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Executive Summary

Aggregating waterbirds bred at the Gwydir Wetlands for the second consecutive year following higher than average rainfall and river flows resulting large scale inundation of key rookery sites. In mid-late November 2022 straw-necked ibis began nesting at Goddard’s Lease Ramsar site, along with at other rookery sites in the Gingham and one site in the Lower Gwydir. The Goddard’s Lease ibis rookery was smaller in 2022-23 (~4,000 nests) than in 2021-22 (~11,700 nests). Only one of the eight large aggregating waterbird rookeries was able to be monitored using drone surveys in 2022-23. The other 2 ibis rookeries (Lynworth, Bunnor-Lynworth boundary) were not monitored by the UNSW Drone team due to access limitations because of flooding and landholder permission. The methods for using drones to accurately monitor tree nesting species is still in development, consequently on ground monitoring of other accessible colonies was done by collaboration between NSW EHG, NPWS, CEWH and Gwydir MER staff from January to April 2023. 
The Goddard’s Lease ibis rookery was monitored by drone on two occasions throughout the nesting periods, December 2022 when the majority of adults were incubating eggs, and again in January 2023 when large, mobile chicks were observed. Results from the imagery indicated this was a successful rookery with no evidence of nest desertion, nest flooding or disturbance.
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Background
The Gwydir Wetlands are an extensive terminal wetland system that once were a mosaic of around 102,200 ha floodplain watercourse and wetlands system. Following large scale irrigation development and related changes in landuse, there is now only around 15,000 ha of core floodplain wetlands mosaics Gwydir Wetlands areas remaining (Bowen and Simpson 2010) in the Gwydir River catchment (
Figure 1). Located from around 60 km west of Moree the wetlands are comprised of two key watercourses: Gingham to the northwest and Lower Gwydir to the southwest (
Figure 1). The Gwydir Wetlands are recognised as internationally and nationally important wetlands (Ramsar Convention Bureau 1999, DCCEEW 2005). Designated in 1999, the Ramsar area is now a mix of NSW NPWS estate and privately owned land and are components within the larger wetland system (
Figure 1). The Ramsar site covers 823 ha contains some of the largest expanses of water couch (Paspalum distichum) and marsh club-rush (Bolboschoenus fluvialtilis) in NSW (Ramsar 1999, DCCEEW 2005), as well as supporting high levels biodiversity. 
The Gwydir Wetlands provide important waterbird habitat, both breeding and foraging, and regularly support large numbers of waterbirds including ibis, egrets, herons. Seventy-five waterbird species, including 50 reported breeding, 18 migratory species listed on JAMBA, CAMBA and ROKAMBA international agreements (JAMBA 1981, CAMBA 1988, ROKAMBA 2007, Spencer 2010), and 9 threatened waterbird species have been recorded in the Gwydir Wetlands (Spencer 2010). The wetlands are a mosaic of habitats that are, except during larger flood events, a terminal inland delta wetland system that formed where the Gwydir River discharged large portions of upstream inflows.  These wetlands support high species diversity, and one of the few waterbird breeding sites in the Basin with an average annual rainfall >500mm (Figure 2) (Spencer 2010).
Breeding opportunities for aggregating waterbirds are often triggered by flood events at key wetlands. Forty-six per cent of all wetland sites throughout Australia that are used for aggregating waterbird breeding occur in the Murray-Darling Basin. Of these, relatively few wetlands (<5% recorded) support large rookeries (>5,000 nests) (Brandis 2010). The Gwydir Wetlands have historically been a significant aggregating waterbird nesting site (Table 1), however rookery sizes have reduced over time with changes to  flows and decreased flooding, including flood magnitude and frequency (Kingsford 2000) and loss of wetland areas due to land use changes. 


[bookmark: _Ref138766344]Table 1 Records of historical aggregating waterbird breeding at the Gwydir wetlands. Source (Spencer 2010, 2017, Francis and Brandis 2022).
	Year
	Ibis breeding pairs/nests
	Heron/Egret pairs/nests

	1921-22
	Observation only
	Observation only, comments that in hundreds of thousands of egrets and herons

	1933-34
	Observation only
	

	1950’s
	Observation only
	

	1960’s
	Observation only
	

	1970’s
	Observation only
	

	1983 
	‘Large numbers’
	

	1984
	Observation only
	

	1988-89
	
	1,000

	1995
	10-15,000
	3,000-4,000 (Jan/-Feb.)
>40,000 (Nov.-Dec.)

	1996
	60,000
	5,000

	1997
	>100,000
	5,000-6,000

	1998-99
	125,000
	6,000-32,200

	2004-05
	2,000
	20,000

	2011-12
	42,570
	

	2014-15
	22
	

	2021-22
	30,000
	15,000



[bookmark: _Ref138836436][image: A two panelled map showing the location of the Gwydir Catchment in the Murray Darling Basin, and a zoomed in map of the Gwydir Wetlands in the catchment.]
[bookmark: _Toc146022864]Figure 1 Map of the historical extent of the Gwydir Wetlands downstream of Moree in a) the Gwydir River Catchment (dark grey) in the Murray-Darling Basin, and b) location of Gwydir Wetlands State Conservation Area (NPWS Estate) and Ramsar sites. Wetland mapping from Kingsford et al. 2004 (Kingsford 2004). 

[bookmark: _Toc138837001]Climate
Since 2021, Australia has been in a La Niña weather pattern which is normally associated with higher-than-average winter, spring, and early summer rainfall over much of Australia. The results of this type of weather pattern are reflected in the high local and upper catchment rainfall (Figure 2) and significant flooding (Error! Reference source not found., Figure 4) experienced in the Gwydir since 2021.


[image: A column graph showing annual rainfall with 2022 and 2023 highlighted in red.]
[bookmark: _Ref138766415][bookmark: _Toc146022865]Figure 2 Long-term annual rainfall totals measured at Garah Post Office (053011), rainfall years 2021,2022 and 2023 (to April) highlighted in red. Long-term annual mean shown by horizontal line.


[bookmark: _Toc146022866]Figure 3 Total annual flows (water year) from 1995-96  to 2022-23 at selected gauges for the Gwydir Watercourse and Wetlands system. (Figure provided by CEWO). WfENV – water for the environment. 
[image: A Sentinel satellite image of the Lower Gwydir River showing the extent of flooding in November 2022. ]
[bookmark: _Ref138766378][bookmark: _Toc146022867]Figure 4 Sentinel 2 L2A moisture index image 18th November 2022 of Moree and Gwydir region. Shades of blue indicating inundated areas, black outline Gwydir Wetlands State Conservation Area. 

[bookmark: _Toc138837002]Water Management
Water for the environment was delivered to the Gwydir Wetlands, to support the waterbird rookeries and foraging areas, including inundating areas of the Ramsar site. These deliveries were to maintain inflows to sufficient levels for the colonies by adding onto the inflows protected for the Gwydir Wetlands under the three tributaries low flow rule in the Gwydir Water Sharing Plan. Delivery of the water for environment component of the flows began in mid-December 2022 through to mid-March 2023. A total of 8,053 ML of water for the environment was delivered.  
In the Lower Gwydir total inflows during the water for the environment delivery period (16 December 2022 to 10 March 2023) as measured at the Gwydir at Millewa gauges was 13,600 ML, which included total water for the environment delivery of 3,332 ML (2,586.40 ML of Commonwealth and 745.6ML of NSW water).
The hydrograph for the 2022-23 system flows from Gwydir River at Yarraman (overall Gwydir Wetlands flows) and at Millewa (Lower Gwydir wetlands inflows) and Gingham at Teralba showing the high flows and flooding periods that dominated from early August 2022 to late November 2022 (Figure 5).
The hydrograph for river flows in Gwydir at Yarraman (gauge 418004), and Gingham Channel at Teralba (gauge 418074) show multiple discrete high flow peaks between August to December 2022 with larger flow volumes and water levels over those 5 months including large flood event lasted November 2022, and then the lower levels of flows from January  2023 onwards (Figure 5). From late November 2022 and into early April 2023, was the period during which waterbirds bred. It was the higher inflows and flooding events up until mid-December 2022 that started the waterbird breeding colonies and then then the period of lower flows where water for the environment deliveries augmented the lower natural inflows to help support the successful completion of waterbird breeding (Figure 6). 

[bookmark: _Ref143001829]
[bookmark: _Ref143079992][bookmark: _Toc146022868]Figure 5 Flows and water levels at Teralba (418074) on the Gingham Channel June 2022 – April 2023. 


Natural high flows and flood events
WfE delivery period

[bookmark: _Ref143080208][bookmark: _Toc146022869]Figure 6 Daily flows (ML/day) in main Gwydir River @ Yarraman, and Lower Gwydir @ Allambie and @ Millewa and  Gingham Channel at Teralba for 1 July 2022 to  30 June 2023. WfE – water for the environment. Source: Graph provided by CEWO. 
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Methods
Waterbirds bred in rookeries in the Gwydir wetlands in two consecutive water years 2021-22 and 2022-23. In both years waterbird rookeries were monitored using repeated drone surveys in addition to the on-ground surveys undertaken by NSW EHG and CEWH and supported by other collaborators. Waterbird breeding and progression in the Goddard’s Lease ibis colony (Table 2) in 2022-23 was monitored by two drone surveys in November 2022 and March 2023.
[image: A picture with a graph showing flows in the Gingham Channel from July 2021 to June 2023 and two periods of rookery monitoring identified in green shaded boxes.]
[bookmark: _Ref138759093][bookmark: _Toc146022870]Figure 7 Daily discharge at Teralba on the Gingham Channel, and timing of UNSW Drone rookery monitoring 2022 and 2022-23.

[bookmark: _Ref135394843]Table 2 Straw-necked ibis chick development stages (sources Marchant & Higgins 1990, K.Brandis).
	Development stage
	Characteristics
	Age (days)

	Trampling
	Adult ibis congregating on lignum (nesting habitat) and preparing for nest building
	

	Egg
	Whole egg, being incubated by adult
	1-20

	Chicks
	Recently hatched (1-5 days old), downy feathers, immobile 
	21-25

	Squirters
	Early sheathed feathers starting on wings, still in nest, immobile 
	26-30

	Runners
	Development of pin feathers. Mix of down and feathers, walking awkwardly, can leave nest on foot
	31-35

	Flappers
	Nearly fully feathered, cannot fly but flaps between nests
	36-40

	Flyers
	Fully feathered, able to fly and leave nests, still attended by parents at nest
	41-47

	Fledged
	Independent, does not return to nest but roosts in nearby trees
	>48



[bookmark: _Toc138837004]Drone surveys
Drone surveys were conducted at Goddard’s Lease in the central Gingham area of the Gwydir Wetlands on the 7th December 2022 and 10th January 2023 (Table 3). The area surveyed by drone was adjusted on each survey to capture changes in the rookery extent (Figure 8, Figure 9).  
[bookmark: _Ref138332606][bookmark: _Ref104811225]Table 3 Dates of each drone survey including the area of the mosaic flown at the breeding rookery at Goddard’s Lease in the Gwydir wetlands.
	Rookery
	Survey date
	Pilot
	Mosaic area (ha)

	Goddard’s Lease
	7th December 2022
	Jana Stewart
	28.1

	
	10th January 2023
	Jana Stewart
	18.9



Flights were conducted using a DJI Phantom 4 Pro. The drone was launched and returned from dry land on the outskirts of the rookery. Flights were conducted at an altitude of 65m – 75m. Flights consisted of automated transects layed over the areas where breeding was previously identified at an overlap of 76%, producing over 1000 images covering each rookery. Flight locations were guided by ground observations when possible, or otherwise the drone was first flown manually on a scouting mission to identify rookery extent.
Images were orthomosaiced using Pix4Dmapper (Pix4d SA, 2022). Orthomosaics were counted manually with nest locations annotated in a shapefile. Species were identified based on their plumage and breeding stage was determined based on group behaviour (e.g., trampling, incubating or créching), and from sightings of eggs or chicks in nests. Using known clutch size we estimated a total number of nests built in the season in the rookery.
[image: A picture with two drone images showing the drone flight paths over the Goddards Lease rookery in Nov. 2022 and Jan. 2023]
[bookmark: _Ref138334524][bookmark: _Toc146022871]Figure 8 Transects flown with the drone over the Goddard’s Lease rookery the a) 7th Nov. 2022, and b) 10th Jan. 2023.
[bookmark: _Toc103766973][bookmark: _Toc105677860]
[bookmark: _Toc138837005]Results
The straw-necked ibis dominated rookery surveyed at Goddard’s Lease on the 7th December 2022 was in early stages of breeding, with the large majority of adults incubating eggs or attending young chicks (Figure 9). Based in this nesting likely began in mid-late November 2022 coinciding with a large flow pulse (Figure 7). Nests were spread across the landscape at low densities. Straw-necked ibis were the only species observed nesting in December.
The second survey conducted over Goddard’s Lease the 10th January 2023 showed an advanced rookery, with the majority of observations being large mobile chicks, likely at the flyer or fledgling stage (Table 2, Figure 10). During this survey other species were also present and breeding including Australian white ibis, and cormorants (Table 4, Figure 11). Royal spoonbills were sighted in the imagery, however no nests were identified. There were potentially also small numbers of glossy ibis, however this species is difficult to definitively identify in drone imagery.
[image: A zoomed in drone photograph of straw-necked ibis adults sitting on nests.]
[bookmark: _Ref138334539][bookmark: _Toc146022872]Figure 9 In the first drone survey over Goddard’s Lease the 7th Dec. 2022 most adults were incubating eggs, spaced at relatively low densities across the landscape.
[image: A drone photograph of straw-necked ibis adults sitting on nests.]
[bookmark: _Ref138757573][bookmark: _Toc146022873]Figure 10 Straw-necked ibis chicks were at mobile chick stages of development on the 10th Jan. 2023, and can be seen straying from their nesting clumps.

[image: A picture with two drone images showing mapped nests at Goddards Lease rookery in Nov. 2022 and Jan. 2023.]
[bookmark: _Ref138757609][bookmark: _Toc146022874]Figure 11 Nesting straw-necked ibis (dark pink) and their chicks (light pink), Australian white ibis (blue), cormorants (green) and spoonbills (yellow) were present within the colonies (boundary red line) flown a) 29th Nov. 2022, b) 24th Jan. 2023, and c) 2nd Mar. 2023.
Based on changes to the rookery extent between December and January we estimate that approximately 211 chicks were not counted in the December image that were present in the January image. To estimate total nest numbers based on counted chicks we used the following formula to estimate a total nest count for straw-necked ibis at Goddard’s Lease:
3,835 nests + (192 chicks /2.4*) + 15 nests+ (211 chicks/2.4*)
= 4,018 straw-necked ibis nests
*mean clutch size from Macquarie Marshes 2022-23 (Brandis et al. 2023).
[bookmark: _Ref105580910]Table 4 Results of counts of birds from drone imagery collected at Goddard’s Lease in the Gwydir Wetlands.
	Survey Date
	Count Type
	Species
	Count
	Maximum Rookery Area (ha)

	7th Dec. 2022
	Manual
	Straw-necked ibis
	192 chicks
	8.7

	 
	 
	 
	3,835 adults nesting
	 

	10th Jan. 2023
	Manual
	Straw-necked ibis
	6,297 large chicks*
	12.2

	 
	 
	 
	27 young chicks
	 

	 
	 
	 
	15 new nests
	 

	 
	 
	Australian white ibis
	74 adults present
	 

	 
	 
	Glossy ibis
	2 adults present
	 

	 
	 
	Royal spoonbill
	7 adults present
	 


*most of these likely belonged to the nests already counted in the December 2022 drone survey 
[bookmark: _Toc138837006]2021-22 and 2022-23 Summary 
Waterbirds bred at multiple rookery sites in 2021-22 and 2022-23. Table 5 summarises results from drone surveys in both years. Ibis nesting was observed at Lynworth and Tillaloo rookeries in 2022-23 but were not surveyed. 
[bookmark: _Ref138759979]Table 5 Summary of 2021-22 and 2022-23 ibis rookery sizes.
	[bookmark: _Hlk107521950]Ibis Rookery site
	Year
	Estimated nest counts
	Max. Rookery area (ha)

	Lynworth Bunnor-Boundary 
	2021-22
	10,000 
	4.5

	Lynworth Cumbungi
	2021-22
	4,588 
	4.7

	Lynworth Lignum
	2021-22
	2,412 
	4.0

	Tillaloo
	2021-22
	1,300 
	5.7

	Goddard’s Lease
	2021-22
	11,700
	16.7

	Goddard’s Lease
	2022-23
	4,018
	12.8



[bookmark: _Toc138837007]Conclusions
The ibis rookery at Goddard’s Lease, the only rookery measured by drone surveys in both years, was smaller in 2022-23 (~4,000 nests) than in 2021-22 (~11,700 nests). Other ibis rookeries on Lynworth and Tillaloo were not monitored due to access limitations because of  landholder permission. From the imagery it appeared that the Goddard’s Lease rookery was successful with large, mobile fledged chicks observed in January 2023. There were no observations of extensive nest desertion or flooding. 
[bookmark: _Toc135396932][bookmark: _Toc138837008]Recommendations
The provision of water for the environment is becoming increasingly important in the management and support of aggregating waterbird breeding events. This can be achieved both during the breeding season and between seasons when conditions may not be suitable for large scale waterbird breeding. Between season maintenance of nesting habitat is crucial for when opportunities for breeding do occur, and for providing resources for ongoing survival of waterbirds during drier phases. Providing opportunities for breeding includes the presence of suitable nesting habitat, this often includes areas of lignum, phragmites, river red gums, and river cooba, with the more waterbird species diverse sites having mosaics of floodplain and riparian vegetation communities (Brandis, Francis and Bino in prep).  
Large scale colonial waterbird breeding is often associated with large scale inundation as a result of natural rainfall and flooding. Water for the environment deliveries can play a key role in supporting breeding colonies after they have been established, through the provision of additional flows to extend duration, increase water depth, maintain water quality and provide foraging areas. 
In the Gwydir Wetlands where there are multiple rookery sites supporting a diverse range of colonially breeding species e.g., ibis, egrets, herons, cormorants, it is a challenging task to support all sites with environmental water. This is an issue for the Gwydir Wetlands where rookeries occur on private land and there are challenges in providing sufficient water to support waterbird breeding. Modifications to channels, wetlands and floodplains, including erosion and channelisation have increased both the volume of water required to provide  inundation of the wetlands  (Spencer 2010) along with the challenges of delivering water for the environment in a highly modified environment, with differing values.
For sites where water management is possible, key targets should include the maintenance of nesting vegetation between breeding seasons, and the provision of environmental water, as needed (e.g., duration extension, increased depth, water quality) during breeding events and supporting the maintenance and survival of waterbird populations during drier phases. 
Quantifiable thresholds for these targets can be variable and may depend upon the rookery site, but in general, the provision of flows for a minimum of 3-4 months, to allow for the cycle of nesting, egg laying, chick rearing and fledging to complete (Brandis and Bino 2016), the maintenance of water levels in the rookery site to prevent: 1) desertion by nests by adults due to rapidly falling water levels (Brandis et al. 2011), and 2) flooding of established nests due to rapidly rising water levels, and 3) sufficient water depth to prevent predator access (~50cm). Management of flows is also important to ensure good water quality. Poor water quality and stagnant water can result in blue-green algae, large quantities of decomposing vegetation and promote conditions that can results in avian botulism outbreaks (Brandis et al. 2019) and other diseases. 
Colonial waterbirds are important components in wetland ecosystems, and are often used as indictors of wetland health (Kingsford 1999). The support of colonial waterbird colonies through the provision of water for the environment is critical in the conservation of these species, limiting populations declines (Kingsford et al. 2020), supporting population growth and providing opportunities for breeding (Brandis et al. 2021). It is also just as important to conserve and manage these wetland ecosystems and habitats on which they rely for breeding, foraging and roosting. 
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 Gwydir @ Yarraman 	1995-1996	1996-1997	1997-1998	1998-1999	1999-2000	2000-2001	2001-2002	2002-2003	2003-2004	2004-2005	2005-2006	2006-2007	2007-2008	2008-2009	2009-2010	2010-2011	2011-2012	2012-2013	2013-2014	2014-2015	2015-2016	2016-2017	2017-2018	2018-2019	2019-2020	2020-2021	2022-2022	2022-2023	388670.30599999998	396894.81199999998	142248.68	962127.11100000003	206402.20199999999	620364.201	181873.228	184206.18900000001	213539.83600000001	246378	160190	71214	83459	100724	33579	232371	1074804	289142	100966	115265	82627	269405	90296	84767	50033	374883	664152	1321381	 Gingham @ Teralba 	1995-1996	1996-1997	1997-1998	1998-1999	1999-2000	2000-2001	2001-2002	2002-2003	2003-2004	2004-2005	2005-2006	2006-2007	2007-2008	2008-2009	2009-2010	2010-2011	2011-2012	2012-2013	2013-2014	2014-2015	2015-2016	2016-2017	2017-2018	2018-2019	2019-2020	2020-2021	2022-2022	2022-2023	314355.06799999997	294735.36899999995	88344.687999999995	719510.071	114119.51599999999	491006.80800000002	57988.248	49941.766000000003	46123.898999999998	86327.69	50302.286	18133.93	37454.845999999998	46737	8824	92793	295525	99351	17460	46711	29044	102667	22569	39422	20840	105507	253652	392930	 Gingham WfEnv  	1995-1996	1996-1997	1997-1998	1998-1999	1999-2000	2000-2001	2001-2002	2002-2003	2003-2004	2004-2005	2005-2006	2006-2007	2007-2008	2008-2009	2009-2010	2010-2011	2011-2012	2012-2013	2013-2014	2014-2015	2015-2016	2016-2017	2017-2018	2018-2019	2019-2020	2020-2021	2022-2022	2022-2023	20000	10000	0	0	0	0	0	9000	0	13395	0	0	5000	3250	0	11356.5	16649	28331	500	31124	1350	17082	4000	35000	1700	5000	21400	5230	 Max Gwydir @ South Arm or @ Brageen 	1995-1996	1996-1997	1997-1998	1998-1999	1999-2000	2000-2001	2001-2002	2002-2003	2003-2004	2004-2005	2005-2006	2006-2007	2007-2008	2008-2009	2009-2010	2010-2011	2011-2012	2012-2013	2013-2014	2014-2015	2015-2016	2016-2017	2017-2018	2018-2019	2019-2020	2020-2021	2022-2022	2022-2023	74315.237999999998	102159.443	53903.991999999998	242617.04	92282.686000000002	129357.393	76369.563999999998	76431.342000000004	51097.845999999998	55486.546000000002	67021.322	43888.771999999997	31178.974999999999	46848.625	17282.867999999999	108152.636	252327	115639	71031	68204.587	39305.281999999999	98205	65443	34964	19739	98831	233533	328458	 Lower Gwydir WfEnv 	1995-1996	1996-1997	1997-1998	1998-1999	1999-2000	2000-2001	2001-2002	2002-2003	2003-2004	2004-2005	2005-2006	2006-2007	2007-2008	2008-2009	2009-2010	2010-2011	2011-2012	2012-2013	2013-2014	2014-2015	2015-2016	2016-2017	2017-2018	2018-2019	2019-2020	2020-2021	2022-2022	2022-2023	0	0	0	0	0	0	0	0	0	0	0	0	5000	3250	0	11356.5	1649	12818	500	28771	1350	12918	4000	25000	1700	5000	7000	3331	 Gwydir @ Millewa 	1995-1996	1996-1997	1997-1998	1998-1999	1999-2000	2000-2001	2001-2002	2002-2003	2003-2004	2004-2005	2005-2006	2006-2007	2007-2008	2008-2009	2009-2010	2010-2011	2011-2012	2012-2013	2013-2014	2014-2015	2015-2016	2016-2017	2017-2018	2018-2019	2019-2020	2020-2021	2022-2022	2022-2023	18331.544000000002	30542	21054	47129	43783.053	54135.345000000001	25746	38017.909	27845.617999999999	30797	42420	16256	23630	22777	4535.2550000000001	63473	69958.135999999999	45653.870999999999	20511.455000000002	41341.692999999999	20344.920999999998	52745	19534	32773	10392	59033	128538	156337	 Allambie 	1995-1996	1996-1997	1997-1998	1998-1999	1999-2000	2000-2001	2001-2002	2002-2003	2003-2004	2004-2005	2005-2006	2006-2007	2007-2008	2008-2009	2009-2010	2010-2011	2011-2012	2012-2013	2013-2014	2014-2015	2015-2016	2016-2017	2017-2018	2018-2019	2019-2020	2020-2021	2022-2022	2022-2023	0	0	103789	50807	53122.993000000002	39822.252	58394	47558	21839	30082.95	33021.857000000004	7578.6480000000001	89412.222999999998	492744.65500000003	137101.68900000001	27460.368999999999	43760.277999999998	23718	67959	25954	20800	110795	
Annual discharge (ML)




Teralba Discharge	44713	44714	44715	44716	44717	44718	44719	44720	44721	44722	44723	44724	44725	44726	44727	44728	44729	44730	44731	44732	44733	44734	44735	44736	44737	44738	44739	44740	44741	44742	44743	44744	44745	44746	44747	44748	44749	44750	44751	44752	44753	44754	44755	44756	44757	44758	44759	44760	44761	44762	44763	44764	44765	44766	44767	44768	44769	44770	44771	44772	44773	44774	44775	44776	44777	44778	44779	44780	44781	44782	44783	44784	44785	44786	44787	44788	44789	44790	44791	44792	44793	44794	44795	44796	44797	44798	44799	44800	44801	44802	44803	44804	44805	44806	44807	44808	44809	44810	44811	44812	44813	44814	44815	44816	44817	44818	44819	44820	44821	44822	44823	44824	44825	44826	44827	44828	44829	44830	44831	44832	44833	44834	44835	44836	44837	44838	44839	44840	44841	44842	44843	44844	44845	44846	44847	44848	44849	44850	44851	44852	44853	44854	44855	44856	44857	44858	44859	44860	44861	44862	44863	44864	44865	44866	44867	44868	44869	44870	44871	44872	44873	44874	44875	44876	44877	44878	44879	44880	44881	44882	44883	44884	44885	44886	44887	44888	44889	44890	44891	44892	44893	44894	44895	44896	44897	44898	44899	44900	44901	44902	44903	44904	44905	44906	44907	44908	44909	44910	44911	44912	44913	44914	44915	44916	44917	44918	44919	44920	44921	44922	44923	44924	44925	44926	44927	44928	44929	44930	44931	44932	44933	44934	44935	44936	44937	44938	44939	44940	44941	44942	44943	44944	44945	44946	44947	44948	44949	44950	44951	44952	44953	44954	44955	44956	44957	44958	44959	44960	44961	44962	44963	44964	44965	44966	44967	44968	44969	44970	44971	44972	44973	44974	44975	44976	44977	44978	44979	44980	44981	44982	44983	44984	44985	44986	44987	44988	44989	44990	44991	44992	44993	44994	44995	44996	44997	44998	44999	45000	45001	45002	45003	45004	45005	45006	45007	45008	45009	45010	45011	45012	45013	45014	45015	45016	45017	45018	45019	45020	45021	45022	45023	45024	45025	45026	45027	45028	45029	45030	45031	45032	45033	45034	45035	45036	45037	45038	45039	45040	45041	45042	45043	45044	45045	45046	45047	45048	45049	45050	45051	45052	45053	45054	45055	45056	45057	45058	45059	45060	45061	45062	45063	45064	45065	45066	45067	45068	45069	45070	45071	45072	45073	45074	45075	45076	45077	45078	45079	45080	45081	45082	45083	45084	45085	45086	45087	45088	45089	45090	45091	45092	45093	45094	45095	45096	45097	45098	45099	45100	45101	45102	45103	45104	45105	45106	45107	0.38500000000000001	0.26800000000000002	0.19900000000000001	0.316	16.402999999999999	74.944000000000003	101.443	68.131	27.934999999999999	9.7739999999999991	5.4610000000000003	3.5409999999999999	2.3149999999999999	1.57	14.802	38.371000000000002	31.22	37.869	44.448999999999998	47.261000000000003	47.655999999999999	46.951999999999998	45.198999999999998	24.065000000000001	9.5310000000000006	5.3369999999999997	3.3650000000000002	2.1259999999999999	1.413	1.0209999999999999	0.84099999999999997	0.92	0.64800000000000002	0.52	7.2439999999999998	45.624000000000002	62.868000000000002	69.894000000000005	58.911999999999999	186.81800000000001	238.65700000000001	234.13900000000001	232.239	226.72800000000001	181.76300000000001	166.84100000000001	153.40100000000001	142.267	99.608000000000004	62.656999999999996	44.698999999999998	35.902999999999999	29.725000000000001	25.120999999999999	21.608000000000001	18.72	16.158999999999999	14.398999999999999	12.797000000000001	11.368	10.1	9.8650000000000002	9.7059999999999995	8.75	7.5270000000000001	10.260999999999999	11.173	1985.7249999999999	5994.2669999999998	7829.3819999999996	6111.2089999999998	2603.9430000000002	1546.7149999999999	1644.809	2455.1619999999998	5538.4409999999998	2388.308	252.31200000000001	213.32400000000001	173.637	133.648	122.93300000000001	86.462000000000003	59.835000000000001	45.655999999999999	37.39	31.888999999999999	27.555	24.757000000000001	23.143999999999998	21.853999999999999	35.206000000000003	108.206	131.93600000000001	137.143	777.58199999999999	4071.558	3677.7440000000001	3427.6550000000002	2940.8020000000001	2593.761	2568.0770000000002	4687.8140000000003	2102.6889999999999	197.892	106.645	91.12	226.66	4545.2879999999996	9175.5560000000005	9196.9760000000006	7647.3310000000001	6065.326	3875.2710000000002	6338.2820000000002	9067.5679999999993	9571.8169999999991	9599.1579999999994	7807.2879999999996	6789.8360000000002	4938.241	1780.8510000000001	644.94100000000003	348.767	273.32	233.66399999999999	185.161	140.215	137.28100000000001	177.321	830.88699999999994	7325.848	9509.4670000000006	8388.8230000000003	6055.0630000000001	4575.5309999999999	3765.2289999999998	1417.2270000000001	505.88499999999999	156.63800000000001	211.566	2042.19	9234.0030000000006	9698.44	15213.787	10781.982	8630.4869999999992	7252.82	6850.143	6700.9669999999996	6592.348	5830.7219999999998	5734.1450000000004	6545.8230000000003	6354.63	7642.24	7547.2150000000001	7131.9979999999996	5977.6760000000004	2510.8560000000002	2203.21	1887.9949999999999	1250.5340000000001	552.53300000000002	218.42699999999999	67.994	765.91	1153.3710000000001	298.23899999999998	319.774	318.00599999999997	276.553	206.04300000000001	208.96100000000001	254.20099999999999	271.03899999999999	267.423	259.15600000000001	273.35199999999998	291.99	273.214	151.768	117.66	100.241	94.108999999999995	89.668000000000006	83.977999999999994	100.256	89.510999999999996	82.87	84.596000000000004	87.234999999999999	86.697999999999993	114.49	128.089	177.727	211.18700000000001	197.49100000000001	192.583	217.19200000000001	189.37899999999999	184.36799999999999	175.90899999999999	156.642	202.018	191.89500000000001	200.70500000000001	216.7	185.79599999999999	177.00200000000001	169.08	193.227	196.74100000000001	269.44499999999999	255.578	213.821	167.559	216.94300000000001	226.99600000000001	205.04400000000001	154.95099999999999	179.36	179.892	185.93600000000001	160.62	138.43299999999999	134.661	148.40700000000001	176.23099999999999	185.21199999999999	181.13800000000001	223.30699999999999	250.899	227.767	194.36600000000001	279.61900000000003	248.40299999999999	218.28100000000001	207.607	191.245	184.28200000000001	205.52500000000001	240.315	178.387	145.49299999999999	140.16	225.196	174.291	165.51400000000001	194.792	186.34200000000001	168.791	140.333	132.709	124.124	109.785	97.381	82.944999999999993	86.921999999999997	88.289000000000001	84.603999999999999	85.626000000000005	103.41500000000001	110.828	99.293000000000006	77.921999999999997	83.462000000000003	54.347000000000001	51.283000000000001	42.506999999999998	24.666	15.082000000000001	10.066000000000001	32.67	55.354999999999997	62.866999999999997	49.444000000000003	34.591999999999999	20.605	13.848000000000001	18.870999999999999	15.798999999999999	33.296999999999997	41.085000000000001	48.134999999999998	105.038	121.78	160.73599999999999	179.52	153.86000000000001	133.983	127.51300000000001	122.387	98.742999999999995	63.636000000000003	38.35	22.698	13.493	7.8529999999999998	34.847000000000001	95.391999999999996	1184.2149999999999	1881.992	105.407	27.198	6.4020000000000001	3.1150000000000002	2.7509999999999999	14.605	11.343	7.2880000000000003	4.5289999999999999	2.7869999999999999	1.794	1.2490000000000001	0.90700000000000003	0.48699999999999999	0.112	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	0	14.641999999999999	14.127000000000001	8.9450000000000003	5.7069999999999999	3.8780000000000001	2.8149999999999999	1.9910000000000001	1.367	0.94299999999999995	0.64500000000000002	1.083	0.50800000000000001	0.32800000000000001	0.255	0.18	0.13200000000000001	6.7000000000000004E-2	1.2E-2	0	0	0	0	17.225000000000001	28.626000000000001	26.745999999999999	24.58	21.997	20.863	13.188000000000001	8.2100000000000009	5.0090000000000003	2.9940000000000002	1.897	1.4530000000000001	1.161	0.69299999999999995	0.442	0.32800000000000001	0.30199999999999999	0.24099999999999999	0.17399999999999999	0.126	6.3E-2	1.7999999999999999E-2	0	0	0	0	3.9E-2	8.8999999999999996E-2	2E-3	0	0	0	1.7000000000000001E-2	0.188	Water level	44713	44714	44715	44716	44717	44718	44719	44720	44721	44722	44723	44724	44725	44726	44727	44728	44729	44730	44731	44732	44733	44734	44735	44736	44737	44738	44739	44740	44741	44742	44743	44744	44745	44746	44747	44748	44749	44750	44751	44752	44753	44754	44755	44756	44757	44758	44759	44760	44761	44762	44763	44764	44765	44766	44767	44768	44769	44770	44771	44772	44773	44774	44775	44776	44777	44778	44779	44780	44781	44782	44783	44784	44785	44786	44787	44788	44789	44790	44791	44792	44793	44794	44795	44796	44797	44798	44799	44800	44801	44802	44803	44804	44805	44806	44807	44808	44809	44810	44811	44812	44813	44814	44815	44816	44817	44818	44819	44820	44821	44822	44823	44824	44825	44826	44827	44828	44829	44830	44831	44832	44833	44834	44835	44836	44837	44838	44839	44840	44841	44842	44843	44844	44845	44846	44847	44848	44849	44850	44851	44852	44853	44854	44855	44856	44857	44858	44859	44860	44861	44862	44863	44864	44865	44866	44867	44868	44869	44870	44871	44872	44873	44874	44875	44876	44877	44878	44879	44880	44881	44882	44883	44884	44885	44886	44887	44888	44889	44890	44891	44892	44893	44894	44895	44896	44897	44898	44899	44900	44901	44902	44903	44904	44905	44906	44907	44908	44909	44910	44911	44912	44913	44914	44915	44916	44917	44918	44919	44920	44921	44922	44923	44924	44925	44926	44927	44928	44929	44930	44931	44932	44933	44934	44935	44936	44937	44938	44939	44940	44941	44942	44943	44944	44945	44946	44947	44948	44949	44950	44951	44952	44953	44954	44955	44956	44957	44958	44959	44960	44961	44962	44963	44964	44965	44966	44967	44968	44969	44970	44971	44972	44973	44974	44975	44976	44977	44978	44979	44980	44981	44982	44983	44984	44985	44986	44987	44988	44989	44990	44991	44992	44993	44994	44995	44996	44997	44998	44999	45000	45001	45002	45003	45004	45005	45006	45007	45008	45009	45010	45011	45012	45013	45014	45015	45016	45017	45018	45019	45020	45021	45022	45023	45024	45025	45026	45027	45028	45029	45030	45031	45032	45033	45034	45035	45036	45037	45038	45039	45040	45041	45042	45043	45044	45045	45046	45047	45048	45049	45050	45051	45052	45053	45054	45055	45056	45057	45058	45059	45060	45061	45062	45063	45064	45065	45066	45067	45068	45069	45070	45071	45072	45073	45074	45075	45076	45077	45078	45079	45080	45081	45082	45083	45084	45085	45086	45087	45088	45089	45090	45091	45092	45093	45094	45095	45096	45097	45098	45099	45100	45101	45102	45103	45104	45105	45106	45107	5.3999999999999999E-2	4.3999999999999997E-2	3.7999999999999999E-2	4.8000000000000001E-2	0.158	0.27600000000000002	0.32600000000000001	0.27600000000000002	0.19800000000000001	0.14699999999999999	0.128	0.115	0.105	9.6000000000000002E-2	0.13800000000000001	0.223	0.20699999999999999	0.222	0.23499999999999999	0.24099999999999999	0.24199999999999999	0.24	0.23699999999999999	0.19	0.14599999999999999	0.127	0.114	0.10299999999999999	9.2999999999999999E-2	8.5000000000000006E-2	0.08	8.2000000000000003E-2	7.3999999999999996E-2	6.6000000000000003E-2	9.2999999999999999E-2	0.23699999999999999	0.26800000000000002	0.27900000000000003	0.26100000000000001	0.42799999999999999	0.48699999999999999	0.48299999999999998	0.48099999999999998	0.47499999999999998	0.42599999999999999	0.40799999999999997	0.39200000000000002	0.378	0.32300000000000001	0.26700000000000002	0.23599999999999999	0.217	0.20399999999999999	0.19400000000000001	0.185	0.17699999999999999	0.17	0.16400000000000001	0.158	0.153	0.14899999999999999	0.14799999999999999	0.14699999999999999	0.14299999999999999	0.13800000000000001	0.14899999999999999	0.152	1.659	3.496	3.8140000000000001	3.5979999999999999	2.2530000000000001	1.635	1.7050000000000001	2.1240000000000001	3.4830000000000001	2.089	0.5	0.46100000000000002	0.41599999999999998	0.36799999999999999	0.35399999999999998	0.30399999999999999	0.26300000000000001	0.23799999999999999	0.221	0.20799999999999999	0.19900000000000001	0.193	0.189	0.186	0.215	0.33300000000000002	0.36599999999999999	0.372	0.89800000000000002	2.9910000000000001	2.82	2.7050000000000001	2.4660000000000002	2.2879999999999998	2.2730000000000001	3.2130000000000001	1.87	0.441	0.33200000000000002	0.311	0.44700000000000001	3.05	3.9079999999999999	3.9089999999999998	3.798	3.5960000000000001	2.8969999999999998	3.5489999999999999	3.9009999999999998	3.9329999999999998	3.9350000000000001	3.8140000000000001	3.714	3.2850000000000001	1.774	0.89700000000000002	0.59699999999999998	0.52100000000000002	0.48199999999999998	0.43	0.376	0.372	0.42	0.91900000000000004	3.6749999999999998	3.9289999999999998	3.8540000000000001	3.593	3.1829999999999998	2.843	1.5329999999999999	0.75700000000000001	0.39500000000000002	0.45200000000000001	1.6060000000000001	3.91	3.9409999999999998	4.0570000000000004	4.2	4.133	4.0049999999999999	3.871	3.7709999999999999	3.7280000000000002	3.7040000000000002	3.6869999999999998	3.532	3.4790000000000001	3.6789999999999998	3.6389999999999998	3.802	3.794	3.76	3.5	1.7669999999999999	1.5580000000000001	1.3440000000000001	0.997	0.66600000000000004	0.45900000000000002	0.317	0.75600000000000001	0.96699999999999997	0.52300000000000002	0.53700000000000003	0.53600000000000003	0.50800000000000001	0.45500000000000002	0.45800000000000002	0.49199999999999999	0.504	0.502	0.496	0.50600000000000001	0.51900000000000002	0.505	0.40799999999999997	0.374	0.35599999999999998	0.34899999999999998	0.34399999999999997	0.33800000000000002	0.35599999999999998	0.34399999999999997	0.33600000000000002	0.33800000000000002	0.34100000000000003	0.34100000000000003	0.371	0.38500000000000001	0.43099999999999999	0.46	0.44900000000000001	0.44400000000000001	0.46400000000000002	0.442	0.438	0.43	0.41299999999999998	0.45200000000000001	0.44400000000000001	0.45100000000000001	0.46400000000000002	0.439	0.43099999999999999	0.42399999999999999	0.44500000000000001	0.44800000000000001	0.503	0.49299999999999999	0.46200000000000002	0.42299999999999999	0.46400000000000002	0.47199999999999998	0.45500000000000002	0.41099999999999998	0.433	0.434	0.439	0.41599999999999998	0.39500000000000002	0.39200000000000002	0.40500000000000003	0.43	0.438	0.435	0.46899999999999997	0.49	0.47299999999999998	0.44600000000000001	0.51	0.48799999999999999	0.46500000000000002	0.45700000000000002	0.443	0.437	0.45500000000000002	0.48099999999999998	0.432	0.40200000000000002	0.39700000000000002	0.47	0.42899999999999999	0.42099999999999999	0.44600000000000001	0.439	0.42399999999999999	0.39700000000000002	0.39	0.38100000000000001	0.36599999999999999	0.35299999999999998	0.33600000000000002	0.34100000000000003	0.34300000000000003	0.33800000000000002	0.33900000000000002	0.35899999999999999	0.36699999999999999	0.35499999999999998	0.33	0.33700000000000002	0.29699999999999999	0.29299999999999998	0.27900000000000003	0.24299999999999999	0.219	0.20200000000000001	0.25900000000000001	0.3	0.311	0.29099999999999998	0.26400000000000001	0.23400000000000001	0.215	0.22900000000000001	0.221	0.26100000000000001	0.27700000000000002	0.28799999999999998	0.36	0.378	0.41599999999999998	0.433	0.41	0.39100000000000001	0.38400000000000001	0.379	0.35399999999999998	0.312	0.27100000000000002	0.23899999999999999	0.214	0.19400000000000001	0.25600000000000001	0.35	0.995	1.411	0.35699999999999998	0.247	0.187	0.16800000000000001	0.16300000000000001	0.217	0.20699999999999999	0.191	0.17699999999999999	0.16600000000000001	0.157	0.151	0.14699999999999999	0.14000000000000001	0.125	0.112	9.8000000000000004E-2	8.5999999999999993E-2	7.4999999999999997E-2	6.3E-2	5.1999999999999998E-2	4.1000000000000002E-2	3.1E-2	0.03	0.03	0.03	0.03	0.03	0.03	0.03	0.03	0.03	0.03	0.03	0.186	0.216	0.19800000000000001	0.184	0.17299999999999999	0.16600000000000001	0.159	0.153	0.14799999999999999	0.14299999999999999	0.14899999999999999	0.14099999999999999	0.13600000000000001	0.13300000000000001	0.129	0.126	0.123	0.12	0.11700000000000001	0.112	0.106	0.1	0.20300000000000001	0.252	0.248	0.24299999999999999	0.23699999999999999	0.23400000000000001	0.21299999999999999	0.19500000000000001	0.18	0.16700000000000001	0.158	0.154	0.15	0.14399999999999999	0.14000000000000001	0.13600000000000001	0.13500000000000001	0.13200000000000001	0.129	0.126	0.123	0.121	0.11600000000000001	0.111	0.106	0.10299999999999999	0.12	0.124	0.11799999999999999	0.109	0.10100000000000001	9.2999999999999999E-2	0.10299999999999999	0.129	Date


Daily Discharge (ML)


Water level (m)
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