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Abstract: Complex interactions between species, their environment, and people make species-specific 
management difficult and can lead to scale mismatches between management actions and ecological processes. 
However, taking a broader landscape-scale approach to management could help to avoid cascading negative 
effects of local-scale practices. Here, key lessons from ecological processes in a braided river highlight how 
landscape-scale management can benefit whole-ecosystem properties and species-specific persistence, and 
demonstrate the importance of considering the landscape context of ecological processes in conservation 
planning. Ultimately, we argue that a shift in thinking towards ecological processes at landscape scales will 
create more successful and cohesive management outcomes.
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Introduction

Ecosystems are complex, connected, systems where species, 
people, and the environment often interact in unpredictable 
ways. This complexity can result in unintended consequences 
when conservation strategies to manage threatened species, or 
the pressures affecting them, are initiated (Cruz et al. 2019; 
Fàbregas et al. 2021). As a result, conservation management 
strategies are not always effective. Additionally, management 
outcomes are often difficult to measure and frequently 
unreported (Kapos et al. 2009; McIntosh et al. 2018; Catalano 
et al. 2019). Taking a more flexible and adaptive approach where 
landscapes are managed to the scale of ecological processes that 
occur and resilience to future pressures is inbuilt could increase 
the chances of success for multiple conservation outcomes, 
from individual species to whole ecosystems (Gillson et al. 
2013; Herse et al. 2022).

One of the biggest difficulties with conservation involves 
ecological scale mismatches. These mismatches between 
species’ interactions with their environment and the scale of 
management may be avoided by considering the landscape 
and species contexts together (Cumming et al. 2017; Herse 
et  al. 2020). For example, landscapes with high natural 
complexity and species that move between distinct local areas 
are likely to require a broader management approach than 
a homogenous landscape with low species movement and 
localised habitat requirements. Recognition of the importance 
of heterogeneity and the need for landscape-scale management 
due to its interactions with complexity and resilience has 
been increasing (Nyström & Folke 2001; Larkin et al. 2016; 

Cumming et al. 2017). However, despite their importance for 
ecological resilience, managing landscapes to match the scale 
of ecological processes is uncommon (Tockner & Stanford 
2002; Herse et al. 2020).

Ecological processes, such as those affecting species 
persistence, often occur across both physical spatial scales 
and biological hierarchies, stimulating the development of 
ecological frameworks that represent spatial flows of energy, 
matter, and organisms within (“meta” system frameworks; 
e.g. Loreau et al. 2003; Leibold et al. 2004; Gounand et al. 
2018) and across biological levels of organisation (e.g. spatial 
food-webs; Rooney et al. 2008). Macrosystem ecology shifts 
the focus from biological hierarchies to biological processes 
occurring within a hierarchical system across connected space 
(Heffernan et al. 2014; McCluney et al. 2014). In this way of 
thinking, the properties of an ecological system can be a product 
of both smaller-scale and broader-scale processes occurring 
within a landscape, allowing the integration of both spatial 
food webs and meta-systems ecology. The macrosystems 
framework is also useful to management because human 
activities generally occur within a macro-scale (Hefferman 
et  al. 2014). Here, we refer to landscapes as areas within 
macrosystems (0.01–103 km2; see McCluney et al. 2014) and 
use this macrosystems approach to emphasise how changes 
to local parts of a landscape can have effects on biodiversity, 
food webs, and species persistence across landscapes.

Management based at this landscape-scale could allow 
multiple ecosystem properties, such as the persistence of 
specific threatened species or improved biodiversity values, 
to be maintained within one broad conservation framework. 
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Whilst funding and knowledge gaps often drive strategies 
toward individual population management, or blanket policy 
rules such as a fisheries quota, landscape-scale management 
will likely improve both species-specific conservation and the 
delivery of ecosystem services (Larkin et al. 2016; Cumming 
et al. 2017; Herse et al. 2020). This is particularly important 
when knowledge gaps limit the efficacy of species-specific 
conservation. Additionally, policy and law does not always 
align with best practice for conservation or management (see 
specific challenges and recommendations for braided river 
conservation and management below). Aligning the scale of 
management practice with ecological theory and updating legal 
frameworks accordingly will be key to effective conservation 
outcomes.

Here, we highlight key lessons from investigating the 
role of spatial heterogeneity in a complex river floodplain 
to advocate for landscape-scale contextual conservation 
management. Specifically, we address (1) the impact of 
landscape-scale heterogeneity on outcomes for biodiversity 
and whole-ecosystem properties, (2) how heterogeneity can 
aid and influence individual species’ persistence, and (3) the 
importance of considering landscape context in conservation 
plans. We describe new knowledge of ecological processes 
in braided rivers to emphasise the difficulty of making fully 
informed management plans without context from broader 
spatial scales like landscapes. To avoid cascading negative 
effects through communities and food webs, highly connected, 
complex landscapes such as braided rivers require such 
approaches. We suggest this approach will not only benefit 
multiple ecological components but may also align with other 
management frameworks such as indigenous-led knowledge-
based frameworks, thus allowing more cohesive management 
strategies between governing bodies.

Outcomes for biodiversity and whole-
ecosystem values in heterogeneous landscapes

Preserving the natural spatial heterogeneity and temporal 
variability of landscapes will likely preserve both regional 
native biodiversity values and their persistence through 
time (Karaus et al. 2013; Peipoch et al. 2015; Milner et al. 
2017). Heterogeneity contributes to regional biodiversity by 
enhancing co-existence in a landscape, reducing competition, 
and allowing re-colonisation after disturbances (Peipoch 
et al. 2015; Battisti et al. 2016; Harris 2024). These resilience 
mechanisms are particularly important in landscapes with 
strong spatial-temporal variability, such as braided rivers 
and intertidal zones (Cumming et al. 2017). In these complex 
landscapes, there are strong differences in the local physical 
environments and the species that reside within them driven 
by dynamic hydro-geomorphic processes (Hauer et al. 2016; 
Cumming et al. 2017). For example, in braided rivers large 
central gravel channels or major channels are flanked by 
smaller minor channels, and springs occur both in the central 
gravel part of the river floodplain and the wider more lateral 
areas where historic river channels may have run. Together 
the terrestrial and aquatic components of the braided river 
landscape are referred to as the braidplain (Gray et al. 2016; 
Harris et al. 2024). The mosaic of braidplain habitat creates the 
capacity for locally unique assemblages responding to local 
environmental conditions, and allows for complex species 
interactions across the different environment types, including 

recolonisation via dispersal from other parts of the landscape. 
We discuss these two processes next.

First, landscape heterogeneity supports high regional 
biodiversity, and simplification can lead to biodiversity loss 
(Peipoch 2015). Simplification of physical habitat is most 
associated with species loss due to the loss of specific niches 
(Peipoch et  al. 2015; Larkin et  al. 2016). For example, in 
braided rivers, different macroinvertebrate assemblages are 
found in lateral groundwater springs compared to those in 
gravel channels (Gray & Harding 2010; Karaus et al. 2013; 
Harris 2024). Additionally, lateral and mid-channel springs 
can support more disturbance-intolerant fish species such as 
salmonids (Salmo and Oncorhynchus spp.) and tuna (eels, 
Anguilla spp.). Springs, being the most lateral components 
of the braidplain, and embedded in the land least eroded by 
flooding, are typically highly affected by disturbance and are 
often the first components to disappear (Scarsbrook et al. 2007; 
Barquín & Scarsbrook, 2008). This local habitat disturbance 
and loss can be caused by combined anthropomorphic pressures 
from land encroachment, stock trampling, or flood mitigation 
plantings and plant invasion, or even lowered water tables 
from abstraction practices (Scarsbrook et al. 2007; Barquín & 
Scarsbrook, 2008). Loss of lateral floodplain complexity will 
likely result in the significant loss of whole-river biodiversity. 
This concept is consistent with general ecological theory that 
landscape heterogeneity contributes directly to biodiversity 
(Tilman 1982; Stein et al. 2014).

Second, whilst landscape simplification can cause the 
direct loss of biodiversity, loss of habitat complexity can also 
decrease biodiversity resilience and stability at emergent scales 
(temporal properties). In landscapes with highly connected 
species, movement facilitates recolonisation and compensatory 
dynamics because local environments fluctuate asynchronously 
(Karaus et al. 2013; Lamy et al. 2019; Larsen et al. 2019). 
For example, a study of macroinvertebrate assemblages 
across different aquatic habitats on Te Awa-a-Takatamira | the 
Cass River (Tekapo) found that local assemblages changed 
frequently through time, but the species composition across all 
three habitats meant that the same species were consistently 
found somewhere within the river landscape despite appearing 
and disappearing from local habitats through time (Harris 
2024). Mayflies (Ephemeroptera) increased in mid-channel 
spring habitats in October and December then decreased 
in February, whereas in major channel habitats mayfly 
numbers were low in October to December then increased 
from February into May (Harris 2024). These compensatory 
dynamics between habitats are also true for total community 
biomass dynamics across local habitats within a braided river. 
Compensatory dynamics dampen whole-river variability and 
increase the capacity of a system, from species to populations 
to communities, to recover after localised disturbances, and 
so create more resilient landscapes (Nyström & Folke 2001; 
McCluney et al. 2014; Schiel et al. 2019).

Heterogeneity can aid and influence persistence 
of individual species

Species-specific conservation in New Zealand has traditionally 
occurred on a local scale. For example, weed control to protect 
the nesting habitat of a threatened bird may occur at local 
sites with short-term funding allocations despite processes of 
plant invasion often occurring at a much broader scale (such 
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as water-driven dispersal throughout a river system) and over 
longer time scales (potentially multi-decadal; Hill et al. 2001). 
While there is a diverse array of conservation strategies being 
employed (e.g. predator-free landscapes such as the Perth-
Whataroa catchment, and the Upper Rangitata River Ten Year 
Weed Plan), many strategies are still short term and localised, 
and encumbered by mismatches with legal definitions and 
directives. Shorter term or smaller-scale strategies can lead to 
mismatches between the scale of conservation management 
and the scale at which species interact with their environment 
(Cumming et al. 2017; see also Gurney 2022). Scale mismatches 
can be a particular issue with highly mobile species such as 
birds and diadromous fish, which transcend both traditional 
ecosystem boundaries and localised conservation efforts 
(e.g. Gurney 2022). Additionally, while local management 
is often applied to situations with landscape-scale ecological 
processes, the reverse can also be true where blanket rules 
reduce the ability for targeted local management (e.g. Herse 
et al. 2020). Local scale management is a crucial component of 
species conservation, but many species will also benefit from 
a contextual approach that accounts for the scale of species 
interactions with their environment, and thus the whole suite 
of ecological processes governing their persistence.

The first benefit of considering landscape contexts affecting 
mobile species (such as birds) is that resource availability 
can be better understood and conserved. For example, we 
expect that species feeding across heterogenous landscapes 
can have more consistent access to resources through time 
than landscape-constrained species (Rooney et  al. 2008; 
Armstrong et al. 2021). This is particularly true in dynamic 
environments like braided rivers, where the availability of 
local food resources changes frequently with disturbances or 

                                    

physical environmental pressures. In these instances, local or 
specific food resources will disappear both in space and through 
time; however new resources become available because of 
asynchrony in spatially heterogenous locations. Predators able 
to take advantage of spatially and temporally dynamic food 
supplies will therefore benefit from differences in the timing 
of resource availability across a connected landscape. For 
example, spatial compensation affects the food resources of 
fish in Te Awa-a-Takatamira | the Cass River; although more 
resources are available during the summer than the winter, 
the existence of additional channel types provides more 
consistent availability of invertebrate prey than is provided by 
the major channels alone (Harris 2024). Additionally, mobile 
species utilise spatially varying resources in many different 
ways across a variety of spatial and temporal scales, including 
the exploitation of aquatic subsidies by predatory spiders, 
shifts in dietary regimes from aquatic to terrestrial with age 
in pohowera | banded dotterel (Charadrius bicinctus), and 
temporal shifts in generalist feeding based on availability in 
tarapirohe | black-fronted terns (Chlidonias albostriatus), e.g. 
from fish to lizards through the progression of the summer; 
Lalas 1977; Greenwood & McIntosh 2008; O’Donnell & Hoare 
2009; Harris 2024). Such use of spatially distinct resources 
depends on spatial heterogeneity and the ability of species 
to move between local environments, resulting in landscape 
connectivity. With landscape simplification, resources may 
become more variable or be lost altogether, potentially 
destabilising the persistence of native birds, fish, and lizards, 
and the invertebrates they feed on.

The spatial heterogeneity of resources also provides 
mechanisms for whole food-web stability (McCann et  al. 
2005; Bellmore et al. 2015; Fig. 1). When predators connect 

Figure 1. Two alternative food webs (depicted by shapes indicating trophic level and arrows indicating feeding interactions) show the 
consequences of multiple resource pathways when a resource at the bottom of the food web is removed during a stochastic event (orange 
‘not allowed’ symbol). In a scenario with one resource from one area (left-hand food web) negative effects will propagate up the food 
chain and indirectly impact species at higher trophic positions (orange arrow), whereas when there are multiple food sources (right-hand 
food web) these negative effects will be counterbalanced by other feeding options (blue arrow). Photo credits: AR McIntosh and H Harris.
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Figure 2. Rivers with more space relative to their flows (a) tend to have areas that remain intact during high flow events (circled in red) 
whereas large flood events in compressed rivers (b) caused by anthropomorphic management practices (c) tend to be more damaging. 
Areas that remain intact allow species refuges, recolonisation, and continuous species foraging (circled in red). Historic changes in land 
use can result in braided rivers transformed from highly heterogenous braidplain landscapes to areas swamped by water for dams or 
single channel rivers, often with ad hoc flood protection work in the form of tree planting. Photo credits: H Harris, I Barrett, K Whiting, 
AR McIntosh, and Land Information New Zealand (sourced from http://retrolens.com LINZ CC-BY 3.0).

spatially distinct food sources within a landscape, individual 
consumer-resource interactions likely become weakened 
(McCann et  al. 2005; Bellmore et  al. 2015; Harris 2024). 
Weakened interactions enhance food-web stability by reducing 
the likelihood of cascading effects through food chains. Such 
cascading effects may be either top-down (e.g. predator over-
feeding on a particular prey source) or bottom up (e.g. a prey 
species that has been limited by a disturbance subsequently 
restricting its predators) (McCann et al. 1998; Quévreux & 
Loreau 2022; Fig. 1). In a braided river, kōaro (Galaxias 
brevipinnis) could temporally reduce predation pressure on 
local invertebrate populations by moving between channels, 
while hunting spiders (e.g. Dolomedes spp. or Lycosidae) 
could reduce pressure on their terrestrial prey, such as moths or 
butterflies, by also catching emerging mayflies (Harris 2024). 
Spatial heterogeneity in this context works to moderate the 
strength of species interactions, thus potentially stabilising 
not only predator food sources but also naturally occurring 
oscillatory dynamics in populations (McCann et  al. 2005; 
Bellmore et al. 2015).

Preserving space for natural landscape heterogeneity 
means there will be more spatial refuges for mobile species 
(Bellmore et  al. 2015; Harris et  al. 2024; McCabe et  al. 
2025). Flooding can reduce food sources by removing aquatic 
invertebrate biomass, and can wipe out bird nests and territories 
(Hughey 1998; Sanders & Maloney 2002; Harris 2024). In a 
large, unconstrained braided river there is typically enough 
space for the high flows to move through the braidplain without 
inundating the river from bank to bank, thus providing refuges 
for fish and maintaining some undisturbed foraging areas for 
birds (Fig. 2a). When rivers are constrained, flooding impacts 

become more significant and widespread relative to river area, 
potentially removing all food sources and predators alike, both 
homogenising and synchronising the system (Harris 2024;  
Fig. 2b). Allowing space within landscapes for natural 
variability and heterogeneity is therefore an important 
component of maintaining ecological resilience.

The importance of conservation plans 
considering landscape context.

Progress in understanding the ecology of complex landscapes 
such as braided rivers has increased significantly (Tockner et al. 
2006; Gray et al. 2016; Hauer et al. 2016; O’Donnell et al. 
2016). However, there are still significant knowledge gaps in 
our ability to apply conservation management at the right scale 
to ensure ecological resilience. In particular, the difficulty of 
finding rare species and understanding their requirements, 
resource use, and locations through time hinders targeted 
conservation efforts. For example, we know little about the 
flow requirements for forming habitat of the upland long-
jaw galaxias (Galaxias prognathous) or the true invertebrate 
biodiversity specific to a given environment (Howard 2014; 
Murray & Anderson 2015; Eisenhauer & Hines 2021;  
Fig. 3). These uncertainties do not mean we cannot manage 
complex landscapes; rather we should manage them more 
conservatively. For example, in rivers, if the presence of a rare 
fish species is identified through broad detection methods such 
as eDNA, our lack of knowledge about the flow conditions, 
habitat formation, and resources the species requires should 
lead to more conservative minimum flow estimates. In this 
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Figure 3. Sites on Te Awa-a-Takatamira | Cass River with upland longjaw (a) populations (identified with green ticks) are difficult to 
identify in the field (b) and change in location over time (c; left to right). Flow conditions and requirements for the formation of these 
habitats are largely unknown. Photo credits: N Boddy and H Harris.

  

 

   

                          

  

example a more conservative management of macro-ecological, 
landscape-scale conditions such as flow will likely increase the 
protection of all the ecological processes associated with the 
persistence of rare species. Our increasing understanding of 
the complex interplay between landscape features and species 
persistence highlights the likelihood of local management 
decisions propagating across the landscape and through food 
webs (Gray et al. 2016; Hauer et al. 2016; Ward et al. 2023).

Landscape simplification and disturbance stressors will 
have compounding negative effects when species interactions 
and movement connect communities and food webs at large 
spatial scales (Harris 2024). Braided rivers in many parts 
of the world are following a trajectory of reduced braiding 
due to channelisation, damming, gravel mining, and flood 
protection works (Stecca et al. 2019). Reduced braiding will 
directly impact the mechanisms of resilience conferred by 
landscape heterogeneity but will also likely compound the 
effects of flooding because floods move through channels 
in a more concentrated manner, creating feedback cycles of 
disturbance (Gray et al. 2016; Harris et al. 2024; Fig. 2c). These 

compounding processes are particularly important to consider 
in a changing climate where rainfall extremes are predicted 
to increase, likely resulting in more extreme and potentially 
homogenising flood events (Srinivasan et al. 2021). Preserving 
the natural resilience of landscapes such as braided rivers by 
reducing the impacts of landscape simplification will be an 
important aspect of any conservation strategy incorporating 
climate change resilience (Gillson et al. 2013; Macinnis-Ng 
et al. 2021; Harris et al. 2024).

Specific challenges and recommendations for 
braided river conservation and management

Politicians
Politicians must balance many conflicting interests, but 
freshwater management at a national level is administered 
by the Ministry for the Environment and is typically directed 
through the National Policy Statement for Freshwater 2020 
(NPSFW). The guiding principle of the NPSFW is Te Mana 



6	 New Zealand Journal of Ecology, Vol. 49, No. 1, 2025

o Te Wai, which prioritises the health of water bodies and 
freshwater ecosystems (NPSFW 2020). However, the Resource 
Management Act (RMA) has led to a definition of riverbed 
(derived from common law) that ignores the complexity and 
special nature of braided river geomorphology and ecology, 
leaving the wider braidplain vulnerable and difficult to 
protect. To give effect to Te Mana o Te Wai, recognition that 
freshwater ecosystems are variable and dynamic, not static 
entities, must be incorporated into legislation. Rivers need 
room to create habitat heterogeneity within the landscape. 
Thus, braided rivers should be redefined at a national level to 
reflect this, and recommendations to councils should include 
recognising this variability. Recognising this need for natural 
variability at a national scale will not only increase our ability 
to give effect to Te Mana o Te Wai but may aid in reducing 
social risk from natural flooding events by removing the 
ability to build in designated floodplain areas (Chan et  al. 
2022). This recognition does not have to be to the exclusion 
of other activities, but requires that more weight be given to 
the configuration and spatial context of land-use practices 
such as flood protection works.

Planners
Regional Councils typically approach river management 
by fitting pre-existing practices into the RMA framework 
(Gray et al. 2018; McNeill 2016). Flood protection works, 
managed under The Soil Conservation and Rivers Control 
Act 1941, have traditionally been prioritised over preserving 
the natural character of rivers, despite subsequent direction 
to this effect in the RMA (Gray et  al. 2018). Additionally, 
there have been significant land-use changes that correspond 
with encroachment onto braidplains and reductions in river 
habitat variability (Walker et  al. 2003; Grove et  al. 2015; 
Gray et al. 2018; Brower et al. 2024). These approaches to 
planning and resource use simplify riverine landscapes. Thus, 
wider landscape context needs to be taken into consideration 
with plans incorporating the perspectives of land managers, 
rivers engineers, and ecological processes (Gray et al. 2018). 
This may also allow for synergistic projects whereby flood 
mitigation or contaminant buffers such as wetlands can be 
combined with species and ecosystem conservation to increase 
landscape heterogeneity and floodplain restoration. Support 
from politicians on a science-based definition of braidplains 
would significantly improve the ability of planners to implement 
this approach.

Managers
There are many types of river managers, often bound by their 
own specific policy constraints, such as improving water quality, 
reducing flood risk, or improving the outlook for a specific 
species. However, with a broad-scale contextual approach, 
managing impacts of braided rivers and their contribution to 
biodiversity persistence could be improved. There are many 
factors contributing to braided river simplification (Habersack 
et al. 2007; Stecca et al. 2019, 2023), but removing a stop bank 
on one side of the river to restore more natural river movement 
and reduce flood risk is becoming a more common management 
option (Piegay et al. 2006; Beagley et al. 2023). Allowing rivers 
more room can additionally restore some habitat heterogeneity 
and hydrologic connectivity by restoring some river capacity 
for braiding (Piegay et al. 2006; Barlow & Ashmore 2024). 
However, it is likely this will have to occur concurrently with 
long-term planning to avoid river bed weed-invasion. Not 

only will this allow ecosystems to function in a more resilient 
manner but will likely provide additional buffers to property 
damage in a future of increased flooding and extreme events.

Conclusions

Understanding of the interactions between spatial complexity, 
resilience, and landscape-scale conservation management has 
grown significantly over the past two decades (Peipoch et al. 
2015; Hauer et al. 2016). We have shown here that there are 
likely to be significant benefits to landscape-scale management 
for ecological outcomes in complex landscapes such as 
braided rivers and their braidplains. Ecological simplification 
of these threatened landscapes will have damaging effects 
on their biodiversity. Effects of simplification are likely to 
propagate through food webs, impacting the resilience of 
rare and threatened species that use these landscapes. An 
approach to management that incorporates landscape context 
and understanding of the impacts of ecological simplification 
may be more aligned with management frameworks such 
as Ki Uta Ki Tai (from the mountains to the sea; Tipa 2009; 
Crow et al. 2020). For example, many Māori communities 
recognise the importance of spatial heterogeneity within 
rivers, with some areas protected by tales of taniwha, and Ki 
Uta Ki Tai is a framework that requires a whole catchment 
understanding and scale of protection (Tipa 2009; Tipa et al. 
2016; Crow et al. 2020). While challenges surrounding land-
use practices, competing human interests, invasive species, 
and climate change remain, a shift in thinking towards a broad 
contextual understanding of the ecological processes involved 
at landscape scales could contribute to more successful and 
cohesive management outcomes for ecological processes and 
biodiversity in these landscapes.
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