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Executive summary 

Rivers often experience major discontinuities in ecological function due to dams, whereby the 
timing and volume of flow and water chemistry can be significantly altered from upstream to 
downstream of the dam, impacting ecosystem productivity and aquatic food webs (Stanford 
and Ward 2001). Tributary inflows from such unregulated catchments can play an important 
role in mitigating changes in water chemistry below large dams, thereby overcoming the so-
called serial discontinuity effect, which describes the impacts of large dams on longitudinal 
gradients in water chemistry. Because tributary inflows can be rich in nutrients and dissolved 
carbon, they can lead to ‘priming’ effects, in which biogeochemical processes and ecosystem 
productivity are enhanced below confluences with more heavily regulated rivers. Yet, there 
have been few attempts to identify potential priority tributaries that may play a larger role in 
driving biochemistry and ecosystem function below dams. This report summarises the results 
of a spatial analysis to identify significant tributary junctions in rivers, across the NSW Murray-
Darling Basin, where inflows from unregulated or less regulated tributaries join heavily 
regulated rivers.  

Tributary junctions were characterized in terms of the relative change in the ‘Degree of 
Regulation’ (DoR) at individual tributary junctions. DoR is calculated as the ratio of the storage 
capacity of all upstream reservoirs relative to the mean annual runoff. The Australian 
Hydrologic geofabric and associated catchments and river segments were used to map DoR for 
the entire MDB (a total of 167,363 distinct stream segments). Estimates of mean annual runoff 
were derived from the Australian Landscape Water Balance Model (AWRA-L v5) and 
cumulative upstream storage was calculated based on the volumes associated with the 
ANCOLD Register of large dams (ANCOLD, 2010). Differences in DoR between individual river 

reaches (DoR) were mapped, and for each Water Resource Plan area the top 10 most 

significant tributary junctions based on DoR were identified. 

For the majority of tributary junctions across NSW, DoR successfully identified patterns in the 
impact of tributaries on mainstem flows. Large changes in DoR with single tributary inputs and 
smaller, cumulative effects of multiple tributaries were both apparent across the majority of 
catchments. Furthermore, field sites from an associated tributary productivity project along 
the Tumut River corresponded with some of the highest identified changes in DoR, supporting 
the choice of these sites by expert opinion. DoR therefore shows high potential as a valid 
indicator and assessment method for the potential importance of different tributaries and 
protection of tributary inflows to regulated rivers in NSW.  

The potential management applications of the DoR approach include: 

• identification of key tributaries for strategic management of flows from 
unregulated rivers into regulated rivers, 

• identification of potential tributary refuge habitats,  
• comparisons of the scale of potential new dam impacts,  
• assessment of the relative benefits on mainstem rivers from input of unregulated 

tributaries  
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Introduction and background 

Throughout the world, the construction of large reservoirs (hereafter dams) on river systems 
have been a critical element to meet human demands for water storage, river regulation for 
seasonal usage, flood mitigation and hydropower generation. Dams are widely known to 
cause fundamental impacts to aquatic ecosystem functioning, such as increasing the retention 
time of flowing waters downstream (Friedl and Wuest 2002), regulating and modifying 
seasonal flow, water chemistry and nutrient patterns, and providing a physical barrier for 
movements of organisms both upstream and downstream (Poff et al 1007, Walker 1985). 
Importantly, these changes impact nutrient and basal production of the aquatic food web, and 
therefore alter the systems’ capacity to support higher trophic organisms such as 
invertebrates, fish, mammals and waterbirds (Ellis and Jones 2013). 

The impact of a dam on river function has been described by the “Serial Discontinuity Concept 
(SDC) (Stanford and Ward 2001), which recognises that the change from lentic (i.e. still) to 
lotic (i.e. flowing) conditions impacts on nutrient cycles and benthic exchange processes, or 
any aquatic parameter (X, in Figure ) (Graham et al. 2019; Newbold et al, 1982). Put simply, 
the presence of a dam (or reservoir) causes a discontinuity in the longitudinal profile of a 
biotic or abiotic parameter (X), due to the imposed lotic to lentic transition (Figure ). The dam 
disrupts nutrient spiralling processes and modifies the exchange between biotic and abiotic 
compartments of a unidirectional river system. The return of parameter X to a ‘natural’ profile 
downstream of the reservoir can be conceptualized as the discontinuity distance (DD), and 
could be attributed to exchange between the river and surrounding environment (e.g. 
riparian, air) as well as any contribution from tributary inflows. Tributary inputs, in particular, 
can theoretically mediate and accelerate the return to the natural profile due to the 
biogeochemical composition and aquatic communities of the tributary closely matching that 
of the regulated system in its previously natural state. 

 

Figure 1. Conceptual diagram for the serial discontinuity concept (SDC) showing the effect of a dam on 
the longitudinal profile of a biotic or abiotic parameter (X). Also shown is the effect of a tributary inflow 
on the discontinuity distance (DD) where DD decreases with increasing tributary discharge relative to 
the unregulated river (see: Insert). QR = regulated river discharge, QT = tributary discharge. 
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The influence of tributaries is important because river regulation by large dams has greatly 
reduced the overall organic carbon load to downstream river systems (Maavara et al. 2017). 
Dams isolate headwater catchments, trapping organic matter in the water storage, while river 
regulation often confines flow to within the main channel, limiting lateral inputs of carbon 
from floodplain environments during flooding events. This has markedly altered productivity 
within regulated rivers (Munn & Brusven, 2004; Stevens et al., 1997). In this context, 
unregulated tributaries are a potentially critical source of terrestrial carbon to downstream 
ecosystems. 

Currently, the geochemical characteristics of water in the NSW MDB are widely considered 
equally in environmental water planning and delivery. However, changes to inputs of carbon, 
nutrients and sediment below tributary junctions are likely have a strong influence on 
downstream ecological processes, particularly where differences in flow volume between 
tributaries and the mainstem of rivers lead to abrupt changes in water chemistry. This is a 
potential policy gap regarding the ecological value of different Water Sharing Plan (WSP) rules 
and delivery methods (e.g. environmental water allocation (EWA) watering events or 
translucency/transparency dam releases vs protection of tributary flows via Supplementary 
Flow access rules). In addition, many tributary systems may not be included in gauging 
networks. Identification of potential priority confluences is therefore not always achievable 
using measured discharge timeseries. 

The potential for tributary junctions to act as potential functional hot-spots has long been 
recognized conceptually, particularly in regulated rivers, where they may play a critical role in 
downstream ecosystem foodwebs and function. However, there have been few systematic 
reviews of this literature, and no attempts to apply this conceptual understanding to identify 
potential priority tributaries that may play a disproportionately high role in driving 
downstream biochemistry and ecosystem function.  

The current report seeks to address the second of these two gaps by presenting the results of 
a spatial analysis across the NSW Murray-Darling Basin (MBD) to identify potential tributary 
hotspots; this complements a review of unregulated tributary effects on restoring river 
productivity and function (Silvester et al. 2020). 

 

Methods 

We used changes in the Degree of Regulation (DoR; Grill et al., 2019) as a measure of tributary 
influence at all tributary junctions across the NSW MDB. DoR is calculated as 

 

𝑫𝒐𝑹 =
𝑪𝒖𝒎𝒖𝒍𝒂𝒕𝒊𝒗𝒆 𝒖𝒑𝒔𝒕𝒓𝒆𝒂𝒎 𝒔𝒕𝒐𝒓𝒂𝒈𝒆 𝒗𝒐𝒍𝒖𝒎𝒆

𝑴𝒆𝒂𝒏 𝒂𝒏𝒏𝒖𝒂𝒍 𝒇𝒍𝒐𝒘
 

 

A DoR less than 1 indicates that the cumulative upstream storage volume is less than the 
mean annual flow. In contrast, if the DoR is above 1, then the storage capacity is greater than 
the mean annual flow of the river. The relative effect of tributary flows on a mainstem flow 
regime can therefore be evaluated using changes in main-stem DoR above and below tributary 
junctions (δDoR) (Figure ). The evaluation of tributary influences across the NSW portion of 
the MDB therefore requires data on cumulative upstream storage and cumulative runoff for 
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individual river segments across the entire breadth of the catchment (including the Qld parts 
of the basin). The most appropriate whole-of-basin datasets are associated with the Australian 
Hydrological Geospatial Fabric (the geofabric). For the MDB the geofabric consists of 167,682 
individual segments. Importantly for our purposes, individual segments are uniquely 
associated with lengths of river channel connecting upstream and downstream tributary 
junctions.  

 

 

Figure 2. Schematic of the effect of low-DoR tributary inflows on regulated mainstem, showing 
change in DoR above (high DoR) and below (decreased DoR) a confluence.
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Figure 3. Map showing major artificial waterbodies and individual flow paths that were used 
for examining longitudinal trends in Degree of Regulation (DoR). 
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While estimates of cumulative upstream storage volumes were already available in a format 
linked to the geofabric, several idiosyncrasies in the dataset have required substantial 
additional workflow and processing to derive new estimates of cumulative upstream storage 
volumes. To help rectify these issues, we have drawn on data held by the Australian National 
Committee On Large Dams (ANCOLD), who maintain a database of large dams (Figure ) and 
associated storage volumes (available here: https://www.ancold.org.au/wp-
content/uploads/2012/10/Dams-Australia-2010-v1.xls). The ANCOLD dataset required manual 
filtering to remove redundant storages, and records pertaining to storages that have since 
been upgraded.  

Finally, the locational accuracy of each dam wall needed to be checked prior to joining with 
the Geofabric (see Appendix 1 for complete workflow). After identifying the stream segments 
associated with storages, custom code within R was used to aggregate upstream storage 
volumes for the entire river network (the code is available here 
https://github.com/nickbond/catchstats). This is an intensive calculation that requires 
somewhere in the vicinity of 4-5 days to compute. Calculation also required multiple re-runs, 
as several additional errors in the ANCOLD database were identified during successive runs for 
QA/QC process. For example, Talbingo Reservoir includes two dam walls, and each is listed in 
the ANCOLD database, meaning that without filtering storage volumes were initially over-
estimated by a factor of 2. 

The estimate of cumulative upstream storage above each river segment (res_cap) was then 
combined with estimates of cumulative annual runoff (RUNANNMEAN) for each river 
segment, to derive two additional variables describing the effects of upstream storage on 
runoff; the Degree of Regulation (store_run), and the maximum difference in the Degree of 
Regulation at each confluence (d_store_run; Table 1).  

 

Table 1: Key metrics used as inputs to modelling in estimating tributary effects on Degree of 
Regulation.  

River segment characteristic Metric Description 

Mean annual discharge RUNANNMEAN Derived from a national landscape water balance 
model. Ignores extractions and diversions, which 
is appropriate for this analysis. 

Upstream storage volume res_cap Cumulative upstream storage volume of large 
dams (from ANCOLD data).  

Degree of Regulation (DoR)  store_run Ratio of upstream storage volume to mean annual 
discharge (RUNANNMEAN/res_cap) (Grill et al., 
2014) 

Delta Degree of Regulation 

(δDoR) 

d_store_run Maximum difference between store_run for each 
segment and that of all immediate upstream 
segments 

 
 
At a whole of basin and whole of state scale, the location of the most heavily regulated river 
systems is therefore easily pictured based on the res_cap metric (Appendix 1). This highlights 
the metric is performing as intended at coarse scales.  

 

  

https://www.ancold.org.au/wp-content/uploads/2012/10/Dams-Australia-2010-v1.xls
https://www.ancold.org.au/wp-content/uploads/2012/10/Dams-Australia-2010-v1.xls
https://github.com/nickbond/catchstats
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Results 

The degree of river regulation varies considerably throughout the NSW region of the MDB 
(Figure ), and within individual Surface Water Water Resource Planning areas (see Appendices 
for individual planning area maps and figures). When averaged across river systems, river 
segments in the Gwydir had the highest degree of regulation while the NSW Border Rivers had 
the lowest (Table 2). Only a small number of river segments were highlighted as heavily 
regulated (DoR values >2), and the flow effects of dams appeared to be lowered the further 
downstream the section was from a dam. However, looking at the whole state scale is too 
wide to identify the influence of individual tributaries and provides little insight into their role 
in reducing downstream impacts of river regulation. 

 

 

Figure 4. The relative impact of dams on large rivers throughout the NSW MDB as described by 
the relative Degree of Regulation (a.k.a. Storage:runoff ratio in the figure legend). The 
continuous index Degree of Regulation (DoR) has been broken into three classes;. 0-0.5 (Low 
storage impact), 0.5-2 (Medium storage impact), >2 (Large storage impact). Note the map has 
been limited only to large rivers with a mean annual discharge of >10GL. 
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Table 2: Main river systems within the NSW MDB ranked by ascending mean degree of 
regulation (DoR, a.k.a. store_run) across all river segments within a system. 

 

River system Mean DoR 

New South Wales Border Rivers 
Queensland Border Rivers-Moonie 
Namoi 
Murray and Lower Darling (NSW only) 
Lachlan 
Macquarie-Castlereagh 
Barwon-Darling Watercourse 
Murrumbidgee 
Gwydir 

0.15 
0.41 
0.51 
0.57 
0.59 
0.60 
0.60 
0.78 
1.54 

 

By focusing in on a particular river system, we can more clearly illustrate the intersection of 
‘unregulated’ or minimally regulated systems, merging with a more heavily regulated system. 
For example, the Tumut River below Talbingo Dam and Blowering Dam is highly regulated, and 
the unregulated Goobarragandra River therefore decreases the degree of main stem 
regulation from a storage: runoff ratio (i.e., DoR) of approx. 4.3 above to 3.1 below the 
junction (Figure ). 

As well as looking at changes in DoR in plan view, examining changes in DoR for individual 
rivers in long-profile down a designated flow path helps to demonstrate the strong influence 
that unregulated and less regulated tributaries have on DoR in the main flow channel (Figure ). 
By examining the long-profiles for individual river systems – from the headwaters to the 
downstream limits of individual Surface Water Resource Planning Areas – we can identify 
those confluences where ‘tributary’ effects are likely to be the strongest (Table ). In addition, 
the cumulative role of multiple smaller tributaries in decreasing main stem storage: runoff 
ratios becomes clearer. For example, DoR below the Tumut-Goobarragandra confluence 
continues to decrease (to approx. 2.6) before joining the Murrumbidgee because of multiple 
tributary inputs (Figure ). In turn, these tributaries contribute to the large effect of the Tumut 
on the Murrumbidgee main stem (δDoR of -1.06) (Table 3). 

Notes on the degree of regulation and the role of tributary effects are described in brief dot 
points by each Surface water Resource Planning Area, and maps and long-profile plots of 
degree of river regulation for each major regulated river are included in Appendix 1 and 2. 

Barwon-Darling Watercourse: 

• DoR across the catchment indicates a moderate to high level of regulation 
(approx. 0.5-1.0). Tributary inflows have mixed effects on the Barwon and Darling 
Rivers, with large step changes in DoR downstream of Mungindi but gradual, 
smaller decreases also apparent along the longitudinal profile. 

Gwydir: 

• The degree of regulation along the Gwydir mainstem is very high, with DoR values 
consistently greater than 2. The rest of the catchment is less highly regulated, but 
upstream storage still regularly approaches 100% of mean annual runoff (DoR 
approx. 0.5-1.0). The effect of tributaries on DoR in the Gwydir is mixed, with 
several large step changes apparent downstream of Copeton interspersed with 



 
 

12 
 
 

several smaller tributary junctions. 

Lachlan: 

• The Lachlan catchment can exhibit very high DoR close to major dams (e.g., 
Carcoar) and is overall highly regulated (DoR approx. 1.0-1.5). The effect of 
tributaries on DoR in smaller rivers (e.g., Belubula) is pronounced, with very high 
step changes in DoR associated with the first tributary inflow immediately 
downstream of dams. The Lachlan mainstem is also characterized by few but 
relatively high changes in DoR, particularly downstream of Wyangala. 

Macquarie-Castlereagh: 

• The mainstem of the Macquarie River exhibits two distinct patterns in DoR, with 
high but rapidly decreasing DoR downstream of Oberon but consistently moderate 
DoR downstream of Burrendong. Smaller rivers in the catchment exhibit high step 
change in DoR with tributary inputs with the exception of the Cudgegong River, 
where large step changes downstream of Windamere are interspersed with 
smaller tributary junctions. Tributaries to the Macquarie River show similarly 
mixed effects. 

Murrumbidgee: 

• In the Murrumbidgee catchment, the Tumut River rises to extremely high DoR (> 
4) while the DoR of other rivers including the Murrumbidgee can also be high 
(approx. 0.5-1.0). Tributaries to the Tumut have few but marked effects on DoR, 
such as at the confluence with the Goobarragandra (δDoR = -1.19), while those to 
the Murrumbidgee exhibit a mix of high step changes interspersed with several 
smaller tributary effects. Interestingly, the highly-regulated Tumut River still drives 
a decrease in DoR (-1.06) in the Murrumbidgee mainstem below their confluence. 

Namoi: 

• Rivers in the Namoi catchment can exhibit very high DoR at dams (1.5-4.0), and 
the Namoi River is highly regulated overall (DoR approx. 0.5-1.5). Smaller rivers 
exhibit few but high step changes in DoR at tributary junctions, whereas the 
Namoi has high step changes with the first few tributaries downstream of Keepit 
(e.g. Peel River, Mooki River) but relatively smaller, gradual DoR changes at 
confluences thereafter. 

NSW Border Rivers: (mean 0.16) 

• River in the border region are moderately regulated overall (DoR approx. 0.3-0.8). 
The role of tributaries in decreasing DoR varies by river system, however; from 
large but few steps changes in the Beardy, Macintyre, and Severn Rivers to a 
predominance of more frequent but gradual changes in the Boomi River, although 
large step changes are still apparent at the first tributary downstream of dams in 
the Boomi (e.g., Cunningham). 

 

NSW Murray and Lower Darlings (0.69, 1.00, 0.73, mean 0.57) 

• The overall DoR in the NSW Murray River is high (1.0-1.5). The Murray and its 
smaller tributaries are all characterized by few but large step changes in DoR at 
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confluences.  

 
Figure 5. Map showing levels of river regulation within a single sub-catchment, in this case the 
Tumut River below Blowering. For reference, a DoR 0-0.5 equates to a low storage impact), 
0.5-2 a moderate storage impact), and >2 a large storage impact. The Tumut is shown by the 
yellow line (indicating high relative upstream storage volume), with unregulated tributaries 
(low relative upstream storage volume) shown in purple. Note the Tumut and the 
Goobarragandra River are a focus for the field sampling being undertaken as part of the Basal 
Resources Project. Dams are indicated by filled circles. 
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Figure 6. Long profile of the Tumut river showing changes in Degree of Regulation from the top 
of the catchment to approximately 50km below the confluence with the Murrumbidgee River. 
The impacts of the major storages as well as unregulated and less heavily regulated tributaries 
are identified.
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Table 3: Top ten most significant tributary junctions, according to the difference (delta, δ) in 
the Degree of Regulation upstream and downstream of tributary confluences (δDoR) for major 
(named) waterways in each NSW Surface Water Water  Resource Plan Area (SWWRPA). Note 
in some catchments there are fewer than 10 named tributaries identified that positively 
altered (decreased) downstream DoR. 

SWWRPA 
Junction 

Rank 
Tributary 1 Tributary 2  δDoR 

Barwon-Darling Watercourse 1 BARWON RIVER GWYDIR RIVER  -1.21 

 2 BARWON RIVER LITTLE WEIR RIVER  -0.52 

 3 BARWON RIVER MACQUARIE RIVER  -0.36 

 4 BARWON RIVER BOKHARA RIVER  -0.18 

 5 BARWON RIVER BOOMI RIVER  -0.06 

 6 DARLING RIVER WARREGO RIVER  -0.05 

 7 BARWON RIVER MEHI RIVER  -0.04 

 8 BARWON RIVER CULGOA RIVER  -0.03 

 9 BARWON RIVER BOGAN RIVER  -0.02 

 10 BARWON RIVER PAGAN CREEK  -0.02 

Condamine-Balonne 1 CHINAMANS CREEK DARLING RIVER  -0.60 

 2 JAMIESON CREEK DARLING RIVER  -0.60 

 3 MOONIE RIVER SANDY CREEK  -0.00 

 4 BOKHARA RIVER FIFTEEN MILE 
WARRAMBOOL 

 -0.00 

 5 BOKHARA RIVER HOSPITAL CREEK  -0.00 

 6 MOONIE RIVER BALLANDOON CREEK  -0.00 

 7 BOKHARA RIVER LITTLE YAMBA CREEK  -0.00 

 8 BOKHARA RIVER CATO CREEK  -0.00 

 9 BOKHARA RIVER CUTTABUNDA SWAMP 
CREEK 

 -0.00 

 10 BOKHARA RIVER WILLIAMS CREEK  -0.00 

Gwydir 1 GWYDIR 
ANABRANCH 

GWYDIR RIVER  -2.08 
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SWWRPA 
Junction 

Rank 
Tributary 1 Tributary 2  δDoR 

 2 GWYDIR RIVER HORTON RIVER  -0.88 

 3 GWYDIR RIVER KEERA CREEK  -0.48 

 4 GWYDIR RIVER MYALL CREEK  -0.31 

 5 GWYDIR RIVER HALLS CREEK  -0.13 

 6 GWYDIR RIVER WARIALDA CREEK  -0.10 

 7 GWYDIR RIVER MOSQUITO CREEK  -0.07 

 8 GWYDIR RIVER GOURON CREEK  -0.06 

 9 GWYDIR RIVER BORA CREEK  -0.03 

 10 GWYDIR RIVER SLAUGHTERHOUSE 
CREEK 

 -0.02 

Lachlan 1 BELUBULA RIVER COOMBING CREEK  -0.64 

 2 BELUBULA RIVER MANDURAMA PONDS  -0.28 

 3 LACHLAN RIVER BOOROWA RIVER  -0.17 

 4 LACHLAN RIVER BELUBULA RIVER  -0.13 

 5 LACHLAN RIVER CROWTHER CREEK  -0.10 

 6 LACHLAN RIVER MANDAGERY CREEK  -0.09 

 7 BELUBULA RIVER CADIANGULLONG CREEK  -0.08 

 8 LACHLAN RIVER GOOBANG CREEK  -0.05 

 9 LACHLAN RIVER HOVELLS CREEK  -0.05 

 10 BELUBULA RIVER LIMESTONE CREEK  -0.04 

Macquarie-Castlereagh 1 FISH RIVER DUCKMALOI RIVER  -1.46 

 2 CUDGEGONG RIVER LAWSONS CREEK  -0.95 

 3 CUDGEGONG RIVER WIALDRA CREEK  -0.40 

 4 CUDGEGONG RIVER BURRUNDULLA CREEK  -0.23 

 5 EMU SWAMP CREEK BROWNS CREEK  -0.21 

 6 MACQUARIE RIVER EMU SWAMP CREEK  -0.20 

 7 MACQUARIE RIVER TALBRAGAR RIVER  -0.16 
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SWWRPA 
Junction 

Rank 
Tributary 1 Tributary 2  δDoR 

 8 MACQUARIE RIVER BELL RIVER  -0.14 

 9 MULLAMUDDY 
CREEK 

CUDGEGONG RIVER  -0.14 

 10 MACQUARIE RIVER LITTLE RIVER  -0.11 

Murrumbidgee 1 TUMUT RIVER GOOBARRAGANDRA 
RIVER 

 -1.19 

 2 MURRUMBIDGEE 
RIVER 

TUMUT RIVER  -1.06 

 3 TUMUT RIVER GILMORE CREEK  -0.26 

 4 TUMUT RIVER ADJUNGBILLY CREEK  -0.22 

 5 GINNINDERRA 
CREEK 

GOOROMON PONDS 
CREEK 

 -0.17 

 6 MURRUMBIDGEE 
RIVER 

BRADLEYS CREEK  -0.15 

 7 TUMUT RIVER JOUNAMA CREEK  -0.14 

 8 MURRUMBIDGEE 
RIVER 

NUMERALLA RIVER  -0.13 

 9 TUMUT RIVER BUDDONG CREEK  -0.12 

 10 MURRUMBIDGEE 
RIVER 

LACHLAN RIVER  -0.08 

Namoi 1 NAMOI RIVER MANILLA RIVER  -1.99 

 2 NAMOI RIVER PEEL RIVER  -0.92 

 3 QUIRINDI CREEK QUIPOLLY CREEK  -0.71 

 4 MANILLA RIVER BORAH CREEK  -0.38 

 5 PEEL RIVER DUNGOWAN CREEK  -0.37 

 6 NAMOI RIVER MOOKI RIVER  -0.33 

 7 PEEL RIVER DUNCANS CREEK  -0.31 

 8 PEEL RIVER MENEDEBRI CREEK  -0.28 

 9 PEEL RIVER COCKBURN RIVER  -0.26 

 10 MANILLA RIVER OAKY CREEK  -0.23 
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SWWRPA 
Junction 

Rank 
Tributary 1 Tributary 2  δDoR 

New South Wales Border 
Rivers 

1 MANDOE CREEK REEDY CREEK  -0.26 

 2 DUMARESQ RIVER MACINTYRE BROOK  -0.23 

 3 SEVERN RIVER FRAZERS CREEK  -0.06 

 4 MACINTYRE RIVER SEVERN RIVER  -0.06 

 5 DUMARESQ RIVER REEDY CREEK  -0.06 

 6 BOOMI RIVER WHALAN CREEK  -0.02 

 7 DUMARESQ RIVER OAKY CREEK  -0.02 

 8 MACINTYRE RIVER MIDDLE CREEK  -0.01 

 9 MACINTYRE RIVER OTTLEYS CREEK  -0.01 

 10 SEVERN RIVER MYALL CREEK  -0.01 

New South Wales Murray and 
Lower Darling 

1 STEPHENS CREEK MOUNT DARLING CREEK  -0.78 

 2 STEPHENS CREEK WINE YARDS CREEK  -0.68 

 3 STEPHENS CREEK NATIVE DOG CREEK  -0.46 

 4 MURRAY RIVER KIEWA RIVER  -0.21 

 5 MURRAY RIVER GOULBURN RIVER  -0.11 

 6 TOOMA RIVER TUMBARUMBA CREEK  -0.08 

 7 MURRAY RIVER SWAMPY PLAIN RIVER  -0.07 

 8 KHANCOBAN CREEK KHANCOBAN BACK 
CREEK 

 -0.07 

 9 MURRAY RIVER MURRUMBIDGEE RIVER  -0.07 

 10 TOOMA RIVER LITTLE RIVER  -0.05 

Queensland Border Rivers-
Moonie 

1 BARWON RIVER CALLANDOON BRANCH  -1.80 

 2 BARWON RIVER BOOBERANNA CREEK  -0.03 

 3 BARWON RIVER BOOMANGERA CREEK  -0.00 

 4 BARWON RIVER WOMBYANNA CREEK  -0.00 
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Key Findings 

 
Across NSW, the Degree of Regulation (DoR) in river channels, and the extent to which it 
changes with tributary inflows (δDoR), showed distinct differences across both catchment 
areas and individual river systems. In particular, there was marked variation in δDoR across 
confluences. Mapping these values allows the identification of differences in the degree to 
which specific tributaries might affect mainstem flow regimes, particularly for regulated rivers. 
These differences should then be proportional to the effects of tributary inflows on mainstem 
ecology and biogeochemistry. 
 
Large changes in DoR with single large tributary inputs and smaller, cumulative effects of 
multiple tributaries were both apparent across the majority of catchments. Logically, the 
larger a mainstem river, the larger a tributary needs to be before flow regimes in the 
mainstem are markedly affected by confluences (Benda et al. 2004). Larger rivers are 
therefore most likely to show large step changes in DoR where a relatively large tributary joins 
(e.g., where the Kiewa joins the Murray River). This relationship is clearly demonstrated by the 
differences in longitudinal patterns of DoR between relatively larger and smaller rivers; where 
larger systems (e.g., Lachlan River) might exhibit gradual reductions in DoR with multiple 
tributary inputs over a long distance, but patterns in smaller systems (e.g., Belubula River) are 
dominated by fewer, larger changes in DoR. Interestingly, large δDoR can still be observed at 
the confluences of two regulated rivers if the tributary is large and DoR values substantially 
differ. For example, a large step change in DoR is associated with the confluence of the Tumut 
and Murrumbidgee Rivers. However, DoR as calculated here is based on mean annual flow 
and does not take into account high seasonality in flow (e.g., high percentage of annual runoff 
delivered in few, large events) or regulation (e.g., seasonal dam releases). A more detailed 
examination of δDoR across shorter timescales (e.g., weeks to months) would likely help 
identify which tributaries have a consistent effect on the DoR of mainstems, as opposed to 
those which may decrease DoR at a few, specific points throughout the year.   
 
Regardless of system scale, however, our results indicate that the change in DoR at 
confluences should provide an excellent indicator of the relative differences in flow regime 
between a tributary and regulated mainstem. As a consequence, noticeable differences in 
ecological structure and function should be observable at confluences with the largest δDoR 
values. The associated “Basal Resources Project” preselected the confluence of the Tumut and 
Goobarragandra Rivers, and the confluence of the Gwydir and Horton Rivers, as field sites to 
test the effects of tributaries on regulated river flows (Silvester et al. 2020). Our analyses here 
support these selections, based on expert opinion, through the high differences in degree of 
regulation upstream and downstream of confluences on both the Tumut (δDoR = -1.19) and 
Gwydir (δDoR =-0.88). Several additional sites could, therefore, now also potentially be 
recommended for further sampling based on δDoR. 
 
Differences in the DoR of mainstem rivers upstream and downstream of tributary junctions 
therefore shows a high potential more generally as an indicator of the mitigating effects of 
tributaries on flow regulation in mainstems. Comparing δDoR is a logical and conceptually 
simple relative measure of the scale of tributary effects, and as such can be applied to multiple 
questions. For example, estimating the change in δDoR associated with damming of a previous 
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unregulated tributary should provide a relative indicator of the loss of ecological function 
expected in the associated mainstem confluence. Similarly, removal of regulatory structures 
on relatively highly-regulated tributaries should be associated with an increase in δDoR at 
downstream confluences with other regulated rivers, providing a comparable indicator of 
gains in ecosystem health or function associated with the deregulation. We therefore suggest 
that δDoR would provide useful assessment tool in management of riverine ecosystem 
integrity within the NSW MDB.  
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Appendices 

Appendix 1. Figures illustrating workflow associated with each step in 
the GIS analysis, including associated data sources. 

 

 
Figure A1. Flow chart showing the workflow associated with generating estimates of mean 
annual runoff (RUNANNMEAN) for inclusion in the models 
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Figure A2. Flow chart showing the workflow associated with generating the necessary inputs 
to the analysis based on existing spatial datasets. 
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Figure A3. Additional workflow to translate derived datasets into the two outputs; a) spatial 
maps of each SWRPA showing relative tributary influences, and b) long-profiles along each of 
the major rivers, showing the changes in degree of river regulation in response to dams and 
tributaries. 
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Appendix 2. Maps showing degree of regulation (DoR) for individual river reaches within each of the Surface Water 
Water Resource Planning areas. 

 



 
 

27 
 
 

 



 
 

28 
 
 

 



 
 

29 
 
 



 
 

30 
 
 

 
 
 
 



 
 

31 
 
 

 



 
 

32 
 
 

 



 
 

33 
 
 



 
 

34 
 
 

Appendix 3. Longitudinal plots showing changes in degree of regulation (DoR) for individual flow paths below each 
of the major storages within each of the Surface Water Resource Planning areas. 
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