thresholds a) “anytime’ of the year and b) August to October. c)
identifies major (>10,000 nests) and minor (<10,000 nests) breeding events, the total number
of species breeding during each event and the breakdown into guilds — large wader and

[Tl 1Yo =T SSPUPPPRRIN 15
Figure 6 Total annual flows (June-July) at Hay (orange) and Maude (blue) — flow associated
with major waterbird breeding events in darker colours. ..o, 16
Figure 7 Total annual flows (June-July) at Hay (orange) and Maude (blue) — flow associated
with minor waterbird breeding events in darker colours...........ccccciiiiiiiiii e, 16

Figure 8 Composition of breeding response size to events of 10 days or more at flow
thresholds ML/day a) in period August — October and b) anytime during the water year (July-

June, including events SHOWN IN @) ...viiiiiiii e 17
Figure 9 Composition of detected breeding events by guild — Large waders and Piscivores
(NSW DCCEEW daT@). woieiiiiieiiiie ettt ettt e ettt e e et e et e e ase e 18

Figure 10 Composition of breeding responses by guild and events of 10 days or more at flow
thresholds ML/day a) in August -October, b) anytime in the water year (June-July, including
events shown in a; NSW DCCEEW waterbird data). .....ccoocvvveiiieiiiiiiieeeee e, 19
Figure 11 Waterbird species abundances in the Lowbidgee (total per species across all
Lowbidgee EAWS sites, Figure 18). Excluding Grey teal (Anas gracilis) total abundance
643,421 for figure scaling. See Table 4 fOr SPECIES. ....covcuviviiiee e, 20
Figure 12 Ranked flows (by total annual flow ML) and associated waterbird abundances. ....21
Figure 13 Temporal matching between observed flows in a) anytime during the water year, b)
Aug.-Oct. and c) total waterbird abundance (EAWS data). ..ccccvvveeieiiiiiiiiiieecccie e, 22
Figure 14 Additional number of years with a 10-day flow duration delivered in August-
October for each flow option compared to the base case W22 for each flow

threshold (1890-2020). ...ccouuuriiieiee et e e 23
Figure 15 Additional number of years with a 10-day flow duration delivered anytime during
the year for each flow option compared to the base case W22 for each flow

threshold (1890-2020). ......uueiiiiiieee oottt 24
Figure 16 August-October DNA plot for 10 day events with serious drought periods outlined

T <To TR PSP UUPPRPRRPPR 25
Figure 17 Anytime DNA plot with serious drought periods outlined inred. ...........ccceevvvieeen. 26

Figure 18 Lowbidgee floodplain (green area) — yellow dots locations of Aerial Survey
waterbird data 1983-2020. Modelled inundation extents based on program hydraulic
modelling (white, black, grey).— NSW DCCEEW supplied. .........coooviiiiiiiiiieeeeeeeeee 27

4



Figure 19 EAWS waterbird sites that will receive water at varying flow thresholds (ML/day). 28
Figure 20 NSW DCCEEW Waterbird Survey Sites that will receive water at varying thresholds

(ML Y). et 28
Table of tables

Table 1 Modelled flow scenarios: flow limits at Wagga Wagga and corresponding

likely FlOW OUECOMES @t HAY....oiiiiiiieiiiiiieee e 10
Table 2 Flow likely to be influenced by the program at Hay with the exception of >28,000
I/ Q. e 10
Table 3 Aggregating waterbird species used in qualitative assessment............ccccoevvvvieieeeennn. 14
Table 4 Code, common name and scientific names of waterbird species observed in the
Lowbidgee during Aerial Surveys 1983-2020). ......ccuiiiiuiieiiieeiiie ettt 21
Table 5 Number of EAWS waterbird sites that would receive water at each flow threshold and
the potential number of additional years they may be inundated. ..............c.ccccooiiiiii, 27
Table 6 NSW DCCEEW waterbird sites that may become inundated under different flow
thresholds within the program area of influence.............coooiiii i 29
Table 7 Summary of potential waterbird benefits for each flow option............ccccoovviiiiienn. 31



Executive Summary

The Lower Murrumbidgee Waterbird Environmental Benefits Assessment (EBA) project is
part of the NSW Reconnecting River Country Program (the program) which aims to improve
wetland and floodplain connectivity in southern NSW. The program is in development, and
led by the NSW Department of Climate Change, Energy, the Environment and Water (NSW
DCCEEW). This report presents a qualitative assessment of likely outcomes for waterbirds
from delivering water for the environment under a range of new flow limit options in the
Murrumbidgee River at Wagga Wagga: 32,000 ML/day (W32), 36,000 ML/day (W36) and
40,000 ML/day (W40). Modelled flow regimes for each flow limit option (hereafter
referred to as flow scenarios) were assessed against a base case flow scenario representing
the current flow limit, 22,000 ML/day at Wagga Wagga (W22). Potential waterbird
outcomes in the lower Murrumbidgee (Lowbidgee) were assessed by considering observed
waterbird responses to a range of historical flows in the lower Murrumbidgee River at Hay
and comparing these to predicted flow outcomes at Hay under the flow scenarios.

e Key findings from analysis of observed flows and waterbird responses: Large wader
responses included breeding at a range of flow thresholds from 13,000+ to 28,000+
ML/day at Hay.

e The majority of waterbird breeding responses were associated with flows in the
August-October time period.

e Large waders were the dominant response group, breeding during all recorded
breeding events and at all flow thresholds.

e There does not appear to be any strong trends in guild responses to different flow
thresholds.

e Thereis a general trend of higher waterbird abundances occurring with higher flows.

e 51 Eastern Australia Waterbird Survey (EAWS) sites receive water across the range of
thresholds. 50% of these receive water at relatively low thresholds of 13000+ to
19,000+ ML/day, which correspond with flows influenced by the program.

e 14 NSW DCCEEW long-term survey sites) receive water at flow thresholds ranging
from 13000+ to 21000+ ML/day, which correspond with flows influenced by the
program.

Potential benefits to waterbirds under each flow option:

Potential benefits to waterbirds under the program include increases in the number of flow
events for all scenarios (W32, W36, W40) compared to the W22 (base case), at a wide range
of flow thresholds. This is likely to benefit all waterbirds, particularly large waders and may
provide increased opportunities for breeding. The occurrence of wetland-inundating flows
in the Lowbidgee increases with flow limit option from W32 to W40, with W40 having the
largest number of additional wetland-inundating flows relative to the base case. Extended
flow events, at all flow volumes, may increase nesting or breeding success where inundation
duration is extended and breeding is initiated. This is likely to benefit both large waders and
piscivores through the extended provision of suitable nesting habitat and foraging areas.



Many of the waterbird wetland sites that were surveyed were modelled to receive water at
relatively low flow thresholds of less than 21000 ML/day at Hay, which corresponds with
flows that could be delivered under raised flow limits at Wagga Wagga. This will be beneficial
to waterbirds through the provision of potential nesting and foraging areas, but also through
the maintenance of waterbird habitat, including riparian and floodplain vegetation.

Overall, program benefits for waterbirds in the Lowbidgee are expected to increase with
flow limit option from W32 to W40, with the highest flow limit option (W40) having the
greatest potential benefits.



Background

The Lower Murrumbidgee Waterbird Environmental Benefits Assessment (EBA) project is
part of the NSW Reconnecting River Country Program which aims to improve wetland and
floodplain connectivity in southern NSW. The EBA project is focused on the Murrumbidgee
River and River Murray systems. Quantitative assessment of the likely benefits to waterbirds
in the Mid-Murrumbidgee is presented in Bino et al. 2022b. In this report we qualitatively
assessed the likely benefits to waterbirds of relaxed constraints for environmental flows in
the lower Murrumbidgee Wetlands (Lowbidgee) downstream of Hay, in the Murrumbidgee
Catchment.

Four flow scenarios were investigated as part of this project to determine the potential
benefits for waterbirds in the Lowbidgee Wetlands. The potential benefits of increased limits
for environmental flows of 32,000 ML/day, 36,000 ML/day and 40,000 ML/day for the
Murrumbidgee River at Wagga Wagga were investigated and compared to the current flow
limit of 22,000 ML/day.

The current flow limit at Wagga Wagga in the Murrumbidgee River is designed to avoid
impacts on agricultural land. Should the program proceed to delivery, it is expected that
relaxation of constraints to permit a higher flow limit would allow more frequent inundation
of Lowbidgee wetlands, providing benefits for a range of wetland-dependent species
including waterbirds (NSW Department of Planning and Environment 2023a). The Lowbidgee
is a critical wetland area for aggregating waterbird breeding regularly supporting large
>5,000 nest rookeries at several sites (Brandis et al. 2020).

A qualitative assessment was undertaken due to the difficulty in accurately linking inundated
areas to flow gauges in the Lowbidgee at this point in time. Flow delivery infrastructure on
parts of the Lowbidgee floodplain plays an important role in determining which areas of the
floodplain are inundated during low or moderate flows, as opposed to direct river and
overbank flows during large flood events.



Methods

To understand potential benefits and the way in which waterbirds may respond to changes
in flows under the flow limit options, the waterbird assessment first compared observed
data, both hydrological and waterbird, and then applied observed trends to the modelled
hydrological timeseries of river flows developed for each flow limit option (hereafter
referred to as flow scenarios).

Hydrological data

Modelled hydrological timeseries of river flows for the historical period 1895 to 2020 were
developed for each flow limit option to represent a likely regime of river flows with flow
limits at Wagga Wagga relaxed to different thresholds (NSW Department of Planning and
Environment 2023a). Each flow scenario includes managed environmental water deliveries
up to the different flow limits as well as unregulated flows (such as large natural floods),
consumptive water deliveries and other regulated system flows. Current operational
conditions (aside from flow limits) were applied to the whole time 120-year frame for each
scenario. This modelled flow data was analysed by NSW DCCEEW to identify years in which
an event with characteristics of relevance to waterbirds occurs and align with the hydraulic
inundation modelling. Those characteristics include flow magnitude, minimum event
duration and timing window within the water year (either full year 1 July to 30 June, or 1
August to 30 October). The analysis provides a count of:

e number of years with an event that meets the minimum flow threshold and event
duration requirements, for the base case scenario.

e number of years an event was added that meets the minimum flow threshold and
event duration requirements, in the flow option scenarios.

e number of years an event was extended, using specified extension duration in days, in
the flow option scenarios. Includes extension of any event that meets the flow
threshold, not just ones that meet the specified main event consecutive duration
requirements.

e number of years an event no longer meets the full consecutive duration requirement.
Event may still occur, but just for a shorter number of days.

These counts were provided for a range of flow thresholds that were linked to relevant flow
thresholds at Hay in the Murrumbidgee River and Yanco Creek System hydraulic floodplain
inundation modelling (DPE 2023) as well as relevant thresholds for the flow outcomes at
Hay (Table 1 and Table 2).

The flow characteristics were provided for each of the four flow scenarios and observed
flow data for Hay (M/Bidgee DS Hay Weir, 410136) for 1983-2020 (Table 1).



Table 1 Modelled flow scenarios: flow limits at Wagga Wagga and corresponding likely flow outcomes at Hay.

Modelled Scenario = Flow limit at Wagga Wagga (ML/d)
(M/Bidgee River at Wagga Wagga)

W22 (base case)
W32
W36
W40

(M/Bidgee DS Hay Weir)
22,000
32,000
36,000
40,000

Table 2 Flow likely to be influenced by the program at Hay with the exception of >28,000 ML/d.

Minimum Flow threshold
(ML/d)

13,000 +

19,000 +

21,000 +

23,000 +

25,000 +

28,000 +

Waterbird data

Description

Approximate flow for individual events
at Hay (ML/d) based of 75" percentile

14,000
20,000
22,000
24,000

Includes environmental water delivery event peaks likely to occur under all

flow options including base case

Includes environmental water delivery event peaks likely to occur under all

flow options but not base case

Includes environmental water delivery event peaks likely to occur under

higher flow limits (W36, W40)

Includes environmental water delivery event peaks likely to occur under

the highest flow limit (W40)

Includes environmental water delivery event peaks that may rarely occur

under the highest flow limit (W40)
Flow peaks outside of flow limit options

Waterbird data were collated from the Eastern Australia Waterbird Survey (EAWS) (Kingsford
et al. 2020), Waterbird Breeding Database (Brandis 2010), and NSW DCCEEW (formerly the

Department of Planning

and Environment) Spring Waterbird Survey data (NSW DPE

Unpublished data 2008-2020). Waterbird data included records of abundance, species
diversity and breeding for aggregating species. These included:

Australian white ibis
Glossy ibis

Royal spoonbill
Straw-necked ibis
Yellow spoonbill

Little egret Great cormorant Australian pelican
Intermediate egret White-necked heron Pied cormorant

Great egret Australasian darter Little black cormorant
Cattle egret White-faced heron

Nankeen night heron Little pied cormorant

Records of waterbird breeding (1980-2020) were matched with observed flows as
represented in DNA plots (NSW DCCEEW provided). The size of breeding events were
categorised as either minor (<10,000 total nests) or major (>10,000 total nests). Breeding
species diversity was compiled for each recorded breeding event.
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Spatial analyses

Waterbird sites (EAWS and NSW DCCEEW) were overlaid with hydraulic floodplain inundation
modelling (NSW Department of Planning and Environment 2023b) to give an indication of
which sites may receive water under different flow thresholds.

Results
Relationship with observed waterbird data

From 1980-81 to 2020-21 there were 26 recorded waterbird breeding events in the
Lowbidgee including Redbank and Gayini (Figure 2). Nesting, when considering all waterbirds,
occurred 62.5% of the time (1981-2021), 1 in 1.6 years. Major nesting responses (>10,000
total nests across the Lowbidgee) occurred 20% of the time (1981-2021), 1in 5 years. Minor
nesting response (<10,000 nests across the Lowbidgee) occurred 45% of the time, 1 in 2.26
years (Figure 3). Australian white ibis and Straw-necked ibis were the most common species
to breed, nesting in 55% and 40% of years respectively (Figure 4).

The breeding data available includes records for two key feeding guilds: large waders and
piscivores (Table 3).

Legend

- Lower Murrumbidgee Floodplain

EE Redbank
! Gayini Nimmie Caira

Figure 1 Map showing Lowbidgee Floodplain and Redbank and Gayini Nimmie Caira areas within the floodplain boundary.
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Figure 2 Records of years with breeding 1980-2020 — combined data from NSW DCCEEW and Waterbird Breeding Database
(Brandis 2010) and EAWS. Blue columns indicate water years with minor nesting, orange columns indicate water years with
major nesting.
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Figure 3 NSW DCCEEW waterbird breeding data records 1981-2020 - breeding abundance. Orange line represents 10,000
nest threshold for major breeding. >10,000 nests — major breeding, <10,000 nests - minor breeding.

Total number of nests (log scale)

12



60%
50%

40%

30%
20%
o 1

GE NNH WFH WNH DAR GC LPC LBC PCO RSB YSB PEL SNI AWI
Breeding species

Percentage of years breeding recorded

Figure 4 Using NSW DCCEEW spring survey data, combined data across multiple sites, percentage of years in which breeding
in different species was detected over the 1981-2021 period. See Table 3 for species and guild.
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Table 3 Aggregating waterbird species used in qualitative assessment.

Species

Threskiornis Molucca
Plegadis falcinellus
Platalea regia
Threskornis spinicollis
Platalea flavipes

Egretta garzetta

Ardea intermedia

Ardea alba

Bubulcus ibis

Nycticorax caledonicus
Phalacrocorax carbo
Ardea pacifica

Anhinga novaehollandiae
Egretta novaehollandiae
Microcarbo melanoleucos
Pelecanus conspicillatus
Phalacrocorax varius
Phalacrocorax sulcirostris

Common Name

Australian white ibis
Glossy ibis

Royal spoonbill
Straw-necked ibis
Yellow spoonbill
Little egret
Intermediate egret
Great egret

Cattle egret
Nankeen night heron
Great cormorant
White-necked heron
Australasian darter
White-faced heron
Little pied cormorant
Australian pelican
Pied cormorant

Little black cormorant

Waterbird Code
(Figure 3)
AWI

GLI

RSP

SNI

YSP

LE

IE

GE

CE

NNH

GC

WNH
DAR

WFH

LPC

PEL

PCO

LBC

Feeding guild

Large wader
Large wader
Large wader
Large wader
Large wader
Large wader
Large wader
Large wader
Large wader
Large wader
Piscivore
Piscivore
Piscivore
Piscivore
Piscivore
Piscivore
Piscivore
Piscivore

There were seven major waterbird breeding events during 1980-2020. Of these, three events

(1989, 1990 and 2016) occurred when flow events greater than 28,000+ ML/day occurred

during August — October (Figure 5b, c), while one (2000) included flows taking place outside
these months (Figure 5a, c). Of the remaining three breeding events, two (1981, 2005)
occurred when flow did not reach between 13000 to 28000+ ML/day for at least 10
consecutive days (Figure 5), and one occurred when the maximum yearly flow event was
greater than 13,000+ ML/day August — October for 10 days with additional flows up to

21,000+ ML/day outside this time period (Figure 5).
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c) L) 1990 2000 2010
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Major breeding

Minor breeding
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No. Large wader spp. breeding 2 3 1 534 12 7 2 2 1 2 8 3 11 6 6 455 12 16 3
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Figure 5 Comparison of waterbird breeding data (NSW DCCEEW 1990-2020) with ‘observed flows’ and associated thresholds
a) ‘anytime’ of the year and b) August to October. c) identifies major (>10,000 nests) and minor (<10,000 nests) breeding
events, the total number of species breeding during each event and the breakdown into guilds — large wader and piscivores.

Slightly more than half (57%) of major waterbird breeding occurred when flows thresholds
reached 28,000+ ML/day for ten consecutive days at Hay.

Major breeding that occurred when there was no observed flows for 10 consecutive days
within the 13,000+ to 28,000+ ML/day at Hay thresholds, included 1981-1982 when total
annual flows at Hay were much lower than those measured at Maude (Figure 6; Hay is
upstream of Maude, flow records at Hay began in 1982), and in 2005-2006 during a relatively
dry period which may have influenced waterbirds to breed on a smaller flow event (Figure 6).
The nesting that occurred in 2005 was not thought to be a successful (Spencer pers. comm.)
potentially due to insufficient flows and inundation.

There were 17 minor waterbird breeding events during 1980-2020. Ten of these (1982, 1987,
1988, 2009, 2003, 2004, 2005, 2017, 2018, 2019) were associated with flows less than
13,000 ML/day at Hay. However, there were small flows during these years, with possible
durations of <10 days (Figure 7). The remaining seven minor breeding events were associated
with a range of flow thresholds from 13,000+ to 28,000+ ML/day (Figure 5).
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Figure 6 Total annual flows (June-July) at Hay (orange) and Maude (blue) — flow associated with major waterbird breeding
events in darker colours.
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Figure 7 Total annual flows (June-July) at Hay (orange) and Maude (blue) — flow associated with minor waterbird breeding
events in darker colours.

There do not appear to be any strong patterns in flow events at different flow thresholds and
the size of waterbird breeding responses. The more general trend is that major breeding
events (~60%) were more often associated with flow events at thresholds >28,000 ML/day
that occurred in August-October, whereas fewer major breeding events were associated with
events at smaller flow thresholds (Figure 8). This pattern is also consistent with lower flow
events at different thresholds that occurred anytime during the water year (July-June), with
more major breeding events associated with larger flows during this time period.
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80%
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H Minor Breeding Events m Major Breeding Events

Figure 8 Composition of breeding response size to events of 10 days or more at flow thresholds ML/day a) in period August —
October and b) anytime during the water year (July-June, including events shown in a).
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Breeding species diversity

Large waders were the dominant response group, breeding during all recorded breeding
events and at minimum ten-day events at all flow thresholds (Figure 9). However, there does
not appear to be any strong trends in guild responses to events at different flow thresholds
(Figure 10).

20
18
16
14

12

10

Number of species nesting

S

N

I||||| 1

1981198319851987198919911993 19951997 19992001 200320052007200920112013201520172019
Water Year

B Large Waders M Piscivores

Figure 9 Composition of detected breeding events by guild — Large waders and Piscivores (NSW DCCEEW data).
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Figure 10 Composition of breeding responses by guild and events of 10 days or more at flow thresholds ML/day a) in August -
October, b) anytime in the water year (June-July, including events shown in a; NSW DCCEEW waterbird data).
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Species diversity and abundance

Using EAWS data for the period 1983-2020, which includes a large range of waterbird
species, the most abundant species observed included grey teal (643,421 individuals 1983-
2020) straw-necked ibis (192,752), and Eurasian coot (172,839) with over a total of 150,000
individuals (Figure 11).

Comparing flows at Hay (Figure 12) and observed DNA plots (Figure 13) and waterbird
abundances there was a general trend of higher waterbird abundances occurring with higher
flows and thresholds.
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Figure 11 Waterbird species abundances in the Lowbidgee (total per species across all Lowbidgee EAWS sites, Figure 18).
Excluding Grey teal (Anas gracilis) total abundance 643,421 for figure scaling. See Table 4 for species.
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Table 4 Code, common name and scientific names of waterbird species observed in the Lowbidgee during Aerial Surveys
1983-2020).

Code (Figure 11)

AVO
BDP
BST
CoT
CTL
DMG
FDU
GCG
GWD
LBC
LGW
LTE
MHE
MNU
NKE
PED

POC
SEG
SHE
SNI
WDU
WHI
WNH

200,000

180,000

160,000

Waterbird abundance

140,000
120,000
100,000

80,000
60,000
40,000
20,000

0

1

3

5 7

Common name

Red-necked Avocet

Banded Lapwing

Banded Stilt

Eurasian Coot

Chestnut Teal

Domestic Goose sp.

Freckled duck

Great crested grebe

Plumed whistling-duck

Little black cormorant

Large Waders unidentified
Little egret

Dusky moorhen

Australian Shelduck (Mountain Duck)
Nankeen (Rufous) Night Heron
Pink-eared Duck

Pied Oystercatcher
White-bellied Sea-Eagle
Purple swamphen
Straw-necked Ibis

Wood (Maned) Duck
Australian White Ibis

Pacific (White-necked) Heron

Flow rank

m \\aterbird abundance

9 11 13 15 17 19 21 23 25 27 29 31 33 35 37

Scientific name

Recurvirostra novaehollandiae
Vanellus tricolor
Cladorhynchus leucocephalus
Fulica atra

Anas castanea

Anser sp.

Stictonetta naevosa

Podiceps cristatus
Dendrocygna eytoni
Phalacrocorax sulcirostris

Egretta garzetta
Gallinula tenebrosa
Tadorna tadornoides
Nycticorax caledonicus
Malacorhynchus
membranaceus
Haematopus longirostris
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Figure 12 Ranked flows (by total annual flow ML) and associated waterbird abundances.
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Figure 13 Temporal matching between observed flows in a) anytime during the water year, b) Aug.-Oct. and c) total
waterbird abundance (EAWS data).

Potential outcomes under Reconnecting River Country Program flow options

All flow options (W32, W36 and W40) resulted in increased years with flows at all thresholds
(13000+ to 28000+ ML/day at Hay) relative to the base case (W22). However, the potential
response of waterbirds is determined by the seasonal delivery of flow and flow volumes. The
majority of observed waterbird breeding responses were associated with flows in the August-
October time period. The general trend in observed data from 1983 - 2020 was that major
breeding events (~60%) were more often associated with flow events at thresholds >28,000
ML/day that occurred in August-October. These flow rates are above the highest flow option
and are often associated with natural flows within the system and are not a target of the
program. The program would have the greatest influence on flow below 28,000 ML/d at Hay
(Table 2). These are small to medium wetland inundation flows which will support potential
resilience of waterbird and waterbird habitats, including nesting and roosting vegetation, and
may provide additional foraging areas.

The W32 option resulted in more years with small wetland connecting flows (>13000
ML/day) both during August — October (10 years) and at anytime during the year (8 years).
Small wetland connecting flow thresholds were generally associated with minor waterbird
breeding responses. The seasonal timing of flows (August — October) is more likely to result in

22



larger waterbird responses as it inundates habitat for spring breeding. The increase of flows
for smaller wetland inundating thresholds may also support higher waterbird abundance as
seen by the trend of higher waterbird abundances occurring with higher flows and thresholds
in the observed data.

The W36 flow option resulted in an increase in years with small wetland connecting flows
>13,000 ML/day, and a smaller increase in years with higher wetland connecting flows
(19000+ to 28000+ ML/day). Waterbird responses to W36 would likely be similar to that of
W32, with a slight increase in the possibility of major breeding events with increased years
with larger flows.

The W40 flow option had the greatest increase in years (~10 years) with flows of 19000+ to
28000+ ML/day with delivery anytime during the year. Increases in years with flows in this
range may result in increases in waterbird breeding, more likely to be minor breeding
events than major ones. However, the number of years with these flow thresholds was less
for delivery in August-October. This is unlikely to result in significant changes to
opportunities for waterbird breeding. However, increases in small and moderate events
may result in opportunities for smaller breeding events and provided areas for foraging.
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0 |
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Figure 14 Additional number of years with a 10-day flow duration delivered in August-October for each flow option
compared to the base case W22 for each flow threshold (1890-2020).
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Figure 15 Additional number of years with a 10-day flow duration delivered anytime during the year for each flow option
compared to the base case W22 for each flow threshold (1890-2020).

Although the program is not targeting large wetland connecting flows (>28,000 ML/d) that
have been seen to have a strong influence of large waterbird breeding events, the increase in
small to moderate wetland connecting flows may be important, particularly during extended
dry periods. When looking at historical climatic dry periods in the modelled time series, such
as the Federation Drought (1895-1902), the World War Il drought (1937-1945) and the
Millennium drought (1997-2009), there are additional events and duration extensions of
small to medium wetland inundating flows under the higher flow options. This can be seen in
both the August-October time period (Figure 16) and anytime of year (Figure 17). This
indicates the program could provide opportunities for minor breeding events where there
otherwise might have been none, or potentially increase the success of those that start
through increasing the size and/or the duration of the flow that is supporting the event
leading to increased inundated area and potential habitat and foraging.
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Spatial analyses of waterbird sites

Figure 18 Lowbidgee floodplain (green area) — yellow dots locations of Aerial Survey waterbird data 1983-2020. Modelled
inundation extents based on program hydraulic modelling (white, black, grey).— NSW DCCEEW supplied.

There were 356 locations in the Lowbidgee where waterbird data had been recorded as part
of the EAWS 1983-2020 (Figure 18). Of this total, up to 51 locations would receive water
under differing flow thresholds and are within the area of influence for the program (Table 5,

Figure 19).

Table 5 Number of EAWS waterbird sites that would receive water at each flow threshold and the potential number of
additional years they may be inundated.

Hydraulic
floodplain
inundation
model
thresholds
(ML/d)

13000
15000
17000
19000
21000
23000
25000
27000
29000

Figure 20 shows which NSW DCCEEW waterbird survey sites will receive water under
different flow thresholds within the program area of influence. Note that some survey sites
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These have been identified in Table 6. Including these sites, 14 (54%) NSW DCCEEW survey
sites will receive water with threshold ranging from 13000+ to 21000+ ML/day. As seen in
the Potential outcomes under Reconnecting River Country Program flow options section
there is also likely to be an increase in the frequency that these small the medium wetland
inundating thresholds are met or exceeded increasing waterbird habitat and foraging areas.

HydFim modelled Aerial Survey waterbird
thresholds locations _ 13000
31,000 @ 15000
13,000 e 17000
@ 19000
@ 21000
® 23000
o 25000
® 27000
® 29000
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4
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Figure 19 EAWS waterbird sites that will receive water at varying flow thresholds (ML/day).
HydFim modelled NSW DPE waterbird
thresholds locations ¢ 13000
! i;ggg ® 15000
4 ® 17000
® 19000
© 21000
© 27000
Is_
e
Y ) W5
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A | I

Figure 20 NSW DCCEEW Waterbird Survey Sites that will receive water at varying thresholds (ML/day).
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Table 6 NSW DCCEEW waterbird sites that may become inundated under different flow thresholds within the program area of

influence.

Site Name

Bala Rookery (Eulimbah)
Monkem Creek

Nap Nap Swamp
Telephone Creek
Murrundi Swamp
Narwie West Swamp
Steam Engine Swamp
Mercedes Swamp
Piggery Lake

Shaws Swamp

Two Bridges Swamp
Waugorah Lagoon
Waugorah Lake
Yanga Lake

Location Flow threshold Flow threshold
(ML/d) site (ML/d) at sites
inundated with edge GPS

locations

Gayini Wetlands 17,000

Monkem Grange, Wagourah 27,000

Road

Nap Nap 23,000

Gayini Wetlands 21,000

Murrundi 19,000

Narwie 21,000

Wynburn 21,000

Yanga National Park 21,000

Yanga National Park 13,000

Yanga National Park 17,000

Yanga National Park 15,000

Yanga National Park 13,000

Yanga National Park 21,000

Yanga National Park 13,000
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Summary

Key findings included:

e Observed data indicates that large wader responses included breeding at a range of
flow thresholds from 13000+ to 28000+ ML/day at Hay.

e The majority of waterbird breeding responses were associated with flows in the
August-October time period.

e Thereis anincrease in events at all thresholds (13,000+ to 28,000+ ML/day) in all
flow scenarios compared to W22 (base case) including in the August-October time
period.

e large waders were the dominant response group, breeding during all recorded
breeding events and at all flow thresholds.

e There does not appear to be any strong trends in guild responses to different flow
thresholds.

e Thereis a general trend in observed data of higher waterbird abundances occurring
with higher flows.

e Thereis an increase in the number of 10-day events at higher flow thresholds in all
flow scenarios (W32, 36, W40) compared to W22 (base case). The number of
additional events generally increases with flow limit option from W32 to W40, with
the W40 scenario having the largest number of additional events overall

e 51 EAWS sites will receive water across the range of thresholds. 50% of these will
receive water at relatively low thresholds 13000+ to 19,000+ ML/day, which are
within the range of flows influenced by the flow options.

e 14 NSW DCCEEW long-term waterbird survey sites will receive water with threshold
ranging from 13000+ to 21000+ ML/day.

Potential benefits

All scenarios, W32, W36 and W40 predict an increase in the number of flow events
compared to W22 (base case) cross all flow thresholds from 13000+ to 28000+ in the
Murrumbidgee River at Hay. This is likely to benefit all waterbirds, particularly large waders
and may provide increased opportunities for breeding. W40 additionally provides additional
flow events at higher thresholds which provides greater opportunity for larger breeding
events.
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Table 7 Summary of potential waterbird benefits for each flow option.

Flow option Waterbird Benefits

W32 Potential increase in number of small wetland connecting flows.
Potential increase in number of opportunities for minor aggregating
waterbird breeding events, particularly in extended periods of dry.
Greater waterbird habitat and foraging areas.

W36 Potential increase in number of small (>13,000 ML/d) and higher (25,000
ML/day) wetland connecting flows.
Potential increase in number of opportunities for minor aggregating
breeding events, particularly in extended periods of dry.
Minor increase in the chance of major aggragating waterbird breeding
events.
Greater waterbird habitat and foraging areas, larger spatial extent than
W32,

W40 Greatest increase of wetland connecting flows, both smaller and higher, of
all scenarios compared to W22 (base case).
Greatest increase in the chance of minor aggregating waterbird breeding
events.
Greatest increase across the scenarios for possibly major waterbird
breeding events.
Greatest additional inundation of waterbird habitat and foraging areas of
all flow options.

Extended flow events, at all flow volumes, may increase nesting or breeding success where
inundation duration can be extended and breeding initiated. This is likely to benefit both
large waders and piscivores through the extended provision of suitable nesting habitat and
foraging areas.

Many of the waterbird survey sites (EAWS and NSW DCCEEW, Figure 19, Figure 20) are
modelled to receive water at relatively low flow thresholds <21000 ML/day. The potential
increase in the events that inundate them under the flow options will be beneficial to
waterbirds through the provision of potential nesting and foraging areas, but also through
the maintenance of waterbird habitat, including riparian and floodplain vegetation.

Waterbird responses

Waterbirds are highly mobile organisms and their responses to flows and inundation at a
wetland or floodplain, may be influenced by habitat availability (breeding, foraging and
roosting) at a larger, landscape scale beyond the Lowbidgee floodplain. There may be
waterbird benefits at other wetlands in the landscape under the Reconnecting River
Country Program including the Murray and mid-Murrumbidgee (Bino et al. 2022a, Bino et al.
2022b) Waterbird responses and the magnitude of the response are also influenced by
population sizes, timing of flows and life history stages e.g., breeding. These caveats should
be considered when anticipating likely waterbird responses and when assessing outcomes
of environmental water deliveries.

31



References

Bino, G., J. Spencer, K. Brandis, and R. Thomas. 2022a. Environmental Benefits Assessment -
Waterbirds. Project area - Yarrawonga to Wakool reach of the Murray River. Final
report for the NSW Reconnecting River Country Program., Prepared by University of
New South Wales and NSW Department of Planning and Environment

Bino, G., J. Spencer, K. Brandis, and R. Thomas. 2022b. Environmental benefits assessment —
Waterbirds. Phase 2 — Project area — Murrumbidgee River. Final report June 2022.

Brandis, K. 2010. Colonial Waterbird Breeding in Australia: wetlands, water requirements and
environmental flows. University of New South Wales, Sydney.

Brandis, K., S. Ryall, R. T. Kingsford, and D. Ramp. 2020. Colonial waterbird breeding in the
Gayini-Nimmie-Caira wetlands, Australia, 2010-2011. SIS Conservation 2.

Kingsford, R. T., J. L. Porter, K. J. Brandis, and S. Ryall. 2020. Aerial surveys of waterbirds in
Australia. Scientific Reports 7.

NSW Department of Planning and Environment. 2023a. Murrumbidgee Environmental
Benefits and Risks Analysis Synthesis Report. NSW Government Department of
Planning and Environment

NSW Department of Planning and Environment. 2023b. Murrumbidgee River and Yanco
Creek System hydraulic floodplain inundation modelling. NSW Department of
Planning and Environment.

32



	Structure Bookmarks
	Table of contents 
	Table of figures 
	Table of tables 
	Background 
	Methods 
	Results 
	Summary 
	References 





Accessibility Report





		Filename: 

		RRC_Waterbird_EBA_Lowbigee_Final_Report_accessible.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found no problems in this document.





		Needs manual check: 2



		Passed manually: 0



		Failed manually: 0



		Skipped: 4



		Passed: 26



		Failed: 0







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Needs manual check		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Needs manual check		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Skipped		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Skipped		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Skipped		Tables must contain the same number of columns in each row and rows in each column



		Summary		Skipped		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top



