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INTRODUCTION
The Cape Fold Ecoregion (CFE) biodiversity hotspot (Fig
1) of South Africa is home to an assemblage of rangerestricted endemic freshwater fishes, the majority of
which face serious risk of extinction. Principal factors
responsible for this situation include human-linked
destruction of aquatic habitats like the introduction of
non-native freshwater fishes, water abstraction (Fig 2)
and pollution. These threats have resulted in marked
decreases in the distribution ranges and abundances of
many native species over the last century. While
research on the detrimental impacts of non-native fishes
and habitat destruction on native fishes has been
undertaken, the more-recently recognised threat of
climate change has, until now, not been adequately
addressed.

change for freshwater fishes in South Africa, if not in
Africa (Fig 3). Despite being widely acknowledged as a
top threat to biodiversity and ecosystem functioning,
climate change impacts are notoriously difficult to
quantify. This is partly because of the challenges
associated with conducting studies at the timescales over
which climate change processes operate, and partly
because of the challenge of uncoupling climate change
impacts from other threats and environmental pressures.
Thus, climate change investigations generally adopt the
approach of examining relationships between species
and temperature, or flow, and then scaling-up those
relationships to estimate changes in species’ distributions
under different climate change scenarios - an approach
that has been adopted in this project.
This research was a collaboration between the
Freshwater Research Centre (FRC), the South African
Institute for Aquatic Biodiversity (SAIAB) and
CapeNature; and was jointly funded by the Table
Mountain Fund (WWF) and the Water Research
Commission (WRC) of South Africa.

Fig 1. Primary catchments and biomes falling within the Cape
Fold Ecoregion which were included in this study.

Freshwater ecosystems will be among the systems most
strongly impacted by climate change. Several climate
model projections warn of widespread invasions,
extinctions and the redistribution and loss of critical
ecosystem functions within mediterranean regions like
the CFE. Climate change predictions for the CFE include
measurable increases in water temperature and
decreased total runoff over the next 50-100 years. The
predicted decrease in river flows and increase in water
temperatures could potentially increase the risk of
extinction for already-fragmented remnant populations
of native fishes. This situation presents a major challenge
for conservation organisations mandated with devising
strategies to prevent species extinctions. Designing
effective conservation plans to safeguard these species
and associated habitats into the future requires reliable
information on species sensitivities to changes in
temperature and flow, and on how climate change
impacts will influence existing species population trends.
The research presented in this document represents the
first attempt to examine the consequences of climate

Fig 2. Over-abstraction of water is a key factor contributing to
aquatic habitat degradation in rivers in South Africa’s Cape
Fold Ecoregion (CFE)

AIMS AND OBJECTIVES
The overall objective of the study was to increase our
understanding of the potential consequences of global
climate change on native and non-native freshwater
fishes in the CFE, and to use this information to inform
conservation efforts, water management and resource
protection in this region. The primary aims of this study
were to:


Determine the vulnerability of native fishes in
the CFE to a changing environment.
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Fig 3. Major themes (centre panels) used to organise key messages emerging from the different studies described in the individual
chapters (summarised in the boxes on the left and right) and feed into managing and mitigating climate change impacts.










Map the current distribution of native and nonnative fish species in the CFE based on existing
and new data.
Evaluate the vulnerability of native fish species
and the threat of non-native fish species in the
CFE under projected climate change.
Characterise flow, habitat and thermal
requirements of target fish species.
Evaluate the likely consequences of climate
change on fish species distributions through
scenario analysis.
Provide recommendations for the conservation
of indigenous fishes in the CFE; thereby
contributing to the identification of high priority
freshwater ecosystems in South Africa that need
to be protected and sustainably managed.

APPROACH
These aims were addressed through a series of
complementary studies, each corresponding to a chapter
in the final report to the Water Research Commission:
Dallas et al. 2017 – this document is intended as a
chapter-by-chapter synopsis of that report. The research
employed a range of approaches designed to address
specific gaps in our knowledge about the consequences
of climate change for CFE freshwater fishes. Chapters 3,
4 and 5 comprise a series of field studies that examined
the role of temperature, flow and other environmental
factors in explaining local and regional distribution
patterns of native fish populations in the wild. Chapter
2|Research Synthesis

6 estimated upper thermal limits and thermal
preferences of selected native species in an
experimental setting. Chapters 2 and 7 capitalised on
what we know about the factors influencing species
distributions at present and make predictions about the
vulnerability of different species under different climate
change scenarios.
In this document, summaries of the main findings and
conclusions from each chapter are provided, and the key
messages are unpacked under three main themes
including (1) the thermal requirements of CFE native
fishes (Chapters 3, 4 and 6), (2) current threats facing
CFE native fish with a focus on the roles of temperature
and flow as limiting factors (Chapters 3, 4 and 5) and
(3) future threats facing CFE native fish, with a focus on
the roles of temperature and flow (Chapters 2 and 7).
Within each theme (Fig 3), we draw on ‘target species’
(selected data-rich species) as examples to highlight key
aspects of climate change impacts for CFE freshwater
fishes. Finally, we light the way forward for future
research in this field by unpacking key questions that
address the main knowledge gaps identified from the
findings of this research project.
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CHAPTER 2: VULNERABILITY OF CFE
FRESHWATER FISHES TO CLIMATE CHANGE
AND OTHER HUMAN IMPACTS
The decline of native freshwater fish populations
throughout the CFE presents a major conservation
challenge that requires identifying management
priorities through assessing species in terms of their
vulnerability to climate change and other human-linked
impacts. In this study we employed the rapid assessment
method of Moyle et al. (2013), to determine the relative
vulnerabilities of different species to climate change and
other human impacts. Eight local freshwater fish experts
conducted vulnerability assessments on 20 native and 17
non-native freshwater fish species present in the CFE.
Results show (1) that native species were generally
classified as being more vulnerable to extinction than
were non-native species, (2) that climate change impacts
are expected to increase the vulnerability of most
native, and some non-native, species, and (3) that
vulnerability hotspots requiring urgent conservation
attention occur in the Olifants-Doring, upper Berg and
upper Breede River catchments in the south-western
corner of the region (Fig 4).

In addition to providing guidance for prioritizing
conservation actions, this study highlights the need for
reliable data on the biology and distribution of many
CFE freshwater fishes (Fig 5), and emphasises that
identification of priority areas for protection should be
based on multiple sources of data.

Fig 5. The charismatic fiery redfin (Pseudobarbus phlegethon)
has been adversely affected by non-native species
introductions and habitat alteration, and now ranks among the
CFE’s must threatened freshwater fishes (photo by Geoff
Spiby).

CHAPTER 3: WESTERN CAPE CASE STUDY:
THE ROLE OF TEMPERATURE IN MEDIATING
NATIVE AND NON-NATIVE FISH
POPULATIONS

Kilometres

Kilometres

Fig 4. Climate change vulnerability projections for native
freshwater fishes in Cape Fold Ecoregion based on (a) all
species and (b) species for which vulnerability assessments had
high levels of certainty. Species distribution data represent
species records post-2000.

Introduced rainbow trout have invaded many
headwater streams in the CFE and pose arguably the
greatest threat to several species of threatened native
fishes (Fig 6). Trout impacts in these systems appear to
be density-dependent, and we hypothesized that
temperature could be a key factor determining trout
density and corresponding impacts on native fish. In this
study, we took advantage of natural spatial and
temporal thermal heterogeneity in two headwater
streams to investigate the influence of temperature and
other environmental factors on trout density.
We found that temperature was the main factor limiting
trout density during summer surveys (hottest months), with
highest trout densities recorded at relatively cool sites (7
day maximum temp < 24 °C) and trout generally
absent from relatively warm sites (7 day maximum temp
> 27 °C). In comparison, native fish density was best
explained by trout density (inverse relationship) during
summer, but by other environmental variables like
habitat complexity during autumn and spring.
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Our results (Fig 8) show that trout distributions expand
during cooler seasons (autumn and spring) when thermal
heterogeneity and maximum temperatures are relatively
low, but contract into thermal refugia (habitat patches
that remain relatively cool) as temperatures and thermal
heterogeneity increase over summer, leaving warmer
habitat patches vacant and able to function as
predation refugia for native fish (Fig 7).

Fig 6. Introduced rainbow trout pose arguably the greatest
threat to remaining populations of many small-bodied CFE
freshwater fishes, but the strength of their impact is linked to
the thermal dynamics of headwater habitats.

Our findings are somewhat novel given that climate
change is expected to exacerbate non-native species
impacts on native species, and may have the
unexpected outcome of benefiting threatened native fish
populations in CFE headwater streams.
Finally, our understanding of climate change impacts on
fishes in these systems could be advanced through (1)
modelling the extent of trout distribution changes under
different climate change scenarios, and (2) investigating
invasions and impacts of warm-tolerant non-native fishes
into headwater sections of CFE streams.

Fig 7. (Left) One of the many pools in the Amandel River that
provide habitat for native and non-native fishes.
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Fig 8. Distribution of sites with trout only, trout and native fish together and native fish only along axes of maximum temperature
(Max_7 over the month preceding fish sampling) during autumn, spring, early summer and late summer in the upper Berg River.
Plots on the left represent the densities of trout, and plots on the right show the densities of native fish (redfin, kurper and galaxias
combined) at each site during each season. Bubble sizes are scaled to fish densities.
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CHAPTER 4: EASTERN CAPE CASE STUDY:
PSEUDOBARBUS AFER AND PSEUDOBARBUS
SWARTZI AND THERMAL REGIMES
Non-native black bass species (largemouth bass
Micropterus salmoides, smallmouth bass M. dolomieu and
spotted bass M. punctulatus) and African sharptooth
catfish Clarias gariepinus have invaded streams in both
the upper Gamtoos and Swartkops River systems (Fig 9).
Due to loss of temperature loggers in the Swartkops
River system (Blindekloof tributary), there were
insufficient temperature data with which to assess the
potential effects of temperature on the Eastern Cape
redfin Pseudobarbus afer distributions. However, the
colonisation of sites in the lower Blindekloof River by P.
afer after the disappearance of M. salmoides and M.
dolomieu suggests that temperature is not a limiting
variable (Fig 10). Densities and distribution of
Pseudobarbus swartzi in the Bos River were influenced by
the presence of non-native predatory fishes but could
also be correlated to temperature. Comparisons of
thermal regimes in the rivers with fish distributions
suggest that P. swartzi downstream distributions are
likely to be influenced by stream temperatures. From a
thermal tolerance perspective, the entire range of
occupancy of P. afer and P. swartzi is habitable by nonnative Micropterus spp. and C. gariepinus.

Fig 9. Preparing to undertake a snorkel survey in the
Blindekloof River, a tributary of the Swartkops River in the
Eastern Cape.

Given the strong impacts of Micropterus spp. on redfin
minnows documented elsewhere this puts these
populations at risk if the physical or behavioural factors
limiting the penetration of non-native fishes into
headwater streams are breached. Due to the strong
impacts of non-native fishes on native fish populations
observed elsewhere, it not impossible to attribute the

Fig 10. Pseudobarbus afer density along the Blindekloof River
in relation to the distance from the Swartkops confluence in km.
The maximum value of the Max_7 temperature along a part
of the distribution is shown, as is the reach of the river where
black bass (Micropterus spp.) have previously been recorded.

absence of redfin minnows in the lower stream reaches
entirely to thermal constraints and it is likely that
temperature and non-native fish predation act in
synergy to limit their downstream distributions.

CHAPTER 5: BREEDE RIVER REDFIN
(PSEUDOBARBUS BURCHELLI) POPULATION
SURVEYS
In this study, we examined the physico-chemical factors
that may be constraining Breede River redfin
Pseudobarbus burchelli populations (Fig 11) at a reach
scale at the limits of the species’ distribution range.
Thirty one of the 58 sites visited during the survey were
dry. This was partly attributable to drought conditions
prevailing at the time of the survey, but also because of
dams and extensive abstraction from tributary reaches
in mountain stream zones (Fig 12). Non-flowing sites had
higher conductivities, lower dissolved oxygen and higher
total dissolved solids values compared to flowing sites.
P. burchelli populations persisted through the summer
months in rivers with low discharges, but were absent at
sites where there was no flow. The species was present
at sites with mean conductivities (115.5 μmS/cm) but
absent from sites with conductivities of > 677 μmS/cm.
They were present at sites with percentage dissolved
oxygen saturation > 80%, pH > 4.9, and at sites that
displayed considerably lower TDS values than the mean
for all sites.
Comparing historical records with extant populations
sampled during the survey suggest that range
restrictions have probably occurred over the last 35-50
years, but that they are likely to have stabilized at their
current levels over the last decade.
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temperatures recorded in these rivers were used to
generate thermal metrics for characterising thermal
signatures of each river. Both upper thermal limits and
preferences varied significantly between species (Fig
14). Cape galaxias Galaxias zebratus appeared to be
the most thermally sensitive (Fig 13), while Cape kurper
Sandelia capensis was the least thermally sensitive.
Upper thermal limits varied significantly within the genus
Pseudobarbus and the species S. capensis, with
differences primarily linked to the east-west gradient,
where P. afer was less thermally sensitive than its
western counterparts (P. burgi, P. burchelli, P. calidus and
P. phlegethon).
Fig 11. Breede River redfins (Pseudobarbus burchelli) at a site
with healthy flow despite the drought (photo Steve Benjamin).

These preliminary results suggest that although
populations of Breede River redfin persist under drought
conditions in flowing water, they are unlikely to persist in
habitats where flow stops in summer, most likely since
these conditions are associated with water quality
variables which are outside their tolerance ranges. It is
likely that current agricultural impacts will exceed
predicted climate change impacts for some time to
come.
Upper thermal limits and thermal preferences were
correlated, suggesting there is potential to use thermal
tolerance experiments to inform thermal preference,
although further validation of this relationship is
recommended. Water temperature influenced both
upper thermal limits and thermal preference, with both
correlated with several thermal metrics. Significant
differences in upper thermal limits were observed
between summer and winter, and preferred
temperatures shifted seasonally, with species showing a
preference for a range of temperatures rather a single
temperature. Both thermal tolerance and thermal
preference were thus partially dependent on the water
temperature to which the fish had acclimatised.

Fig 12. Water abstraction in the Mountain Stream zone in the
Noree River (top) and destruction of aquatic habitats by
bulldozing of stream beds to mitigate flood damage (bottom).

CHAPTER 6: THERMAL TOLERANCES AND
PREFERENCES
The upper thermal limits and thermal preferences of nine
native fish species were determined from five rivers in
the CFE. Upper thermal limits were estimated using the
Critical Thermal Method and thermal preferences using
acute thermal gradient experiments. Hourly water
6|Research Synthesis

Fig 13. The Cape galaxias Galaxias zebratus was found to be
the most thermally-sensitive native species, but this may be due
in part to the thermal history of the study site from where the
species was collected (photo Geoff Spilby).
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Fig 14. Thermal tolerance (median, quartiles and range), expressed as CTmax, for all species in the Western Cape ordered from
most thermally-sensitive to least thermally sensitive. All illustrations are ©NRF-SAIAB.

CHAPTER 7: PREDICTING THE RESPONSES
OF ENDEMIC FRESHWATER FISH SPECIES TO
CLIMATE CHANGE IN THE CAPE FOLD
ECOREGION USING SPECIES DISTRIBUTION
MODELS
With climate change models predicting an increasingly
dry climate, many rivers may cease flowing for longer
periods of the year with elevated temperatures in the
remaining pools and deteriorating water quality
conditions placing native fish species under increasing
stress (Fig 15). Species Distribution Models (SDMs)
showed that the geographic ranges of all native fish
species will become restricted, but to differing degrees.
The models suggest that most species may be more
sensitive to temperature rather than flow, but that this
may be due to training the models on present-day
distribution data which is influenced by non-native fish
invasions. Both altitudinal (elevation), as well as
latitudinal (north-south) and longitudinal (east-west) shifts
are apparent among the native fish species with a
general trend being a retreat from the more northern
and eastern limits of their range, together with a shift
toward the upper headwater reaches of the eastern
arm of the Cape Fold Belt mountains (Fig 16). The SDMs
predict that populations of non-native smallmouth bass
Micropterus dolomieu may suffer only minor range
restrictions under the given scenarios (Fig 17). On the
other hand, changes predicted for non-native rainbow
trout Oncorhynchus mykiss include range reductions under
flow and rainfall reduction, as well as increased
temperature scenarios, with most pronounced range
contractions into the south-eastern portions of the Cape
Fold mountains.

Fig 15. Many river reaches in the CFE may cease flowing for
long periods during the year.

The SDMs developed in this study provide a potentially
valuable tool for achieving conservation objectives –
particularly for identifying climate change refugia for
species at risk. The findings reported on here will
provide useful starting point for informing water
resource management and river rehabilitation priorities,
as well as long term conservation planning.

Fig 16. The non-native smallmouth bass Micropterus dolomieu
was among the species predicted by the species distribution
models (SDMs) to be least affected by climate change impacts
(photo Otto Whitehead).
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Fig 17. Predicted probabilities of occurrence for the Breede River redfin Pseudobarbus burchelli for four climate change scenarios.
Warmer colours (orange and red) show areas predicted by the model to be more suitable for the species.

SUMMARY OF MAIN RESULTS AND
CONCLUSIONS
THERMAL REQUIREMENTS OF NATIVE FISHES
The field (Chapters 3, 4 and 5) and laboratory
(Chapter 6) studies examining the thermal requirements
and limitations of native species both suggest that in
general, CFE freshwater fishes are more sensitive to high
temperatures than are warm-adapted non-native fishes
like centrarchids and clariids, but less sensitive than coldadapted non-native salmonids. Native species (P. burgi
and S. capensis, Fig 18) were present at many of the
warmest sampling sites that the cold-adapted non-native
salmonid rainbow trout O. mykiss vacated during warm
summer months, and congregated in cooler thermal
refuge habitats. This distribution pattern may represent
a thermal preference of native species for relatively
warm sites, or avoidance of cooler sites occupied by
predatory, cold-adapted non-native species like O.
mykiss.
The experimental evaluations undertaken in both the
Western and Eastern Cape suggest that thermal
tolerance and preference varies significantly between
8|Research Synthesis

species, with G. zebratus most thermally sensitive, while
S. capensis was least thermally sensitive (Fig 19).
Differences in environmental thermal history within
systems is an important source of variation in thermal
tolerance and preference. At a broader scale,
differences in thermal sensitivity of species between the
Western and Eastern Cape may be attributable to
differences in the thermal regimes of the systems where
they evolved.

Fig 18. Native species like Pseudobarbus burgi and Sandelia
capensis were present at many of the warmest sites that the
cold-adapted non-native salmonid rainbow trout O. mykiss

Climate Change and Freshwater Fish

vacated during warm summer months (photo Steve Benjamin).

However, CTmax values represent the extreme upper
temperature that a fish can tolerate for a relatively
short time period. The upper temperature that a fish can
tolerate in the wild is usually estimated over a more
biologically-meaningful time scale, for example by using
the chronic stress threshold value such as the Maximum
Weekly Allowable Temperature (MWAT). However, the
conservation status of these fishes prevents the
establishment of these MWAT experimentally. Instead
one is reliant on the in-situ water temperature data,
whereby 7-day moving average of daily mean or
maximum water temperatures (Mean_7 and Max_7)
can be used as an estimate of a chronic stress threshold.
Thus, relating CTmax values to maximum stream
temperatures (be it thermal maxima, or 7-day means
and maxima) should be considered a conservative
approach to assessing the thermal suitability of stream
sites for a species.

CURRENT THREATS FACING NATIVE FISH
POPULATIONS
The vulnerability analysis (Chapter 2) and field survey
chapters (Chapters 3, 4 and 5) offer insights into the
present-day role of temperature and other factors in the
imperilled status of CFE freshwater fishes. Results
indicate that habitat degradation and the impacts of
non-native fishes currently pose the greatest threats to
the native species of interest in this study. From a habitat
perspective, over abstraction of water is identified as a
key threat to P. burchelli (Chapter 5), and pollution a
key threat to P. afer (Chapter 3), and associated habitat
factors may also have played a strong role in
fragmenting native fish distributions in the past.
A combination of over abstraction and severe drought
created situations where P. burchelli was pushed beyond
the limits of its environmental tolerance (Chapter 5). This
survey suggested that the species’ environmental
tolerance was exceeded at sites where flow ceased,
conductivities were high and dissolved oxygen
concentrations were low. Similarly, there was also some
evidence that low dissolved oxygen levels in summer
may be a limiting factor for P. burchelli in the Amandel
River (Chapter 3). Ultimately, over-abstraction is likely
to interact with other climate change impacts to reduce
flow and dissolved oxygen levels, and raise water
temperatures beyond a species’ environmental tolerance
limits (Fig 20).

Fig 19. Experimental evaluations suggest that thermal
tolerance and preference varies significantly between species,
and Sandelia capensis was found to be the least thermally
sensitive native species.

Several of the field sites supporting the highest densities
of native fish recorded in our surveys were also the
warmest sites, with Mean_7 (7-day moving average of
the daily mean temperature) values typically exceeding
22 ⁰C in the Amandel River, and 23 ⁰C in the Berg River.
This observation suggests that native fish may be
actively selecting the warmest sites, which may represent
a thermal preference or the avoidance of cooler sites
more suitable for non-native O. mykiss in these systems.
Future survey work should focus on investigating thermal
preferences of native fish species in the wild, in the
context of laboratory-derived thermal limits and
preference values. The role of thermal history as a
source of variation in thermal tolerance and preference
is identified as a key question to be addressed in future
research.

Fig 20. Over abstraction of water, pollution and associated
effects on stream habitat may have played a strong role in
fragmenting CFE native fish distributions in the past.

On the other hand, temperature does not appear to be
an obvious determinant of patterns in species
abundance observed in the wild at present.
Temperature generally did not emerge as a key
predictor of native species distributions in the field
studies. This finding is consistent with the result that
experimentally-determined CTmax values for target
9|Research Synthesis
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species (Chapter 6) were not exceeded in the wild
(Chapters 3 and 4) and the observation in the Amandel
and Berg Rivers that native species were abundant at
the warmest sites during the summer surveys (Chapter 3).
There was some evidence, however, that temperature
may influence native fish distributions seasonally at the
different field sites (Chapter 3), but in general it was
difficult to separate the influence of temperature from
other correlated habitat factors. The presence of nonnative species remained by far the most important
determinant of native species distributions in all systems
where target species distributions were studied,
especially during summer. However, temperature does
appear to be a key factor determining non-native
species distributions. For example, in the Blindekloof
River in the Eastern Cape (Chapter 4), non-native
centrarchids which impact strongly on native P. afer
appear to only establish at downstream sites that are
relatively warm. The SDMs for centrarchids (Chapter 7)
do not forecast notable range contractions like those
forecast for most native species (including P. afer), which
may increasingly give centrarchids the upper hand as
climate change impacts manifest. Unlike salmonids,
centrarchid impacts on CFE native fish are not densitydependent (impacts can be severe even where
centrarchid densities are relatively low), elevating the
conservation concern around potential range expansions.

with a 20% flow reduction. Expected changes in both
temperature and flow under climate change scenarios
also came through strongly as future limiting factors in
the vulnerability analysis. However, there were also
some discrepancies between the SDMs and expertbased predictions for some of the species. For example,
while the SDMs warn of substantial range contractions
for P. burchelli and S. capensis, the expert-based
predictions suggest the opposite – that species ranges
may increase. This is because the distribution of O.
mykiss, the greatest threat to these species at present, is
expected to contract upstream as headwaters warm,
increasing the availability of predation refugia. In this
respect, it should be noted that the SDMs did not include
non-native species as a predictive factor.
In general, the SDMs forecast range contractions from
east to west, and into increasingly higher-altitude
upstream habitats for many species (e.g. for P. burchelli,
S. capensis and G. zebratus). These range shifts highlight
the conservation and management importance of
undisturbed, high-altitude perennial habitats in the
winter rainfall portion of the region. Correspondingly,
the vulnerability analysis highlights headwater
catchment areas in the south-west corner of the CFE as
vulnerability hotspots that deserve special conservation
attention (Fig 22).

Conversely, the distribution and impact of O. mykiss in
the Western Cape appears to be limited to relatively
cool sites (Chapter 3), which has clear consequences for
the distribution of native species like P. burchelli, P. burgi
and S. capensis. Thus, temperature may have a strong
indirect influence on native species distributions through
limiting the distribution of predatory non-native species
and thereby facilitating seasonal predation refugia in
certain habitats (Fig 21). Indeed, the Species Distribution
Models for O. mykiss (Chapter 7) forecast notable
range contractions which may relieve pressure on native
species in certain headwater streams.
FUTURE THREATS FACING CFE NATIVE FISH
There was convergence of the results from the
vulnerability analysis (Chapter 2) and Species
Distribution Models (SDMs) (Chapter 7) by way of the
prediction that native fish species are expected to be
adversely effected by climate change predictions for
the CFE. The SDMs predict that most species will be more
sensitive to changes in temperature than changes in flow
– although from Chapter 3 we know that they are
sensitive to no-flow conditions. The SDMs forecast
notable range contractions for all target species under
the scenario of a 2 °C increase in temperature, and
scenarios with a 2 °C temperature increase together
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Fig 21. Temperature may have a strong indirect influence on
native species distributions through limiting the distribution of
predatory non-native species.
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Finally, both approaches indicate that the warmadapted non-native species such as centrarchids and the
clariids are unlikely to change much under climate
change scenarios. On the other hand, both methods
forecast range contractions for cold-adapted non-native
salmonids in the region, which may have positive
benefits for native species on which salmonids prey in
some situations (see Chapter 4 for details).

THERMAL LIMITS, TOLERANCES AND PREFERENCES
This project has generated the first data on thermal
tolerance and preferences for freshwater fish in South
Africa. From this research, it became evident that certain
aspects necessitate further examination, including:
•

•

•

•

What are biologically meaningful estimates of
upper thermal limits for CFE freshwater fish
species in the wild?
What is the role of environmental thermal
history on expressed tolerances and
preferences?
How robust are the relationships between
thermal preference and tolerance for CFE
native species?
How does habitat heterogeneity influence
thermal refugia at the reach scale?

RIVER FLOW, HABITAT AND WATER QUALITY
•
Fig 22. The SDMs and vulnerability analysis both identify
headwater catchment areas in the south-west corner of the CFE
as vulnerability hotspots that deserve special conservation
attention.

THE WAY FORWARD
While this collaborative research project has improved
our understanding of the potential consequences of
global climate change on native and non-native
freshwater fishes in the Cape Fold Ecoregion, it became
evident that there are still gaps in our knowledge and
further steps are needed to fully integrate the research
outputs into management and conservation planning.
Recommendations for future research are detailed
below.
DISTRIBUTION AND IMPACT OF NON-NATIVE SPECIES
IN THE CFE
Results indicate that the impacts of non-native fishes,
together with habitat degradation, currently pose the
greatest threats to the native species in the CFE.
Understanding these impacts is crucial if further invasions
and habitat deterioration are to be halted. Specifically:
•

•

What is the role of natural and artificial
barriers in the future of CFE native fishes?
Given the potential for increases in non-native
species distributions, how will existing and new
distribution barriers come into play?
What are the impacts of warm-adapted nonnative fishes other than centrarchids on CFE
native fishes?

What are the preferences and tolerances for
climate change-linked environmental variables
other than temperature for native CFE fish?

FORECASTING CHANGES IN SPECIES VULNERABILITIES
AND DISTRIBUTIONS
•

•

How will vulnerability analyses and SDMs
change as pending species complexes are
described?
Can non-native fish distributions and associated
impacts be incorporated into SDMs as
predictors, and if so how does this influence
predictions of native fish distributions under
climate change scenarios?

INCORPORATING KNOWLEDGE GENERATED ON
CLIMATE CHANGE AND FRESHWATER FISHES OF THE
CFE INTO CONSERVATION AND MANAGEMENT PLANS
•

How do the SDMs developed in this study align
with FEPAs to identify likely climate change
refugia for each species?

IDENTIFY AND ESTABLISH LONG-TERM SITES FOR
MONITORING WATER TEMPERATURE AND FLOW
•

Long-term data are inherently valuable for
evaluating the effects of climate change on
aquatic ecosystems. What criteria should be
used for strategically selecting sites to serve as
sentinel sites for evaluating the potential
impacts of climate change? How can
monitoring of these sites be integrated into
existing institutional business plans in the future
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and what alternative monitoring actions can be
incorporated?
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