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Abstract

Freshwater ecosystems are vital, supporting a significant portion of global biodiversity, but they are
increasingly stressed by regulatory structures such as dams and water diversion schemes, as well as the
impacts of climate change. These regulatory structures directly influence the five key components of the
natural flow regime—magnitude, frequency, duration, timing, and rate of change—disrupting the
ecological balance within these ecosystems. There is a lack of studies that examine the combined impact
of flow alterations, water quality changes, and climate change on freshwater ecosystems, particularly at

a local level, thus compromising the environmental flow design and implementation.

This PhD study aims to develop a comprehensive understanding of how macroinvertebrate assemblages,
key species within the aquatic food web, have responded to changes in flow regimes and water quality
resulting from river regulation and extreme drought events, focusing on both regulated and unregulated
reaches of the Goulburn River in Australia. Specifically, this PhD study has the following three research
questions (objectives): 1) How did macroinvertebrate assemblages respond to ecologically relevant
streamflow characteristics? 2) How did macroinvertebrate assemblages respond to changes in
ecologically relevant streamflow indices and water quality stressors during a severe drought? 3) How
will climate change impact ecologically relevant streamflow indices and their implications for aquatic

ecosystems, including macroinvertebrate assemblages?

Firstly, this study quantified the relationship between macroinvertebrate biotic indices and key
streamflow characteristics derived from five components of the natural flow regime. Using boosted
regression trees (BRT), the results revealed significant hydrological variability between reaches:
regulated reaches exhibited reduced variability during low flow periods and rapid discharge increases
during high flow periods, while the unregulated reach had 38% higher taxa richness. Eight indicator taxa
were identified in the unregulated reach, which also displayed higher Stream Invertebrate Grade Number
Average Level (SIGNAL 2) scores, indicating sensitivity to flow changes. The maximum flow in June

was identified as the most influential flow parameter affecting macroinvertebrate indices.

Secondly, this study examined the combined effects of streamflow variation and water quality during the
Millennium Drought, one of Australia’s most severe climatic events. Using redundancy analysis (RDA)
and threshold indicator taxa analysis (TITAN), this study showed significant spatial and temporal
variations in taxa richness, abundance, diversity, and EPT indices between drought and post-drought

periods. Post-drought, all reaches demonstrated increased richness and abundance, with Shannon and
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EPT indices notably improving. Analysis of Similarities (ANOSIM) revealed greater taxonomic

dissimilarity across reaches post-drought.

Thirdly, this study assessed the potential impacts of climate change on ecologically relevant streamflow
indices. Using the Soil and Water Assessment Tool (SWAT) model, this study projected daily streamflow
based on downscaled, bias-corrected temperature and precipitation data from six CMIP5 General
Circulation Models (GCMs) under two Representative Concentration Pathways (RCP 4.5 and RCP 8.5).
Results revealed a significant increase in hydrological variability, with minimum flows dropping to zero
during November and high pulse counts (flow events exceeding the 75th percentile) tripling under both
RCP scenarios, which are expected to have profound consequences for freshwater ecosystems,

particularly benthic macroinvertebrates.

This study has great implications for future environmental flow management by extending our
understanding of how variations in the five components of natural flow regimes—magnitude, frequency,
duration, timing, and rate of change—impact ecosystem health, deepening the existing understanding of
macroinvertebrate resilience to flow variability and water quality changes, and by offering new insights
into how climate-induced hydrological shifts affect freshwater ecosystems from a perspective of
integrated hydrology and ecology. It will assist in more flexible, and more systemic environmental flow

management suitable for local conditions and adapt to climate changes.
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Abstract in Hindi

e gt & uifRufae & Teayu 8, S Ay Sa fafaear o1 T Aeayul R 99 &3 8
Afer 3 Fielf 3R ST gfRad=1 S famTes TRe1ST, I1Y 81 Sfaary URdd & THTd! ¥ R GaTd
#2813 fFame e Wiefde UdTe IR & U I U URHTUl, g, Siafdy, I9d, iR
ORacH B P! WY yuIfad et ©, o 39 uiRfRufae 3l & dge famrsdr g1 vare
gRac1, STet ot H deard 3R Sfaarg URad- & Sgad WHTA! &1 & B4 8§ o1l 8, faviy
Y Y R TR R, R gafer vl varg & fEegA ofR erafaad IR Ufdgd THE usdi g |

T Nuas! 310 39 10 &1 THY TS [AwRId B &1 TN HRd1 ¢ [P Sidig Jre §ael &
T YolTiaal, Heblgacac Sridferdt, Aet e SR s g@T ge1si & URUMRGEY ydTe
R 3R o7 Torar & uRadHi R 9 ufafshar wrdt 81 sreqae | S ferar &t Miaa el & a1
fafrafird oik sifafafid it w e Sfea forar mar g, < s it & uikfRufaes = & uftafda
T UaTe I, STd T[UTaRTT 3R Saarg uRddd & s Sifed dae BT 3exul Id Hqt g
Ry ¥ ¥, 39 fegst sremaa & dF My Uy (I9) §: 1) Abigacse ¥aferal 3 mikfRufas
w0 ¥ Ui varg faRarst w &2 ufafear 2 2) srafis @ & kM uikfufae w0 3
TR TaTe Yaahich! 3R STet T[Ura o a-rdl § URad-i R Hehigdcsic Sriaferdl 3 &a ufafsmar
3l 3) STearg uRad aifufdes U ¥ Ui ydTe qadia! ok siad uikfufas o=, fomd
AopIgacsc riafert M §, TR 1 JHTd STeh?

Ugd, 39 399 A Wdhide YaTe M & Uid ged! o s I3ed UaTe fagivarsif 3ik Apigaacsc
Sfaw Qawie! & o Gae &) AT s RIRH ¢ (BRT) BT SUTRT S TiRomdl 3 g feaman
fo fafrafira fewl o Ay vare sraftrdt & SR vare & wH fafaedr sik 3= varg safddl & gRM
Mg vare 3fE T T, Sefe rfafafta R & 2o fafduar 3% oiftre ot sifafafta =g &
313 AP T Ugd 11T, Sl TaTg aRadH! o Ufd Yde-=iadT aRiid §U 3 T H §dcsc IS AaR
TaS ad (SIGNAL 2) WhR UGRId #xd & | S § 3ifiwdd Jarg &I Ahigacsc Jadid! Bl
U 3 aTel Tad HEdqU! yaTg TRTHeR Uran 47|
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T, 3T AT 7 IR Bt Ty R Siaarg gest & ¥ e, i od sic & SR Uare
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