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Executive Summary
The westslope cutthroat trout, Oncorhynchus clarkii lewisi, is the only true trout native to southwestern 
Alberta, where it once was widespread and abundant. Status reports have shown the subspecies to be 
much reduced in abundance, and facing serious threats to its conservation status. The Committee on 
the Status of Endangered Species in Canada (COSEWIC) assessed the Alberta population of westslope 
cutthroat trout as Threatened in 2006, a positive Recovery Potential Assessment was prepared, and the 
Alberta population of the subspecies is now listed under Canada’s Species At Risk Act (SARA). The 
Government of Alberta has designated westslope cutthroat trout as Threatened under the provincial 
Wildlife Act, and has prepared a recovery plan for the subspecies. The Government of Canada has 
proposed a recovery strategy on which it is presently seeking public comment.

This report was prepared on behalf of the Timberwolf Wilderness Society as a supplement to the 
Alberta Government recovery plan, and as a response to the Government of Canada’s request for 
comment on its proposed recovery strategy. It presents a conceptual framework, which is a 
comprehensive outline for understanding the problem. It offers detailed guidelines for conserving the 
remaining populations. Finally, it identifies a variety of information gaps and research needs, with 
suggestions for dealing with them.

Conceptual Framework
The westslope cutthroat trout was once widespread and abundant in southwestern Alberta, primarily 
in mainstem rivers and their tributaries below barriers to upstream dispersal. Many of the large-
system populations existed as metapopulations, composed of numerous stocks exhibiting a variety of 
life-history forms. Stocks were genetically and often morphologically distinct, the stock structure of 
the subspecies reflecting specialization and resource partitioning within the metapopulations.

With European settlement made possible by the arrival of the Canadian Pacific Railway in the late 
1880s, westslope cutthroat trout populations declined rapidly from a combination of overfishing; 
habitat fragmentation, degradation and loss; introgressive hybridization with introduced 
Oncorhynchus; and competitive and predatory replacement by non-native species. Distribution and 
abundance of the subspecies within the native range is now much reduced, hybridized populations 
are widespread, and genetically-pure populations are rare. Large numbers of stocks have been lost. 
The very few genetically-pure remnant populations are small and isolated, making them highly 
vulnerable to local extinction.  A few genetically-depauperate and domesticated stocks have been 
transplanted widely within and outside of the native range. The habitats of most stocks outside of 
protected areas (and sometimes inside of them) have been dramatically altered by human land-use 
patterns and dams. Changing climate is irreversibly limiting usable habitat, especially in larger, lower-
elevation mainstems and tributaries.

In the existing state, the remaining native cutthroat populations — both pure and hybridized — are 
small, isolated, less fit and use the habitat less efficiently or less completely than was the case under 
pristine conditions. These weakened remnants are confronted with artificial habitats, changing 
climate, and habitat changes that the subspecies has never encountered before, while having to 
contend with new predators and competitors. The subspecies as a whole has lost much of its adaptive 
and evolutionary potential with the loss of so many genetically-distinct stocks. At the same time, 
remnant populations have changed genetically in response to the changed conditions. The ecological 
role of westslope cutthroat trout has not been replaced completely by introduced species or non-native 
stocks.
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Accordingly, major goals of recovery and conservation programs should be to

• retain the remaining native stock structure and genetic diversity of as much of the subspecies 
remnants as possible;

• restore to a more natural structure and function the habitats used by the remaining 
populations;

• rebuild representative populations to abundances that will make them self-sustaining by 
restoring metapopulation structure;

• limit the spread of, minimize, and if possible remove, populations of non-native fishes 
influencing remaining westslope cutthroat stocks; and

• protect entire intact watershed ecosystems holding remnant cutthroat stocks as models, 
refuges, and sources of stocks for reintroduction elsewhere.

Guidelines for Recovery and Conservation

Principles

The problems faced by individual remnant populations are likely to be highly specific to the 
population in question, so recovery and conservation efforts need to be tailored to each situation. 
Nevertheless, some general principles can help guide the work.

A recovery plan for any species or population at risk needs to address three goals, almost 
simultaneously:

• prevent imminent extinction;
• retain the capacity of the species to survive and adapt; and
• enable the species to evolve.

The first of these is self-evident. The second — the need to retain the ability to adapt — is necessary 
because the habitat that sustains the species or population is constantly changing, so the organism 
must also change in a way that allows it to continue to obtain its needs from that habitat, or it will die 
out. The need also to retain the species’ ability to evolve follows from the second point.  Continued 
adaptation together with natural selection leads to evolution of the species, which is required for life 
to continue to exist in the face of large and persistent environmental changes. Today’s species are the 
raw resource from which tomorrow’s species are made.

Tabulated guidelines are provided for securing and recovering remnant native populations to prevent 
imminent extinction.  The core of the approach is to classify remnant populations into the following 3 
groups based on genetic survey results.

Class 1: native, genetically pure: all specimens ≥ 99% WSCT alleles

Class 2: native, minimal hybridization: < 5% of specimens are hybrids

Class 3: hybridized: ≥ 5% of specimens are hybrids

Note that this approach uses the frequency of individuals showing hybrid markers, rather than the 
population average rate of hybridization. The latter approach obscures critical information that can be 
used to better prioritize stocks for restoration, and identify incipient invasions.

Based on the above identification, immediately secure all Class 1 populations. Then triage all Class 1 
(genetically pure) populations for protection according to the following criteria.
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Temporarily secure (all are true: 1000+ adult-size individuals; no immediate threats from hybridizing 
or competing species, habitat and watershed minimally degraded).

Insecure (one or more is true: 100 - 1000 adult-size individuals; hybridizing or competing species in 
direct contact; habitat degraded; watershed developed or significantly degraded).

Extirpation imminent (all are true: <100 adult-size individuals; hybridizing or competing species in 
direct contact; habitat degraded; watershed developed or significantly degraded).

Detailed guidelines are given for dealing with each triage class. Classes 2 and 3 are triaged in a similar 
manner, and guidelines are provided for their management. For these latter two classes, systematic 
removal of the most hybridized fish may prove to be advisable, and will have to be informed by well-
designed genomic identification of the individuals in the populations so treated.

Again, the suggestions above are guidelines. Each population poses its own particular problems, and 
judgements about how to proceed need to be made for each population. More detailed guidance for 
making these judgements is provided in the sections below.

How Much Habitat, How Many Cutthroats, and How Much Time is Enough?

How large the stream network needs to be to sustain a trout population reliably depends on the 
quality of the habitat and the size of population needed to provide an adequate probability of 
longterm persistence. Here I argue for 40 generations as the standard for longterm persistence of 
native westslope cutthroat trout populations. Forty generations in this subspecies is roughly 120-200 
years, which seems a sufficiently long period to be perpetual for all practical purposes. Others have 
used this as an appropriate standard, defending a 200-year period as being sufficient to allow new 
technologies to arise that would make longer periods of persistence possible. Anything less, however, 
may not be long enough to allow meaningful adaptive and evolutionary responses, given that it may 
take 13 generations or more for evolutionary changes to be detectable in salmonid populations.

The single best determinant of longterm persistence of an isolated population is its size. A reasonable 
rule-of-thumb relationship between probability of persistence and population size was developed for 
this study based on published data, and is represented by the equations below.

Nc = 34.168•e0.0544 .............................................................................................................p! (1)

p = 18.375•lnNc ............................................................... - 64.866" (2)

" where Nc is the census population size of adults, and

p is the probability of persistence of the population for 40 generations.

I argue by means of Equations (1) and (2) that it may be impractical or impossible to increase the size 
of any one population substantially above that dictated by the 70% probability of persistence criterion. 
In most cases, increasing probability of persistence above that level (e.g., to 95%) is likely to be 
practical, or even possible, only by increasing the number of populations, each having a lower 
probability of persistence, but that together have a higher probability of persistence. As a rule, 
individual populations of 500 to 1500 adults, in groups of populations with a total adult population in 
the low thousands, will collectively provide an overall probability of persistence for 40 generations of 
95% or better.

The amount of small stream habitat (width < 7 m) required to sustain populations of adequate size is 
likely to be in the tens of kilometres in the Alberta native range of cutthroat trout in Alberta, based on 
data in the literature for US streams. Populations of 500 would appear to need 5 - 10 km of small 
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stream habitat, depending on habitat carrying capacity. Populations of 1500 probably require 10 km to 
as much as 40 km of small stream habitat to avoid extinction over the long term, again depending on 
habitat carrying capacity. Alternatively, watersheds of about 15 km2 or more may provide sufficient 
habitat to support populations of at least 500. Remnant populations of pure and nearly-pure westslope 
cutthroat trout in Alberta typically occupy stream lengths much shorter than these minimum 
estimates, and are often found in smaller watersheds.

Managing Threats from Competitors, Predators & Hybridization

Eliminating the effects of introduced competitive, predatory or hybridizing taxa on native westslope 
cutthroat trout stocks at present can only be accomplished by separating the native and non-native 
stocks, or ideally by removing the non-native populations. Preventing reinvasion is necessary once 
populations have been removed. Limiting the damage is possible by suppressing the non-native 
populations.

Methods for achieving these goals are provided. All are costly, time-consuming, or both, and are not 
necessarily effective in practice for longterm protection. The only truly reliable approach for longterm 
protection of native stocks is to prevent introductions of the non-native species in the first place. Every 
effort should be made to keep non-native trout out of native cutthroat-occupied river reaches and 
drainages where they do not now occur.

Managing Populations of Differing Genetic Purity

Hybridized cutthroat populations show a wide range of genetic admixture. Each needs to be managed 
differently, ideally with the help of genomic techniques. Populations showing any indication of 
introgression in the type of survey done so far probably have a greater admixture than is indicated in 
the sample, because the survey samples only a small part of the genome. More sampling is needed to 
resolve this issue. Populations showing low numbers of individual fish with non-native alleles could 
be under active invasion; this needs to be checked. Cases of active invasion need to be dealt with 
immediately to remove the source of invasive alleles. Alternatively, these populations may be only 
lightly-hybridized and the native genomes might be recoverable by selectively removing fish with the 
highest admixture of foreign alleles. Finally, low levels of introgression may be of little consequence, 
or even beneficial, to some affected populations. If so, those populations may be worth maintaining as 
effectively pure. This would need to be determined by a careful study of their fitness in the native 
habitat.

Managing Genetically Distinct Stocks

Much of the remaining genetic diversity of westslope cutthroats in Alberta is represented by 
differences among stocks, while the individual stocks themselves tend to show little variation. 
Originally the present-day remnants would have been connected by mainstem and migratory 
populations of various types. These connecting stocks had a population genetic structure that is now 
lost after they were either driven extinct, or became isolated in a few small headwaters. This original 
structure reflected specialization and resource partitioning within larger metapopulations, enabling 
the subspecies to maximize its use of the available habitat. It probably also acted as a kind of portfolio 
diversification strategy, maximizing the chance that some fish would survive any localized losses that 
might occur. Also, local adaptations are likely to be crucially important to the fitness of small stocks, 
and these should not be disrupted. All are highly desirable functions that need to be rebuilt to the 
extent possible.
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Some of the differences among small remnant populations, though, are likely owing in part to genetic 
drift and inbreeding, which can be expected to reduce their fitness. This poses a dilemma for 
managers. On the one hand they will wish to retain as much of the original genetic structure as 
possible, and will want to retain as much as they can of any new adaptations. On the other hand, 
genetic variation needs to be increased in any stocks that have lost genetic diversity due to drift or 
inbreeding. This can only be done by introducing a small number of migrants from other stocks, 
typically 1 to 5 per generation. A protocol is suggested for dealing with these issues. Conservation 
efforts should be informed by the genetic relationships and similarities among distinctive stocks, their 
fitness and the overall stock structure of metapopulations. It is important that a well-qualified 
population geneticist is engaged in this work.

Managing Selective Effects

Any changes in the environments of native cutthroat trout that selectively affect reproductive success 
will have selective, adaptive and evolutionary effects on the remnant stocks. There have been very 
large changes imposed on the cutthroat trout environment in Alberta, and many of them can be 
expected to have, or to have had, selective effects on the remnant stocks. These effects will influence 
their ability to recover. Techniques that work to correct any such recently evolved state might be 
required to reestablish some affected populations.

Another selective issue: some recent research suggests that hybridization of rainbows and cutthroats 
may produce offspring that are less fit than native cutthroats. These offspring might be selected out 
eventually, or they could conceivably produce a weakened population of hybrids. Other workers have 
suggested that rainbow x cutthroat hybrids may be better able to resist invasion by brown trout or 
brook trout. These issues remain to be resolved by further research.

Managing Habitat for Adequate Carrying Capacity

The quality, or carrying capacity, of the habitat used by remnant populations, or used for recovery and 
restoration, to a considerable degree determines the size of unexploited populations and therefore the 
probability of that population persisting. To maximize population size, and to minimize the amount of 
stream required, and therefore the costs of recovery projects, managers should try to maximize 
carrying capacity of the remnant habitats for cutthroats.

The carrying capacity of streams for cutthroat trout is determined by water temperature; channel 
morphology, especially the availability of deep pools and clean gravel for spawning and egg 
incubation; cover; shallower, slower waters for rearing; productivity of the food supply (often from 
the terrestrial environment) — all of which are strongly affected by the nature and condition of the 
watershed. Roads, and sometimes clearcuts, have been repeatedly associated with lower habitat 
quality and lower populations of trout. Many small headwater basins occupied by remnant native 
cutthroat trout populations are directly impacted by development, a good measure of which is the 
extent of roads. Artificial attempts to improve in-channel habitat are at best temporary when the cause 
of habitat problems is poor land-use practices. For these reasons, increasing remnant cutthroat stocks 
by improving carrying capacity of their streams will require close cooperation of land managers with 
those managing trout recovery to reduce the extent and improve the placement of roads in several 
critical watersheds.

Dam removal or modification during repair offer excellent opportunities to restore several large-
system populations of cutthroats, bull trout and other native fishes. Those near to requiring 
recertification or major restoration, or at the end of their operational life, if removed or imaginatively 
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managed, could restore entire large watersheds for public safety, economic revitalization, recreation, 
and restoration of species at risk, transforming the prospects of recovery for cutthroat and bull trout. 
These are unmatchable opportunities that should not be ignored.

 Managing for Climate Change

Climate change, now well underway, can be expected to have profound, mostly negative, effects on 
westslope cutthroat trout through its effects on temperature, hydrology and their interactions with 
introduced trout. I update the view of climate change and its effects in southwestern Alberta I 
reported previously. Changed climate will impact water temperature, average seasonal hydrological 
conditions, and will have variable effects among smaller watersheds. It is likely to change the 
frequency and magnitude of extreme events, for drought in particular, but possibly also for cold 
winters, heat waves, snowfall, and floods, if suggested increase in blocking weather patterns prove 
true. Interactions among these effects and with ongoing changes in land-use effects  and land cover 
(increasing deforestation from logging, wildfire insect and disease infestation) are likely to be large 
and probably negative for cutthroat trout habitat. Managers should plan to have widely-distributed, 
restored populations throughout the native range; probably more of them than calculations might 
suggest.

Managing Angling

No-take (catch-and-release) sport fisheries, if they are intensive enough, have potential detrimental 
effects on small- to moderate-size target stocks. This problem has been discussed in more detail in an 
earlier report. All cutthroat stocks of high conservation value should be individually evaluated to 
document their size and to determine if angling pressure is sufficient to threaten them. Very small 
populations are at particular risk. Whether angling should be closed on particular stocks will be a 
difficult call in some cases: closing a stock to fishing might simply draw attention to its value, placing 
it at even greater risk. Whatever the decision, a high level of enforcement should be part of the 
conservation plan for all populations of high conservation value.

Benchmark Watersheds for Native Cutthroat Trout

Our ability to understand the effects of habitat changes, damage and loss; climate change; invasive 
species; hybridization and exploitation on native cutthroats is made much more difficult because there 
are almost no pure stocks that are not subjected to these effects. We need some benchmark populations 
to serve as controls against which we can measure the attributes of other pure populations that are 
subjected to these effects. To be useful, the entire watershed holding the benchmark stock should be 
protected. Suitable native cutthroat watersheds would most easily be established within already-
protected lands such as national parks, ecological reserves, and wilderness areas. Banff National Park, 
Ghost Wilderness and the Beehive Natural Area are obvious choices for consideration for hosting 
benchmark native cutthroat watersheds, but Waterton Lakes National Park and proposed protected 
areas in the Castle-Carbondale and Oldman-Livingstone drainage basins should also be considered as 
suitable sites.

Communicating the Issues

Few in the public understand the full magnitude of the loss of native cutthroat trout in Alberta, or the 
causes of it. If people do not recognize the extent and nature of the loss, or the value of native 
cutthroats, they are not going to support the recovery program adequately.
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The recovery program therefore needs an integrated education component. The purpose of the 
program is to present the facts concerning the status of the fish, the causes, the value of native 
populations, the problems and likely expense of an effective conservation program, and the potential 
areas of conflict with other resource users. A communications strategy will need to be implemented to 
convey this information, and successful examples implemented elsewhere are suggested.

Criteria For Successful Recovery

A suitable criterion for successful recovery would be that the Alberta populations are of sufficient size 
to persist with 95% probability for 40 generations. Probably none of the remnant native cutthroat 
stocks individually can be restored to sufficiently large population sizes. They are just too small now, 
and the necessary habitat is not going to be available to allow them to be enlarged to the necessary 
sizes. In all likelihood, most of these never were large enough, and likely only maintained themselves 
by migration from downstream. Local headwater populations that cannot be made large enough on 
their own could be linked to form populations that are at least large enough in total to meet the target 
population size. An example of how a realistic population size criterion might be set is discussed in 
the Action Plan.

There are, however, more urgent problems than the actual population size per se which will bear on 
setting suitable criteria for successful recovery. Because many remnant populations are so small, their 
genetic quality almost certainly has already been compromised by drift and inbreeding, and these 
issues are likely affecting their fitness. Resolving such problems should be the priority in the short 
term, and will likely require some careful introduction of small numbers of fish from compatible 
stocks to effect a genetic rescue. Both donor and recipient stocks will need to be evaluated for local 
adaptations, fitness, and compatibility. All of this kind of work should be done under the supervision 
of a well-qualified population geneticist.

Considering the above, criteria for successful recovery must, in addition to setting the target 
population size and genetic purity, also set criteria for maintenance of particular local adaptations and 
specific fitness traits, both of which will be population-specific. The criterion must incorporate the idea 
that each remnant stock must have sufficient genetic resources to continue to adapt and evolve.

Action Plan
I outline an example of a largescale action plan to show how the above guidelines might be used in 
practice. The plan is to re-establish secure, genetically-pure native westslope cutthroat stocks, if 
possible representing resident and migratory life-history forms, in at least three major sub-drainages 
of each of the Bow and Oldman river drainages.

The rationale is as follows. We wish to ensure with a high degree of probability that westslope 
cutthroat trout as a native subspecies is not driven extinct in the Alberta native range. The native 
range consists of the Bow and Oldman river drainages, primarily within the foothills and Rocky 
Mountains. By restoring at least six distinct populations, one in each of three sub-drainages in each of 
two major basins, we minimize the chance of extinction of the subspecies from its Alberta native 
waters. We also retain, with a high degree of probability, examples of native cutthroat trout stocks 
throughout the native range.

One speculative design is shown on the front cover as an example, but several others are possible. The 
final design should be determined after evaluation of all alternatives based on detailed studies of each 
remnant population, and considering all reasonable alternative designs.
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The design has the following beneficial attributes. It provides three separate networked populations 
(metapopulations), each of significant size and extent, in each of the Bow and the Oldman drainages. 
There are large lake, small lake, mainstem river, and tributary habitats of various types, permitting a 
wide variety of genetic stocks and life-history types to be represented. Although together they cover 
only a small fraction of the historical range of native cutthroats in Alberta, they are reasonably well 
distributed throughout it, and are unlikely to all be subjected to the same extinction-inducing 
stochastic events. Each metapopulation is substantially larger than any of the present-day remnant 
stocks, which is a considerable improvement and should give each of them a high probability of 
persistence. Taken together, the metapopulations are large enough and widely-distributed enough that 
the probability of extinction in the Alberta native range will be negligible. Most metapopulations 
incorporate at least one of the known remaining pure or minimally-hybridized stocks. Several have 
natural barriers at the downstream end. Several pure and minimally-hybridized stocks remain that 
will require special management, however.

Several examples of small-scale restoration efforts in Alberta and elsewhere are described that have 
shown varying degrees of success. A detailed example of a possible large river network restoration is 
described for the upper Bow River watershed in Banff National Park.

Information Gaps and Research Needs
A detailed description is presented of information gaps and the research needed to fill them. 
Immediate basic information requirements include

• genetic survey of cutthroat populations;
• abundance, life history, critical habitat , and fitness of remnant populations;
• minimum-impact, noninvasive study methods;
• habitat carrying capacity of remnant populations;
• distribution, status and fitness of hybrid populations;
• distribution and status of populations outside of the native range; and
• inventory of secure, unoccupied habitat.

Some longterm basic research would greatly assist recovery, such as

• hybridization effects on native stocks;
• adaptation, fitness and evolution in native and hybrid stocks; and
• ecological roles of native & introduced trout.

Certain research could be directly applied to immediate recovery problems, but will need substantial 
support and a long timeline, such as

• climate change effects on east slopes watersheds, hydrology and trout habitat;
• genomic approaches to managing hybrid stocks & at-risk populations;
• methods of removing or managing non-native and hybridized fish populations;
• pheromones of invasive fish & cutthroat trout as conservation tools; and
• genetic approaches to removing invasive species.
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Conclusion
Alberta’s native populations westslope cutthroat trout were originally widespread and abundant in 
the Bow and Oldman river drainages, primarily in mainstem rivers and their tributaries below 
barriers to upstream dispersal. Many of the large-system populations existed as metapopulations, 
composed of numerous stocks having a variety of life-history forms. Stocks were genetically and often 
morphologically distinct. The stock structure reflected specialization and resource partitioning within 
the metapopulations.

This structure is the essence of the subspecies in Alberta, and is critical to its continued survival here. 
Unless it is systematically rebuilt in a significant part of the native stream network, native cutthroat 
will only be able to survive with constant management attention.

This report provides a conceptual framework for, a detailed description of, and guidelines for how 
this might be done. If successful, native cutthroats will be able to sustain strong populations in both 
the Bow and the Oldman drainages, largely on their own, with relatively little management.

The costs for achieving this result were not investigated. Intuitively, it appears that they will be high 
initially, but once the subspecies has been restored, the longterm maintenance costs should be little 
more than those needed to manage other fish species in the province. Importantly, the work 
undertaken to recover cutthroat trout will also aid in recovering and protecting two other native 
fishes, bull trout and mountain whitefish. Both species share much of the stream network with 
cutthroat trout, and both are greatly reduced in abundance; bull trout are at risk (Threatened) in the 
province.
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Introduction
The westslope cutthroat trout, Oncorhynchus clarkii lewisi, is the only true trout native to 
southwestern Alberta, where it once was widespread and abundant. Status reports (Costello 
2006, Costello and Rubidge 2006) have shown the subspecies to be much reduced in 
abundance, and facing serious threats to its conservation status. The Committee on the Status 
of Endangered Species in Canada (COSEWIC) assessed the Alberta population of westslope 
cutthroat trout as Threatened in 2006 (Costello and Rubidge 2006), a positive Recovery 
Potential Assessment was prepared (DFO. 2009), and the Alberta population of the subspecies 
is now listed under Canada’s Species At Risk Act (SARA) (Government of Canada 2013a,
2013b). The Government of Alberta has designated westslope cutthroat trout as Threatened 
under the provincial Wildlife Act (Province of Alberta. 2013), and has prepared a recovery 
plan for the subspecies (Cove et al. 2013). The Government of Canada has proposed a 
recovery strategy (DFO 2013) on which it is presently seeking public comment.

This report was prepared on behalf of the Timberwolf Wilderness Society as a supplement to 
the Alberta Government recovery plan, and as a response to the Government of Canada’s 
request for comment on its proposed recovery strategy. It suggests a conceptual framework 
for recovery planning, offers some guidelines that might be useful to those charged with 
restoring westslope cutthroat trout, and identifies a variety of information gaps and research 
needs, with suggestions for dealing with them.
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Conceptual Framework
The conceptual framework for this recovery and conservation plan is based on my previous 
work abstracted elsewhere (Mayhood 2001). Here I enlarge upon that summary and introduce 
new information and ideas that have become available in the subsequent period. Most of this 
material is supported by two previous reports (Mayhood 2009, Mayhood and Taylor 2011), 
which should be considered an integral part of the present document: I will not repeat that 
evidence here. Only new information not covered in those reports is explicitly cited.

The westslope cutthroat trout was once widespread and abundant in southwestern Alberta, 
primarily in mainstem rivers and their tributaries below barriers to upstream dispersal. Many 
of the large-system populations existed as metapopulations, composed of numerous stocks 
exhibiting a variety of life-history forms. Stocks were genetically and often morphologically 
distinct, the stock structure of the subspecies reflecting specialization and resource 
partitioning within the metapopulations.

With European settlement made possible by the arrival of the Canadian Pacific Railway in the 
late 1880s, westslope cutthroat trout populations declined rapidly from a combination of 
overfishing; habitat fragmentation, degradation and loss; introgressive hybridization with 
introduced Oncorhynchus; and competitive and predatory replacement by non-native species. 
Distribution and abundance of the subspecies within the native range is now much reduced, 
hybridized populations are widespread, and genetically-pure populations are rare. Large 
numbers of stocks have been lost. The very few genetically-pure remnant populations are 
small and fragmented, making them highly vulnerable to local extinction.  A few genetically-
depauperate and domesticated stocks have been transplanted widely within and outside of 
the native range. The habitats of most stocks outside of protected areas (and sometimes inside 
of them) have been dramatically altered by human land-use patterns and dams. Changing 
climate is irreversibly limiting usable habitat, especially in larger, lower-elevation mainstems 
and tributaries.

In the existing state, the remaining cutthroat populations — both pure and hybridized — are 
small, fragmented, less fit and use the habitat less efficiently or less completely than was the 
case under pristine conditions. These weakened remnants are confronted with artificial 
habitats, changing climate, and habitat changes that the subspecies has never encountered 
before, while having to contend with new predators and competitors. The subspecies as a 
whole has lost much of its adaptive and evolutionary potential with the loss of so many 
genetically-distinct stocks. At the same time, remnant populations have changed genetically 
in response to the changed conditions. The ecological role of westslope cutthroat trout has not 
been replaced completely by introduced species or non-native stocks.

Accordingly, major goals of recovery and conservation programs should be to

• retain the remaining native stock structure and genetic diversity of as much of the 
subspecies remnants as possible;
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• restore to a more natural structure and function the habitats used by the remaining 
populations;

• rebuild representative populations to abundances that will make them self-sustaining 
by restoring metapopulation structure;

• limit the spread of, minimize, and if possible remove, populations of non-native fishes 
influencing remaining westslope cutthroat stocks; and

• protect entire intact watershed ecosystems holding remnant cutthroat stocks as 
models, refuges, and sources of stocks for reintroduction elsewhere.

Let me enlarge upon a number of these points.

The first issue concerns the distribution, abundance and structure of the original populations. 
We know from numerous historical references that westslope cutthroats were both 
widespread and abundant, occupying many tributaries, lakes and mainstems unseparated by 
barriers to dispersal in the upper Oldman and upper Bow river basins. We also know from 
the same sources that with few exceptions they did not occur above barriers to migration, 
such as waterfalls and steep torrential reaches. Thus, in Alberta the subspecies was confined 
to the mainstems of these rivers and their accessible tributaries, from below headwater 
barriers downstream well into the plains reaches of the mainstems. Lower mainstem 
distributions are documented in historical accounts for the Bow River, and in the Oldman by 
inference from the Bow mainstem distribution and known habitat conditions in the Oldman 
mainstem. The subspecies was abundant throughout this entire range.

Hints in historical documents, which mention native spring fishing camps, spawning runs 
and seasonal aggregations in Alberta streams, and detailed studies on mainstem and lake-
dwelling westslope cutthroat populations elsewhere, suggest that Alberta mainstems and 
large lakes most likely held both migratory and resident populations. Many studies on 
Alberta headwater populations show that these were resident stocks, although at least some 
of these streams would also have hosted migratory stocks that used them for spawning and 
possibly for rearing. Theoretical considerations favour the view that the numerous small 
headwater populations likely could not have sustained themselves without immigration from 
downstream. Thus we can be reasonably certain that large populations of westslope 
cutthroats formed continuous networks, from the lower mainstems to the accessible 
headwaters within the separate Bow and Oldman drainages. These considerations provide 
the basis for the model population structure for native westslope cutthroats in Alberta that we 
wish to recreate to the extent possible. That model is:  abundant resident and migratory 
mainstem, lake and tributary populations linked by the stream network.

A second issue concerns the genetic diversity and genetic structure of these populations. To 
survive for any extended time, the remnant stocks must have the genetic resources to adapt 
and evolve to changing conditions. For example, the warming of the climate in the Alberta 
native range is measurable now, will continue, and indeed will intensify over a period 
measured in centuries and millennia, even if all additions to the atmospheric CO2 pool were 
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stopped immediately. To have any chance of surviving these changes over long periods, 
westslope cutthroat populations must have a diversity of genetic resources upon which the 
changed conditions can act, so that the stocks can adapt and evolve.

Existing genetic diversity in remnant westslope cutthroats is greatest among populations, 
while within-population genetic diversity is minimal. This means that there will have to be 
some means provided for genetic exchange among isolated populations. However, we should 
expect that at least some of the isolated populations have valuable locally-adapted gene 
complexes (e.g., Drinan et al. 2012) that allow them to persist in their present ecosystems, so 
these should be retained and protected. That means the adaptive gene complexes should not 
be disrupted by introduced genes. Furthermore, genetic, adaptive and evolutionary changes 
almost certainly have occurred already in the remnant populations, in response to changes in 
habitat, exploitation pressure and introduced competitive or predator species over the last 
century. Most of the remnant stocks are small and highly isolated, making them especially 
vulnerable to detrimental genetic effects such as drift and inbreeding depression (Franklin 
1980). These stocks may prove to be especially difficult to restore even with more and 
improved habitat, and may require careful supplementation with more genetically diverse 
fish to increase the genetic resources they require to adapt and increase their fitness (Bijlsma 
and Loeschcke 2012). It is apparent, therefore, that conservation, restoration and management 
of the remnant stocks is going to have to be informed by sophisticated genetic knowledge of 
the populations being manipulated. That knowledge can only be gained by detailed research 
on the population genetics of those stocks.

A third major issue is habitat. Once invasive species are under control, population size is the 
most important determinant of population persistence. The larger the population, the more 
likely it is to survive. Large populations can only be supported by extensive high-quality 
habitat. Mayhood (2009) described the extent of, and many kinds of, habitat damage and loss 
that has been sustained over the westslope cutthroat native range in Alberta. What good 
habitat remains has been highly fragmented by poor intervening habitat, by the presence of 
competitive and hybridizing introduced species, by barriers to dispersal such as road and rail 
culverts, and by mainstem and tributary dams. Because the fish populations are so intimately 
integrated into the habitats they use, it is not possible to consider the fish stocks separately 
from their habitat: the two are inseparable. Trout in an aquarium or hatchery, for example, are 
fundamentally different from the same species in the wild. There are large, obvious and 
readily-measurable differences in genetic content and structure, behaviour, physiology and 
morphology. For all of these reasons, conserving and restoring westslope cutthroat stocks in 
Alberta means conserving and restoring their habitats.

Non-native species comprise a fourth major issue that must be effectively addressed in 
conservation, recovery and management planning for westslope cutthroats in Alberta. Non-
native rainbow trout are presently the greatest single threat to the continued existence of 
native cutthroats, because they readily hybridize whole populations out of existence. Neither 
pure rainbows nor their hybrids with native cutthroats are a reasonable replacement for pure 
native cutthroat stocks. Behaviourally and physiologically the two species and their hybrids 

4



are quite different (Bear et al. 2007; Muhlfeld 2008; Muhlfeld et al. 2009a-c; Rasmussen et al. 
2010, 2012); accordingly their ecological roles will differ as well. Westslope cutthroats are 
evidently competitively superior at cold temperatures, while rainbows are capable of 
withstanding higher temperatures, for example. Furthermore, the hybrids are less fit than 
native cutthroats: with as little as 20% admixture of rainbow genes, hybrids produce fewer 
offspring. Because the two species and their hybrids interbreed so freely, and because we can 
expect further upstream penetration of cutthroat habitat and populations by rainbows and 
hybrids with the advance of global warming, barriers to upstream movement of rainbows 
and hybrids are going to have to be introduced in many places. It is also inevitable that 
rainbow and hybrid trout are going to have to be removed from stream networks where 
remnant cutthroats are selected for protection and recovery. Other introduced species, brook 
trout in particular, are a threat to remnant cutthroats in some drainages, and will have to 
receive similar treatment, as they are already in at least two streams. These are not trivial 
exercises technically nor politically. They will require considerable research, technical skill 
and public acceptance to accomplish successfully.

Finally, protected areas like national and provincial parks, wilderness areas and ecological 
reserves have a major role to play in cutthroat conservation and recovery. Whole catchment 
ecosystems within protected areas, holding restored stocks of native cutthroats, are necessary 
as models, as refuges, and as sources of genetic stock suitable for reintroduction elsewhere. 
But they are incapable of sufficiently conserving native cutthroats alone. Conserving and 
restoring cutthroat populations is an essential element of managing protected areas where the 
subspecies is native, but existing protected areas are too small, unproductive, or do not have 
all of the required remnant populations or habitats to sustain conservation and recovery. 
Protected areas should be thought of as supports, and not replacements, for the working 
landscapes within which we make our living (Mayhood 1997, 1998). This means that much of 
the conservation and recovery effort will have to take place within working landscapes 
directly affected by active oil and gas fields, forestry, mining and agricultural operations, 
recreational use and even urban development. This is going to require a degree of goodwill 
and cooperation, and considerable technical skill, to carry off successfully.
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Guidelines for Recovery and Conservation
Principles
The problems faced by individual remnant populations are likely to be highly specific to the 
population in question (Allendorf et al. 2001), so recovery and conservation efforts need to be 
tailored to each situation. Nevertheless, some general principles can help guide the work.

A recovery plan for any species at risk needs to address three goals (Meffe 1986). It must aim 
to

• prevent imminent extinction;

• retain the capacity of the species to survive and adapt; and

• enable the species to evolve.

These goals have been seen as near-term, medium term and long term issues, respectively 
(Soulé 1980). In fact, they must be addressed almost simultaneously. Populations are 
dynamic, whether at risk or otherwise: they can change in abundance, adapt and evolve 
contemporaneously. Populations of salmonids can show genetic divergence and evolve in as 
few as 13 generations (Hendry et al. 2000, 2007; Kinnison et al. 2002; Stockwell et al. 2003). 
Because contemporary (i.e., rapid) evolution is typically instigated and maintained by 
changes in environmental conditions, whether natural or anthropogenic (Reznick and 
Ghalambor 2001), we should expect that all of the remnant westslope cutthroat stocks we 
wish to conserve and restore have undergone some change (adaptive or otherwise) and 
evolution in response to the large changes in habitat, increased exploitation pressure, 
introduced competitors and predators, and climate change effects that have occurred within 
the native range in Alberta over the 130 years of largescale developmental influence.

Preventing Imminent Extinction

Two matters need to be addressed immediately and simultaneously. All identified genetically-
pure populations need to be evaluated as to immediate risks, and assigned a priority for 
conservation. These populations then need to be secured to the extent possible against 
whatever the prevailing threats may be for each one. At the same time, all remaining 
populations that may still be genetically pure stocks need to be identified and treated as 
above. A good start has been made on identifying and cataloguing suspected pure 
populations (Mayhood and Taylor 2011, Yau and Taylor 2013), but the survey needs to be 
continued to cover all of the remaining locations where genetically-pure populations may still 
be found. As new pure stocks are detected, they need to be immediately secured. This phase 
of the plan is a stop-gap, desperation phase to retain as many genetically-pure remnants as 
possible (Table 1, points 1-5).
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Table 1. Suggested guidelines for securing and recovering remnant native populations of westslope cutthroat 
trout in Alberta to prevent imminent extinction. These are guidelines only. The circumstances of each remnant 
population should be considered on its own merits before any irreversible management decision is taken.

1. Survey genetic purity of all extant populations within native range, based on at least 30 specimens 
analyzed at 9 diagnostic loci or more. For very small populations, sample as many as can be captured.

2. Classify into the following 3 groups
• Class 1: native, genetically pure: all specimens ≥ 99% WSCT alleles
• Class 2: native, minimal hybridization: < 5% of specimens are hybrids
• Class 3: hybridized: ≥ 5% of specimens are hybrids

3. Immediately secure all Class 1 populations.
• Triage all Class 1 (genetically pure) populations for protection according to the following criteria.

• Temporarily secure (all are true: 1000+ adult-size individuals; no immediate threats from 
hybridizing or competing species, habitat and watershed minimally degraded).

• Insecure (one or more is true: 100 - 1000 adult-size individuals; hybridizing or competing species 
in direct contact; habitat degraded; watershed developed or significantly degraded).

• Extirpation imminent (all are true: <100 adult-size individuals; hybridizing or competing species 
in direct contact; habitat degraded; watershed developed or significantly degraded)

• For each Class 1 population
• prevent new development in the watershed;
• repair habitat damage or remove impediments forming an immediate threat;
• isolate the remnant population from hybridizing/competing species; and
• if numbers are sufficient, archive some of the remnant population in secure similar habitat 

elsewhere.
4. If all extant Class 1 populations cannot be secured immediately, secure in the following order, from first to 

last: Insecure, Temporarily Secure, Extirpation Imminent.
5. Accompany all work with an effective public information and consultation program
6. Triage and secure all Class 2 populations according to the criteria in (3), above

• prevent new development in the watershed;
• repair habitat damage or remove impediments that form an immediate threat;
• isolate the subject populations to the extent possible from further hybridization;
• evaluate in detail the degree of introgressive hybridization using genomic techniques;
• “purify” populations to the extent possible.

7. Triage, secure and evaluate all Class 3 populations according to the criteria in (3), above
• Prevent invasion of, and introgression with, Class 1 and Class 2 populations;
• evaluate in detail the degree of introgressive hybridization using genomic techniques;
• “purify” selected populations showing the greatest likelihood of success for such treatment.

The second phase of preventing imminent extinction concerns the treatment of populations 
that hold some hybrid individuals, or that have already been substantially introgressed. 

8



Populations that hold hybrid individuals but are otherwise composed largely of pure 
individual fish need to be treated in a fundamentally different way than genuinely pure 
populations. The reasoning supporting this view is treated in more detail later. Table 1, point 
6 presents some guidelines for dealing with this type of situation. Substantially introgressed 
or fully introgressed populations (hybrid swarms) might be treated effectively by the 
guidelines in Table 1, point 7. Hybrid swarms cannot be restored to purity or even 
significantly “purified.” A few selected hybrid swarms conceivably could be replaced by pure 
stocks, perhaps artificially constructed. Although they may be substantially less fit than either 
parental type and probably differ significantly from native cutthroats in their ecological role, 
most hybrid swarms undoubtedly will be retained as essential parts of Alberta’s modified 
ecosystems. Substantially- but not fully-introgressed stocks, in contrast, might conceivably be 
moved closer to the native genotypes. This may be possible by using new genomic methods 
to identify the most introgressed individuals and selectively removing them.

Again, the principal extinction threat to Alberta’s westslope cutthroat trout at present is from 
introgressive hybridization with rainbow trout or with presently-existing rainbow × cutthroat 
trout hybrids. The introgression threat is exacerbated by small populations caused by past 
overexploitation; habitat damage, loss, and fragmentation; and by continuing global warming 
(Mayhood 2009). How the hybridization problem is best addressed depends heavily on the 
particular circumstances of each population under consideration. There is no one approach to 
conservation and recovery that can be applied in all cases: each must be considered on its 
own merits (Allendorf et al. 2001).  Nevertheless, in general the only way of dealing 
effectively with hybridization is to keep the two species separate. That solution inevitably will 
entail removing rainbow trout and rainbow × cutthroat hybrids from drainage networks 
designated for restoring native cutthroat populations, and by preventing their reinvasion by 
some sort of isolating mechanism, such as physical barriers.

Retaining Adaptability

With the remnant populations secured against immediate loss to whatever extent is possible, 
conservation activities can be directed toward ensuring that they are able to persist in the face 
of ongoing changes and threats. This will likely require an in-depth study of the life-history, 
habitat use and population genetic characteristics of each population; its habitat and the 
details of the threats confronting it. In most if not all cases, this phase will require action to 
reconnect habitats and populations so as to build effective population size. Few if any of the 
extant populations can be expected to survive in the longer term, even if protected from 
introgression and competition, because they are too small (Mayhood and Taylor 2011). 
Provided that the effective population size can be built up sufficiently, either by reconnecting 
habitat to re-form metapopulation structure (strongly preferred), or by intervening to 
physically transport adults among populations (a desperation measure that cannot be relied 
upon as a longterm solution), it is at least theoretically possible to maintain viable 
populations in the long term. At this stage it would be worth considering how managers 
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might manage environmental threats and use adaptive ability in the remnant stocks to 
facilitate reforming metapopulation structure.

Enabling Evolution and Longterm Persistence

As metapopulation structure is reformed, effective population sizes increase and the 
adaptability of each population will be enhanced accordingly. The reconnected populations 
should be more robust and better able to respond to environmental resistance such as 
introduced competitive or predatory species, habitat modification, climate change and 
exploitation. Provided that hybridization can be eliminated or minimized, long-term survival 
and extended evolution should be possible.

General Approach to Conservation & Recovery
It is not possible to provide definitive instructions on how to restore and conserve all remnant 
westslope cutthroat trout populations in Alberta. Each situation is likely to be unique. Here I 
present some important theory, and describe approaches that are theoretically possible, have 
been successful, or that have been tried and have failed.

How Much Habitat, How Many Cutthroats, and How Much Time is Enough?

How large the stream network needs to be to support a trout population with sufficient 
security depends primarily on the quality of the habitat and the size of population. The 
population size required varies depending on what constitutes “longterm” persistence. All of 
these depend on the specifics of each individual case, but it is possible to give some general 
guidelines to show the range of solutions. If good population trend data are available, it is 
possible to recognize those stocks likely to go extinct sooner (e.g., Meyer et al. 2014), and those 
can then be prioritized for protection. Where such data are unavailable (the usual case in 
Alberta), rule-of-thumb methods must be used.

For this exercise I have adopted 40 generations as the standard for longterm persistence of 
native westslope cutthroat trout populations (Mayhood and Taylor 2011). Forty generations in 
this subspecies is roughly 120-200 years, which seems a sufficiently long period to be 
perpetual for all practical purposes 1. Anything less, however, may not be long enough to 
allow for meaningful adaptive and evolutionary responses to develop, given that it may take 
13 generations or more for evolutionary changes to be detectable in salmonid populations 
(Hendry et al. 2000, 2007; Kinnison et al. 2002; Stockwell et al. 2003).

The single best determinant of longterm persistence (in the absence of introgressive 
hybridization or active invasions) is population size (O'Grady et al. 2004). A reasonable rule-
of-thumb relationship between probability of persistence and population size developed for 
this study is reproduced in Figure 1. This calculation gives results quite similar to those found 
by other, often more elaborate methods (Hastings et al. 2008, Palstra and Ruzzante 2008). The 
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estimated population size required for a given probability of persistence begins to rise rapidly 
above about 70%, such that there is little gain in probability of persistence for quite large 
increases in population size (Figure 1A). Increasing the population size substantially above 
that dictated by the 70% probability of persistence criterion would have little practical value. 
For example, the population size corresponding to a 70% probability of persistence is about 
1500 adults. Doubling the number of adults to 3000 would increase the probability of 
persistence only to 82%. The 70% probability of persistence criterion therefore is probably the 
highest reasonable goal for many populations.

Figure 1. A - Census population (adults) required for a given probability of persistence over 40 generations. B - 
probability of persistence over 40 generations of a given census adult population size. Data from Reed et al. 
(2003) and Soulé (1980). See Box 1 for a detailed explantation of the calculation method.2
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Box 1. Calculations for Figure 1.

I plotted published estimates of census population sizes, Nc , required for given probabilities 
of persistence for 40 generations, based on data from analyses of 38 vertebrate populations 
(Reed et al. 2003:27). To obtain an Nc estimate for very low probability, which is not provided 
by Reed et al. (2003), I solved for Ne , effective population size, in the rule-of-thumb relating 
number of generations, (t), to high risk of extinction due to genetic effects alone for very 
small populations (Ne < 50, Soulé 1980:162; Equation 1, below), by setting t = 40. Nc can be 
estimated from Ne if Ne/Nc is known. Hastings et al. (2008) used Ne/Nc = 0.2 for cutthroat 
trout, but that figure is applicable to large populations in the order of Nc = 1200 (Palstra and 
Ruzzante 2008:Figure 3). Palstra and Ruzzante (2008:Figure 3) show that a more reasonable 
estimate for very small populations of salmonids (circa 50) is closer to 0.6 - 0.8. Ne/Nc was 
calculated from a geometric mean regression (Ricker 1973, 1984) on the data of Palstra and 
Ruzzante (2008:Figure 3; Equation 2, below) for salmonids by entering Nc = 50 (a small 
extrapolation of the regression) as a first approximation. For plotting the low Nc datapoint I 
set probability of persistence to 1%, since the probability of persistence in very small 
populations is very low, but must be greater than 0 for any mixed-sex adult population of at 
least 2. Exponential and semilogarithmic functions describe the data reasonably well, 
yielding rule-of-thumb curves that allow one to estimate (A) minimum adult census 
population size required for any given probability of persistence for at least 40 generations, 
and (B) the probability of persistence for at least 40 generations of any given adult census 
population size. These relationships are quite robust. Any reasonable estimates for 
probability and Nc for the point near 0, 0 do not change the equations appreciably; i.e, the 
differences in estimates of probability and Nc anywhere on the curve are of no practical 
significance.

Equation 1. Rule-of-thumb for estimating time to extinction of small populations (Ne < 50) 
due to inbreeding only (Soulé 1980:162)

t ≈ 1.5 Ne , or

Ne ≈ t/1.5,

Equation 2. The data of Palstra and Ruzzante (2008:Figure 3) are roughly described (r2 = 
0.58) by the geometric mean regression y = - 0.4094x+1.4648, where y is the ratio Ne/Nc , and 
x is the log10 of the census adult population, Nc.

Despite their appearance of precision, the relationships in Figure 1 are just rough guides 
intended only to aid recovery planning in its initial stages, when detailed population data 
are poor or unavailable. If needed, more accurate data collected during the recovery work on 
individual populations can be used to calculate better minimum viable population estimates.

12



Whatever the target population size decided upon, its effective size, Ne , should not be less 
than about 500 3. Below this value, it is thought likely that genetic variance for complex traits 
will be lost at a significantly faster rate than it is renewed by mutation (Franklin 1980). 
Jamieson and Allendorf (2012) argue that, as a guiding principle, an Ne of 500 is about the 
minimum required for longterm persistence, and empirical work supports this number for 
cutthroat trout (Hastings et al. 2008). Accepting expected Ne/Nc is 0.2 for cutthroats, Hastings 
et al. (2008) estimated that an effective population size of 500 corresponds to a census 
population of roughly 2500 adults. A population of adults this size has about a 79% 
probability of persisting over 40 generations (Figure 1B). If Ne/Nc is 0.2 and substituted into 
Equation 2 (Box 1), N is approximately 1200 adults. An adult census population of this size 
has a probability of persistence of only 66% over 40 generations (Figure 1B).

Frankham et al. (2014) have argued for an effective population size of ≥ 1000 to retain 
evolutionary potential in perpetuity. Their argument suggests the probabilities of persistence 
given here should be considered maximal, and adult population sizes required for given 
probabilities of persistence minimal, when estimated using the equations in Figure 1.

The amount of small stream habitat (width < 7 m) required to sustain populations of various 
sizes and exhibiting various rates of loss has been estimated for many populations of 
cutthroat trout in the US (Hilderbrand and Kershner 2000, Kruse and Hubert 2001). If these 
analyses are applicable to westslope cutthroat trout in Alberta, we should expect to need tens 
of kilometres of connected stream habitat to sustain populations of the required size in this 
province. Populations of 500 would appear to need 5 - 10 km of small stream habitat, 
depending on habitat carrying capacity. Populations of 1500 probably require 10 km to as 
much as 40 km of small stream habitat to avoid extinction over the long term, again 
depending on habitat carrying capacity. Alternatively, watersheds of about 15 km2 or more 
may provide sufficient habitat to support populations of at least 500 (Harig and Fausch 2002).

Remnant populations of pure and nearly-pure westslope cutthroat trout in Alberta typically 
occupy stream lengths much shorter than these minimum estimates. The Livingstone 
population appears to occupy in the order of 20 - 25 km, the Lynx population may occupy as 
much as 30 km, the Hidden Creek stock may occupy as much as 18 km, and the upper Bow 
population may use about 15 km of that river, but all of these estimates may well be too high. 
All of the remaining pure or nearly-pure populations appear to be restricted to no more than 
10 km or so of stream, and usually much less. Of the genuinely pure stocks (those showing no 
evidence at all of introgression with rainbow trout), only the Hidden Creek (Oldman 
drainage) stock uses more than 5 km or so of stream (Mayhood and Taylor 2011:Figure 3).

It is quite clear that range expansion, habitat improvement or restoration to increase carrying 
capacity, competitor removal, or all three, are going to be required to conserve and restore 
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most of the remnant populations. In many cases, this will mean systematically working 
downstream from the remnant headwater populations, progressively removing rainbow 
trout, rainbow × cutthroat hybrids and competitors (e.g., brook trout); protecting, restoring or 
improving habitat, and expanding populations into mainstems to form larger networked 
metapopulations. To secure the upstream habitat, it will be necessary to place barriers to 
upstream movement. Barriers could interfere with movements to critical habitat by the 
remnant stock, but also movements to critical habitat by other native species such as bull 
trout and, in some cases, mountain whitefish. Life history and movement studies for these 
species in each stream will be essential to help guide the recovery work.

Managing Threats from Competitors, Predators & Hybridization

Eliminating the effects of introduced competitive, predatory or hybridizing taxa on native 
westslope cutthroat trout stocks at present can only be accomplished by separating the native 
and non-native stocks, or ideally by removing the non-native populations. Preventing 
reinvasion is necessary once populations have been removed. Limiting the damage is possible 
by suppressing the non-native populations. All of these approaches are costly, time-
consuming, or both, and are not necessarily effective in practice for longterm protection. The 
only truly effective approach for longterm protection of native stocks is to prevent 
introductions of the non-native species in the first place.

Unfortunately, preventing introductions of rainbow trout is a foreclosed option in virtually all 
of the Bow and Oldman basins. Rainbow trout or their hybrids with cutthroat trout are almost 
ubiquitous throughout these drainages. Other trout that hybridize with native cutthroats are 
not so widespread, but may be local threats. Yellowstone cutthroats are restricted to mostly 
isolated locations in the upper Bow drainage in Banff National Park, and several waters in 
Waterton Lakes National Park (Mayhood 2009 and references therein, Mayhood and Taylor 
2011). Golden trout have been introduced into a very few high-elevation headwater lakes in 
the Castle River drainage (Nelson and Paetz 1992).

Some non-native trout are competitors or predators on native cutthroats, and are a concern in 
certain waters. Brook trout are widespread, but seem to be absent throughout the Oldman-
Livingstone drainage from at least the Crowsnest River confluence upstream, and from the 
Castle River system upstream from Mill Creek (Mayhood 2009:Figure 1). Brook trout also 
seem to be uncommon in or absent from the Highwood system above Cataract Creek. Brown 
trout are widespread, but are largely limited to a few mainstem rivers such as the Bow 
downstream from the Vermilion Lakes area near Banff, the lower and middle Oldman 
mainstem, the Crowsnest River and the Waterton River (Mayhood 2009 and references 
therein). Every effort should be made to keep non-native trout out of native cutthroat-
occupied river reaches and drainages where they do not now occur.

Isolating Conservation Stocks from Invaders

Some of the few remnant 100% genetically pure populations of native cutthroats, such as the 
Fish Lakes and adjacent stocks, Outlet Creek and Silvester Creek, are isolated above barrier 
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waterfalls, impassable culverts or torrential reaches, so are not directly exposed to 
competitors, predators or hybrid threat at present. Most of the remaining pure and nearly-
pure stocks, however, are in imminent danger of invasion by rainbow trout or rainbow × 
cutthroat hybrids, brook trout or other invasive stocks. In most cases these threats come from 
downstream, but in a few the invasion is likely to come from upstream. These latter few 
populations are best managed by methods described later. The many populations at risk from 
downstream might be protected by isolation techniques: methods that isolate them above 
artificial barriers. Alternatively, they could be translocated to entirely new habitat not open to 
invasion. Both of these approaches have been successfully applied (Rinne and Turner 1991, 
Harig et al. 2000), but share some issues.

Trout require access to critical habitats (e.g., for spawning, egg incubation, rearing, high-flow 
and low-flow refugia, overwintering) to complete their life cycle. Because suitable habitat for 
these purposes typically is distributed widely in patches within the stream network, trout 
also require passable migration routes connecting them with their critical habitats (Schlosser 
1991, Schlosser and Angermeier 1995). Barriers therefore must be placed in locations within 
the stream network that do not alienate the subject population from any of its critical habitat. 
When other native species share the same stream network, they too must have access to their 
critical habitats — habitats that are not necessarily in the same locations as those used by the 
subject population. Also, artificial barriers must be properly placed considering channel 
geomorphology to be sound with respect to their engineering and economics. Otherwise, 
structural failures and high maintenance costs can be expected, with potentially catastrophic 
results for the project. For all of these reasons, barrier placement needs careful planning based 
on a good knowledge of how the stream network is used by all of the aquatic populations 
affected, as well as a thorough understanding of how the fluvial system to be modified works 
geomorphically and hydrologically.

A second issue in using isolation barriers is the carrying capacity of the truncated stream. 
Even if adequate critical habitat is isolated and accessible above the barrier, is the stream 
sufficiently large and productive to support a population of adequate size for longterm 
persistence? This question can be answered by the methods discussed under How much 
Habitat ... , above, using population structure and abundance data for the subject stock. For 
rough planning purposes, 10-40 km of habitable stream length (width < 7m) in approximately 
a 15 km2 or larger drainage basin will likely be required above the barrier. The shorter stream 
lengths will be possible only if they contain high-quality, productive critical habitats. High-
quality habitat in the channel over the long term is going to be influenced strongly by the 
integrity of the watershed (see Managing Habitat for Adequate Carrying Capacity, below). 
For more detailed estimation of carrying capacity, data on July water temperatures, 
groundwater discharge locations, and pool size are likely to be valuable. Warmer 
temperatures and greater numbers of large (deeper and wider) pools appear to be useful 
predictors of cutthroat numbers in small mountain streams (Harig and Fausch 2002). In 
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Alberta, groundwater discharge during winter may be critical in providing adequate 
overwintering habitat (Brown and Mackay 1995, Brown 1999).

Issues of habitat carrying capacity are similar for cases where native cutthroat stocks are 
translocated to fishless waters above natural barriers. In this case there is no opportunity for 
choosing the barrier location, and the problem becomes one of estimating the trout carrying 
capacity of the stream above the barrier — usually a waterfall — and selecting only those 
locations with sufficient habitat to support a sizable population, so that supplementation or 
replenishment needs are minimized. The matter is complicated by the fact that there is no 
existing population to analyze for its life-history requirements and habitat use, other than the 
donor population. Analyzing the donor population needs to be done in any case, to 
determine whether it can sustain the loss of the fish to be translocated, so the life-history and 
habitat use information so gained can be used to try to match the donor population with the 
best available translocation habitat.

Whether natural native or translocated, any of these isolated stocks could readily be 
compromised by ignorance or vandalism. Anglers or other resource users might move 
hybrids, rainbow trout brook trout or cutthroat trout from below the barrier to above it. This 
kind of destructive behaviour is much more frequent than is commonly believed (Young et al. 
1996, Harig et al. 2000, Mack et al. 2000, Rahel 2004, Munro et al. 2005).

Eradicating or Suppressing Non-Native Invasives

Once harmful exotic species have been introduced into an ecosystem, rapid removal will 
minimize damage and costs (Mack et al. 2000). Removing non-native populations has been 
successful many times, but there are also many caveats. Eradication is unlikely to be 
successful if resources are not sufficient, if the responsible agency does not have full authority 
to do what is required, if the biology of the target organism is not vulnerable to the methods 
available, if reinvasion cannot be prevented, if the target organism cannot be detected at low 
densities, and if eliminating the target organism causes undesirable changes in the ecosystem 
(Myers et al. 2000). 

Approaches most commonly used to eradicate harmful fish populations include toxicants and 
heavy exploitation using standard sampling gear. Fish toxicants have long been used to 
remove unwanted fish populations (Lennon et al. 1971, Eschmeyer 1975). Rotenone, thiodan, 
and even toxaphene have been used successfully in lakes to remove unwanted populations in 
and outside the national parks in Alberta (Paetz 1967, Ward 1974, Schindler and Pacas 1996). 
Negatives to this approach can be serious, and have included destruction of valuable 
nontarget native fish stocks, immediate and sometimes longterm losses of invertebrate 
species, and (in the case of toxaphene) longterm contamination of the ecosystem (Miskimmin 
and Schindler 1994, Miskimmin et al. 1995, Schindler and Pacas 1996). The misuse of fish 
toxicants in several instances in the past has made them an unpopular choice for current use, 
but rotenone and antimycin, which are not persistent, in particular will prove to be useful in 
specific cases. Zooplankton populations have recovered within 1 - 3 years after rotenone 
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treatment (Anderson 1970), and simply removing non-native fishes in itself can permit 
longterm natural recovery of plankton and invertebrate stocks altered by the introduced fish 
(Parker et al. 1996, 2001; McNaught et al. 1999, Donald et al. 2001). Zooplankton populations 
have been restored by reintroduction where species have not recovered on their own 
(Schindler 2000).

Complete eradication of non-native fish populations with toxicants is also possible in streams 
(Lennon et al. 1971, Rinne and Turner 1991, Finlayson et al. 2005), even in those holding 
species at risk (Lintermans and Raadik 2003) and with complex habitats (Gresswell 1991). 
Concerns for nontarget invertebrate populations are similar to those in lakes. Recovery of 
non-target stream organisms can be rapid if there are unaffected stocks upstream (Cook and 
Moore 1969, Hamilton et al. 2009, Finlayson et al. 2010). Target organisms can reinvade by the 
same route, of course (Phinney 1975).

Fishing with conventional sampling gear may be preferred where high selectivity is required, 
or where toxicant use is inadvisable. Intensive gillnetting has successfully removed entire 
trout populations from small mountain lakes (Knapp and Matthews 1998, Knapp et al. 2007), 
but could also be used with care selectively to remove just non-native species in native/non-
native mixed stocks. The amount of effort required is high, even in small lakes, so complete 
eradication is not likely in larger waterbodies, e.g. (Rawson and Elsey 1948, Knapp and 
Matthews 1998). Other fishing techniques such as active capture methods (seining, trawling, 
electrofishing), trapping and angling are not likely to show superior results to gillnetting in 
lakes (Meronek et al. 1996), but could be attempted where circumstances warrant, such as 
when the fish are concentrated in one or a small number of spawning areas.

In streams, trapping using hoop nets has shown some promise for removing large numbers of 
brook trout, but the method needs to be developed further (Young et al. 2003, Lamansky et al. 
2009). Electrofishing in small, simple streams has successfully eradicated brook trout and 
rainbow trout populations, but is not so successful in larger or more complex habitats (Moore 
et al. 1983, 1986; Thompson and Rahel 1996; Kulp and Moore 2000; Shepard et al. 2002; 
Shepard and Nelson 2004). Electrofishing has sometimes been supplemented by angling 
(Larson et al. 1986). Angling alone does not appear to have been tried very much, and where it 
has been (Quirk Creek, Alberta, a complex system), results have been modest to negligible 
over the short term (Stelfox et al. 2001, 2004; Paul et al. 2003). The Quirk Creek work is 
ongoing as a suppression project, and now includes an electrofishing component. Results are 
available up to 2009 (Earle et al. 2009a, 2010). The final results will provide valuable new 
information on the efficacy of the approach when applied consistently over a long period. At 
present, however, no active fish capture method looks likely to be effective at completely 
removing non-native fish in anything but small, simple lakes and streams. Suppression 
without eradication by electrofishing probably can be effective in streams, but must be 
repeated every two years (Peterson et al. 2008). Where they are applicable, toxicants appear to 
remain the preferred method for complete eradication in lakes and in streams (Rinne and 
Turner 1991, Finlayson et al. 2005, Meyer et al. 2006).
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Managing Populations of Differing Genetic Purity

In Table 1 I have suggested that populations be classified and triaged according to differing 
degrees of genetic purity, and have given highest priority to those populations showing no 
evidence at all of introgression from non-native trout. I have suggested different treatment for 
those populations showing even minimal signs of introgression, such as a single fish of purity 
< 0.99 for samples of 30 fish examined at 9 markers. There are 3 important reasons for this. 

First, populations showing any indication of introgression in this type of survey probably 
have more widespread introgression than is indicated in the sample (Allendorf et al. 2001). 
This is because the survey samples only a small part of the genome. For example, a randomly 
mating hybrid swarm with 5% admixture from rainbow trout will have all hybrid individuals 
with, on average, 5% of their alleles from the rainbow genome (Allendorf et al. 2001:621). Such 
a population will have nearly 40% of its individuals appearing to be native at 9 diagnostic loci,4 
which is the number of diagnostic markers used in our survey (Taylor and Gow 2007, 2008). 
For example, Hohenlohe et al. (2013) using genomic techniques found rainbow trout alleles in 
more than 47 westslope cutthroat trout samples analyzed that had previously shown no 
rainbow trout alleles when analyzed at 7 microsatellite loci. Introgressed populations should 
not be used in certain kinds of recovery programs, so it is important to identify the 
introgressed populations and treat them separately.

Second, the occurrence of low numbers of individual fish with non-native markers may be 
evidence of an incipient invasion of a non-native genome into an otherwise pure population. 
A rapid response is required to protect the pure population: the signal should not be ignored. 
An example of where this may be going on is shown by the data for Marvel Lake, which 
presently has a small proportion of cutthroats with rainbow markers. This is a change from 
previous results; may reflect a recent, perhaps ongoing, invasion from a compromised 
population upstream (Gloria Lake); and should be investigated as soon as possible (Mayhood 
& Taylor 2011).

Third, different methods for managing such populations are appropriate, and may be able to 
recover the pure native population from the lightly-hybridized stocks. Ignoring evidence of 
light hybridization could forego an opportunity to restore the pure native genome. Recent 
developments in genetic methods promise the possibility of very detailed analysis of the 
individual genome with up to thousands of markers (Allendorf et al. 2010, Hohenlohe et al. 
2011). These developments offer, for the first time, the realistic possibility that lightly-
hybridized populations could be purified, or at least made more nearly pure, by identifying 
and selecting out all of those individuals showing some degree of introgression. Attempts to 
do this based on analyses of only a few markers from survey-grade data such as that 
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presently available to us for Alberta populations (Taylor and Gow 2007, 2008; Mayhood & 
Taylor 2011) are doomed to failure because the survey data do not accurately identify the 
degree of introgression in individual fish, as noted above. A new genomic approach is soon to 
be used in the Hidden Lake-Corral Creek project in Banff National Park (Humphries and 
Dickinson 2011). That work can serve as a pilot study with a view to more widespread use in 
Alberta.

Finally, it may well be true that low levels of introgression are of no consequence (or are even 
beneficial) to the fitness of the invaded population. If so, this should be determined by a 
separate more detailed study. If the population proves to be minimally influenced by the 
invading genome, and if the situation is stable, then — and only then — it may be appropriate 
to consider the population as effectively pure and manage it accordingly.

Managing Genetically Distinct Stocks

Recall again that the ultimate goal of any recovery program must be to retain as much of the 
original genetic diversity as possible so that the species can continue to adapt and evolve. 
Unless it can do so, the stock is ultimately doomed to extinction anyway.

Much of the remaining genetic diversity of westslope cutthroats in Alberta is represented by 
differences among stocks, while the individual stocks themselves tend to show little variation 
(Leary et al. 1985, Potvin et al. 2003, Taylor and Gow 2007). This structure to some extent must 
reflect the structure of the original more widespread populations before they were decimated, 
at least those parts that occupied the same waters that the remnants occupy today. Originally 
the present-day remnants would have been connected by mainstem and migratory 
populations of various types. These connecting stocks had a population genetic structure that 
is now lost after they were either driven extinct or perhaps became isolated in a few, mostly 
small, headwaters. It is reasonable to suggest that this original structure reflected 
specialization and resource partitioning within larger metapopulations, enabling the 
subspecies to maximize its use of the available habitat within the Bow and Oldman drainage 
networks. It probably also acted as a kind of portfolio diversification strategy (Schindler et al. 
2010), maximizing the probability that large parts of the subspecies would survive in the face 
of any localized losses that might occur from time to time. Both of these are highly desirable 
functions that managers will want to rebuild to the extent possible.

On the other hand, some of the differences among these very small remnant populations are 
likely owing in part to genetic drift5 and inbreeding (Franklin 1980) within each one. It 
already has been pointed out that most remnant populations are very small — in the range of 
about 30 to 200 adults — well within the size range that is strongly affected by drift and 
inbreeding effects (Franklin 1980, Soulé 1980). Inter-stock differences may also be caused in 
part by contemporary evolution, perhaps induced and accelerated by the markedly different 
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habitat, predation, competition and demographic changes thrust upon them in the last 125 
years (Hendry et al. 2000, Hendry 2001, Stockwell et al. 2003).

This combination of facts poses a certain dilemma for managers attempting to restore the 
native stocks and ensure their longterm survival. On the one hand they will wish to retain as 
much of the original genetic structure as possible, and will want to retain as much as they can 
of any new adaptations that have recently arisen which will enable the stocks to persist in the 
face of new threats. On the other hand, managers will almost certainly need to increase 
genetic variation in any stocks that have lost genetic diversity to a degree that has limited 
their present fitness and ability to adapt (Bijlsma and Loeschcke 2012). That may include 
some of the stocks with an effective population size of less than about 500, and probably all of 
those with effective populations less than about 50 (Franklin 1980, Soulé 1980, Jamieson and 
Allendorf 2012). The only way of improving genetic variation is by introducing very small 
numbers of fish from other stocks — in other words, to deliberately encourage some 
carefully-controlled and carefully-monitored hybridization of separate native stocks.

It may be thought that hybridization between transplanted and native stocks of westslope 
cutthroats should be of no concern. The individual stocks share many of the same alleles and 
are the same subspecies, so the assumption often is that there is little possibility of 
outbreeding depression.6 Although seldom explicitly stated, this has been the implicit view in 
supplementary stocking programs using hatchery populations. It might be argued further 
that the new genetic variation introduced might have a positive effect on the native stock.

These things may be true in certain cases, but Allendorf et al. (2001:Box 3) have explained why 
it is not necessarily so. Adaptive differences between the introduced and native populations 
are likely to be coded by differences at many loci. In such cases, the frequency of the adaptive 
phenotype in the hybrid offspring will be drastically reduced, because its frequency is lower 
the greater the number of loci that code for it. Local adaptations critical to a population’s 
survival could readily be lost in just this way.

Local adaptations are likely to be critically important to small remnant stocks. In remnant 
populations of Montana Arctic grayling, fry appear to have innate tendencies to move in the 
direction of the parental home lake, whether upstream or downstream (Kaya 1989). The fry of 
a remnant river population of Arctic grayling appear to have a strong rheotactic adaptation to 
river residence (Kaya 1991, Kaya and Jeanes 1995). Westslope cutthroats appear to be 
thermally adapted to their home streams (Drinan et al. 2012). In such cases, disrupting the 
local adaptations could seriously harm the remnant populations, making their recovery more 
difficult or even impossible. This means that restoration work must ensure that locally-
adapted gene complexes are not disrupted excessively by the restoration effort itself.

There are no perfect solutions to the dilemma, but the following approach seems reasonable 
and might work.
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1. Evaluate the fitness of the subject population.

2. If the fitness level is deemed sufficient to sustain the population for the foreseeable future, 
no introduction of other stock is required at this time.

3. If the population shows a critical lack of fitness, introduce very small numbers of fish from  
a compatible stock.

4. Monitor the fitness of the new hybrid population.

5. If the hybrid population shows a further decline in fitness, the stock is probably doomed 
anyway. Further additions of the same, previously-introduced stock could be tried, or fish 
from another compatible stock could be tried. At this point the objective would be to 
develop an adequately fit replacement population.

6. If the hybrid population shows no improvement in fitness, introduce small numbers of 
fish from a compatible, but different, stock. Monitor the fitness of the hybrids.

7. If the hybrid stock monitored at (4) shows improved fitness, assess whether the fitness 
level is now sufficient to sustain the population for the foreseeable future. If it is, no 
further introductions are required at this time. If more improvement is needed, add a 
small number of additional fish from the source stock that provided the success so far.

8. Monitor the fitness of the new hybrid population.

9. Stop the iterations when a population of sufficient fitness has been achieved.

Several measures of fitness have been used or suggested in the literature (Demetrius 1977, 
McGraw and Caswell 1996, Brommer et al. 2004, Coulson et al. 2006, Roff 2008, Muhlfeld et al. 
2009a). Those chosen should relate directly to the survival of the population over the long 
term in the particular habitat(s) that it uses (Rauch et al. 2002).

If possible, fitness should also relate to the type of population that is desirable (e.g., for 
angling or viewing, as an historically accurate representation of the population). This latter 
point is an issue because, as animals with indeterminate growth, trout populations can exist 
as many fish of small size, or as few fish of large size. Large numbers of small females with 
few eggs match the reproductive capacity of few large females bearing many eggs. For 
conservation purposes, both are fit populations if they can sustain themselves indefinitely, but 
for many of society’s purposes, the stock with smaller numbers of larger fish has many 
additional benefits.

A compatible donor stock for introduction is not going to be easy to identify.  A good initial 
bet might be a population that has the following qualities.

• is a native stock
• has a genetic composition similar to, but somewhat different from, the host stock
• is fit and maintaining itself in its native habitat
• has a native habitat similar to the host habitat
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• has a population size and structure sufficient to sustain the loss of the number of fish 
required for introduction to the host habitat

Likely sources are, in order of preference, native stocks in similar but larger habitats (1) within 
the same drainage network, (2) within the Bow or Oldman drainages, or (3) elsewhere within 
the native range. Introduced stocks that have sustained themselves for a long period in 
habitat comparable to the proposed host habitat, and have the desired fitness and genetic 
characteristics, could also be considered as sources for genetic improvement elsewhere.

Whatever the choice, the great danger of mixing incompatible stocks of the same species, and 
the great ease of doing so, cannot be overemphasized. Here is a cautionary example. Pink 
salmon have an invariable 2-year life cycle, so that even- and odd-year stocks in the same 
stream never interbreed. Gharrett and Smoker (1991) crossed the even and odd year stocks in 
one stream experimentally, and observed that the first filial generation (F1) returned to the 
stream in about equal numbers, although their sizes varied beyond the variances found in 
either parental control group. Almost none of the F2s returned to spawn, effectively ending 
the hybrid line, and those few that did were bilaterally asymmetrical to an unusual degree, 
usually considered a good measure of genetic incompatibility. Again, these were fish of the 
same species adapted to exactly the same stream. The approach to supplementing 
conservation stocks thus must be tightly controlled, under conditions that are as reversible as 
possible, until the fitness of the new hybrids can be verified. 

The number of individuals to be transplanted into isolated small populations for effective 
genetic maintenance is important as well, but is not easily determined a priori. A commonly-
used rule of thumb has been that one migrant per generation is required. Mills and Allendorf 
(1996) critically review the derivation of and support for this rule. They conclude that one 
migrant per generation may be a useful guide to the minimum required, but that a range of 
from 1 to 10 migrants per generation would be more appropriate in real-world populations, 
as opposed to modeled stocks. The actual number should be established after careful study of 
each individual population by a well-qualified population geneticist.

In summary, conservation efforts should be informed by the genetic relationships and 
similarities among distinctive stocks (Spruell et al. 2003, Taylor et al. 2003): we need to 
maintain the native stock structure to the extent possible. But just as importantly, care must be 
taken to maintain population fitness levels, and improve them when necessary, because 
population fitness is the actual characteristic that we wish to maximize in the recovery 
process.

Managing Selective Effects

... it is highly probable that all fisheries, whether commercial or sport, 
exert some selective influence of the stocks being fished (Smith 1961).
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Any force in the environment that differentially affects reproductive success will be selective. 
Those individuals that are least negatively affected or are most favoured by that force will 
tend to contribute their genes disproportionately to the population, so that their offspring 
come to dominate it. Genetically-determined traits that are acted upon by the force will be 
selected out or preferentially retained in subsequent generations, resulting in adaptation and 
evolution. This process can lead to measurable evolution in as few as 13 generations in 
salmonids — about 40-70 years, in the case of cutthroat trout.

This implies that any changes in the environments of native cutthroat trout that selectively 
affect reproductive success will have selective, adaptive and evolutionary effects on the 
remnant stocks. There have been very large changes imposed on the cutthroat trout 
environment in Alberta, and many of them can be expected to have, or to have had, selective 
effects on the remnant stocks. These effects will influence their ability to recover. Examples are 
past heavy overexploitation; profound habitat changes such as dams, reservoirs and increased 
sedimentation from development in their watersheds; exposure to non-native competing 
(brook trout), predatory (brown trout) or introgressive (rainbow, Yellowstone cutthroat and 
golden trout) fishes; and exposure to the effects of current and ongoing climate warming. 
Managing fishes and their habitats can also create selective pressures on the populations 
being restored or removed. Young (2004) provides a good introduction to the principles 
involved, with many examples.

I discussed some possible consequences of past and current exploitation on remnant cutthroat 
stocks in an earlier report (Mayhood 2009:45-46). Briefly, selectively removing larger 
individuals can have detrimental effects on demography, life history and ecology of the 
population. This is in part because larger individuals contribute a larger proportion of 
offspring than do small individuals. Selectively removing large fish, as is characteristic of 
most fisheries, including past and existing angling fisheries for cutthroats in Alberta, selects 
for small size at maturity, and stands to reduce population size disproportionately to the 
number of adults taken. It also can be expected to select for low growth rate (Young 2004), 
further affecting productivity. At present, we can only guess whether our remnant stocks have 
been selected for low growth rate and small size at maturity, but it seems likely that at least 
some of them have been. Conservation management techniques that work to correct this 
recently evolved state might be required to reestablish some affected populations.

Other management concerns regarding selection are directly related to the hybridization 
problem. In a recent study (Muhlfeld et al. 2009a), hybrids of rainbows and cutthroats 
produced fewer offspring on average than pure native cutthroats did, the mean number of 
offspring declining exponentially with increasing proportion of rainbow trout admixture. 
With only 10% rainbow admixture, the number of offspring declined to less than 75% of that 
of the pure cutthroat stock, and at 20% rainbow admixture, the mean number of offspring 
was just 50% of that of the pure cutthroat stock. A very few hybrid males with a high 
proportion of rainbow admixture, however, contributed even more offspring than did pure 
cutthroats. It was suggested that just a few such males were instrumental in promoting 
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hybridization in this population. The authors speculated that selection, if strong enough, 
might purge deleterious rainbow alleles from the population; or combinations of rainbow and 
cutthroat alleles conferring high fitness might be selected (see also Rasmussen et al. 2012). The 
consequences for management are that remnant pure populations may be at even greater risk 
than previously thought unless hybrid stocks are suppressed or eradicated. Cutthroat 
populations with even low proportions of rainbow admixture could promote expansion of 
hybridization.

Managing Habitat for Adequate Carrying Capacity

The quality, or carrying capacity, of the habitat used by remnant populations, or used for 
recovery and restoration, to a considerable degree determines the size of unexploited 
populations and therefore the probability of that population persisting (Hilderbrand 2003). To 
maximize population size, and to minimize the amount of stream required, and therefore the 
costs of recovery projects, managers should try to maximize carrying capacity of the remnant 
habitats for cutthroats.

The carrying capacity of lake habitat for fish ultimately depends on basin morphology and 
edaphic factors in the drainage basin, which affect productivity (Rawson 1939b); and for 
cutthroat trout, on the availability of enough spawning, incubation and rearing habitat 
(Donald 1987). Lake carrying capacity is not easily improved for cutthroats, although in some 
cases it might be possible to add or improve spawning and rearing habitat if those are 
limiting. Nutrient additions might help to improve the productivity of the food supply, but 
would probably require frequent replenishment, an ongoing cost.

The carrying capacity of streams for cutthroat trout is determined by water temperature; 
channel morphology, especially the availability of deep pools and clean gravel for spawning 
and egg incubation; cover; shallower, slower waters for rearing; productivity of the food 
supply (often from the terrestrial environment) — all of which are strongly affected by the 
nature and condition of the watershed (Hynes 1975, Lanka et al. 1987). In streams, habitat 
quality, carrying capacity, and therefore population size are reduced by certain kinds of 
development in the basin, especially by the presence and extent of roads (Eaglin and Hubert 
1993, Dunnigan et al. 1998, Huntington 1998, Trombulak and Frissell 2000, Ripley et al. 2005, 
McCaffery et al. 2007, Al-Chokhachy et al. 2010, Valdal and Quinn 2011).

Stream habitat for trout can be improved with instream structures (Hunter 1991), but these 
require maintenance, are subject to failure, and are generally short-term, stop-gap solutions 
(Frissell and Ralph 1998, Pattenden et al. 1998). This is largely because habitat problems 
typically do not arise in the channel; they are the consequence of degradation elsewhere in the 
watershed (Platts and Rinne 1985, Heede and Rinne 1990, BC Forest Service 1995, Hughes et 
al. 2006, Al-Chokhachy et al. 2010). As a rule it is more effective to work at larger scales — the 
reach, valley segment or whole drainage basin (Frissell and Ralph 1998). This is particularly 
true of the small headwater streams occupied by the remnant stocks that we wish to protect. 
Small headwaters are tightly coupled to the hillslopes and uplands (Church and Ryder 2001), 
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where the products of surface disturbance, slope failure, culvert blowouts and ditch erosion 
are delivered directly into the creeks (Shaw and Thompson 1986, Sawyer and Mayhood 
1998a). Small streams, such those holding most of the remaining native cutthroat trout stocks, 
are the least protected, because they are deemed to be too small to matter (Shaw and 
Thompson 1986), yet they are disproportionately important to watershed ecosystems 
(Chamberlin et al. 1991).

Densities of roads and other linear disturbances within the Alberta native range of westslope 
cutthroat trout are among the highest in western North America (Sawyer and Mayhood 
1998b). More than 60% of 99 small watersheds studied so far in the native range are at 
moderate risk, and an additional 35% are at high risk of channel damage from the combined 
effects of increased peak runoff and surface erosion arising from forest clearing and road 
development (Haskins and Mayhood 1997, Mayhood et al. 1997, Sawyer and Mayhood 1998a, 
Mayhood 2010, Erdle and Mayhood 2014). The extent of road development is responsible for 
most of the risk; clearcuts and other forest clearing had a smaller influence on risk scores in 
most cases (Mayhood et al. 1998).

The longer the risks persist, the more likely it is that damage to trout habitat will occur. In a 
subset of 90 of the study basins, 28 have been at high risk for an average of 30 years (range 
20-60 years); 59 have been at moderate risk for an average of 43 years (range 20-80 years) 
(Mayhood et al. 2004). Most of these basins have not yet been assessed to determine actual 
channel and trout habitat damage, but 7 of 9 in the Carbondale River drainage that have, 
show damage to trout habitat (1 moderate risk, 5 high risk) (Fitch 1980a-g, Sawyer and 
Mayhood 1998a). Similar damage is obvious in many more (Mayhood, unpublished data). 
Many of these streams at risk hold cutthroat stocks of considerable conservation value (Table 
2).

Simple GIS-based tools, models and channel-based procedures are available for assessing 
some of the principle watershed disturbances affecting headwater creeks (Case et al. 1994, 
BC Forest Service 1995, BC Forest Service. 1996, Swanson et al. 1998, Toews and Chatwin 2001, 
Al-Chokhachy et al. 2010). BC’s Interior Watershed Assessment Procedure has been verified 
for use in the cutthroat native range in Alberta (Sawyer and Mayhood 1998a), making it 
possible to evaluate watershed condition quickly and easily at the screening level, and to 
identify which roads and clearcuts or equivalent would provide the most benefit if 
rehabilitated  (Mayhood et al. 1997, 1998, 2004). There are also established methods for 
monitoring the results of watershed-level treatments on stream habitat  (Roni 2005).

The following procedure offers one way to deal with risks to habitat of conservation 
populations of cutthroat trout. Screen the conservation watershed for risk using the Interior 
Watershed Assessment Procedure (BC Forest Service 1995) or equivalent. For watersheds 
showing High or Moderate risk scores, conduct sediment source surveys, channel 
assessments (BC Forest Service 1996) and trout habitat assessments (use a procedure that is 
well-informed by fluvial geomorphology) to determine the nature and extent of habitat 
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degradation, if any. For those watersheds requiring restoration, work with the relevant land 
management authority to correct the problems identified.

Table 2. Selected westslope cutthroat trout populations of high conservation value, and habitat risk ratings for 
their watersheds. M — moderate risk, H — high risk, WSCT — native cutthroat genes. Risk duration 
estimated as described by Mayhood et al. (2004), measured to 1995. Data from (Mayhood et al. 1997, Sawyer 
and Mayhood 1998a, Mayhood 2010, Mayhood and Taylor 2011, Erdle and Mayhood 2014). Asterisks indicate 
genetic data are from Rasmussen et al. (2010).
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Cutthroat population/stream Proportion pure 
native cutthroat 

individuals

Minimum 
proportion of WSCT 

in hybrids

Habitat risk 
rating

Risk 
duration, 

years

Silvester Creek 1.000 0.000 H —

Corral Creek/Willow drainage 0.933 0.946 M 20

upper Livingstone River 0.833 0.973 M 20

Oldman River above falls 0.840 0.829 M 40

Hidden Creek 1.000 0.000 M 20

upper Dutch Creek 1.000* 0.000* H 20

N. Racehorse Creek 0.926 0.984 H 20

S. Racehorse Creek 1.000* — H 20

Vicary Creek above falls 0.905 0.973 H H-40,
M-20

unnamed creek/Crowsnest 
drainage

1.000 0.000 H H-40,
M-20

Goat Creek 1.000 0.000 H —

Lynx Creek tributary 1.000 0.000 H —

Lynx Creek 0.987 0.983 H —

Gardiner Creek 0.966 0.985 M —

Reclamation will usually require at least some work to reclaim roads, and other linear 
disturbances used as roads. Guidance on sediment control and road removal is readily 
available (Henderson 1993, Frissell and Ralph 1998, Anderson et al. 2006, McCaffery et al. 
2007).

Dams and reservoirs form another class of major impactors of trout habitat. Hydroelectric 
developments have devastated major native cutthroat stocks and other native fish 
populations in Alberta (Nelson 1962, 1965), often for negligible contributions to power 
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production. Radford and Hartland-Rowe (1972), for example, estimated that the three power 
installations on the Kananaskis River and lake system, which once held major stocks of native 
westslope cutthroat trout, bull trout and several other species, contributed just 4.6% of 
Alberta hydropower production, and only 0.12% of total electric power production in place or 
under construction at that time. Several of these developments will be up for relicensing or 
will be nearing the end of their economic lives, at which point it is often cheaper to remove 
them than to repair them (Doyle et al. 2000, Pejchar and Warner 2001, Lavigne 2005, Becker 
2006).

Dam removal or modification during repair offer excellent opportunities to restore several 
large-system populations of cutthroats, bull trout and other native fishes. Minnewanka, Spray, 
Upper and Lower Kananaskis and Barrier developments, if removed or imaginatively 
managed, could restore entire large watersheds for public safety, economic revitalization, 
recreation, and restoration of species at risk , transforming the prospects of recovery for 
cutthroat and bull trout. These are unmatchable opportunities that should not be ignored.

Dam removal or adaptation is a largescale operation with many potential pitfalls (Becker 
2006). Any such project will need in-depth planning and a full analysis of economic, 
hydrological, engineering, ecological and social impacts and benefits (Bednarek 2001, Pejchar 
and Warner 2001; see also Hart and Poff 2002), and the accompanying papers in that volume. 
Several dam removal projects underway or completed in the United States serve as models. 
Experiences there should be carefully reviewed in planning for similar projects in Alberta 
(e.g., Duda et al. 2008 and papers therein).

Managing for Climate Change

Climate change, already well underway, can be expected to have profound, mostly negative, 
effects on westslope cutthroat trout. For example, within the native range in the United States, 
cutthroat trout ultimately could lose 58% of the species’ remaining habitat, already severely 
depleted, by 2080 (Wenger et al. 2011). In the mainstem Bow and Oldman rivers, occupied 
ranges of cutthroat trout are projected to decrease by 18% and 14%, respectively, by 2040; and 
by 50% and 47%, respectively, by 2080 due to temperature increases alone (Robins 2009).  It is 
therefore necessary to consider carefully what climate change is bringing to the native range 
of Alberta native cutthroat trout, and consider at least broadly how to deal with those changes 
during conservation planning.

In an earlier report (Mayhood 2009), I reviewed how climate was expected to change within 
the native range of cutthroat trout in Alberta, and how cutthroat habitats and relationships 
with other species were likely to be affected. In brief, based on model projections provided by 
Sauchyn and Kulshreshtha (2008), mean annual air temperatures are forecast to be 2-4 °C 
higher in all seasons throughout the range by the 2050s. In the upper Bow River drainage for 
the same period, small increases of 0-10% are projected for precipitation in fall, winter and 
spring, with 10-20% decreases in summer precipitation. In the upper Oldman River drainage, 
winter and spring precipitation increases are forecast to be somewhat greater (10-20%), while 
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summer decreases may be somewhat less (0-10%). As in the Bow drainage, fall precipitation 
will likely be 0-10% higher in the Oldman drainage.

Research published since that report provides greater detail on how climate is changing 
stream conditions within the Albert native range of cutthroat trout, providing some new 
insights into how habitat for remnant stocks is changing, and what the effects may be on 
those populations.

Changes in water temperature

The response of lake and stream water temperatures to climate warming is highly dependent 
on local conditions.

Changes in water temperature are to be expected, but the relationship between air 
temperature and water temperature can be surprisingly complex. During much of the open-
water period, water temperature commonly tracks air temperature quite closely (Hynes 1970). 
During the winter in our area, ice cover insulates water from the air in many stream reaches, 
so the water remains at or close to 0 °C despite much lower (or higher) air temperatures. 
Where there is no ice cover in winter, severely cold periods can often supercool the water to 
below 0 °C, causing it to form frazil and anchor ice (Needham and Jones 1959, Brown et al. 
1993). Cold meltwater may depress stream temperature for prolonged periods during 
snowmelt (Sheridan 1961), even when air temperatures are quite high (D. W. Mayhood, 
unpublished data for streams in the Kananaskis Valley). Groundwater influx, which varies 
seasonally and spatially along stream channels, influences water temperature at all seasons, 
but especially during periods of low flow, when it constitutes the main source of water. 
Groundwater temperatures ordinarily track mean annual temperature (Meisner et al. 1988), 
although the relationship is likely to be complex in mountainous areas such as those occupied 
by remnant cutthroat populations.

As a result of these complexities, water temperature in streams is only partly determined by 
air temperature directly. Air temperature also acts indirectly by warming or cooling the soil, 
and thereby groundwater (Meisner et al. 1988), by freezing or thawing soil moisture, and by 
melting snow and ice. For these and other reasons, stream temperature at a location is 
determined by the relative amounts of water contributed from various sources rather than 
directly by air temperature or insolation, which instead act as water temperature modifiers. 
This can sometimes lead to counterintuitive observations, such as decreased water 
temperature with increased atmospheric warming. For example, Arismendi et al. (2012) found 
some minimally human-influenced stream sites in the Pacific Northwest showed significantly 
declining water temperatures despite a regional trend of increasing air temperatures. In a 
modeling study, MacDonald et al. (2014) reported that water temperatures were projected to 
decrease in fall, winter and spring in a small headwater of the Oldman River drainage in 
response to a warming climate as a result of a shift to earlier snowmelt and peak runoff.

Glacier-fed streams and lakes, as well as high-elevation headwater lakes and probably their 
outlet streams are expected to show very large temperature changes, up or down, in response 
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to increasing temperatures with climate change. Temperature increases of 10-12 °C have been 
predicted for the epilimnia of some alpine lakes under climate warming (Thompson et al. 
2005). Decreases, then increases of water temperature may be expected in some Rocky 
Mountain alpine lakes as climate warming melts, then eliminates, glaciers from their basins 
(Vinebrooke et al. 2010). Variable influential factors on temperature changes in mountain lakes 
and the streams they feed are the relative contributions of ice (especially glaciers), snow 
patches, ice extent, aspect, wind exposure and shading. 

Average hydrological effects of climate change within the Alberta native range

Some overall hydrological trends can be identified for the Alberta Rocky Mountain East 
Slopes under the expected climate change regime over the next century.

Adam et al. (2009) provides some forecasts for snowmelt and runoff, as well as proportion of 
precipitation as snow. The global scale of the study raises problems of resolution, making 
interpretation difficult for some parameters, but the conclusions for the Alberta native 
cutthroat range are as follows (Adam et al. 2009:Figure 2).

Taking the Alberta native range of cutthroats as a whole, by 2040 average runoff is expected to 
be higher from late fall through to late winter, but will be lower through the open-water 
period. The lower snowpack water in early spring suggests that late spring peak flows, which 
are most responsible for reshaping stream channels and riparian zones in our area, will be 
smaller on average. Total annual flow declines over the last century have been prominent for 
Alberta rivers on the east slopes, and the declines are expected to continue (Rood et al. 2005). 
Ultimately, regions such as the native cutthroat range in Alberta can be expected to encounter 
overall water scarcity of a “magnitude not yet experienced since European settlement” (Wolfe 
et al. 2011). Similar assessments of large decreases in future overall water supplies have been 
made by others (Schindler and Donahue 2006, Rood et al. 2008).

Earlier spring runoff in the cutthroat native range continues to be forecast. Throughout 
western North America, annual peak snowmelt and annual peak runoff already (over the last 
half-century) are occurring 1-4 weeks earlier in the water year (Stewart et al. 2005, Stewart 
2009). This general pattern has also been shown for rivers draining Alberta’s east slopes 
(Rood et al. 2008). So far, spring peak flows on the east slopes have occurred earlier and risen 
less steeply with a tendency to slightly lower peaks, while summer and early fall flows have 
been substantially lower (Rood et al. 2008). Rood et al. (2008) project somewhat earlier, but 
lower peak flows in future for these rivers, on average (their Figure 8), especially in the Bow 
and Oldman basins.

Among-watershed variation in climate change effects on hydrology

Despite the general trends for the Alberta East Slopes noted above, some important interbasin 
variations are projected.
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Mean annual flows have been tending to decline recently (1971-2000) in most of the Oldman 
drainage, with the possible exception of the Belly watershed 7, but have been mostly tending 
to increase in headwaters of the Bow River basin (Kienzle 2010). With one exception the 
trends are not statistically significant (p < 0.05).

For seven rivers in the Oldman drainage, modeling predicted that summer flows will decline 
considerably, while winter and early spring flows will increase, producing an overall slight 
decline in the annual discharge (Shepherd et al. 2010). Empirical trend projection by the same 
authors predicted similarly decreased summer flows but only slight change in winter flows 
and greater annual flow reduction. Reconciling these findings, they concluded that “we can 
indicate to the agencies that manage river flows in southern Alberta and north-central 
Montana that the future flows around the middle of the twenty-first century are very likely to 
include a substantial, further reduction in summer flows, but with some compensation by 
increasing spring and possibly winter flows” (their p. 3876). Similarly, the upper Oldman 
basin has been projected to show a decline in spring runoff due to reduced snow 
accumulation (Lapp et al. 2005). Earlier spring snowmelt and runoff and substantial 
reductions in spring discharge, on average, are forecast for the St. Mary basin in the far south 
(Larson et al. 2011).

In contrast, simulated flows in the Cline River, a North Saskatchewan tributary near the 
upper Bow headwaters, projected consistently higher and more frequent peak flows, and 
higher and more frequent low flows, and that these changes would progressively increase 
into the future, under several climate change scenarios (Kienzle et al. 2012b). Likewise Beaver 
Creek, an Oldman tributary on the southern flank of the Porcupine Hills, in simulations 
showed a future increase in winter and spring streamflow and a reduction of summer and fall 
streamflow over all time periods tested (Forbes et al. 2011). In short, future streamflows are 
likely to vary according to watershed, and this must be considered in conservation planning.

Extreme events

Much more than changes in mean conditions, extreme events are likely to be especially 
influential in the ecology of the native range of cutthroats. Average conditions may be 
adequate to support a remnant stock, but because the populations are now highly isolated, a 
single extreme episode could destroy it. This is especially likely in the small, often high 
elevation headwaters that represent extreme conditions already for these populations.

Extreme atmospheric temperature highs are expected to increase in frequency with global 
warming (Wigley 2009): the effect is already apparent in the existing record (Rahmstorf and 
Coumou 2011, Hansen et al. 2012). In general, global warming induced by increased 
atmospheric CO2 is likely to increase extreme storm precipitation and runoff throughout most 
of the western US, especially in the Sierra Nevada of California, but including, if much less 
dramatically, the Rocky Mountains in Montana (Kim 2005), the region adjoining our study 
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area. The model signals are weak for this area, with some measures suggesting increased 
likelihood of occurrence, and some not.

More frequent extreme spring runoff due to rain-on-snow events cannot be ruled out based 
on existing analyses. More frequent runoff extremes on the east slopes of the Rockies may 
come in fall through early spring, the period for which higher precipitation and runoff is 
forecast (Sauchyn and Kulshreshtha 2008, Adam et al. 2009). That is, extreme high winter 
flows, which are still low relative to annual maxima, will be high for winter and will occur 
more frequently. Extreme high winter flows might be expected to increase the frequency of 
ice-dams and ice-dam flooding (Beltaos and Prowse 2001) which, when the dams release, can 
produce channel-reforming flows from both water and ice action on the channel and riparian 
zone. Higher winter flows in general would be expected to create longer or more frequent 
winter ice-free conditions due to ice breakup. A higher frequency of freeze-thaw cycles also 
seems likely within the native cutthroat range. Already freeze-thaw cycles are more frequent 
in the warmer southern part of the cutthroat range than they are in the colder the north 
(Brown 1999).

Flood risk increased in most of the western US over the late 20th century,, including the 
Rocky Mountain basins west and south of our study area (Hamlet 2006). This is not clearly 
attributable to global warming at this point, and cannot be projected into the future with any 
confidence. Even though high flow magnitudes have been decreasing over recent decades for 
most Canadian rivers (Sharif and Burn 2009), three extreme high runoff springs (1995, 2005, 
2013, all at least partly rain-on-snow events) on Alberta’s southern east slopes in the last 18 
years suggest that our region might be an exception, experiencing more frequent extreme 
spring flows. Interestingly, two Bow basin drainages that have shown trends of declining 
mean annual flows over the period 1971-2000, the Kananaskis and Sheep (Kienzle 2010), 
flooded heavily in spring 2013. A recent history of lower annual flows thus does not imply 
that floods will not occur, or that they will be smaller.

More recently, it has been argued that losses of Arctic ice cover and earlier snow melting at 
high latitudes due to anthropogenic global warming may produce extreme weather events 
that result from prolonged conditions, such as flooding, cold spells, heat waves and drought 
(Overland et al. 2011, Francis and Vavrus 2012, Liu et al. 2012, Tang et al. 2013, Overland 2014). 
This is an area of active research, and there is contradictory evidence (Barnes 2013, Screen and 
Simmonds 2013, Barnes et al. 2014).  In addition, global warming is projected to double the 
frequency of extreme El Niño events, severely disrupting global weather patterns and 
producing extreme weather worldwide (Cai et al. 2014). In southern Alberta strong El Niño 
events are likely to produce especially severe and more frequent summer drought, because El 
Niño years here are marked by especially low precipitation and streamflow (Lapp and 
Kienzle 2010).

An extreme frequency analysis is warranted. At present, it is not possible to predict a change 
in frequency of extreme high flows or high water temperatures at all seasons with any 
confidence for this region. The largest concern remains an increased frequency and 
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magnitude of extreme low summer flows. Declining summer flows from the eastern slopes of 
the Rockies are already apparent over the last several decades (Schindler and Donahue 2006, 
Rood et al. 2008). This trend should be expected to continue into the future as summer 
temperatures and evapotranspiration increases, and summer precipitation decreases 
(Sauchyn and Kulshreshtha 2008, Adam et al. 2009).

Interactions of land-use effects, land cover, hydrology, and climate change

Thus far, modeling of hydrology changes due to climate change has not considered changes 
in forest cover arising from climate change, nor has it considered interactions from ongoing 
land-use changes. These effects are potentially substantial, and generally will tend to increase 
spring peak flows, while simultaneously reducing summer low flows.

Industrial logging has been reducing forest cover in the Bow and Oldman river headwaters 
over the past century (Sawyer et al. 1997, Mayhood et al. 2004, Hansen et al. 2013), and this 
will continue for the foreseeable future (Government of Alberta 2013). Forestry and other 
industries together with motorized recreational pursuits will extend the road network, 
increasing the drainage efficiency in watersheds.

Wildfire in the Alberta native cutthroat range is likely to increase in frequency and severity 
with a warming climate (Cerezke 2009, Littell et al. 2009). Logging can contribute to increased 
wildfires in dry forests such as ours by increasing the number of potential ignition points 
(Lindenmayer et al. 2009). Deforestation by logging and wildfires will affect basin hydrology. 
In southern Alberta, wildfires have been estimated to produce up to 70% increases in peak 
flows in some small mountain basins, with concomitant decreases in water quality and high 
nutrient loss from forest soils (Silins et al. 2009a, 2009b). The latter can be expected to reduce 
hydrological recovery via reduced tree growth rates, thereby sustaining effects on peak flows 
over a longer period.

Insect infestations of forests are increasing in response to warmer temperatures (Weed et al. 
2013). Infestations will have effects similar to wildfire and deforestation on runoff and water 
quality on Alberta’s east slopes (Alberta Sustainable Resource Development 2007).

Industrial and recreational development on the east slopes can be expected to continue 
unabated (Government of Alberta 2013). Both have already caused extensive changes to 
drainage networks and their watersheds that will tend to produce higher peak flows and 
channel sedimentation, especially in small headwaters (Mayhood 1995b; Mayhood et al. 1997, 
1998, 2004; Sawyer and Mayhood 1998a; Erdle and Mayhood 2014). For more on road extent 
and effects in the Castle basin see Parkstrom (2002) and Lee and Hanneman (2011). These 
continuing changes in the hydrology of small headwaters need to be considered in 
management of their remnant native cutthroat stocks.

Implications of climate change for remnant cutthroat populations and their management

Changes in climate will have strong, but difficult-to-predict effects on fish populations 
(Crozier and Hutchings 2014). Changes in timing of migration and reproduction, age at 
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maturity, age at juvenile migration, growth, survival and fecundity are related largely to 
changes in temperature. Fish may adapt to temperature changes, however, making prediction 
of responses difficult. Crozier and Hutchings (2014) also argue that multiple changes will 
produce multiple, interacting selection pressures, further confounding prediction attempts.

The implications of climate change specifically for cutthroat trout were discussed in a 
previous report (Mayhood 2009:8). Increases in air temperatures will cause increased water 
temperatures, at least in summer and probably at other seasons in some waters. Others may 
show temperature decreases in fall, winter and spring (MacDonald et al. 2014). Higher (or 
lower) water temperatures will affect all physiological functions of the trout. These effects will 
be especially large in what are now the coolest habitats, because a change in low temperature 
has a disproportionately large effect on physiology, following Krogh’s “normal 
curve” (Winberg 1971). Near the upper limit of temperature tolerance (about 20 °C, Bear et al., 
2007, #41540), even slight increases in water temperature can be expected to have serious 
negative effects on trout. Through its direct effects on physiology, changed temperatures can 
be expected to change behaviour; spawning success (MacDonald et al. 2014); competitive 
ability (Wenger et al. 2011); vulnerability to parasites, diseases and predators; habitat use; and 
vulnerability to hybridization (Muhlfeld et al. 2009b, 2009c; Rasmussen et al. 2010; Yau and 
Taylor 2013), at a minimum.

In addition to temperature changes, changes in hydrological conditions such as flow volume, 
velocity and timing, caused by climate change will modify habitat, behaviour, and possibly 
growth and survival (e.g., MacDonald et al. 2014). Changes in temperature and hydrology 
together are likely to greatly reduce habitat (Wenger et al. 2011). Others have noted that likely 
biological effects of climate change in stream temperature and hydrology include upstream 
shifts in thermal habitats, risk of egg scour, and declining summer habitat volumes (Isaak et 
al. 2012). These substantial effects from climate change on habitat quality and quantity 
emphasize how important it will be to manage land-uses carefully in watersheds holding 
remnant populations so as not to further damage or reduce habitat. Because the kinds of 
changes due to climate change, and their magnitude, are likely to be highly watershed-
specific, conservation planners will need to evaluate them separately for each remnant 
population they manage. At the least, managers should plan to have widely-distributed 
restored populations throughout the native range, and probably more of them than 
calculations might suggest.

Managing Angling

Anglers are the principal users of cutthroat trout populations. Many prefer to practice catch-
and-release; all but a few at least tolerate it. Most would undoubtedly like to retain the 
occasional fish for a meal. The promise of that possibility would open the minds of anglers to 
the potential benefits of a successful recovery program. It would also provide a challenging 
target for managers.
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The ultimate goal of the recovery plan for the species should include provision for some 
harvest from strong populations of pure, native westslope cutthoat trout once recovery has 
progressed sufficiently to permit it. At present, real opportunities to retain cutthroats for the 
table are limited mostly to the largest hybrid populations (Mayhood 2009:Table 3). Most of the 
remnant native populations are protected by regulations that make those stocks legally catch-
and-release only.

No-take (catch-and-release) sport fisheries, if they are intensive enough, have potential 
detrimental effects on small- to moderate-size target stocks (Paul et al. 2003, Sullivan 2007). 
This problem has been discussed in more detail previously (Mayhood 2009). All cutthroat 
stocks of high conservation value should be individually evaluated to document their size 
and to determine if angling pressure is sufficient to threaten them. Very small populations are 
at particular risk. Whether angling should be closed on particular stocks will be a difficult call 
in some cases: closing a stock to fishing might simply draw attention to its value, placing it at 
even greater risk. Whatever the decision, a high level of enforcement should be part of the 
conservation plan for all populations of high conservation value.

Benchmark Watersheds for Native Cutthroat Trout

Our ability to understand the effects of habitat changes, damage and loss; climate change; 
invasive species; hybridization and exploitation on native cutthroats is made much more 
difficult because there are almost no pure stocks that are not subjected to these effects. We 
need some benchmark populations to serve as controls against which we can measure the 
attributes of other pure populations that are subjected to these effects. To be useful, the entire 
watershed holding the benchmark stock should be protected. Suitable native cutthroat 
watersheds would most easily be established within already-protected lands such as national 
parks, ecological reserves, and wilderness areas. Banff National Park, Ghost Wilderness and 
the Beehive Natural Area are obvious choices for consideration for hosting benchmark native 
cutthroat watersheds, but Waterton Lakes National Park and proposed protected areas in the 
Castle-Carbondale and Oldman-Livingstone drainage basins should also be considered as 
suitable sites.

Communicating the Issues

Although many anglers are at least passably familiar with the fact that native cutthroat trout 
are disappearing from this province, few understand the full magnitude of the loss or the 
causes of it. Almost none of the general population understands these things. If Canadians, 
especially Albertans, do not recognize the extent and nature of the loss, or the value of native 
cutthroats, they are not being properly served by the responsible agencies.

The recovery program therefore needs an integrated education component. The purpose of 
the program is to present the facts concerning the status of the fish, the causes, the value of 
the fish, the problems and likely expense of an effective conservation program, and the 
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potential areas of conflict with other resource users. This is critical information that citizens 
need to make reasonable judgments about the work of their management agencies.

The information can be conveyed by a variety of means, and should be an ongoing part of the 
management program. Self-guided nature trails along present or former native cutthroat 
streams or lakes could include information about the trout, their conservation problems, and 
what is being done to recover the populations. Locations for watching cutthroats might be 
included. Fish-watching as an activity in general should be an essential part of interpretive 
programs. In Yellowstone National Park, Wyoming, more people watch fish than angle for 
them at certain times (Jennings 1980), and this is in a park heavily used by anglers. Setting 
aside certain restored streams and their cutthroat populations for fish-watching only could be 
a very effective educational approach, and would broaden the constituency for the fish 
significantly. Involving angling, natural history and environmental groups in the recovery 
work is an excellent way to do the same thing. 

Many other ideas could be gleaned from examining how other jurisdictions, especially parks, 
have handled similar challenges (Mayhood 1992).

Criteria For Successful Recovery

In a recovery plan, it is normally expected that some definite goal will be achieved. One 
possible goal for restoring the Alberta conservation unit of westslope cutthroat trout is to 
restore each identified remnant population of a specified genetic purity to a point where it can 
be considered secure, effectively in perpetuity, with a specified high degree of probability. 
Ways of setting genetic purity criteria have already been described (see Managing 
Populations of Differing Genetic Purity). Now what is needed is the population size.

A suitable criterion for successful recovery might be that the Alberta populations are of 
sufficient size to persist with 95% probability for 40 generations. The equations in Figure 1 
provide one way to set a target population size by this criterion. Unfortunately, each remnant 
population will need about 6000 adults (Figure 1A), which is more than the estimated total 
remnant population in all of Alberta (Cove et al. 2013:11).

Probably none of the remnant native cutthroat stocks individually can be restored to 
sufficiently large population sizes. They are just too small now, and the necessary habitat is 
not going to be available to allow them to be enlarged to the necessary sizes. In all likelihood, 
most of these never were large enough, and likely only maintained themselves by migration 
from downstream (Mayhood and Taylor 2011). Local headwater populations that cannot be 
made large enough on their own could be linked to form populations that are at least large 
enough in total to meet the target population size (Rieman and Allendorf 2001). An example 
of how a realistic population size criterion might be set is discussed in the following section.

There are, however, more urgent problems than the actual population size per se which will 
bear on setting suitable criteria for successful recovery. Because many remnant populations 
are so small, their genetic quality almost certainly has already been compromised by drift and 
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inbreeding, and these issues are likely affecting their fitness. Resolving such problems should 
be the priority in the short term, and will likely require some careful introduction of small 
numbers of fish from compatible stocks to effect a genetic rescue. Both donor and recipient 
stocks will need to be evaluated for local adaptations, fitness, and compatibility. All of this 
kind of work should be done under the supervision of a well-qualified population geneticist.

Considering the above, criteria for successful recovery must, in addition to setting the target 
population size and genetic purity, also set criteria for maintenance of particular local 
adaptations and specific fitness traits, both of which will be population-specific. The criterion 
must incorporate the idea that each remnant stock must have sufficient genetic resources to 
continue to adapt and evolve.
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Action Plan: an Example in Outline
The following outlines one possible plan for conserving and restoring westslope cutthroat 
trout throughout their native range in Alberta. It is intended to serve as an example showing 
how various common problems might reasonably be handled in a real, adequately-funded 
recovery program. It is not a recommendation for a particular program.

As in all critical scientific work, the overall recovery strategy, and every project proposed as a 
part of the strategy, should be subject to independent peer review. This is particularly 
necessary in species at risk recovery projects, where mistakes could result in driving unique 
populations extinct.

Goals
The goals of this plan are to ensure, with a high degree of probability (at least 95%, or 0.95),  
that 

• native westslope cutthroat trout will not be driven to extinction in either the Bow or 
Oldman drainages within the native range in Alberta, and

• all remnant native populations will have sufficient genetic resources to continue to 
adapt and evolve.

Design
The plan is to re-establish secure, genetically-pure native westslope cutthroat stocks, if 
possible representing resident and migratory life-history forms, in at least three major sub-
drainages of each of the Bow and Oldman river drainages.

The rationale is as follows. We wish to ensure with a high degree of probability that westslope 
cutthroat trout as a native subspecies is not driven extinct in the Alberta native range. The 
native range consists of the Bow and Oldman river drainages, primarily within the foothills 
and Rocky Mountains. By restoring at least six distinct populations, one in each of three sub-
drainages in each of two major basins, we minimize the chance of extinction of the subspecies 
from its Alberta native waters. We also retain, with a high degree of probability, examples of 
native cutthroat trout stocks throughout the native range.

One speculative design is shown in Figure 2 as an example, but several others are possible. 
The final design should be determined after evaluation of all alternatives based on detailed 
studies of each remnant population, and considering all reasonable alternative designs.

The design in Figure 2 (2060s?) has the following beneficial attributes. It provides three 
separate networked populations (metapopulations), each of significant size and extent, in 
each of the Bow and the Oldman drainages. There are large lake, small lake, mainstem river, 
and tributary habitats of various types, permitting a wide variety of genetic stocks and life-
history types to be represented. Although together they cover only a small fraction of the 
historical range of native cutthroats in Alberta, they are reasonably well distributed 
throughout it, and are unlikely to all be subjected to the same extinction-inducing stochastic 

37



events. Each metapopulation is substantially larger than any of the present-day remnant 
stocks, which is a considerable improvement and should give each of them a high probability 
of persistence. Taken together, the metapopulations are large enough and widely-distributed 
enough that the probability of extinction in the Alberta native range will be negligible. Most 
metapopulations incorporate at least one of the known remaining pure or minimally-
hybridized stocks. Several have natural barriers at the downstream end. Several pure and 
minimally-hybridized stocks remain that will require special management, however.

Figure 2. Historical, present and speculative future distribution of native westslope cutthroat trout stocks within 
the native range in Alberta.  Red — genetically pure native; green — apparently pure native, with some hybrid 
individuals, or minimally hybridized; orange — reconstructed pure stocks. See text for explanation. Hydrography adapted 
from Nelson and Paetz (1992). Populations discovered since 2011 (very few) not shown.
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With regard to the probability of extinction, the calculations are as follows 8. The largest single 
population reasonably required is about 1500 adults, based on 70% probability of persistence. 
(Recall that higher persistence probabilities need disproportionately higher numbers.) The 
probability of extinction of a population of that size once it is secured from invasive rainbow 
or brook trout is 30% (0.3) over a period of 40 generations. The probability of extinction can be 
reduced to below the target value of 5% (0.05) in a single major drainage by re-establishing 
three separate populations of 1500 adults widely dispersed over the major drainage: 0.33 = 
0.027. Because individual populations of that size are going to be difficult to establish, we 
may have to settle for more, but smaller, populations. For population genetic and 
demographic reasons it is inadvisable to rely on populations of less than about 500 adults. 
Populations of 500 have a probability of extinction of about 50% (0.5). If so, we could 
establish, say, 5 widely separated populations of 500 adults each. The probability of extinction 
in that case would be 0.55 = 0.0313. Or we could establish various numbers of populations and 
combinations of population sizes to meet the target. For example, a combination in which 
there was one population of 1500 adults and three populations of 500 adults would have a 
probability of extinction of 0.53 • 0.3 = 0.0375. All of these combined probabilities of extinction 
are lower than the target probability of 0.05, so any of them would be an acceptable 
alternative.

Valuable Non-target Populations
Many populations of genetically-pure, nearly pure, and significantly introgressed populations 
will not be included in the new metapopulations. All of them are important, and all need to 
be conserved and restored to the extent possible. In particular, it is critical to conserve and 
protect all remaining populations of pure and nearly-pure cutthroats. They will be required to 
assist in rebuilding the target metapopulations. The isolated populations will likely need to be 
genetically rescued with occasional introductions of carefully-selected compatible migrants 
from other remnant stocks. This should be done under the supervision of a well-qualified 
population geneticist. The process proposed in Table 1 will be used to manage these stocks 
and their recovery.

Recovery Landmarks
Individual populations would be declared Restored when the population is not directly 
exposed to invasive species that actively threaten to outcompete them; Oncorhychus with 
which they could introgress; had achieved an effective size of at least 500-1500, depending on 
the target for the population; and threats to habitat were stable or decreasing. Major drainage 
basins (e.g., the Bow River drainage) would be considered Restored with respect to native 
westslope cutthroat trout when the combined probability of extinction of the recovered target 
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populations is less than 0.05, and threats to habitat were stable or decreasing. Recovery of 
native westslope cutthroat trout in the province would be declared when restoration has been 
achieved in both major basins (the Bow and Oldman), population trends are increasing over 
at least 5 generations, and threats to habitat are stable or decreasing.

Smallscale Recovery: Some Examples
Two cutthroat trout recovery programs are presently being conducted in Alberta. A third in 
Yellowstone National Park, Wyoming, now completed, serves as an example of what can be 
done.

Quirk Creek

At Quirk Creek in the Elbow River drainage, Bow River basin, a systematic attempt is 
ongoing to suppress brook trout. Brook trout are believed to be competitive with an 
introgressed population of westslope cutthroat trout in this creek, so work is presently 
directed at reducing  brook trout numbers or removing them completely (Stelfox et al. 2001, 
2004; Paul 2003, 2004; Paul et al. 2003; Dormer and Paul 2005; Earle et al. 2007, 2008, 2009a, 
2009b, 2010). As yet, no attempt has been made to reduce the degree of introgression in the 
cutthroat population, but that would be a logical extension of the project if the brook trout 
suppression work is ultimately successful.

Corral Creek - Hidden Lake

A second, more elaborate project recently has been initiated in the Corral Creek-Hidden Lake 
drainage, upper Bow River, Banff National Park. The goal there is to eliminate a population of 
brook trout in the headwater Hidden Lake, its outlet creek, and Corral Creek above a barrier 
waterfall using electrofishing and gillnetting. The intent is then to re-establish westslope 
cutthroat populations in the lake and upper stream network by selecting genetically-pure or 
minimally-introgressed fish from below the barrier, employing an innovative genomic 
approach (Humphries and Dickinson 2011). The eradication part of this project is similar to a 
previous project in Banff National Park (Devon Lakes Project) that was successful, but there is 
no publicly-available report yet.

Arnica Creek

This creek in Yellowstone National Park USA was invaded by non-native brook trout, 
apparently beginning in 1982: 1985 surveys found fish of 1 - 3 years old. The oldest were 
expected to spawn in fall 1985. The species was determined to be a threat to a native stock of 
Yellowstone cutthroat trout, so management authorities mobilized to eradicate the 
population. This case is highly instructive for controlling invasive populations in Alberta, and 
is comparable in several respects to the problems facing the Corral and Quirk Creek projects 
just discussed. I will outline briefly how the eradication was done based on the description of 
the senior scientist on the project (Gresswell 1991).
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Arnica Creek is a critical spawning area for one of Yellowstone Lake’s several dozen stocks of 
native cutthroat trout. The spawning stock numbers over 4000 adult fish, which migrate into 
Arnica Creek to spawn in spring or early summer. Most young-of-the-year have left the creek 
by October, but some remain, rearing in the stream for up to 2 years. The creek is a third-order 
stream with an average gradient of 1.8%, a drainage network of 44 km, and a late summer 
discharge of 0.2 - 0.3 m3 s-1 near the mouth. It flows through wet meadows with abundant 
springs and seeps, emptying into a 23.6 ha sandbar lagoon of Yellowstone Lake. The lagoon is 
open to the lake by a small outlet, but on occasion during low flows in late summer it may be 
isolated from the lake.

Alberta fish biologists will recognize this as the kind of habitat likely to favour strong 
populations of brook trout. The complex habitat, springs and seeps, and resident non-target 
population pose several obvious problems for eradication. Nevertheless the invading 
population in 24 km of Arnica Creek was successfully removed with antimycin treatments in 
August 1985 (~ 4000 brook trout), with follow-up treatment in August 1986 (~ 65 brook trout).   
Gresswell (1991) attributed success to effective application techniques (numerous primary 
and booster drip stations, backpack pump applicators, and accurate tracking of toxicant 
dispersal using fluorescein dye to identify locations missed and requiring spot treatment. It is 
clear from the published account that meticulous planning based on detailed surveys of the 
stream network for fish concentrations, as well as spring and seep locations; rapid response to 
the problem once the invasion was discovered; small invader population; and restricted 
distribution of the target species were also decisive in this successful eradication project.

The Arnica Creek project is one of many showing that complex eradication problems can be 
resolved with careful planning and attention to detail. A problem not faced by that project is 
that the cutthroat stock was migratory, leaving mostly young-of-the-year in the treatment 
area. This population has several year-classes, so could recover quickly from losses in 2 years. 
In Alberta, the entire population of cutthroats will be in the treatment area, perhaps along 
with other valuable native fish populations. These fish will have to be removed to a protected 
area before treatment when similar projects are attempted here.

Restoring & Conserving a Large Network: the Upper Bow River
The three projects above can serve as examples of relatively straightforward, though 
undeniably difficult, restoration and recovery efforts. Projects similar to these will have to be 
done routinely, in a carefully planned, integrated and highly coordinated way, as part of the 
larger effort to prevent extinction of isolated native cutthroat populations in the Bow and 
Oldman basins. Here I outline a project intended to show a high amount of complexity of the 
type that will be encountered when a drainage of significant size is restored. This type of 
largescale, complex project will be necessary to recover and restore large metapopulations 
suitable for securing native cutthroats in perpetuity. It is also an example of largescale 
ecosystem restoration, in which many native species impacted by a variety of anthropogenic 
factors may be recovered at once by the same methods. In this case the ecosystem is a large 
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watershed, and the project is an example of whole watershed restoration of the type 
suggested elsewhere (Mayhood 1995a, Mayhood 1998).

Present Status

The upper Bow River in Banff National Park drains approximately 310 km2 of high, partly 
glacier-covered mountain terrain (Figure 2). The length of the mainstem from the outlet of 
Bow Lake to the basin outlet is approximately 23 km. It is fed by 10 significant tributaries 
holding perhaps 26.5 km of usable trout habitat (Table 2), and two large glacial lakes. Bow 
Lake (275 ha, maximum depth 48 m; Anderson 1974) was originally populated by native 
stocks of bull trout, mountain whitefish and westslope cutthroat trout (Rawson 1939a). Bull 
trout have since been replaced by introduced lake trout (Donald and Alger 1993), cutthroats 
had virtually disappeared by 1984 (Donald 1987) and are now apparently nonexistent 
(Campbell 1997). Hector Lake (590 ha, maximum depth 87 m; Donald and Alger 1993) also 
would have had native populations of bull trout, mountain whitefish and cutthroat trout. 
Mountain whitefish and cutthroat trout are still present, but bull trout are now absent 
(Donald and Alger 1993, Donald and Stelfox 1997). Non-native brook trout, lake trout and 
splake (brook trout × lake trout hybrids) have also been reported, though their present status 
in the lake is uncertain (Ward 1974, Donald and Stelfox 1997, Humphries and Dickinson 2011).

Rainbow, non-native stocks of cutthroat, and brook trout were introduced widely and often in 
large numbers into lakes and streams throughout the basin (Rawson 1939a, Ward 1974). Brook 
trout are now widespread, but non-native Yellowstone cutthroat and rainbow stocks seem to 
have nearly disappeared (Donald and Alger 1993, Donald and Stelfox 1997, Campbell et al. 
2000), and may now exist only as introgressed hybrids with native cutthroats, e.g., in 
Katherine Lake, the Bow River mainstem and certain tributaries (Mayhood and Taylor 2011).

Still there remains a core population of lightly-introgressed westslope cutthroat trout in the 
Bow River mainstem, and in a short reach of Helen Creek. In the upper Bow River mainstem, 
80% of individuals in a 30-fish sample showed no introgression, and the 6 hybrid trout had a 
minimum 0.97 coefficient of westslope cutthroat ancestry (WSCT index; Mayhood and Taylor 
2011). An almost identical genetic composition was found in a 30-fish sample from Mosquito 
Creek, although one hybrid had a WSCT index as low as 0.88. Helen Creek holds a small, 
isolated pure stock in one reach that is at least partly isolated from the Bow River mainstem 
population, although it is exposed to potential competitive and introgressive exotic 
populations upstream (Brian Meagher, personal communication, 26 February 2014; Table 2).
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Figure 2. Upper Bow River drainage basin, Banff National Park. Orange line denotes watershed, brown lines 
outline estimated extent of potential cutthroat trout habitat. Blue gridlines are 10 km apart. Base map is a detail 
from National Topographic Service 1:50,000 82N/9, Edition 3, 1996, datum NAD 83.
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Table 2. Tributary streams of the upper Bow River, Banff National Park, and their fishes. Data from Figure 2 and 
Mayhood and Paczkowski (1993) Mayhood and Taylor (2011), S. Humphries, personal communication 14 June 
2011.

Tributary Habitable length, km Fish species

Bow Summit Creek 4.5 brook trout

Bow Glacier Creek 2.8 ?

Helen Creek 3.2

partly spatially-segregated 
populations of rainbow X 

cutthroat hybrids, 
Yellowstone cutthroat trout, 
westslope cutthroat trout, 

brook trout, bull trout

Mosquito Creek 3.8 rainbow X cutthroat hybrids

Noseeum Creek 1.3 bull trout

Hector Lake outlet channels 2.9 brook trout, bull trout, 
cutthroat trout

Waputik Creek 5.3 ?

Hector Ridge Creek 1.7 ?

other 1 ?

Total 26.5

Recovery Design

The project should start with a formal hydrological and ecological assessment of effects of 
climate change to be expected in the basin. There is little point in proceeding with the full 
project if climate change will change habitat in a way that will not support an adequate 
number of cutthroats to ensure longterm persistence in at least some parts of the drainage. 
Assuming that the climate change assessment is favourable, managers could proceed as 
follows.

At a rough estimate, the approximately 50 km of inhabitable stream in the basin should be 
able to support approximately 2500 cutthroats, assuming a low carrying capacity 
(Hilderbrand and Kershner 2000). A population of that size should persist for at least 40 
generations, or about 120-200 years, with a probability of about 79% (Figure 1). These 
estimates do not account for the carrying capacity of any of the lake habitat, or of the likely 
higher carrying capacity of the Bow River mainstem below Hector Lake outlet, which is much 
wider than the upper mainstem. Overall, there appears to be an opportunity to restore, or 
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establish as new, one resident mainstem stock, up to 10 stream-resident stocks, 2 glacial lake 
stocks, possibly 3 artificial high lake stocks (Turquoise, Katherine, Mosquito), and 1 valley-
bottom lake stock (Margaret), most of them connected, metapopulation fashion, by the stream 
and lake network. Migratory stocks might also develop spontaneously in such a large, 
complex network.

Restoration of this large network starts with a comprehensive survey of all fish-bearing or 
potentially fish-habitable waters. The objective of the survey is to delineate distribution, 
estimate population sizes, identify critical habitat (spawning and egg incubation, rearing, 
refuge, overwintering and migration routes), document movements of all species — in 
general, to determine how the various fish populations use the available habitat. All fish 
captured would be individually marked (if large enough) and cutthroat trout would be tissue 
sampled for genetic characterization.

Work from this point on would be determined by the detailed findings of the survey and 
genetic work. For this exercise, which is only intended as an illustration, I will rely on 
assumptions based on presently-available information. The existing information suggests that 
the principal issues for native cutthroats in the drainage are introgression by rainbow trout, 
hybrids and possibly by non-native cutthroats, and potential competition from non-native 
brook trout. Predation by non-native lake trout may be an important factor limiting native 
cutthroat use of Bow and Hector lakes. Of these, the greatest threat appears to come from the 
invasion of rainbow trout alleles.

It seems reasonable to assume that most existing populations of cutthroat trout in the upper 
Bow drainage are able to maintain themselves in the presence of brook trout for the time 
being, at least. Brook trout have become well-established in the drainage network, yet 
cutthroats have persisted in their present locations, although they have certainly been 
excluded from some others (e.g., Margaret Lake, Humphries and Dickinson 2011). Brook trout 
have often replaced cutthroat trout in various places throughout the native range, but do not 
inevitably do so (Donald 1987, Mayhood 2009). Brook trout removal can be exceedingly 
difficult (see the Quirk Creek example, above), and will use up scarce resources. Accordingly, 
it seems safe to leave brook trout removal programs for later, and conduct them only where 
they are necessary to provide new habitat for cutthroats, or to prevent recolonization of 
habitat already cleared of them.

Similarly, removing lake trout from lakes as large as Bow and Hector is likely to be difficult as 
well (Gresswell 2009). Cutthroats are either absent from, or are very rare in these lakes at 
present. It is reasonable to expect that there are more profitable places to expend scarce 
resources in restoring the cutthroat stocks in this basin, at least initially.

An important aspect of the cutthroat recovery program is that it be part of an overall 
restoration plan for the entire watershed. Other native fish stocks such as lake and stream 
populations of bull trout and mountain whitefish may have been damaged by developments 
in the basin, or by global changes. For example, bull trout have disappeared from Bow and 
Hector lakes, apparently because of competition with introduced lake trout (Donald and 
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Alger 1993, Donald and Stelfox 1997). Mountain whitefish in Bow Lake have become 
contaminated with toxaphene of atmospheric origin (Donald et al. 1998, Campbell et al. 2000, 
Blais et al. 2001), with unknown effects on the whitefish population, or on populations of bird 
and mammal predators that may prey on them. In addition, past stocking in formerly fishless 
alpine lakes in the basin has undoubtedly altered invertebrate communities, possibly 
eliminating some species (Anderson 1972, 1977, 1980; McNaught et al. 1999; Donald et al. 2001; 
Parker et al. 2001). Many synergies should be realizable by working to resolve issues for all 
native species in a comprehensive restoration plan.

Restoring Cutthroat Stocks to Purity

For cutthroat trout, the immediate concern will be to identify and remove or isolate sources of 
invasion by the rainbow trout genome, and if possible by any non-native cutthroat trout 
genome. Critical information for this purpose will come from the detailed genetic survey 
described above. At present, we know that Helen Creek is a likely source of rainbow trout 
invasion (Table 2), and is the uppermost source of rainbow alleles in the basin as far as is 
presently known. This creek is also a potential source of introgressive Yellowstone cutthroats, 
as well as competitive brook trout.

Helen Creek will therefore be targeted for restoration first, initially by removing the brook 
trout and Yellowstone cutthroat trout populations. Ideally, the pure westslope cutthroat trout 
stock could then expand into the newly-available habitat. The hybrid rainbow × cutthroat 
population, which I understand occupies the creek below the highway culvert, could then be 
restored to genetic purity. This preferably will be accomplished by selective removal of the 
most introgressed individuals in the population using a genomics approach similar to that 
described by Humphries and Dickinson (2011), taking care that the population remains large 
enough to sustain the losses. Work would progress from upstream to downstream. It 
probably will be necessary to construct a temporary barrier at the lower end of Helen Creek 
to prevent reinvasion of hybrids from downstream.

If the hybrid population in Helen Creek proves to be too introgressed, it may be preferable to 
remove it and replace it with a purer stock. The purer stock would be sourced, in order of 
preference, from natural invasion from further upstream, from the mainstem, from another 
similar local stock in a similar stream in the basin (e.g., Mosquito Creek), from a compatible 
stock from elsewhere in the Bow River drainage (e.g., Outlet Creek), or from a compatible 
similar stock elsewhere within the native Alberta range. Any transplanted fish would have to 
come from a population large enough to sustain the losses without incurring genetic damage 
or unacceptable population risk, and the numbers transplanted would have to be large 
enough to minimize founder effects. Failure to consider and adequately counter these 
possible effects could negate any possible improvement that the overall project might 
provide.

In the next phase, westslope cutthroat stocks in the mainstem Bow River and in Mosquito 
Creek could be treated by selective removal of the most introgressed individuals in an 
attempt to recreate the original pure stocks if the populations are shown to be large enough to 
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tolerate the losses. Again, work would progress from upstream to downstream, with 
temporary barriers set at the downstream ends of the treatment reaches to prevent reinvasion. 
Additional genetic survey data may ultimately show whether this is likely to be worth the 
effort. The existing data for the mainstem cutthroats suggests only a small amount of 
introgression with rainbows (Mayhood and Taylor 2011), which means (a) that the cutthroat 
stock might be “purifiable”, and (b) that if not purifiable, it may be so little introgressed as to 
have negligible loss of fitness, and so be pure for practical purposes.

Ultimately it will be necessary to set a permanent barrier to upstream movement on the Bow 
River mainstem at the downstream end of the restored watershed. With some ingenuity and 
the advice of a good fluvial geomorphologist or river engineer, it should be possible to 
construct a durable, natural-looking waterfall at a constriction in the entrenched channel. The 
location will have to be set so as not to block any native species from their critical habitat, so 
some quite detailed preconstruction population monitoring using combination upstream-
downstream traps will have to be done at the site.

Restoring Invader-occupied Habitat to Native Cutthroats

Once high-quality westslope cutthroat stocks are restored to the mainstem and major 
tributaries, expanding the range to formerly-occupied or new habitat could be considered. 
For example, Helen and Katherine lakes would have lacked fish populations originally, but 
now hold stocks of non-native trout that almost certainly have destroyed many native 
invertebrate, and possibly amphibian, populations (Anderson 1972, 1980; Knapp 2005).

Headwater lakes

Headwater lake populations, which are nearly always introduced stocks, can contribute a 
steady supply of recruits to downstream populations (Adams et al. 2001). There are many 
such situations in the upper Bow drainage. In the Helen Creek drainage, for example, two 
lakes may serve as a source of immigrants to the lower reaches. Katherine Lake holds a 
hybrid swarm of westslope × Yellowstone cutthroat (Taylor & Gow 2007), and Helen Lake 
had rainbow and brook trout introduced into it (Ward 1974). Helen Lake probably now 
supports only brook trout due to its very small outlet (Donald 1987), but the former rainbow 
population may have contributed alleles to the native cutthroat population in the lower creek.

The Katherine Lake westslope × Yellowstone hybrid swarm at some point should be removed 
and replaced with a suitable westslope cutthroat stock, assuming adequate spawning habitat 
is available (Donald 1987). This would create a pure lake stock isolated by barrier falls from 
invasive hybrids and brook trout, and in a cold environment that might be resistant to direct 
temperature effects of climate warming. Alternatively, the lake could be returned to its 
original fishless state.

The brook trout in Helen Lake should be removed, and the lake returned to its original 
fishless state, as part of the restoration of Helen Creek. High-intensity gillnetting should work 
well here. Helen Lake is unlikely to serve as a suitable archive site for a pure westslope 
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cutthroat stock, because its very small outlet provides negligible spawning habitat, and 
outflow from the lake is probably too small to enlarge it.

In the Mosquito Creek drainage, Mosquito Lake was stocked with splake and with cutthroat 
of unknown origin, but both populations are believed to have died out (Ward 1974). The 
status of an introduced rainbow trout stock in Mosquito Pond is unknown, but natural 
reproduction is suspected (Ward 1974). The exact location of the pond is not identified by 
Ward, so the passibility of any outlet is not known. If this population can be found, it should 
be removed. Either of these waterbodies should be evaluated as habitat for archival westslope 
cutthroat populations in the event that global warming threatens to eliminate populations at 
lower elevations.

In the Hector Lake drainage, Turquoise Lake holds a population of splake, and Margaret Lake 
below it holds a brook trout population that completely replaced a probable native cutthroat 
stock9 (Ward 1974, Humphries and Dickinson 2011). A cutthroat population should be 
restored to Margaret Lake. This will probably require the splake in Turquoise Lake to be 
removed first to prevent colonization of Margaret Lake by that hybrid species. It could then 
be evaluated for receiving an archival stock of westslope cutthroats, or restored to its natural 
fishless state. After that, the brook trout can be removed from Margaret Lake and a suitable 
local replacement stock of westslope cutthroats can be reintroduced. A permanent barrier may 
need to be placed on the outlet to prevent non-native trout reinvasion from Hector Lake. The 
need for this should be evaluated at the time of restoration planning for Margaret Lake. At 
present there appears to be no non-native fish population that would be likely to move into 
Margaret Lake from downstream (Donald and Alger 1993, Donald and Stelfox 1997), but it is 
conceivable that lake trout might do so.

In the Bow Lake drainage, Mary Lake was stocked with brook trout and cutthroat trout of 
unknown origin. If any fish remain (Ward 1974 indicates that spawning success is unknown), 
they are most likely brook trout. I have been told that another unnamed lake on the cliffs 
above the north shore of Bow Lake had also been stocked with trout (species unknown) 
sometime before 1964. These populations, if they still exist, seem unlikely to pose any risk to 
native cutthroats, but should be investigated as part of the initial survey.

Valley bottom creeks

Small tributary creeks, springbrooks and side-channels in the valley bottom often hold dense 
populations of non-native brook trout. Because they are typically connected directly to 
mainstems in valley-bottom riparian areas, they are often both highly productive potential 
habitat for restored cutthroat trout, and large reservoirs of non-native trout that can readily 
reinvade the mainstems. Brook trout seem to exclude cutthroats from this kind of habitat. It is 
likely that eradicating the brook trout in these habitats would substantially increase the 
carrying capacity of the stream network for native westslope cutthroat stocks.
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The creek above Bow Lake, here called Bow Summit Creek, presently contains a dense 
population of brook trout (Mayhood and Pasczkowski 1993). It is likely that this tributary 
originally would have held a resident stock of native cutthroats, bull trout spawning and 
rearing habitat, or both. Some juvenile mountain whitefish also still use the creek. Eliminating 
this brook trout population could open up several kilometres of stream habitat for all of the 
native species.

Work in this location is complicated by two factors. First, the 5-km long meadow area 
surrounding this creek is actually a complex network of tributary channels, some of which are 
dry or cut off in late season. Second, it is possible that Num-Ti-Jah Lodge on Bow Lake takes 
its water supply from a well or creek on the west side of this meadow. The creek is not 
tributary to the treatment stream (it drains directly into the lake), but its groundwater source 
may be part of the headwater channel complex. A detailed survey will be needed to help plan 
any work here, both to protect the water supply, and to ensure that all fish habitat is identified 
and treated.

The most promising approach might be to use a combination of physical and chemical 
removal techniques. The meticulously planned approach described by Gresswell (1991) can 
serve as a guide for doing any planned piscicide treatment. Intensive trapping and 
electrofishing may well work for any channels that might conceivably influence the lodge 
water supply. It is not likely that the groundwater will be affected by the piscicide (Finlayson 
et al. 2001), but this possibility should be investigated using, at a minimum, inert tracer 
techniques (Harvey and Wagner 2000).

Provided that all channels and refuge areas are completely treated, reinvasion of brook trout 
into this stream network does not seem likely. Brook trout are apparently absent from Bow 
Lake (Donald and Alger 1993, Donald and Stelfox 1997, Campbell et al 2000), but trapping at 
the mouth of Bow Summit Creek could detect movements into it. A replacement population 
of westslope cutthroat could be reintroduced as soon as eradication of the brook trout is 
complete.

What appears to be a somewhat similar low-gradient creek (here called Waputik Creek) 
drains an extensive meadow area south of Hector Lake. This creek is likely to have a dense 
brook trout population as well, but otherwise would appear to provide excellent habitat for 
cutthroats. If this proves to be true, a program of eradication similar to that proposed for Bow 
Summit Creek should be tried here. This also would eliminate what is likely a major source of 
invaders from the system. A temporary, but probably longterm barrier near the mouth would 
be necessary to protect this stream after brook trout are removed. Once brook trout have been 
cleared from the Bow River mainstem, this barrier would then be removed to allow free 
movement of cutthroats between it and the river.

The many channels between the Bow River inlet to, and the outlet of, Hector Lake are known 
to harbour many brook trout (Mayhood and Pasczkowski 1993). Again these would appear to 
provide substantial suitable habitat for cutthroat trout, especially rearing juveniles. Where 
these can be temporarily isolated from the mainstem, they could be treated with heavy 
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electrofishing, trapping or piscicide. Those that cannot be isolated will need to be treated as 
part of restoration work on the mainstem Bow River.

The Bow River mainstem in the study area has few brook trout except in side-channels and 
tributary mouths (Mayhood and Pasczkowski 1993). Because these populations tend to be in a 
few isolated locations along the main channel, it may be possible to treat them one by one in a 
single systematic upstream-to-downstream operation over a few days, without having to 
install any temporary mainstem barriers. Repeating this procedure within one low-water 
season, then again in subsequent years, as necessary, might be sufficient to eradicate the 
brook trout from the mainstem and its side-channels and tributary confluences. Intensive 
electrofishing combined with heavy trapping of all size-classes, and spot treatment with 
piscicide where safe to do so, might be sufficient.

Lake trout removal

Once brook trout are eradicated from the system above the permanent mainstem barrier, it 
would be worthwhile to remove lake trout from Bow and Hector lakes. This would allow bull 
trout from the Bow River mainstem to repopulate these waters. Lake trout represent a major 
threat to cutthroat trout persistence in numerous lakes into which they have been introduced 
(Martinez et al. 2009). They appear to have eliminated cutthroat trout from Bow Lake, and 
probably have reduced their numbers in Hector Lake (Donald 1987, Donald and Stelfox 1997). 
With bull trout replacing lake trout as the top predator in these lakes, cutthroats could again 
repopulate them from the Bow River, coexisting with native bull trout as they did historically.

Removing lake trout from large lakes will be a major undertaking, as there are no proven 
methods to do so yet (Gresswell 2009, Martinez et al. 2009). One promising approach that 
might work is to use radiotagged adults to identify spawning locations (Gresswell 2009). 
These could then be targeted with gillnets or other appropriate fishing gear. Alternatively, the 
spawning sites could be disrupted and made unusable. If spawning locations are few, all 
identified, and used consistently from year to year, these methods might have a good chance 
of working.

Final Remarks on Restoring Large Networks

Restoring a large drainage network is a long, complicated and expensive undertaking with no 
guarantee that the final result will be completely successful. It is important to organize the 
effort so that smaller but significant fractions of the work will yield lasting benefits that are 
worthwhile on their own. By linking several of these smaller projects in succession, success 
can be achieved out of proportion to the mere sum of the individual achievements. In the case 
of the upper Bow River watershed restoration, for example, restoring a genetically-improved, 
well-adapted native cutthroat stock to Helen Creek would be a considerable achievement on 
its own. Removing the brook trout population from the creeks and Helen Lake in that small 
watershed would mark another worthy achievement. Replacing the Katherine Lake 
westslope × Yellowstone hybrid cutthroat stock with a pure, well-adapted westslope 
cutthroat population (or alternatively, replacing it with the original community of native 
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invertebrates), yet another success. The combined effect of these three projects, however, 
would be the complete restoration of an entire watershed in which is secured at least one 
stream stock and possibly one more archival lake stock of genetically pure westslope 
cutthroats. This would be a 16.7% increase to the total existing Alberta supply, ranking as a 
remarkable accomplishment. It would also make improving and securing the mainstem 
population possible.

Reaching each one of the smaller goals should be formally recognized. When a significantly 
purer cutthroat population has been achieved, that population should be formally declared 
Restored. When brook trout have been completely removed from Helen Lake and the stream 
network, and the stream Yellowstone cutthroat population has been removed, then these 
habitats can be declared Restored. When the Katherine Lake hybrid population is either 
removed or replaced, Katherine Lake should be declared Restored, at which point the entire 
watershed can be declared both Restored and Secured.

Working in this way, everyone can see that something of significance is being accomplished 
for the great amount of time and effort that will have been expended. Achieving all of the 
objectives could easily take decades. In the meantime, the successive projects are 
accumulating more and more meaningful results.
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Information Gaps and Research Needs
There are several types of research needed to support recovery and management of native 
cutthroat trout stocks in Alberta.

• short-term studies designed to meet immediate basic information requirements
• basic research on how various types of cutthroat stocks adapt, evolve and interact with 

their habitat and with non-native species
• basic research on the ecological role and impacts of native westslope cutthroat trout, 

other native fishes, and invasive fish species in watershed ecosystems
• longterm research on how climate change is changing hydrology of the streams, and 

the habitat used by remnant stocks
• applied research on more effective methods for managing at-risk species, and on 

managing non-native species affecting the viability of native cutthroat trout

Of these, the immediate basic information needs have high priority. Longterm basic and 
applied research are both required, but with less immediate urgency. A few of the projects in 
the latter two categories would be ideal subject areas for academic research. Encouraging that 
work would provide many synergistic benefits for westslope cutthroat trout recovery in 
Alberta.

Immediate Basic Information Requirements

Genetic Survey of Cutthroat Populations

The most urgent, immediate requirement is to complete the presently ongoing genetic survey. 
We need to identify all remaining unhybridized populations of westslope cutthroat trout in 
Alberta. This will give managers a clear idea of what populations remain to support recovery. 
Conservation of these populations has the highest priority because there is every reason to 
believe that most remnant stocks are at unusually high risk of extinction, yet have high value 
for future recovery of lost and at-risk populations. Highest priority for the survey are any 
remaining creeks that have never been sampled before, followed by the extreme headwaters 
of creeks known to hold hybridized stocks, if those headwaters are fish-accessible but have 
not yet been sampled. The present method of 30 fish analyzed for 9 (or more) markers 
remains suitable for this survey-grade work (Taylor and Gow 2007, 2008; Yau and Taylor 
2013), assuming that there are 30 fish left to sample in the populations. Rapidly-developing 
genomic methods can provide much more detailed and reliable information (e.g., Narum et al. 
2013, Hohenlohe et al. 2013), and may soon become the approach of choice for such surveys.

During field work for genetic surveys it is important to record numbers and catch-per-unit-
effort for all species captured, locations caught, fork lengths, water temperatures and 
descriptions of potential critical habitat observed, such as spawning, rearing and 
overwintering habitat, as well as migration barriers. Evidence of high flows and its 
consequences for habitat also should be noted. This information can be used to help make 
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initial judgments about how each survey population should be treated in future. It can also 
assist in planning more detailed work outlined immediately below.

Abundance, Life History, Critical Habitat & Fitness of Remnant Populations

Alberta Fish and Wildlife has adopted a geographically explicit conservation index approach 
inspired by that of Williams et al. (2007), the Fish Sustainability Index, as a standardized 
method for evaluating and prioritizing fish populations for management and conservation. 
To assign index values, draft rules for applying the method require data on population 
density, population structure, genetic integrity, ecological integrity, habitat and exploitation 
(Coombs 2010). These analyses should be done as soon as possible on the high-priority stocks. 
For each species occupying the streams holding high-priority stocks, the following 
information is needed on life history, critical habitat and population characteristics.

• overwintering locations and habitat
• flood refugia and response to high flows
• spawning locations, timing and habitat
• numbers of spawners by sex
• spawning frequency
• spawning mortality
• egg incubation duration
• alevin residence time in-gravel
• rearing location and habitat
• feeding locations and habitat
• food
• movements and timing among critical habitats
• abundance of each life-history stage
• threat assessment

Minimum-impact, Noninvasive Study Methods

Much of the above information will be difficult to obtain, in part because it will be necessary 
to handle the same individuals repeatedly, and these often will be the only remaining 
representatives of critically endangered stocks. Lethal sampling will not be possible. Even 
non-lethal methods can reduce fitness, especially if they are used repeatedly on the same 
individuals. For example, electrofishing may have serious irreversible effects, even if it is not 
immediately lethal (Snyder 1995, 2003). Also, certain types of data obtained by electrofishing 
may not be reliable. I have noted small amounts of length shrinkage in a small proportion of 
trout shocked repeatedly (Mayhood, unpublished data). Electrofishing will always have 
problems when used on small populations in small habitats, because inevitably some fish will 
be approached too closely, and will receive shocks that will cause severe injuries that are 
easily overlooked.

Innovative methods may have to be developed or refined to make observations effectively. 
Direct observation methods such as snorkling (Thurow 1994), viewing tubes or video 

54



photography (Brown 1999) can often be used in place of electrofishing. Angling, traps and 
small beach seines may prove to be preferable, less stressful collection methods in suitable 
situations and for some size-classes. Natural individual markings can be used to identify 
individual trout in place of tags or fin clips (Persat 1982, Bachman 1984, Gifford and Mayhood 
2014). Under some common conditions, it has proven to be difficult to pinpoint spawning 
locations and timing for westslope cutthroat trout, because they move to spawning sites and 
spawn during or immediately after spring runoff peak flows, when flow is swift, turbid and 
difficult to work in. There are ways of working around this, for example with the aid of 
passive integrated transponder (PIT) tags (Roussel et al. 2000).

The most reliable age data come from examining otoliths, which requires lethal sampling. It is 
possible that other bony structures obtainable with non-lethal methods (e.g., fin rays) could 
be used instead. If it is possible to survey individual populations at least annually without 
harm, individual marks, as described above, can be used to obtain age data for older fish, 
while length-frequency analysis can provide ages of younger fish. Sex and maturity data 
often is obtained by lethal means, but non-lethal methods such as digital palpation (Kano 
2005) and external visual assessment (Kazyak et al. 2013) may prove workable.

All of these possibilities, and others, will need to be researched, adapted, developed and 
verified for use on at-risk small populations in small creeks.

Habitat Carrying Capacity of Remnant Populations

As discussed at length earlier, population size is one of the most important determinants of 
vulnerability to extinction. Population size is determined in large part by the carrying 
capacity of the habitat (Hilderbrand and Kershner 2000, Hilderbrand 2003). Degraded habitat 
reduces its carrying capacity for trout, makes it more vulnerable to invasion by non-native 
trout (Shepard 2004), and increases the risk of hybridization (Hubbs 1955; Nelson 1966, 1973). 
Accordingly, habitats of remnant native cutthroat stocks need to be meticulously evaluated 
and protected.

Many habitat assessments have been carried out on streams holding remnant native cutthroat 
stocks, but most are now out of date (e.g., Radford 1977, Tripp et al. 1979a, 1979b; Fitch 1978, 
1979a, 1979b, 1980b, 1980c, 1980e; Stelfox and Konynenbelt 1980; Stelfox and Ladd 1982), or 
were not designed to inventory habitat problems requiring resolution (e.g., Dahl-Fequet 
2000). Recent habitat studies sufficient to identify resolvable problems are available only for a 
few remnant populations (e.g., Erdle and Mayhood 2014; Mayhood 2013a, 2013b). Most of the 
habitat problems identified in those surveys have not been resolved.

As a high priority, detailed, systematic, comprehensive surveys to identify resolvable habitat 
problems that limit carrying capacity are required for all remnant populations. These surveys 
should incorporate a watershed analysis to identify issues at the watershed scale, and include 
recommendations incorporating a whole-watershed perspective to rectify the identified 
issues.
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At the same time, research is needed to relate measures of habitat to population size. The 
purpose of that work is to enable managers to estimate quantitatively how much habitat 
improvement from resolving issues contributes to increased population size. Refer to 
Managing Habitat for Adequate Carrying Capacity, above, for an in-depth discussion of the 
issues involved and the kinds of work needed.

Distribution, Status and Fitness of Hybrid Populations

For hybrid populations, we need additional survey work to identify and characterize the 
range of hybrids, the degree of hybridization and its conservation implications. In particular, 
the fitness consequences of hybridization of critical hybrid stocks (e.g., lower and upper Bow 
River “rainbow” trout) need to be evaluated (e.g.,  Leary et al. 1995, Muhlfeld et al. 2009a). 
With this information, these populations can then be assigned a priority class for conservation 
planning. This work has a high priority because it is hybrid stocks that presently provide 
most of the high economic value trout angling in the cutthroat native range in the province, 
and there is some reason to suspect that at least some hybrid stocks may be at risk due to their 
hybrid status (Muhlfeld et al. 2009a). Also, historical trout stocks in the Bow and Oldman 
basins were much larger than they are today, and large individuals were much more 
common. To what extent can those numbers and larger fish be restored? Can the remnant 
native stocks be used in some way to help restore those numbers? Again, the basic survey and 
fitness work, especially when combined with additional basic research on fitness, adaptation 
and evolution (see below), can aid in answering those questions.

Distribution and Status of Populations Outside of the Native Range

Many populations of cutthroat trout have been introduced into Alberta waters outside of the 
native range (Nelson and Paetz 1992). What little is known of these populations has been 
summarized elsewhere (Costello and Rubidge 2006). Surveys of these populations should be 
conducted to determine their origin, genetic and conservation status, their life histories and 
use of the occupied habitat, and their fitness. The results will help in assessing where these 
stocks fit in to an overall recovery plan for westslope cutthroat trout. Some of these 
populations may prove to be of great value as the only remaining examples of certain life-
history types (e.g., fluvial, adfluvial, and large lake-resident life-history types).

Inventory of Secure, Unoccupied Habitat

One of the best opportunities to salvage critical westslope cutthroat populations at immediate 
risk may be to introduce them into secure, unoccupied habitat. Such locations (usually lakes 
and streams above barriers to dispersal) are becoming increasingly rare as the common, 
genetically-depauperate Spray/Marvel Job Lake stock is distributed into such locations. This 
activity should now stop, and a thorough and comprehensive inventory of the remaining  
secure habitats should be completed. These locations need to be reserved (a) as fish-free 
refuges for species unable to coexist with fish, such as many invertebrates (Anderson 1972, 
Donald et al. 1994, Lamontagne et al. 1994, McNaught et al. 1999, Parker et al. 2001) and 
amphibians (Bradford et al. 1993, Funk and Dunlap 1999, Pilliod and Peterson 2001, Knapp 
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2005, Bosch et al. 2006, Knapp et al. 2007, Pope et al. 2008); (b) as benchmark ecosystems 
(Knapp et al. 2001); and (c) as potential refuge sites for imperiled populations of westslope 
cutthroat trout and other threatened aquatic taxa.

Some work has been completed on an inventory (Robinson 2008, Good and Robinson 2009), 
but much remains to be done.

Longterm Basic Research

Hybridization Effects on Native Stocks

The consequences of hybridization on native fish stocks are at present poorly understood. 
Existing hypotheses, such as that hybridization disrupts locally-adapted gene complexes 
(Allendorf et al. 2001) need to be tested, the effects documented, and the consequences for the 
persistence of the native stock and its hybrids thoroughly established. Some evidence 
suggests that fitness of rainbow × cutthroat trout hybrids is reduced relative to that of 
parental stocks (Muhlfeld et al. 2009a), other work demonstrates that at least some hybrids are 
more likely to disperse long distances (Boyer et al. 2008), and some alleles of rainbow trout 
may be super-invasive to cutthroats (Hohenlohe et al. 2013). These results have important 
consequences for restoration, and raise many questions themselves. Still others remain 
concerning, for example, whether selection works to eliminate or enhance specific hybrid 
effects. The answers will contribute to our knowledge of the fundamental nature of 
hybridization, and in practical terms will improve conservation managers’ ability to restore 
and protect remnant native populations.

Adaptation, Fitness and Evolution in Native and Hybrid Stocks

The overall goal of the recovery plan for westslope cutthroat trout is to restore the ability of 
the subspecies to adapt and evolve primarily within the Alberta native range, but also to 
assist its recovery throughout the full range of the subspecies. To inform that work we need to 
understand what constitutes fitness in their populations, what affects fitness, how fish adapt 
to their environments, and how they evolve in response to environmental change. Because 
environmental conditions are changing rapidly as a result of anthropogenic local and global 
changes, changes in fitness, local adaptation and rapid evolution are subjects of special 
relevance. Basic research in these areas would improve our understanding and help us 
conserve not only westslope cutthroat trout, but all species whether or not they are currently 
at risk.

Ecological Roles of Native & Introduced Trout

It is axiomatic in ecology that every species has a unique role in its ecosystem. That role is a 
consequence of each species’ unique characteristics, such as its structure or physiology: no 
species is exactly like any other, or it would, by definition, be the  same species. For that 
reason, adding, replacing, modifying (as through hybridization), or eliminating that species 
will inevitably change the ecosystem in some way.
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The ecological, social and economic consequences of such single-species changes can be 
dramatic. In one famous case, introducing a mysid shrimp into Flathead Lake ultimately 
displaced birds and mammals from a tributary stream, with significant consequences for 
tourist visitation to an important attraction in a national park.

Owing to predation by the shrimp, copepod and cladoceran zooplankton populations declined 
dramatically, contributing to the collapse of an important planktivorous fish population. Loss of 
this formerly abundant forage fish [kokanee] caused displacement of birds and mammals that had 
fed on them in an upstream tributary within Glacier National Park.

…

Finally, collapse of the kokanee spawning run has diminished the number of human visitors to 
Glacier National Park in autumn. At a designated viewing area on McDonald Creek, park visitors 
often could see more than 100 eagles at one time. Since the collapse, visits to the viewing area have 
declined from a maximum of 46,500 in 1983 to fewer than 1000 in 1989. (Spencer et al. 1991)

In another more recent case (Middleton et al. 2013), the decline in native cutthroat trout 
populations caused a decline in elk recruitment. Non-native lake trout introduced into 
Yellowstone Lake drove a steep decline in the native cutthroat trout, which had spawned in 
tributary streams. The lake trout, however, spawn at depth in the lake. Grizzly bears that 
formerly relied on the cutthroat trout stream spawning runs for food transferred their 
attentions to elk calves, which in turn caused a decline in elk recruitment.

The consequences to Alberta’s East Slopes ecosystems of so many lost populations of native 
trout are not known. Cutthroat trout, bull trout and mountain whitefish were historically far 
more widespread and abundant in southern Alberta than they are now, and have not been 
fully replaced by non-native rainbow, brown and brook trout that have been added to the 
fauna. Ecosystem-level research, which considers whole watersheds and stream networks, is 
needed to establish what role native and introduced salmonids play in East Slopes 
ecosystems, and what the effects have been of the population losses.

Longterm Applied Research
Several lines of longterm applied research would greatly assist recovery efforts for native 
cutthroat trout in Alberta. These range from modeling climate change effects on hydrology 
and trout habitat, to taking advantage of new capabilities in population genetics, to novel 
approaches to dealing with invasive species.

Climate Change Effects on East Slopes Watersheds, Hydrology and Trout Habitat

Anthropogenic changes in climate are changing Alberta’s ecosystems, from their vegetation 
cover (Schneider et al. 2009) to their hydrology (Lapp et al. 2005; Rood et al. 2005; Schindler 
and Donahue 2006; Rood et al. 2008; Kienzle 2010; Lapp and Kienzle 2010; Shepherd et al. 
2010; Forbes et al. 2011; MacDonald et al. 2011; Kienzle et al. 2012a, 2012b), and ultimately their 
trout habitat, with likely effects on their trout populations (MacDonald et al. 2014). Impacts on 
at-risk and invasive trout are going to come from the combined effects of several climate-
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induced changes at once, acting in concert with other human-caused alteration of the 
environment (e.g., Wenger et al. 2011, Isaak et al. 2012). Successful management, conservation 
and recovery planning for all species in southern Alberta, including native cutthroat trout, 
depends on accurate projections of how a changing climate will change the physical 
environment.

A great deal remains to be done in this area. Work is hampered by the global scale and 
inherent complexity of the problem, as well as the unwillingness of most governments, 
including our own, to take meaningful action limiting the damage. Given these issues, it is 
remarkable that useful assessments are actually available for parts of the East Slopes. We need 
much better coverage, however, beginning with assessments for specific drainages occupied 
by at-risk species, including westslope cutthroat trout. MacDonald et al. (2014) provide one 
example of how such specific modeling can produce useful results for restoration planning. 
Especially needed are projections that integrate deforestation from human encroachment, 
logging, increased wildfire, infestations and disease in the region’s forests, increases in 
extreme events, and successional changes along with climate change effects.

Genomic Approaches to Managing Hybrid Stocks & At-Risk Populations

Until recently, analyses using only small numbers of diagnostic genetic markers have been 
practical to assess the genetic integrity of trout populations and identify stocks. Recent 
advances in genomic methods now make it much more realistic to consider the entire 
genome, or large parts of it, for those purposes.

Narum et al. (2013) tabulate many types of critical information already obtainable by genomic 
methods, including phylogenetic reconstruction, extent of introgressive hybridization, 
population and stock identification, and genetic diversity of and among populations. These 
and others greatly improve conservation biologists’ ability to manage and restore species at 
risk such as native cutthroat trout. Still there remain many more possibilities to be explored, 
as well as a number of challenges to using genomics methods that need to be solved. Many 
good reviews and summaries of how new genomic methods can be applied to conservation 
issues are readily available (Allendorf et al. 2010, Davey et al. 2011, Hohenlohe et al. 2011, Funk 
et al. 2012, Narum et al. 2013, Harrisson et al. 2014, Perry 2014), and should be consulted for 
discussions of  issues remaining to be researched. Directly applicable examples of 
applications to salmonid conservation and management as required here include improved 
stock identification (Larson et al. 2014) and high-resolution documentation of rainbow trout × 
westslope cutthroat trout hybridization (Hohenlohe et al. 2011, 2013).

Research on genomic approaches to cutthroat trout population restoration and conservation 
and management needs to have a high priority. Work in this area will benefit conservation 
programs for all species, not just those at risk.

Methods of Removing or Managing Non-native and Hybridized Fish Populations

Eradicating any fish or wildlife populations is controversial for both social and ecological 
reasons (Myers et al. 2000). Unfortunately it is going to be required in some cases, or many of 
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the few remaining native cutthroat trout stocks will be extirpated by them (Boyer et al. 2008, 
Muhlfeld et al. 2009a). Some methods of removing or managing non-native fish populations 
have been discussed elsewhere in this report. These approaches all might be termed “brute 
force” methods: they are difficult to use selectively, are labour-intensive, and are not always 
effective. They commonly involve heavy overfishing, barriers or toxicants, all of which 
potentially have negative effects on non-target species, including the species supposedly 
being protected. Here I draw attention to two novel approaches now under development that 
managers should consider researching for use in dealing with non-native species impacting 
native cutthroat trout stocks.

Pheromones of Invasive Fish & Cutthroat Trout as Conservation Tools

Pheromones are beginning to be used in aquatic habitats as attractants to help eliminate 
harmful invasive species  (Young et al. 2003, Corkum 2004, Stebbing et al. 2004, Corkum et al. 
2006, Corkum and Belanger 2007). Young et al. (2003) have used the approach with some 
success to help control brook trout threatening native cutthroat trout. Pheromones may also 
have application to control strategies for invasive rainbow trout. For example, pheromone 
attractants might be used to concentrate rainbow trout in one location for more effective 
removal, to selectively aggregate westslope cutthroat trout for natural reproduction remote 
from rainbow trout spawning aggregations, or to disrupt rainbow trout spawning in some 
way. Pheromones work differently in different fish (Corkum and Belanger 2007), and there is 
little or no information on pheromones in cutthroat trout. There thus remains a great deal of 
research left to do to make use of pheromone approaches. Pheromone basic research could be 
promoted and encouraged as part of the recovery strategy for westslope cutthroats in Alberta.

Genetic Approaches to Removing Invasive Species

A quarter of a century ago, it was predicted that molecular biologists, in collaboration with 
immunologists and epidemiologists, would have solved the problem of exotic species by 2014 
(Soulé 1989).  This was clearly an overly optimistic forecast; nevertheless some progress has 
been made in the field.

One promising approach was inspired by concerns over the possible deleterious effects of 
transgene invasions into natural populations. Early modeling in this area suggested that a 
release of a few transgenic fish into a wild population could eliminate both the wild 
population and the transgenics if the transgenic trait simultaneously increased mating success 
but reduced fitness of the juvenile offspring (Muir and Howard 1999). Follow-up work (Muir 
and Howard 2002) showed that there was a risk of extinction to a transgene-invaded wild 
population under a combination of other conditions: (1) when the transgene increases male 
mating success but reduces daily adult viability, (2) when the transgene increases adult 
viability but reduces male fertility, and (3) when the transgene increases both male mating 
success and adult viability but reduces male fertility. The latter scenario was likely to cause 
rapid extinction, suggesting a perhaps especially effective approach to eliminating an 
invasive population.
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Gutierrez (2009) proposed a strategy for eradicating invasive fish by using a so-called “Trojan 
Y” chromosome, which produces YY fish sex-reversed to females, to shift the sex ratio 
strongly toward males in the offspring. Cotton and Wedekind (2007) detailed a number of 
advantages of the Trojan Y method over alternative genetically-based eradication methods, 
but also pointed to some potential problems that required further research. Importantly, a 
relatively small number of Trojan Y individuals would need to be released into a target 
population to eliminate it. They argued that the effect could be modulated to simply control 
the target population without eliminating it, or the process could even be reversed by 
stopping the addition of Trojan Y fish.

Cotton and Wedekind (2007) also noted that hybridization of the target species with a 
sympatric native species would deleteriously affect the native population in the same way, 
but they believed that the problem, if it arose, could be alleviated by ceasing YY female 
introductions. This problem should be very carefully considered before Trojan Y control is 
ever used to eliminate rainbow trout in the presence of any at-risk population of westslope 
cutthroat trout, because small populations of the latter could be quickly wiped out. 

The fitness consequences of genetically-engineering fish vary widely over the lifetime of the 
fish and the habitat structure, predation and food characteristics to which they are subjected 
(Pennington et al. 2010, Pennington and Kapuscinski 2011). The fitness of the engineered fish 
will affect the potential success of any eradication or control scheme in which they are used. 
Meticulous examination of these issues will have to be undertaken before the approach is 
tried in the wild. Bax and Thresher (2009) describe additional ecological, behavioural and 
genetic issues influencing genetic engineering approaches to control of invasive species. A 
recent review of these and other genetic approaches to controlling invasive fishes (Thresher et 
al. 2013) concludes that a triploidy strategy and the Trojan Y approach are conceptually 
proven and more likely than some others to be accepted by legislators and the public.

The cost of invasive species of all kinds, though exceedingly difficult to estimate accurately, is 
certainly enormous: in the hundreds of billions of dollars worldwide (Pimentel et al. 2000, 
Pimentel 2002; see also Mack et al. 2000). Support for research in this area, if the work was 
ultimately successful in developing techniques that could selectively remove the invasive 
species with great fidelity, would potentially benefit a wide range of invasive species 
problems, not just those affecting westslope cutthroat trout recovery. 
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Conclusion
Alberta’s native populations westslope cutthroat trout were originally widespread and 
abundant in the Bow and Oldman river drainages, primarily in mainstem rivers and their 
tributaries below barriers to upstream dispersal. Many of the large-system populations 
existed as metapopulations, composed of numerous stocks having a variety of life-history 
forms. Stocks were genetically and often morphologically distinct. The stock structure 
reflected specialization and resource partitioning within the metapopulations.

This structure is the essence of the subspecies in Alberta, and is critical to its continued 
survival here. Unless it is systematically rebuilt in a significant part of the native stream 
network, native cutthroat will only be able to survive with constant management attention.

This report provides a conceptual framework for, a detailed description of, and guidelines for, 
how this might be done. If successful, native cutthroats will be able to sustain strong 
populations in both the Bow and the Oldman drainages, largely on their own, with relatively 
little management attention.

The costs for achieving this result were not investigated. Intuitively, it appears that they will 
be high initially, but the longterm maintenance costs should be little more than those needed 
to manage other fish species in the province. Importantly, the work undertaken to recover 
cutthroat trout will also aid in recovering and protecting two other native fishes, bull trout 
and mountain whitefish. Both species share much of the stream network with cutthroat trout, 
and both are greatly reduced in abundance; bull trout are at risk (Threatened) in the province.
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Addendum
After finishing and submitting this report, I realized that I had left out an important reference 
supporting the recommendation that genetically-pure stocks of westslope cutthroat trout — 
those showing zero evidence of introgression from rainbow trout or other cutthroat 
subspecies — should be managed and protected separately from lightly-introgressed stocks. 
Corsi et al. (2013) showed that hybrids with ≥ 20% rainbow trout ancestry had significantly 
lower fecundity, larger egg sizes, and migrated earlier at lower discharges and stream 
temperatures than individuals with < 20% rainbow trout ancestry. Their data did not indicate 
threshold changes but rather continuous differences associated with the degree of rainbow 
trout ancestry. This suggests that there is no clear point below which introgression by the 
rainbow trout genome has no effect on critical aspects of westslope cutthroat trout biology.

Corsi, M. P., L. A. Eby, and C. A. Barfoot. 2013. Hybridization with rainbow trout alters life history traits of 
native westslope cutthroat trout. Canadian Journal of Fisheries and Aquatic Sciences 70:895-904. doi:
10.1139/cjfas-2012-0312
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