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Lytle & Poff 2004 TREE 



F L O W S  H AV E  B E E N  M O D I F I E D  F O R  
C E N T U R I E S  F O R  H U M A N  G A I N



R I V E R  F L O W S  A R E  C H A N G I N G  V I A  C L I M AT E  C H A N G E

         Blöschl et al. 2017 Science

Flood timing: Europe 1960–2010

         Blöschl et al. 2019 Nature

Flood magnitude: Europe 1960–2010



I M PA C T S  O N  B I O D I V E R S I T Y  C A N  B E  S U B T L E

         Larsen et al. 2018 Ecology

Richness may not change but species are being lost and replaced



I N V E R T E B R AT E  C O M M U N I T I E S  A R E  R E O R G A N I S I N G

         Haase et al. 2019 Sci. Tot. Env.

Cold-dwelling species are being replaced by warm in European rivers
Peter Haase



R I V E R  I N V E R T E B R AT E  C O M M U N I T I E S  A R E  H O M O G E N I S I N G  

Mouton et al. 2020 Glob. Chang. Biol.

Theo Mouton

Mouton et al. 2022 Ecography

Changing flow regimes are a key player



F R E S H W AT E R  I S  D I S P R O P O R T I O N AT E LY  T H R E AT E N E D

Living Planet Index, 2026Craig et al. 2017, Elementa



R I V E R  E X T R E M E S  A R E  C H A N G I N G

Tonkin et al. (2026) Nature Reviews Biodiversity



R I V E R  E X T R E M E S  A R E  C H A N G I N G

Tonkin et al. (2026) Nature Reviews Biodiversity



A N D  T H E  
I M PA C T S  A R E  
W I D E  R A N G I N G  
A N D  C O N T E X T-
D E P E N D E N T

But they’re hard to model! 

• Rare so limited possibility to learn 

• Nonlinear impacts 

• Modulated by other things 

• Compound events, 
cumulative and lagged 
impacts, existing stressors 

• Tail behaviour matters more than 
means

Tonkin et al. (2026) Nature Reviews Biodiversity



E X T R E M E S  A L M O S T  A LW AY S  C O M E  W I T H  I M PA C T S

Modified from Sabater et al. (2023) Biol. Rev.

Tonkin et al. (2026) Nature Reviews Biodiversity



Tonkin et al. (2026) Nature Reviews Biodiversity



E X T R E M E S  D O  N O T  A LW AY S  O P E R AT E  I N  I S O L AT I O N
Compound extremes come with compound risks

Dahm et al. (2015) Freshwater Biology

Zscheischler et al. (2020) Nature Rev. Earth. Env.

A typology:  

๏ Preconditioned (where a pre-existing 
condition amplifies impacts, e.g., 
heavy rainfall on saturated soils) 

๏Multivariate (multiple hazards occur 
together, e.g., drought and heatwave) 

๏ Temporally compounding (hazards 
occur in sequence, e.g., sequences of 
heatwaves) 

๏ Spatially compounding (hazards 
occur simultaneously across regions, 
e.g., widespread floods)



N U A N C E D  I M PA C T S :  T R O U T  H I N D E R  T H E  R E C O V E R Y  O F  
G A L A X I I D S  F R O M  E X T R E M E  F L O O D S

Lennox et al. In review

Galaxiids took longer to recover in the presence of trout 
Rory Lennox



W E  R I S K  D E T E C T I N G  R E S P O N S E S  T O  C H A N G I N G  
F L O W S  B Y  T H E  T I M E  I T ’ S  A L R E A D Y  T O O  L AT E



T W O  TA K E  H O M E S

I. We need models to 
anticipate the full suite of 
potential impacts and 
interventions 

II. Rivers needed to be 
treated as living systems 
with space, heterogeneity, 
and connectivity



I .  M O D E L S  T O  A N T I C I PAT E  I M PA C T S

P R O C E S S - B A S E D  M O D E L S  C A N  P R O D U C E  
P R E D I C T I O N S  T H AT  F O R E S H A D O W  T H E  N E E D  T O  
C H A N G E  M A N A G E M E N T  L O N G  B E F O R E  T R E N D S  A R E  
D E T E C T E D  I N  E M P I R I C A L  S U R V E Y S  



E V E R Y D AY  D E C I S I O N S  N E E D  F O R E C A S T S …

…  S O  D O  E N V I R O N M E N TA L  D E C I S I O N S



W H AT  S O R T  O F  P R O C E S S E S  A R E  W E  TA L K I N G  A B O U T ?  

Koerich et al. 2023 Trends Ecol. Evol.

Gabrielle Koerich



Tonkin et al. 2019 Nature
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1. Collect data on mechanisms 

2. Describe key processes in models 

3. Focus management on bottlenecks 

4. Pinpoint uncertainty

F O U R  S T E P S  F O R  R I V E R  S C I E N T I S T S  A N D  M A N A G E R S



C H A N G I N G  R H Y T H M S



C O N S E Q U E N C E S  O F  C H A N G I N G  S E A S O N A L I T Y

Daniel Hernandez

Hernandez et al. (2025) Science



M. Bogan

EPT OCH



I N V E R T E B R AT E  C O M M U N I T I E S  
B E T W E E N  S E A S O N S

California: Mediterranean 
Arizona: Sonoran Desert 
New Zealand: Maritime

Tonkin et al. 2017 Ecology 



Tonkin et al. 2017 Ecology 

T E M P O R A L  D I V E R S I T Y  I S  M A X I M I S E D  I N  
P R E D I C TA B LY  S E A S O N A L  E N V I R O N M E N T S



R E C R U I T M E N T  B O X  
M O D E L  A S  A N  E X A M P L E

Mahoney & Rood (1998) Wetlands



N AT I V E  C O T T O N W O O D S  B E I N G  D I S P L A C E D  B Y  N O N - N AT I V E  S A LT  C E D A R  I N  
T H E  D O L O R E S  R I V E R ,  U TA H ,  O W I N G  T O  F L O W  A LT E R AT I O N  B Y  D A M M I N G

Mark Uliasz
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Lytle et al. 2017 Ecol. Appl.

N O N - N AT I V E  W I N S  W I T H  L AT E R  F L O O D S
Dave Lytle

Once we know the mechanisms in a multi-species model, we can tailor regimes 



Tonkin et al. 2018 Nature Eco. Evo. 

1 = seedlings … 6 = adults

HT DSMMHSXS

Tonkin et al. 2018 Nature Eco. Evo.

N E T W O R K S  U N R AV E L  
W I T H  F L O W  C H A N G E
Predicting the full consequences 



Tonkin et al. 2021 Fron. Ecol. Environ.

S P E C I E S  E X P E R I E N C E  T H E  S A M E  R I V E R  D I F F E R E N T LY
Ecosystem-wide consequences of targeted flow management

Based on processes collected from 
basic natural history work 

— allows looking beyond the past



P U T T I N G  I T  A L L  T O G E T H E R  I N  A  C O U P L E D  C Y C L E  

Tonkin et al. (2026) Nature Reviews Biodiversity



P U T T I N G  I T  A L L  T O G E T H E R  I N  A  C O U P L E D  C Y C L E  

Tonkin et al. (2026) Nature Reviews Biodiversity

Iterative approaches are key for understanding and managing extremes, but embedding 
mechanisms will improve accuracy, given the rarity of extremes



B U I L D I N G  R E S I L I E N C E



I I .  R I V E R S  N E E D  
R O O M  T O  M O V E



D E AT H  B Y  A  T H O U S A N D  C U T S

W A I A U  R I V E R ,  C A N T E R B U R Y



W A I M A K A R I R I  R I V E R ,  1 9 5 0 s



T O D AY



W E ’ V E  O C C U P I E D  P L A C E S  
W H E R E  R I V E R S  F L O O D



W E ’ R E  S E E I N G  A  PAT T E R N  



“ C O M M A N D - A N D - C O N T R O L ”  I S  B E G I N N I N G  T O  M A K E  W AY  
F O R  G I V I N G  R I V E R S  R O O M  F O R  F L O O D  R I S K  M A N A G E M E N T…
… B U T  W E ’ V E  O V E R L O O K E D  T H E  E C O L O G I C A L  C O - B E N E F I T S



E C O L O G I C A L  B E N E F I T S  O F  G I V I N G  R I V E R S  R O O M  

McCabe et al. (2025) Nature Water

Christina McCabe

Dynamic balance between the 
drivers of channel morphology 
(B: biology, G: geology, and H: 
hydrology)

Spatiotemporally variable habitat 
mosaic promotes regional 
biodiversity

Natural disturbance regime 
maintains a complex habitat 
mosaic and affects habitats 
asynchronously

Variable hydrologic 
connectivity between 
patches modulates 
community assembly & 
maintains movement 
through the system

Functioning aquatic-
terrestrial interface 
connects river to a 
wider meta-ecosystem

Naturally functioning rivers are variable in space and time



W H AT  A  N AT U R A L LY  F U N C T I O N I N G  R I V E R  L O O K S  L I K E

Holly Harris

Angus McIntosh

Trophic connections and food-web structure in the Cass River, Tekapo



Harris et al. (2025) NZ J. Ecology



A Q U AT I C  A N D  T E R R E S T R I A L  D I E TA R Y  P R O P O R T I O N S  O F  
B A N D E D  D O T T E R E L  VA R Y  B E T W E E N  A D U LT S  A N D  C H I C K S

Harris et al. 2026 Ecology

Holly HarrisStable isotope analysis of diet



D I E TA R Y  P R O P O R T I O N S  O F  KŌA R O  VA R Y  S PAT I A L LY

Holly Harris

Very little sustenance from major braids

Harris et al. 2026 Ecology



H E T E R O G E N E O U S  H A B I TAT S  A R E  M O R E  L I K E LY  T O  I N C L U D E  R E F U G E S

Christina McCabe

Providing resistance from and resources during disturbances 

McCabe et al. (2025) Nature Water



R O O M  T O  M O V E  P R O V I D E S  R E S I L I E N C E

Harris et al. (2025) NZ J. Ecology

Holly Harris

Predators have access to multiple food sources

One food source Multiple food sources



R O O M  T O  M O V E  D A M P E N S  T E M P O R A L  VA R I A B I L I T Y

Harris et al. 2026 Oikos

Holly Harris

Physical heterogeneity sets the stage



R O O M  T O  M O V E  D A M P E N S  T E M P O R A L  VA R I A B I L I T Y

Holly Harris

Metacommunity variability is dampened by patch asynchrony

Similar results for fish and terrestrial invertebrates

Harris et al. 2026 Oikos



R O O M  T O  M O V E  D A M P E N S  T E M P O R A L  VA R I A B I L I T Y

Holly Harris

Simply adding different habitats dampens regional variability

Harris et al. 2026 Oikos



R I V E R S  W I T H  R O O M  A R E  R E S I L I E N T

๏ Rivers with space to roam support diverse assemblages 
and resilience to extremes 

๏ Encroaching on rivers threatens resilience 

๏ To support full life cycle, all habitats are required 

๏ Heterogeneity is stabilising



M A N A G E M E N T  L E V E R S

๏ Prioritise spatial and temporal variability 

๏ Ensure heterogeneity in geomorphic 
habitats can contribute to the 
enhancement of differential resistance 
(e.g., refuges) to large flood events or 
drought event 

๏ Ensure connectivity of heterogeneous 
habitats through a river system’s network 
of channels can facilitate meta-system 
processes  

•  



P R O V I D I N G  C AT C H M E N T  R E S I L I E N C E  T O  E X T R E M E S  

Tonkin et al. (2026) Nature Reviews Biodiversity

A typology of river settings that differ in the potential to provide catchment resilience to 
extreme climatic events



N E W  H O R I Z O N S
High-resolution, high-frequency monitoring 

programmes 

Continued and coordinated long-term 
research programmes  

Broaden understanding of compound events  

Enhance knowledge of legacy effects  

Study biophysical feedbacks 

In addition to anticipatory 
approaches

Tonkin et al. (2026) Nature Reviews Biodiversity



S U M M A R Y

Extreme events are reshaping river biodiversity 
๏ from populations to ecosystems 

The impacts are often indirect and context dependent 
๏ especially when extremes interact with existing 

stressors 

Prediction requires combining monitoring with 
mechanistic understanding 

๏ particularly because extremes are rare 

Resilient rivers need room to move 
๏ variability, connectivity and habitat heterogeneity are 

crucial buffers against an increasingly extreme 
climate



T W O  TA K E  H O M E S

I. Extreme events don't act in isolation 

We need models to anticipate the full suite 
of potential impacts and interventions 

II. Resilient rivers need room to move 

Rivers needed to be treated as living 
systems with space, heterogeneity, and 
connectivity
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