
NSW Department of Planning, Industry and Environment | dpie.nsw.gov.au 

 

SURFACE WATER SCIENCE 

The influence of unregulated tributaries 
on macroinvertebrate communities in a 
regulated river 

Gwydir regulated river water source 

August 2021 

 



 

 

Published by NSW Department of Planning, Industry and Environment 

dpie.nsw.gov.au  

Title: The influence of unregulated tributaries on macroinvertebrate communities in a regulated river 

 

First published: August 2021 

ISBN 978-1-76058-464-1 

Department reference number: PUB21/242 

More information 

Daniel Coleman, Surface Water Science, Wollongong 

Acknowledgements 

Coleman, D., Brooks, A., MacRae, L. and Hauesler, T. (2021) The influence of unregulated tributaries on 

macroinvertebrate communities in a regulated river. The Water group within NSW Department of Planning, Industry and 

Environment 

Cover image: The confluence of the Gwydir River and Halls Creek at Bingara NSW. Photo: Tim Haeusler 

© State of New South Wales through Department of Planning, Industry and Environment 2021. You may copy, distribute, display, 
download and otherwise freely deal with this publication for any purpose provided you attribute the Department of Planning, Industry 
and Environment as the owner. However, you must obtain permission if you wish to charge others for access to the publication (other 
than at cost); include the publication in advertising or a product for sale; modify the publication; or republish the publication on a website. 
You may freely link to the publication on a departmental website. 
 
Disclaimer: The information contained in this publication is based on knowledge and understanding at the time of writing August 2021 
and may not be accurate, current or complete. The State of New South Wales (including the NSW Department of Planning, Industry and 
Environment), the author and the publisher take no responsibility, and will accept no liability, for the accuracy, currency, reliability or 
correctness of any information included in the document (including material provided by third parties). Readers should make their own 
inquiries and rely on their own advice when making decisions related to material contained in this publication. 

 

http://www.dpie.nsw.gov.au/


The influence of unregulated tributaries on macroinvertebrate communities in a regulated river  

NSW Department of Planning, Industry and Environment | PUB21/242 | ii 

Acknowledgment of Country 
The Department of Planning, Industry and Environment acknowledges the Traditional Owners and 

Custodians of the land on which we live and work and pays respect to Elders past, present and 

future. Much of this work was undertaken on the ancestral lands of the Wirrayaraay people. 

 

  



The influence of unregulated tributaries on macroinvertebrate communities in a regulated river  

NSW Department of Planning, Industry and Environment | PUB21/242 | iii 

Contents 
Summary .......................................................................................................................................... 1 

Why do we need this study? ......................................................................................................... 1 

What did we study? ....................................................................................................................... 1 

Study findings ................................................................................................................................ 2 

What this means for water management ....................................................................................... 2 

Project details ................................................................................................................................. 3 

Hydrology of the Gwydir River and its tributaries .......................................................................... 3 

Sample sites and design ............................................................................................................... 4 

Influence of tributaries on macroinvertebrate communities ...................................................... 5 

Changes to macroinvertebrate community composition ............................................................... 5 

Changes to trophic structure ......................................................................................................... 6 

Impact of regulation on macroinvertebrate communities ........................................................... 7 

More information ............................................................................................................................. 9 

References ..................................................................................................................................... 10 

Appendix A: Methods ................................................................................................................... 11 

Gwydir valley study sites and environmental characteristics ...................................................... 11 

Macroinvertebrate sampling and identification procedure ........................................................... 11 

Data analysis ............................................................................................................................... 11 

Environmental characteristics of study sites ............................................................................ 11 

Accounting for different benthic macroinvertebrate sampling methods ................................... 12 

Influence of tributaries on regulated macroinvertebrate communities ..................................... 12 

Impact of regulation on macroinvertebrate communities ......................................................... 13 

Appendix B. Supplementary outcomes ...................................................................................... 14 

Statistical results ......................................................................................................................... 14 

Influence of tributaries on macroinvertebrate communities ..................................................... 14 

Impact of regulation on macroinvertebrate communities ......................................................... 14 

Water quality and site characteristics .......................................................................................... 14 

 

 



The influence of unregulated tributaries on macroinvertebrate communities in a regulated river  

NSW Department of Planning, Industry and Environment | PUB21/242 | 1 

Summary 
Water management rules set out in NSW’s water sharing plans (WSPs), aim to balance the needs 

of water users and the environment. Understanding the ecological condition of our rivers and 

identifying how water can be managed to maintain or enhance aquatic ecosystems is a priority for 

the NSW Government. 

This report documents the influence of unregulated tributaries on the ecology of the regulated 

Gwydir River between Copeton Dam and the Horton River confluence using macroinvertebrates 

(aquatic bugs) as an indicator. 

Based on this study, the 3 key unregulated rivers below Copeton Dam have very little influence on 

the macroinvertebrate community in the regulated river. However, the diversity of 

macroinvertebrates and the abundance of some feeding groups is substantially higher in the 

unregulated rivers. This suggests that the regulation of the Gwydir River has influenced the 

macroinvertebrate community. 

 

Figure 1: Copeton Dam on the Gwydir River. 

Why do we need this study? 
Macroinvertebrate communities are a critical component of aquatic ecosystems. Both the Gwydir 

Regulated and Unregulated Water Sharing Plans (DPIE Water 2012, 2016) aim to protect and 

enhance ecosystem values. Environmental changes caused by river regulation may negatively 

impact ecological communities, including the macroinvertebrate community (Storey et al. 1991; 

Growns 2009). 

Unregulated tributaries can improve the community composition of regulated rivers downstream of 

the river confluence (where 2 rivers join) by contributing colonists (Milner et al. 2019). 

The results from this study will be used to inform whether the management of the regulated river 

and unregulated tributaries is affecting ecological communities using the macroinvertebrate 

community as an indicator. This information can then be used to assess the effectiveness of water 

management actions in protecting these communities. 

What did we study? 
This study focussed on the impact of changed hydrology and water quality on the 

macroinvertebrate community of the Gwydir River. Macroinvertebrate communities are a key 

component of aquatic ecosystems. They are one of the most common and diverse communities in 

fast flowing habitats such as riffles (Logan and Brooker 1983). They are extremely responsive to 

hydrological changes (Monk et al. 2006), reacting quickly due to their short life cycle (Davis 1977). 
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Furthermore, many native fish are dependent on macroinvertebrates as a food source (Chessman 

2013). 

In the Gwydir River, eel-tailed freshwater catfish (Tandanus tandanus, endangered population), 

Murray cod (Maccullochella peelii), golden perch (Macquaria ambigua) and the purple spotted 

gudgeon (Mogurnda adspersa, endangered population) all feed on macroinvertebrates during at 

least one life stage (Davis 1977; Sternberg et al. 2008; Kaminskas and Humphries 2009; Pusey et 

al. 2010).  

The capture, storage and subsequent release of water from dams alters the natural flow regime 

and water quality of the river downstream from the dam wall (Phillips et al. 2015). Therefore, 

regulated rivers must be carefully managed to balance water use needs with the ecological values 

of these ecosystems. Reduced macroinvertebrate diversity and abundance due to regulation can 

disrupt the critical role of these organisms in processing organic matter, cycling nutrients and 

supplying food resources.  

This project reports on the outcomes of the Department of Planning, Industry and Environment’s 

monitoring of macroinvertebrate communities in the Gwydir Valley. Specifically, it addresses 2 

questions: 

1. Do unregulated tributaries influence the macroinvertebrate communities in the regulated 

river? 

2. Does regulation impact macroinvertebrate community composition downstream of control 

structures? 

Study findings 
• The Gwydir regulated river has lower macroinvertebrate diversity than nearby 

unregulated rivers 

• Unregulated tributaries did not significantly influence the community composition of 

macroinvertebrates in the regulated Gwydir River 

• Unregulated tributaries did influence the trophic structure in the regulated Gwydir River 

• Strategic management of unregulated rivers may help protect and enhance some aspects 

of macroinvertebrate communities in regulated rivers. However, better management of 

regulated rivers is also required 

What this means for water management 
Protecting low and base flows using cease-to-pump rules in unregulated tributaries remains an 

important strategy for enhancing the ecological condition of regulated rivers. However, improving 

macroinvertebrate diversity and the abundance of predators and scrapers in the regulated Gwydir 

River between Copeton Dam and the Horton River should focus on the direct effects of river 

regulation. 

Copeton Dam plays a significant role in disrupting hydrology and water quality dynamics up to 

60 kilometres downstream of the dam (Westhorpe et al. 2015). Mitigation of unseasonal high flows 

during the summer low-flow period and cold water pollution may be beneficial to enhancing the 

macroinvertebrate community in the Gwydir River.  
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Project details 
This project focused on the Gwydir River and its tributaries below Copeton Dam (Figure 2). The 

key free-flowing unregulated tributaries in this area include Halls Creek, Myall Creek and the 

Horton River. Each of these are located on western slopes of the Gwydir water resource plan area.  

Hydrology of the Gwydir River and its tributaries 
The Gwydir River is in the Northern Tablelands of NSW, forming part of the Murray–Darling Basin 

river system. It is regulated by Copeton Dam, south-west of Inverell. The capture of flows and 

regulation of the Gwydir River by Copeton Dam has significantly changed the natural flow regime. 

Copeton Dam provides water for towns, irrigation, stock and household needs in the Gwydir Valley. 

Environmental flows are also released from Copeton Dam for purposes such as the Gwydir 

Wetlands.  

Conversely, Halls Creek, Myall Creek and the Horton River are unregulated streams. As there are 

no structures altering natural flow, variation to flow rate in these streams is caused by catchment 

conditions and direct water take for human use (domestic, stock and irrigation).   

 

Figure 2: Map of the Gwydir water resource plan area (WRPA) including the Gwydir River and major 
tributaries used in this study. The grey shaded areas represent the study area. 

The effects of water use on river flow are clear in the hydrograph for the Gwydir River (Figure 3). 

Sharp peaks of increased flow in September correspond to environmental flow releases from 

Copeton Dam. Similarly, regular releases for irrigation purposes cause blocks of increased flow 

from December to March. The mean daily flow rate of the Gwydir River is 1,010 megalitres per 

day.  

The Horton River has the largest catchment area (2,252 square kilometres) and the highest mean 

daily flow rate of the tributaries (341 megalitres per day measured at the Lower Horton).  

The next largest stream is Myall Creek, with a catchment area of 983 square kilometres and a 

mean daily flow rate of 97 megalitres per day.  
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Finally, Halls Creek has a catchment area of only 184 square kilometres and a mean daily flow rate 

of 8 megalitres per day. Despite this, flow rarely stops in Halls Creek as it appears to be a gaining 

stream with baseflow sourced from alluvial groundwater. 

 

Figure 3: Mean Daily Flow recorded at Lower Horton River (GS418015), Halls Creek (GS418025), 
Gwydir River at Pinegrove (GS418012), and Myall Creek (GS418017) over the course of the study. 

Sample sites and design 
Eight riffle habitat monitoring sites were established along the Gwydir River downstream of 

Copeton Dam (Figure 3). These included one site upstream and one downstream of the 

confluence with Halls Creek, Myall Creek and the Horton River. There were also 2 control sites 

without a tributary confluence, above the Halls Creek confluence. Four unregulated monitoring 

sites were established across Halls Creek and Myall Creek (Figure 4). These tributaries were 

selected for monitoring as they are permanently flowing (perennial) and have relatively small 

impacts to their flow regime due to water diversions. 

We collected quantitative macroinvertebrate samples at each site 9 times between 2016 and 2018. 

Samples were then identified to the genus level. We compared the community composition 

upstream and downstream of confluences and between regulated and unregulated rivers. Field 

water quality and habitat characteristics were collected at each site. Full methods are described in 

Appendix A. Detailed statistical results are available in Appendix B. 
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Figure 4: Left: Map of macroinvertebrate monitoring sites in the Gwydir River and tributaries. Right: 
Image of departmental Water group staff sampling a site on Myall Creek. 

Influence of tributaries on macroinvertebrate 
communities 

Changes to macroinvertebrate community composition 
Tributaries can cause changes to regulated rivers by dispersing biota and providing organic matter, 

sediment and natural flow pulses. In addition, transitional habitats are created at junctions between 

regulated rivers and their tributaries. Hence, a change in macroinvertebrate community is expected 

downstream of a tributary.  

In contrast to expectations, we found that there was no significant difference between the similarity 

of community composition upstream and downstream at sites separated by a tributary versus 

those that are not (Figure 5a). This means that the unregulated tributaries of the Gwydir River do 

not significantly alter the macroinvertebrate communities in the regulated river. 

 

Figure 5: (a) Mean similarity of sites upstream and downstream of each tributary, in comparison to 
the reference sites without a tributary (dashed lines). Similarity was calculated via the Bray–Curtis 
method using abundance data. Error bars show one standard deviation from the mean. (b) Drone 
image of Halls Creek, showing the up and downstream areas around the confluence. 
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Changes to trophic structure 

We also evaluated changes to community trophic structure, or position in the food web, using 

functional feeding groups. Functional feeding groups categorise macroinvertebrates according to 

their feeding mechanisms (Figure 6). The 5 groups used in this study are: 

• filter Feeders, which capture particulate matter from moving water using silk nets or 

adaptations to body parts 

• predators, which catch and consume live prey 

• shredders, which feed on large pieces of organic matter, such as leaves 

• scrapers, which consume food from algal sources on the surfaces of rocks 

• collector/gatherers, which feed on organic material and associated bacteria deposited on 

fine sediments. 

 

Figure 6: Examples of the 5 main functional feeding groups: filter feeders, predators, shredders, 
scrapers, and collector/gatherers. 

We found that the abundance of filter feeders and scrapers at the upstream and downstream sites 

with tributaries differed from the reference sites (Figure 7). The abundance of filter feeders 

increased downstream of each tributary confluence. Tributaries provide additional flow to the 

regulated river, which results in an increased area of fast flowing habitat suitable for this feeding 

group. Additionally, tributaries may increase particulate matter supply for filter feeders. Conversely, 

the abundance of scrapers decreased downstream of the confluences with Halls Creek and Myall 

Creek. As scrapers rely on algae present on rocks, they are better suited to shallower, low-flow 

environments.  



The influence of unregulated tributaries on macroinvertebrate communities in a regulated river  

NSW Department of Planning, Industry and Environment | PUB21/242 | 7 

 

Figure 7: Proportional Change in abundance of each functional feeding group upstream and 
downstream of a tributary. The reference site is an upstream and downstream Gwydir regulated river 
site with no tributary. The magnitude shows the difference between downstream and upstream 
populations as a proportion of the site with higher abundance. Negative values show a higher 
abundance upstream, while positive values indicate a higher abundance downstream. Error bars 
show one standard deviation from the mean. 

Impact of regulation on macroinvertebrate 
communities 
A total of 84 unique taxa were found across the study area. The diversity of taxa in unregulated 

rivers was higher, with 70 unique taxa present compared to only 58 in the Gwydir River. 

Furthermore, approximately one third (31%) of taxa were unique to unregulated sites, compared to 

17% unique to regulated sites. Variation in species composition (Beta diversity) was formally tested 

using a Betapart assessment, which assesses the dissimilarity between sites. This confirmed that 

the nestedness of species (βSNE) between regulated and unregulated sites (βSNE = 0.07) was higher 

than between the reference of 2 unregulated streams (βSNE = 0.02).  

These results indicate that the conditions of the Gwydir regulated river are less suitable for 

macroinvertebrate diversity than the unregulated rivers. Potential causes of reduced diversity could 

include the unseasonal and extended high summer flows due to water deliveries, changes to 

temperature, dissolved oxygen levels and altered transport of sediment (Walker 1985; Storey et al. 

1991). Cold water pollution is a serious concern in this section of the Gwydir River, with 

temperatures up to 10 degrees cooler than the unregulated sites during summer (See Appendix B). 

The distribution of unique taxa belonging to each functional feeding group was similar across 

regulated and unregulated sites (Table 1). Predators were dominant, making up 41% of unique 

taxa. Shredders and filter feeders were the least diverse groups, only accounting for between 5% 
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and 10% of diversity. The relative diversity of shredders and collector/gatherers was slightly higher 

in the regulated sites. This is consistent with the findings of Storey et al. (1991), who found that 

reduced river flushing downstream of a dam causes organic matter build-up. As shredders and 

collector/gatherers rely on organic matter as a food source, this facilitates their increased diversity. 

Table 1: Unique taxa distribution across functional feeding groups for regulated and unregulated 
sample sites 

River Filter feeder Predator Shredder Scraper Collector/ 
Gatherer 

Regulated 8.4% 41.4% 8.6% 27.6% 13.8% 

Unregulated 10% 41.4% 5.7% 30% 12.9% 

The mean relative abundance of each functional feeding group was also similar for regulated and 

unregulated rivers (Figure 8). Filter feeders were most abundant, accounting for over half of the 

population in regulated (65.2%) and unregulated (53.1%) streams. Very few shredders were 

present, making up less than 1% of the population in regulated and unregulated streams. High 

variability in the spread of this data prevented a direct statistical comparison of means. However, 

differences in the shape of population distribution between regulated and unregulated sites 

occurred for filter feeders, scrapers, and shredders.  

 

Figure 8: Mean relative abundance (%) of functional feeding groups in regulated and unregulated 
sites. Error bars show one standard deviation from the mean. 
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More information 
For more information on this study, contact the Department of Planning, Industry and 

Environment’s Water group. 

Mail: PO Box 53 Wollongong NSW 2520 Australia 

 

Daniel Coleman, Senior Ecohydrologist, daniel.coleman@dpie.nsw.gov.au  

Andrew Brooks, Senior Ecohydrologist andrew.brooks@dpie.nsw.gov.au  

Lauren MacRae, Graduate Ecohydrologist lauren.macrae@dpie.nsw.gov.au  

Tim Haeusler, Ecohydrologist tim.haeusler@dpie.nsw.gov.au  
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Appendix A: Methods 

Gwydir valley study sites and environmental characteristics 
Benthic macroinvertebrate samples were collected at multiple sites in the regulated Gwydir River 

and unregulated tributaries below Copeton Dam. The sites covered the region east of Bingara to 

the confluence of the Horton River and Gwydir River (Figure 4). Sites were restricted to cobble-

stone riffle habitat across all locations. The top of the site was the most upstream section of the 

riffle and the bottom of the site was defined by the transition into a run or pool. 

In total, 12 sites were sampled. Eight of these were in the regulated Gwydir River, one upstream 

and downstream of each of the Horton River, Myall Creek and Halls Creek confluences, and 2 

sites above Bingara with no tributary confluence. Additionally, 2 unregulated sites were established 

in both Myall Creek and Halls Creek. 

Sites were sampled between May 2016 and March 2018. All sites were sampled 9 times, with high 

irrigation flows prohibiting sample collection in summer months 

A number of environmental measurements were collected to characterise each site. This included 

spot measurements on 6 sampling occasions between March 2017 and March 2018. Parameters 

measured were dissolved oxygen (mg/L and % saturation), water temperature (°C), turbidity, 

electrical conductivity (µS/cm) and pH. Water temperature data was also collected at 30 minute 

intervals for all sites using HOBO TidbiT v2 (UTBI-001) water temperature data loggers (Onset®). 

In addition to water quality characteristics, we measured the intermediate axis (Leopold 1970) of 

100 rocks at each site to describe the substrate size.  

Discharge represented by mean daily flow (ML/day) sequences were sourced from the nearest 

WaterNSW gauging stations 418012 (Gwydir at Pinegrove), 418025 (Halls), 418017 (Myall), 

418015 (Lower Horton) and 418027 (Upper Horton). 

Macroinvertebrate sampling and identification procedure 
Benthic macroinvertebrates were collected using quantitative sampling methods for all sites. 

Sampling was done primarily with a Surber sampler (0.0625 m2) unless flows were too high. Higher 

flows were sampled using a suction sampler (0.07 m2). Both sampling methods used a mesh 

diameter of 250 µm. Each subsample was collected by manually disturbing the substrata for a 

period of one minute. Six subsamples were collected at random from each site and pooled into one 

replicate. The total area sampled for each site was 0.375 m2 when using the Surber sampler and 

0.42 m2 when using the suction sampler. Samples were rinsed using a 250 µm sieve before being 

preserved in 70% ethanol.  

Samples were identified to genus level for all taxa except for Oligochaeta (subclass) and 

Chironomidae (subfamily). Any samples with more than 300 individuals were subsampled using a 

Marchant sub-sampler (Hoskin Scientific Limited). The percent of subsample taken varied between 

10% and 50%. Final abundances were multiplied up to account for subsamples in the final dataset.   

Data analysis 

Environmental characteristics of study sites 

Descriptive statistics and box plots (median, 75th and 25th percentile) were generated for dissolved 

oxygen (mg/L and % saturation), turbidity, electrical conductivity, pH and substrate size. Maximum, 

minimum and mean water temperatures (°C) were calculated for each month using the continuous 

water temperature data and explored using summary statistics and graphs.  
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Accounting for different benthic macroinvertebrate sampling methods 

There was a slight difference between the area sampled by the Surber sampler and that of the 

suction sampler (0.0625 m2 versus 0.07 m2). In addition, the Surber sampler relies on stream flow 

to collect macroinvertebrates whilst the suction sampler is powered by a battery operated bilge 

pump. To test for any difference between sampling techniques, samples were collected at one site 

in the Gwydir River across 3 time periods using both the Surber and suction sampler. The total 

abundance and diversity or richness was calculated for each sample. Total abundance was log 

transformed and diversity was kept as the raw number of taxa present. We performed a one-way 

Student’s t-test to identify if the mean total abundance and mean diversity for the Surber sampler 

was significantly less than the suction sampler. 

There was no significant difference between methods for total abundance (t(1) = -0.19, p = 0.43) 

and diversity (t(1) = 0.34, p = 0.38). These results suggest combining data collected by both 

sampling methods would not have a significant impact on the quantified measurement of 

macroinvertebrates in this study.  

Influence of tributaries on regulated macroinvertebrate communities 

The mean similarity of sites upstream and downstream of each tributary in comparison to reference 

sites was calculated using abundance data. Abundance data was fourth root transformed before 

statistical analysis. This reduced the influence of highly populous species, enabling all recorded 

species to contribute to the result. Bray–Curtis similarity distances between all site combinations 

were extracted using Primer 6+. Average macroinvertebrate assemblage similarity was extracted 

for each site combination.  

The following site combinations and justifications were used for this analysis (Error! Reference 

source not found.): 

• Gwydir at reference upstream (US) and downstream (DS) – this provided an estimate of 

similarities between sites in the regulated river without any tributary or confluence 

• Gwydir US and DS of each tributary (Halls Creek, Myall Creek and Horton River) – this 

gave an estimate of similarities between sites in the regulated river separated by a tributary. 

 

Figure A 1. Summary of study design used to test the influence of tributaries on macroinvertebrate 
assemblages in the regulated river – (a) represents a condition with tributary input and (b) without a 
tributary. 

The impact of tributaries on the similarity of community composition upstream and downstream of 

a tributary was tested using Welch’s 2-sample t-test, comparing each site pair separated by a 

tributary to the reference site pair not separated by a tributary. The assumption of normal 

distribution was checked using the Shapiro–Wilk test.  

A source/sink index (Lancaster et al., 2011) applied to relative abundances was used to evaluate 

the upstream–downstream change in functional feeding groups: 

𝑆𝑆 =
𝑁𝐷𝑆 − 𝑁𝑈𝑆

𝑁𝑈𝑆
𝑖𝑓 𝑁𝐷𝑆 < 𝑁𝑈𝑆 𝑎𝑛𝑑 

𝑁𝐷𝑆 − 𝑁𝑈𝑆

𝑁𝐷𝑆
𝑖𝑓 𝑁𝐷𝑆 > 𝑁𝑈𝑆  
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As this formula considers population change as a proportion of the other site, changes in 

abundance can be effectively compared when one site has a population of zero. if the population is 

greater downstream, then SS is greater than zero, and the magnitude is the increase in abundance 

as a proportion of downstream macroinvertebrates. Conversely, if the population is greater 

upstream, then SS is less than zero, and the magnitude is the proportion of upstream 

macroinvertebrates not present downstream. If SS equals zero, then no change in abundance was 

observed. 

Functional feeding group index values for each tributary were compared using analysis of variance 

(ANOVA). Assumptions were checked by inspecting plots of the residuals for normal distribution 

and homogeneity of variance and confirmed using Levene’s Test and the Shapiro–Wilk test 

respectively. If ANOVA returned a positive result (p < 0.05), Dunnett’s post-hoc test was applied to 

determine which sites differed from the control sites without a tributary. 

Impact of regulation on macroinvertebrate communities 

Two regulated sites upstream and downstream of both Halls Creek and Myall Creek, as well as 2 

unregulated sites from each of these tributaries were used to investigate the effect of regulation. 

These sites were selected as they: 

• are perennial sites (they did not experience a drying event in the study timeframe) 

• have less geographical separation and thus have similar environmental conditions 

• create a balanced number of sites for comparison. 

Diversity summary statistics were calculated from the taxa present–absent data from grouped 

regulated and unregulated sites. An assessment of beta diversity was performed using the 

Betapart package in R (Baselga and Orme 2012). This measures variation in community 

composition between sites, including species replacement and species lost. This study focussed 

on species loss, or the nested component of Sørensen dissimilarity. Results from the regulated–

unregulated test were compared to an unregulated–unregulated test to determine if changes to 

diversity was due to natural variability or regulation. 

The mean relative abundance of functional feeding groups was calculated by grouping samples 

from regulated and unregulated sites over the study period. This data was highly variable in spread 

and shape, which prevented a direct statistical comparison of means using traditional parametric 

tests. Therefore, the non-parametric Kruskal–Wallis test was used. Due to differences in the shape 

of regulated and unregulated data, the power of this test was reduced. Significant results (p < 0.05) 

indicate only that the 2 tested samples come from different populations, based on comparisons of 

mean ranks. It does not directly compare mean populations.  
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Appendix B. Supplementary outcomes 

Statistical results 

Influence of tributaries on macroinvertebrate communities 

Welch’s 2-sample t-test found no significant difference in similarity for sites separated by Halls 

Creek (t(1) = -0.31, p = 0.76), Myall Creek (t(1) = -0.64, p = 0.53) or the Horton River  

(t(1) = -0.22, p = 0.82), compared to the reference sites. 

ANOVA analysis on the proportional upstream–downstream change in functional feeding group 

abundance was tested to a significance level of p = 0.05. A significant difference in means was 

recorded for filter feeders (F(3,32) = 5.342, p = 0.004) and scrapers (F(3,32) = 3.370, p = 0.030). 

No significant difference was found for collector/gatherers (F(3,32) = 2.285, p = 0.098), predators 

(F(3,32) = 1.539, p = 0.224) or shredders (F(3,32) = 0.916, p = 0.444).  

Dunnett’s post-hoc test was used to determine which sites differed significantly from the control 

sites (p < 0.05). For filter feeders, sites at each confluence were all significantly different. For 

scrapers, Halls Creek and Myall Creek were significantly different but the Horton River was not. 

Impact of regulation on macroinvertebrate communities 

Beta diversity results are listed in Table B 1. This assessment uses the Sørensen index, which 

returns a value that ranges from zero to 1. 

Table B 1. Beta diversity results from assessment conducted in R using betapart package 

Comparison Turnover Component 
(species replacement)  

Nestedness  
Component (elimination 
of species in one site)  

Total Beta 
Diversity 

Regulated vs unregulated  0.2413793 0.07112069 0.3125 

Unregulated vs unregulated 
(reference)  

0.2758621 0.02413793 0.3000 

Differences in the population distribution of mean functional feeding group relative abundance 

between regulated and unregulated sites was tested using Kruskal-Wallis tests (p < 0.05). These 

tests showed a significant difference in the distributions of filter feeders (χ2(2) = 4.521, p =0.033), 

scrapers (χ2(2) = 4.670, p = 0.031) and shredders (χ2(2) = 7.499, p = 0.006). No significant 

difference was recorded for collector/gatherers (χ2(2) = 0.771, p = 0.380) or predators (χ2(2) = 

2.618, p =0.106). 

Water quality and site characteristics 
Maximum mean and minimum water temperatures in riffle habitats were consistently warmer in the 

unregulated tributaries compared to the regulated Gwydir River (Figure B 1). In particular, average 

monthly maximum and mean temperatures in the summer months of December and January can 

be up to 10 degrees cooler in the Gwydir River. For example, the average maximum water 

temperature in the lower Horton River during January was 28.5 °C (± SD 1.3 °C) compared to 

19.5 °C (± SD 0.6 °C) in the Gwydir River downstream of the Horton River confluence. Other water 

quality characteristics are presented in Figure B 2.  
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Figure B 1. Average maximum, mean and minimum monthly water temperature (°C) for fifteen riffle 
sites in the Gwydir catchment. Averages were calculated from maximum, mean and minimum daily 
water temperatures using continuous water temperature loggers (HOBO TidbiT) 
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Figure B 2. Box plots of water quality and substrate size metrics, as measured on 6 sampling trips 
between March2017 and March 2018 at 17 study sites. Horizontal bars indicate median values and the 
box represents the 25th and 75th percentile. 

 

 


