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Abstract

Introduced salmonids are a major threat to New Zealand’s non-migratory galaxiids, yet
evidence for predator-driven habitat shifts remains limited. We experimentally tested
whether dwarf galaxiids (Galaxias divergens) altered habitat use in response to rainbow
trout (Oncorhynchus mykiss) presence or odour. Two habitat contrasts were offered: coarse
versus fine substrate and open versus vegetated cover, under three predator treatments
(trout-present, trout-odour-only, trout-absent). Generalised linear mixed models showed
no significant effects of trout treatment on galaxiid habitat choice in either experiment.
Substrate use was stable, with a consistent preference for coarse substrate regardless of
predator cues, while vegetation cover had no detectable influence on behaviour. These
results suggest that trout presence is unlikely to deter dwarf galaxiids from entire river
reaches, but their limited behavioural response may leave them more exposed to pre-
dation where refuge is scarce. Habitat enhancement, particularly maintaining coarse
substrate and reducing fine sediment, is likely to support the resilience of this short-lived,
r-selected species.

Keywords: fish conservation; introduced species management; Oncorhynchus mykiss;
Galaxias divergens; anti-predator behaviour; refuge use

Key Contribution: Dwarf galaxiids showed weak and inconsistent behavioural responses
to trout presence or odour under controlled conditions, suggesting limited predator recog-
nition. However, their consistent preference for coarse substrate highlights the importance
of benthic structure for habitat quality, independent of predator cues.

1. Introduction
Managing undesirable interactions between native and introduced species has become

a global conservation challenge [1,2]. Sayer et al. [3] estimated that globally, approxi-
mately one-quarter of freshwater fauna are threatened with extinction, with approximately
one-third of threatened freshwater fish facing threats from invasive species and disease.
Introduced species can affect natives through direct predation, competition for resources,
habitat alteration, hybridisation, and transmission of novel pathogens, as well as indirect
effects such as trophic cascades and altered nutrient dynamics [4,5]. However, not all
introduced species are considered invasive or cause substantial ecological damage [6,7],
with some introduced species considered beneficial depending on the desired ecological
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and/or human values [7–9]. Introduced fish may provide sustenance, support fisheries that
provide recreation opportunities and attract tourism, or provide income for restorations
and advocacy that benefits all freshwater fauna [10,11]. For example, while non-native
fishes are associated with substantial economic costs, introduced sport fishes may generate
economic returns an order of magnitude higher, as illustrated by recreational fisheries in the
U.S.A. [12]. Decisions as to whether introduced species are suppressed, eradicated, or even
enhanced are, therefore, dependent on local values and management objectives [13,14].
A large review has also highlighted a systematic and persistent bias in invasion biology,
where introduced species are disproportionately framed as harmful regardless of evidence
of actual impacts [15], highlighting the need for balanced, evidence-based evaluation when
assessing ecological risks and management priorities.

New Zealand’s freshwater fish biodiversity mirrors the global trend of an increasing
decline in distribution, with 62% of native species experiencing significant declines [16].
Declines have largely been driven primarily by land use change, resulting in sedimentation
and eutrophication, and compounding impacts from migration barriers and introduced
species [16,17]. The introduction of salmonids (particularly rainbow trout Oncorhynchus
mykiss and brown trout Salmo trutta) has been implicated as a major driver of population
fragmentation and decline of several species of native fish [18–20]. Trout have even been
included in the IUCN Invasive Species Specialist Group’s list of the “100 of the World’s
Worst Invasive Alien Species” [21], reflecting their ecological impacts in some regions.
However, such designations are context-dependent, and in New Zealand, trout are also a
valued recreational species [22,23]. The extent and severity of their impact on native fishes
varies, with some native species observed coexisting with trout in certain locations but not
others. Coexistence likely hinges on native fish species population resilience to predation,
the abundance and availability of food, including the accessibility of habitat refuge to reduce
predation, and the suitability of habitat to support dense trout populations [18–20]. Temporal
changes in pressure further complicate impact quantification. A global meta-analysis of
brown trout (Salmo trutta) introductions over the past 170 years found that impacts were
strongly negative immediately after introduction but diminished over time, becoming, on
average, non-significant more than a century later [24]. Given this variability across space
and time, manipulative experiments are essential to disentangle correlation from causation
and to clarify the mechanisms by which trout influence native fish populations.

The degree to which habitat refuge protects species from predation depends not just
on habitat availability, but also on prey species’ ability to use it [25–27]. New Zealand
fishes, especially native species like bullies and non-diadromous galaxiids, seek refuge
from predators and floods using various physical habitats, including benthic interstitial
spaces [28–30]. Riparian vegetation also supports populations by offering cover and
food [31,32]; for example, Graynoth [33] observed a sharp decline in dwarf galaxiids after
riparian clear-felling. The use of refuge habitat by prey in experimental studies can vary
with species, predator size, and experimental design [34–36]. Galaxiids avoid eel odour but
not trout cues, even when experienced with trout, suggesting limited recognition of trout
or a stronger response to eel dominance in New Zealand freshwater systems [35,37,38].
Their short evolutionary history with salmonids may explain the lack of specific avoidance
behaviours [35,39]. Limited recognition of trout cues may leave galaxiids more exposed
to predation, which has been linked to population fragmentation [40–42], and higher
galaxiid densities upstream of trout presence [40,43,44]. However, learning is possible,
as common bullies (Gobiomorphus cotidianus) learned to associate novel predator odours
with risk after a single exposure [45], and inanga (Galaxias maculatus) showed strong
responses to conspecific alarm cues [46]. It is plausible that the behaviour of other native
fish has adapted in response to the presence of salmonids after 150 years of interactions.
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Furthermore, it is unclear whether the extent to which the lack of overlapping distributions
between trout and some galaxiids is because of predator avoidance, competitive exclusion
or natural differences in habitat preference. Some argue that observed differences in native
species presence between sites with and without trout may overstate causation, instead
reflecting underlying differences in habitat suitability or land use rather than direct impacts
of trout [17,18,47]. Most existing evidence is, therefore, based on correlative field studies,
with only limited experimental work directly testing predator-driven behavioural shifts in
galaxiids. Controlled manipulative experiments are needed to disentangle predator effects
from environmental variability and provide a mechanistic understanding of habitat use.

New Zealand’s dwarf galaxiids (Galaxias divergens) are likely highly susceptible to
salmonid predation due to their small size, poor predator recognition, and frequent overlap
with trout [48]. This benthic, non-migratory species is endemic to New Zealand and
reaches a maximum length of ~90 mm. They are largely benthic and occur in cobble and
gravel riffles of small streams and river margins, particularly in foothill catchments, and
feed diurnally on benthic and drifting invertebrates [48,49]. With a lifespan of ~3 years,
females typically mature within 1–2 years and spawn in spring and possibly autumn,
producing moderate numbers of relatively large eggs [43,49]. Listed as endangered on the
International Union for Conservation of Nature (IUCN) red list, the species faces multiple
threats, including predation by trout and birds, and ongoing habitat fragmentation and
range contraction due to both human impacts and natural barriers [17,50,51]. Nevertheless,
trout have clear potential to influence dwarf galaxiids, as both rely heavily on aquatic
macroinvertebrates as a primary food source [48,49], creating scope for strong dietary
overlap and competition in addition to predation. The small body size, benthic habits, and
frequent co-occurrence of dwarf galaxiids with trout make them especially vulnerable to
both direct mortality and resource limitation. Their persistence alongside trout in some
systems suggests that local habitat features, prey availability, or behavioural adjustments
may mediate these interactions, yet the underlying mechanisms remain unresolved.

Given this habitat overlap and potential vulnerability to trout, dwarf galaxiids repre-
sent a suitable model for testing predator-driven habitat selection. However, the role of
trout predation in structuring native fish populations remains debated. Long-term field
data indicate that hydrological variability can outweigh predator effects in some systems.
In a South Island stream, Hayes [52] found no consistent evidence that juvenile trout re-
duced native fish abundance; instead, flood events were the primary driver of temporal
changes in fish populations. Yet, correlative evidence suggests reduced dwarf galaxiid
populations in locations overlapping with trout [20]. Given the numerous ways that species
interactions are dependent on abiotic factors, understanding the importance of how species
interactions affect the use of habitat is, therefore, critical to the effective management of
species interactions.

This study experimentally tested whether dwarf galaxiids alter their habitat pref-
erences in response to trout presence (providing visual and chemical cues) or chemical
cues only released from upstream trout. Two contrasting habitat choices were offered:
(1) sandy vs. cobbly substrate and (2) absence vs. presence of overhanging vegetation—
each providing one option with greater refuge potential. We hypothesised that galaxiids
would prefer cobbly or vegetated habitats when exposed to trout or their cues, but not
when these cues were absent.
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2. Materials and Methods
2.1. Dwarf Galaxiids and Their Collection

The dwarf galaxiids used in this experiment were sourced from the Manga-o-nuku
Stream, Hawkes Bay, North Island, New Zealand, using a combination of backpack electric
fishing and herding via foot shuffling into stop nets. Approximately 400 fish (~70–90 mm
in fork length (FL)) were collected and transported to the Fish and Game hatchery facility
in Napier, North Island, New Zealand, where the experiment was conducted. The galaxiids
were acclimatised to the hatchery facility within a large, aerated tank, where they were
liberally fed Ridley 4 mm Tasman Freshwater palleted fish food (47% protein, 24% fat),
which they readily consumed. The galaxiids were then allowed to adjust to changes in
temperature, light, and location for seven days prior to the experiment beginning.

2.2. Habitat Preference Experiment

Two separate experiments were run: (i) a riparian cover preference experiment and
(ii) a substrate preference experiment. These were independent and conducted on different
days, with troughs flushed overnight between experiments to eliminate residual cues.

The entire experiment was conducted within the Hawkes Bay Fish and Game hatchery
facility, which ensured all treatments were of the same size and had the same water flow,
light, temperature, and water quality. All rainbow trout (Oncorhynchus mykiss) used in this
experiment were approximately two years old and between 190 and 290 mm long (FL)
and reared on-site in large exterior ponds. Selecting trout larger than 150 mm ensured
they were of piscivorous length [53]. The trout were fed with their usual food pellets for
the duration of the experiment to reduce any risk of direct predation on the galaxiids,
as the focus of this experiment was on changes in habitat preference, not predation, as
per animal ethics requirements (ethics protocol number 19/75; Massey University Ethics
Committee). We note that providing trout with pellet food may have influenced their
aggressive behaviour towards galaxiids. Food abundance is known to modify aggression
and territory size in salmonids, with aggression generally peaking at intermediate food
levels but persisting even under high rations [54]. Aggression in trout persists across
densities and size structures, and rainbow trout frequently outcompete native salmonids
for feeding stations regardless of food supply [55,56]. Thus, while supplemental feeding
may have reduced hunger-driven chasing, it is unlikely to have removed competitive or
aggressive interactions entirely.

Each experimental replicate was a channel system consisting of three troughs (or
zones) in series, each trough measuring 2 m in length, approximately 50 cm in depth
and width, with a constant water flow of ~0.18 m3 from the uppermost trough to
the lowest (water depth = 30 cm, temperature = 11 ◦C, dissolved inorganic nitrogen
concentration = 0.11 mg N/L, dissolved reactive phosphorus concentration = 0.04 mg/L).
All troughs were supplied from a single header tank with evenly split inflows, ensuring
consistent current velocity across zones (Figure 1). The header tank was fed continuously
from groundwater to ensure constant pressure remained. Each trough contained material
(vegetation or substrate) that either provided or denied the dwarf galaxiids places to hide.
The two habitats were clearly delineated within a trough but randomly ordered. Within
each trough, zones were separated by notched concrete dividers, which prevented fish
from observing fish in adjacent zones. Mesh screens (2 mm aperture) were placed over
drains to prevent fish loss (Figure 1).
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Figure 1. (A) Overall experimental facility layout with a header tank continuously feeding twelve
replicate concrete channels. Each channel contained three flow-through zones: the upper zones
contained no trout or odour, the middle zones contained a single trout to provide both visual and
chemical cues, while the lower zone contained no trout but received the chemical cues from the
middle zone. Panel (B) shows a photo of two adjacent zones (separate channels), with the zone evenly
split into two contrasting habitats (cobbles and fine sediment). The vegetation experiment did not
have contrasting substrates but instead had artificial macrophytes floating over half of the zone. All
zones contained six dwarf galaxiids.

Six randomly selected dwarf galaxiids (regardless of sex or any apparent colouration or
behavioural differences) were introduced into each section of the trough; this corresponds
to a high stocking density typically observed when schooling [52,57,58]. Galaxiids were fed
palleted fish food and allowed to adjust to the new troughs, which contained the same water
supply they had been acclimated to. In accordance with the approved ethics protocols, feed
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was available for the entire duration, including during the acclimatisation phase. After
the adjustment period, a single rainbow trout was placed in the middle trough section
of each replicate. This created three treatments: the upper sections with dwarf galaxiids
only (no trout cues), the middle sections where galaxiids were directly exposed to both
the physical presence and chemical cues of trout, and the lower sections where galaxiids
experienced trout odour alone without any physical presence. The number of dwarf
galaxiids in each habitat were recorded immediately before trout addition, approximately
every hour after trout addition, and then after trout were removed. Observations were
made by two observers randomly assigned to each trough in each instance to minimise
observer bias. Fish were observed to rapidly mobilise when startled by observers, so
each observer waited two minutes beside the trough before beginning counts to allow fish
behaviour to normalise, consistent with Hay [49].

2.2.1. Riparian (Vegetation) Experiment

The riparian experiment used twelve replicates and ran with trout present for five
hours (between 16:30 and 21:30 h) over dusk when trout are most actively foraging. One-
half of each of the three sections of each replicate was draped with artificial leafy vine,
forming floating riparian refuges. Riparian coverage was randomly allocated to moderate
any possible impact of differences in lighting and other variables. The bottoms of each of
the troughs were lined with white paper to assist with dwarf galaxiid visibility, as some
of the fish were small (~3 cm) and dark, and thus difficult to spot against the concrete.
Following completion, the system was flushed overnight to reset conditions, and the sub-
strate preference experiment was run the next day. This ensured independence between
trials and eliminated residual cues from the previous treatment. This produced 7 observa-
tions per replicate (one pre-trout, five hourly during, and one post-trout), giving a total of
84 observations across all replicates.

2.2.2. Substrate Experiment

The substrate preference experiment was conducted independently on the following
day, after the riparian experiment. Troughs were flushed overnight to remove residual
cues. An experiment malfunction meant the substrate experiment had ten replicates that
ran for four hours (18:20–22:20 h) instead of the twelve replicates for five hours used
in the vegetation experiment. Substrate within each trough section was divided into
two habitat types: half cobbles and larger stones providing interstitial cover, and half
fine gravel lacking interstitial spaces. Dwarf galaxiids were added as per the riparian
experiment, and trout were introduced only into the middle trough section to generate the
three treatments (control, odour, trout-present). Observations followed the same schedule
as in the riparian experiment (pre-trout, hourly, post-trout). This produced 6 observations
per replicate (one pre-trout, four hourly during, and one post-trout), resulting in a total of
60 observations across all replicates.

2.3. Statistical Analysis

For each experiment separately, we modelled the number of dwarf galaxiids observed
in open habitat (no cover or fine substrate without interstitial spaces) as the response
variable. Treatment (control, trout-present, trout-odour), observation time, and their inter-
action were included as fixed effects. Replicate through identity was included as a random
intercept to account for repeated observations within troughs. Generalised linear mixed
models (GLMMs) with a negative binomial error distribution and log link were fitted
using the R package glmmTMB (v1.1.11) [59]. Model assumptions and fit were evaluated
using the DHARMa package (v0.4.7) [60], including simulation-based residual diagnostics,
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dispersion tests, and zero-inflation tests. No evidence of overdispersion or zero-inflation
was detected. All analyses were carried out in R version 4.4.3 [61].

3. Results
3.1. Vegetation Choice Experiment

In the vegetation choice experiment, there were no significant effects of trout treatment,
time, or their interaction on the number of dwarf galaxiids observed in open water (all
p > 0.1; Table 1). The final model had an AIC of 182.8, BIC of 202.8, log-likelihood of −83.4,
and 82 residual degrees of freedom. Model diagnostics confirmed a good fit, with no
overdispersion (p = 0.896) and no zero-inflation (p = 0.944).

Table 1. Fixed-effect estimates from generalised linear mixed models (GLMMs, negative binomial
distribution) testing the effects of trout treatment (control, odour, trout-present), time, and their
interaction on the number of dwarf galaxiids observed in open habitat. Analyses were conducted
separately for the vegetation and substrate experiments, with replicate trough as a random effect.

Experiment Term Estimate Std. Error Z Value p Value

Vegetation

Intercept −0.627 0.617 −1.016 0.31
Treatment Odour −0.804 0.898 −0.896 0.37
Treatment Present 0.577 0.988 0.584 0.559

Time 0.071 0.268 0.267 0.789
Treatment Odour: Time 0.371 0.388 0.957 0.339
Treatment Present: Time −0.795 0.534 −1.489 0.137

Substrate

(Intercept) −0.7 0.672 −1.042 0.298
Treatment Odour 0.836 0.857 0.976 0.329
Treatment Present −1.249 1.212 −1.031 0.303

Time 0.08 0.301 0.267 0.789
Treatment Odour: Time −0.179 0.394 −0.454 0.65
Treatment Present: Time 0.261 0.526 0.496 0.62

3.2. Substrate Choice Experiment

In the substrate choice experiment, there were no significant effects of trout treatment,
time, or their interaction on the number of dwarf galaxiids observed over fine substrate
(all p > 0.3; Table 1). The final model had an AIC of 198.8, BIC of 218.8, log-likelihood of
−91.4, and 82 residual degrees of freedom. Model diagnostics confirmed a good fit, with
no overdispersion (p = 0.896) and no zero-inflation (p = 0.904).

4. Discussion
In the substrate experiment, there were no significant effects of trout presence or odour

on the number of dwarf galaxiids observed over fine or coarse substrates, suggesting that
substrate use was not influenced by predator cues under our conditions. This is consistent
with studies showing that galaxiid substrate preferences are often stable despite trout
presence. For example, McIntosh et al. [62] found that G. vulgaris consistently used coarse
substrate during the day regardless of trout, although at night galaxiids shifted to slower-
flow areas in the presence of trout, indicating altered space use under competition rather
than direct avoidance. Howard [37] also reported no change in refuge-seeking by G. vulgaris
in response to trout odour, supporting the view that predator cues do not universally
trigger microhabitat shifts. In contrast, Sowersby, Thompson, and Wong [27] found that G.
arcanus actively avoided trout on sand but cohabited with them on cobble, suggesting that
habitat complexity mediates predator perception. Woodford and McIntosh [63] reported
higher disappearance rates of galaxiids in pens with large trout, but interpretation was
confounded because many fish escaped between pens and trout densities and size classes
were unintentionally altered. These design issues make it difficult to separate true predation
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effects from artefacts. In contrast, our experiment used individually housed trout of known
size with physical separation between treatments, reducing both actual and perceived
predation risk. Overall, the absence of predator effects and consistent substrate use in our
experiment suggests dwarf galaxiids prefer structured habitat regardless of trout presence.

In the vegetation experiment, GLMM testing indicated dwarf galaxiids showed no
difference in their use of open versus vegetated habitat across trout-present, trout-absent,
or odour-only treatments. This indicates that submerged vegetation (such as from floating
macrophytes or overhanging riparian) had little influence on habitat selection under the
conditions tested, contrary to expectations that visual cover would provide refuge from
predators (both avian and fish). One possibility is that, as benthic dwellers, dwarf galaxiids
rely more on substrate-associated cover than on floating or overhead structure. Further
trials using rooted macrophytes or woody debris could help clarify how dwarf galaxiids
use physical habitat to mitigate predation risk.

Behavioural responses to trout may also vary with environmental context or between
galaxiid populations. Edge et al. [34] found that three genetically distinct G. vulgaris
populations within the Taieri River system, which also contains a brown trout (Salmo trutta)
fishery, differed markedly in posture, activity, and feeding behaviour in response to brown
trout. While one type adopted cryptic postures and reduced feeding, another remained
active and continued foraging despite predator presence. These differences occurred under
identical experimental conditions, indicating innate or population-specific variation in risk
sensitivity. Our observed lack of vegetation effects and generally weak responses may
similarly reflect lineage-specific behavioural traits or low responsiveness to the particular
predator or conditions tested. This highlights the importance of considering intraspecific
variability when assessing anti-predator behaviour in galaxiids.

While galaxiids and trout are often negatively associated in field surveys [20], our
results suggest caution in interpreting such patterns. Naive correlations between trout
presence and galaxiid absence risk conflating correlation with causation: displacement
is often assumed, yet our experiment indicates that dwarf galaxiid behaviour did not
change in the presence of trout. Instead, other pressures may drive local absences, such as
habitat loss or cumulative effects. Alternatively, these patterns could reflect fundamentally
different habitat preferences, with the two species overlapping only at the margins of their
ecological niches.

Our experimental conditions inevitably simplify the natural environment. In the wild,
dwarf galaxiids and trout interact in larger, more complex habitats with variable flow,
depth, and cover, which may create stronger or more diverse cues than those available in
tanks. Nonetheless, the presence of visually exposed, free-swimming trout in our design
provided a direct predation risk that galaxiids could perceive. Another consideration
is whether dwarf galaxiids and trout overlap strongly in habitat use. Trout are typically
larger, water-column-oriented predators, whereas dwarf galaxiids are small, benthic species
that use coarse substrate as cover. This separation may reduce direct competition for
space, with interactions driven more by predation risk than habitat displacement. This
separation in size and microhabitat use means that direct competition for space is likely
limited, with dwarf galaxiids occupying benthic refuges within coarse substrates while
trout dominate the water column. Interactions, therefore, arise primarily through predation
rather than overlap in habitat demand. Such ecological partitioning may partly explain
why behavioural responses were weak in our study and why field associations should
not be assumed to reflect competitive exclusion. Although simplified, the presence of
visually exposed, free-swimming trout meant that dwarf galaxiids were exposed to a direct
predation risk comparable to what they might perceive in the wild, ensuring that the core
predator–prey dynamic was preserved even without the full complexity of natural streams.
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These findings also have implications for habitat management. Although dwarf galaxi-
ids did not shift substrate use in response to trout, their consistent use of coarse substrate
across treatments aligns with previous studies showing that non-migratory galaxiids are
strongly benthic and rely on coarse interstitial spaces for refuge and foraging [64–67]. Fine
sediment inputs reduce this habitat quality by filling interstices, suppressing macroin-
vertebrate prey, and increasing exposure to predators and high flow [68,69]. A lack of
behavioural response to trout may leave dwarf galaxiids more exposed to predation where
coarse substrate is scarce, reinforcing the importance of maintaining habitat structure.

Conservation actions that enhance coarse benthic habitat and overall stream condition
are, therefore, critical. Measures include reducing sediment and nutrient inputs, restoring
riparian vegetation, stabilising banks, excluding livestock, and re-establishing physical
habitat complexity. Trials removing deposited fine sediment in New Zealand streams
have improved macroinvertebrate density and fish habitat, benefiting both native fish and
trout [70]. In some catchments, conservation programmes have also used trout barriers
or targeted headwater reaches to protect vulnerable galaxiid populations [42,44]. More
broadly, improving native fish habitat irrespective of trout presence may be the most
effective approach to building resilience, considering widespread habitat degradation and
the cumulative nature of disturbance impacts [71,72]. For dwarf galaxiids, which are short-
lived and rely on high reproductive output (R-selected), habitat enhancement that increases
refuge, food availability, and resilience to multiple pressures will likely provide the greatest
conservation gains.

At the policy level, the National Policy Statement for Freshwater Management 2020
requires regional councils to maintain or improve freshwater condition to at least minimum
standards, including those relating to fish habitat and both deposited and suspended
sediment. The Resource Management (National Environmental Standards for Freshwater)
Regulations 2020 set enforceable requirements for activities affecting freshwater, including
specific standards for fish passage that are critical for maintaining galaxiid connectivity. In
addition, the Conservation (Indigenous Freshwater Fish) Amendment Act 2019 provides
for the development of native freshwater fish management plans, thereby providing the
Department of Conservation with tools to address key threats to non-migratory galaxiids
through habitat restoration and species-specific management. Collectively, these instru-
ments strengthen the mandate for the protection and enhancement of habitat that will
improve the resilience of dwarf galaxiids and must be retained or further strengthened
over time to reduce their extinction risk and support long-term population recovery.

5. Conclusions
In conclusion, dwarf galaxiids showed no significant shifts in habitat use in response

to either trout presence or predator odour under controlled experimental conditions. While
they consistently used coarse substrate, this preference was unaffected by predator cues,
and overhead vegetation had no detectable influence on habitat use. The absence of a
clear predator response may leave dwarf galaxiids more exposed to predation, reinforcing
the importance of habitat preference in mediating risk. As an R-selected species, their
persistence is likely to depend on the availability of high-quality habitat that buffers
multiple pressures. Maintaining or restoring coarse benthic habitat and reducing fine
sediment inputs, therefore, remain key priorities for supporting dwarf galaxiid populations
and improving their resilience to both land use impacts and predation.
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