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ABSTRACT 
For freshwater fishes and mussels listed under the Species at Risk Act (SARA), a federal 
recovery strategy or management plan identifies recovery measures for best achieving 
population and distribution objectives. Recovery strategies and management plans for SARA-
listed freshwater fish and mussel species often identify conservation translocation, specifically 
supplementation or reintroduction, as a potential approach for improving survival and/or 
recovery. However, there has been limited progress in undertaking conservation translocations 
primarily due to basic information gaps on species ecology and uncertainty about how to assess 
the potential ecological benefits and risks to freshwater species and ecosystems. The objectives 
of this research document were to: 1) identify and evaluate the potential benefits and risks of 
conservation translocation as a tool for improving the survival, recovery, or management of 
SARA-listed freshwater fish and mussel species; and, 2) identify science-based considerations 
and methods for determining when conservation translocation would be expected to improve the 
survival, recovery, or management of SARA-listed freshwater fishes and mussels. Benefits and 
risks of conservation translocations to the focal species and broader ecosystem components 
are presented, including a decision support framework for evaluating the potential benefits and 
risks of conservation translocation for SARA-listed freshwater fishes and mussels. The decision 
support framework consists of five steps: 1) Identify fundamental and means objectives for 
conservation translocations; 2) Assess the probability of achieving the fundamental and means 
objectives; 3) Identify and assess the likelihood and magnitude of unintended consequences; 4) 
Compile and weigh the scientific evidence to inform the translocation decision; and, 5) 
Implement and monitor the conservation translocation. Using the decision support framework 
can help determine if and when the ecological benefits of conservation translocations outweigh 
the uncertainties and ecological risks when attempting to improve the survival and recovery of 
SARA-listed freshwater fishes and mussels. Future refinement of the decision support 
framework would benefit from several case studies in addition to those presented in the 
appendices.
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INTRODUCTION 
For species listed under the Species at Risk Act (SARA), a federal recovery strategy or 
management plan is required that identifies species recovery targets and recovery measures for 
best achieving population and distribution objectives. Recovery, as defined within federal 
species recovery strategies, is “the process by which the decline of an endangered, threatened, 
or extirpated species is arrested or reversed and threats are removed or reduced to improve the 
likelihood of the species’ persistence in the wild. A species [as defined under SARA] will be 
considered recovered when its long-term persistence in the wild has been secured” (Fisheries 
and Oceans Canada 2012). Two commonly identified tools for improving survival or recovery of 
SARA-listed freshwater fishes and mussels are reintroduction and supplementation. Species 
reintroduction describes the intentional movement and release of an organism to a location 
within its native range from which it has disappeared (IUCN/SSC 2013). Supplementation 
describes the intentional release of individuals of a focal species to an area presently occupied 
by conspecifics (Seddon et al. 2012). Together, these terms fall under the umbrella term of 
conservation translocations, which describes the intentional movement of species in an effort 
to improve survival or recovery (IUCN/SSC 2013), and represents a long-term, experimental 
restoration strategy for species at risk of extinction. 
As of March 2021, 75 freshwater fish and 20 freshwater mussel species [and/or Designatable 
Units (DUs)] were listed under Schedule 1 of SARA as Extirpated, Endangered, Threatened, or 
Special Concern. Among them, 24 have reintroduction and (or) supplementation identified as 
potential methods for recovery in federal recovery strategies, action plans, and (or) 
management plans, including 13 freshwater fish Designatable Units (DUs) and 11 freshwater 
mussel DUs. However, reintroduction or supplementation efforts have only occurred for seven 
freshwater fish DUs (n = 7; Atlantic Whitefish Coregonus huntsmani, Copper Redhorse 
Moxostoma hubbsi, White Sturgeon Acipenser transmontanus [Kootenay River, Nechako River, 
and Upper Columbia River DUs], and Westslope Cutthroat Trout Oncorhynchus clarkii lewisi 
[Alberta and Pacific DUs]; Lamothe and Drake 2019), with none performed for freshwater 
mussels. Poor progress toward initiating reintroduction or supplementation has been the result 
of basic information gaps on species ecology (e.g., species distribution, abundance), as certain 
SARA-listed species have only recently been the focus of dedicated monitoring and research 
(Castañeda et al. 2021; Drake et al. 2021), and concern that such gaps may limit translocation 
success or cause increased harm. Adding to the lack of standard ecological information, limited 
progress has also been the result of uncertainty about how to assess the potential ecological 
benefits and risks of proposed reintroduction or supplementation efforts. In the absence of clear 
advice, decisions about whether conservation translocations should occur will be made on an 
ad-hoc, case-by-case basis. Such an approach may fail to identify situations in which 
conservation translocations would provide meaningful benefit to SARA-listed wildlife species, or 
alternatively, identify situations where a net benefit to the focal species is unlikely to be 
achieved. As such, two primary objectives are addressed: 
1. Identify and evaluate the potential benefits and risks of conservation translocation as a tool 

for improving the survival, recovery, or management of SARA-listed freshwater fish and 
mussel species; and, 

2. Identify science-based considerations and methods for determining when conservation 
translocation would be expected to improve the survival, recovery, or management of 
SARA-listed freshwater fishes and mussels. 

These objectives are intended to help persons involved in species recovery planning and 
implementation make more robust and consistent decisions around the situations in which 
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conservation translocations would be expected to improve the survival or recovery of SARA-
listed species. Thus, information contained in this document will be useful at several stages of 
recovery planning, from drafting recovery strategies to identifying the information needed to 
implement translocations.  
In the next section, terminology is presented to ensure clarity for the remainder of the document. 
Following this introduction, a decision support framework is presented for determining in what 
situations conservation translocation may be a suitable strategy for improving the survival or 
recovery of SARA-listed freshwater fishes and mussels. The decision support framework 
considers the potential ecological benefits for undertaking four different types of conservation 
translocation (supplementation, reintroduction, mitigation translocations, and assisted 
colonization) and the potential risks of unintended consequences to focal and non-focal 
species in source and recipient ecosystems. Only once the risks of unintended ecological 
consequences are considered against the probability of achieving conservation translocation 
objectives can a decision be made on how to proceed (informed by a parallel socioeconomic 
analysis and management considerations).  
Following the description of the conservation translocation decision support framework, two 
examples are presented in the appendix to demonstrate how the support framework can be 
used to assess whether conservation translocation could improve survival or recovery of SARA-
listed species: Appendix 1) reintroduction of Eastern Sand Darter Ammocrypta pellucida 
(Ontario population; Threatened) to Big Otter Creek, Ontario; and, Appendix 2) reintroduction of 
Snuffbox Epioblasma triquetra (Endangered) to the Thames River, Ontario. 

TERMINOLOGY 
For the remainder of the document, the term ‘species’ refers to ‘wildlife species’ as assessed 
by the Committee on the Status of Endangered Wildlife in Canada (COSEWIC 2019) and listed 
under SARA (2002). A wildlife species is defined as a species, subspecies, variety, or 
geographically or genetically distinct population of animal, plant, or other organism, other than a 
bacterium or virus, that is wild by nature and is native to Canada or has extended its range into 
Canada without human intervention and has been present in Canada for at least 50 years. The 
term population is used to describe geographically or otherwise distinct groups of the 
taxonomic species between which there is little demographic or genetic exchange. Finally, the 
term Designatable Unit (DU) is only used to refer to species, subspecies, varieties, or 
geographically or genetically distinct populations as defined and assessed by COSEWIC. 
Terminology surrounding conservation translocation varies, but most often follows guidelines 
presented by the IUCN/SSC (2013). Broadly, the intentional movement and release of an 
organism where the primary objective is to improve the survival or recovery of the species 
describes a conservation translocation. There are several approaches for conducting 
conservation translocations, with their use depending on the identified means for achieving 
improved survival or recovery of the species (i.e., means objectives; Figure 1). Three common 
means for achieving improved survival or recovery via conservation translocation are to:  
1. Improve population recruitment; 
2. Establish a population; or,  
3. Rescue individuals or populations at imminent risk of extirpation (Figure 1). 
Achieving these means objectives will confer unique benefits that will differ among species. 
Therefore, early consideration is needed on whether the species would benefit from increased 
population recruitment, newly created or restored connection of populations, and (or) population 
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rescue. The factors underlying the decision about which means to choose for improving survival 
or recovery are described in greater detail in the next sections.  

 

Figure 1. Means for conducting conservation translocations depending on the objective (means objective; 
arrow shade, type) and scale of intended movement (species range; box shade). 

For all conservation translocation approaches, individuals must be removed from the wild and 
are either relocated to an alternative location in the wild (i.e., translocation), or collected and 
raised under human care. When raised under human care, captive breeding or captive 
rearing practices may be used (Figure 1). Captive breeding describes the act of removing 
individuals from the wild with the goal of breeding those individuals to support reintroduction 
efforts (Williams and Hoffman 2009). Captive rearing describes the raising of captured, wild 
individuals from eggs or young to adults with the intention of release back into the wild within a 
single generation (i.e., no facilitation of reproduction; George et al. 2009). When wild individuals 
are unavailable for translocation, captive rearing and (or) breeding could assist in improving 
population survival and (or) recruitment when used for supplementation and mitigation 
translocation, and could assist in establishing populations when used for reintroduction. 
The geographic scale at which conservation translocations occur varies. Conservation 
translocations most often occur within the native range of the focal species, which includes 
supplementation of occupied locations, reintroduction to extirpated locations, and the 
establishment of populations in previously unoccupied locations (Figure 1). The term ‘native 
range’ or ‘native species distribution’ is used here to characterize the best available knowledge 
on total historical extent of occurrence for the focal species prior to human-caused reductions 
in population abundance and (or) distribution. Extent of occurrence describes the area included 
in a polygon without concave angles that encompasses the geographic distribution of all known 
populations of a wildlife species (COSEWIC 2019). Area of occupancy is the area within the 
extent of occurrence that is occupied by a taxon, excluding cases of vagrancy. The area of 
occupancy measure reflects the fact that the extent of occurrence may contain unsuitable or 
unoccupied habitats (COSEWIC 2019). Present-day distributions of SARA-listed freshwater 
fishes and mussels are often geographically discontinuous within the total extent of occurrence, 
which may or may not reflect distributions prior to human-caused reductions in population 
abundance and distribution (Guiaşu and Labib 2021). 
The native range of a species reflects the interaction between the ecological niche of a 
species and potential dispersal constraints. The ecological niche of a species represents a 
complex set of ecological and evolutionary relationships that support its persistence. Efforts to 
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quantify species distributions commonly incorporate abiotic (i.e., physiological tolerances) and 
biotic factors (i.e., inter- and intra-specific interactions) that may influence the persistence of the 
species, along with potential dispersal constraints (Holt 2003; Sexton et al. 2009). Figure 2 
presents the “BAM” heuristic (Soberón and Peterson 2005; Holloway and Miller 2017), which 
can be used to conceptualize the determinants of species distributions. The distribution of a 
species (G0) is represented by the interaction between biotic (B), abiotic (A), and movement (M) 
factors (Soberón and Peterson 2005; Figure 2a). Although Gi represents habitat where the 
abiotic and biotic conditions may be suitable for the species, the inability to disperse to that 
habitat limits species occupancy (Figure 2a).  

 
Figure 2. The “BAM” heuristic. a) The distribution of a species (G0) results from interactions between 
biotic (B), abiotic (A), and movement (M) factors. Gi represents habitat where the abiotic and biotic 
conditions may be suitable for the species, but the distribution is limited by the ability to disperse. b) 
Removal of the dispersal constraint (M) allows the potential establishment of species in previously 
unoccupied, but suitable habitat (Gi). Recreated from Soberón and Peterson (2005) and Holloway and 
Miller (2017). 

The concept of the ecological niche is presented because translocations of individuals can also 
occur in areas with favourable abiotic and biotic characteristics outside of the species’ native 
range (Figure 1). Assisted colonization, also known as managed relocation (Richardson et al. 
2009; Lawler and Olden 2011; Olden et al. 2011; Schwartz et al. 2012; Karasov-Olson et al. 
2021), is defined as the translocation of a species to favourable habitat beyond the native range 
to protect it from human-induced threats (Ricciardi and Simberloff 2009). The term assisted 
colonization broadened the original term ‘assisted migration’, which was specific to the 
movement of individuals outside the native range of the species in response to climate change 
(McLachlan et al. 2007; Chauvenet et al. 2013). Ultimately, translocation, reintroduction, and 
assisted colonization remove the dispersal constraint that may limit natural (re)colonization, 
potentially providing opportunities for the persistence of species (i.e., Gi + G0; Figure 2b).  

DECISION SUPPORT FRAMEWORK FOR USING CONSERVATION 
TRANSLOCATIONS FOR SARA-LISTED FRESHWATER FISH AND MUSSEL 

SPECIES 
Identifying the potential ecological benefits for species and ecosystems, as well the risks of 
negative ecological consequences, is needed when considering conservation translocation as a 
recovery measure. A decision support framework is presented below for evaluating whether 
conservation translocation would be expected to improve the survival or recovery of SARA-
listed freshwater fishes and mussels (Figure 3). Each step is explored in detail to describe the 
process of identifying suitable candidate species, weighing the potential ecological benefits and 
risks, and implementing recovery actions.
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Figure 3. Decision support framework outlining science considerations for the use of conservation translocation as a tool to improve the survival or 
recovery of freshwater fish or mussel species listed under the Species at Risk Act (SARA 2002). The framework begins at the top left.  
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1. IDENTIFY OBJECTIVES FOR CONSERVATION TRANSLOCATIONS 
Determining whether a species should be considered for conservation translocation requires 
understanding the underlying motivations for the demand-driven action. The development of a 
problem statement, fundamental objective, and means objective(s) is the first step for using 
the decision support framework (Figure 3). A problem statement is a concise description of the 
issue, setting the context for the decision-making process. This includes identifying the intended 
taxon for management (i.e., species, population, and (or) DU) and the temporal and spatial 
scale of management efforts. Fundamental objectives reflect the broadest objectives that 
decision makers and stakeholders value most (Robinson and Jennings 2012). For all SARA-
listed freshwater fishes and mussels, the fundamental objective of recovery actions under SARA 
(2002) is to improve the survival or recovery of the species. 
There are several mechanisms, or means, for which the fundamental objective of improved 
survival or recovery can be achieved using conservation translocation. Described as the means 
objectives, three mechanisms for improving survival or recovery of species (i.e., achieving the 
fundamental objective) through conservation translocation are to:  
1. Improve recruitment of extant populations; 
2. Establish a population; or,  
3. Rescue individuals or populations at imminent risk of extirpation. 
Fulfilling the means objectives will have unique benefits for SARA-listed species that are 
dependent on the context of the species and its imperilment. A series of high-level questions are 
presented in Figure 4 that can help decide which means may be relevant to the focal species. 
For example, supplementation would be considered when populations of the species remain 
extant, but abundance and (or) trajectories are below recovery targets (Figure 4). Reintroduction 
is considered when population extirpations have occurred, and formerly occupied habitats can 
support the species (Figure 4). A review of the conservation translocation literature is provided 
below to describe how the three primary mechanisms for conservation translocation are used to 
improve survival or recovery.  
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Figure 4. High-level decision framework for initial consideration of means objectives. Management actions 
are identified in white boxes and questions for the user are identified in grey boxes. Assisted colonization 
is hashed to identify this as a last resort option owing to greater potential for ecological risks. Note that 
each path through the decision framework requires extensive consideration of ecological benefits and 
risks. 

1.1. Improve population recruitment  
Conservation translocations are undertaken with the aim of having population-level effects (i.e., 
improved population abundance or distribution) that benefit the species. Increased population 
recruitment is one way to improve the survival or recovery of SARA-listed freshwater fishes and 
mussels. Population size and trends in population size over time are the best predictors of 
extinction risk; smaller populations and populations declining at higher rates are at greater risk 
of extirpation (O’Grady et al. 2004). Supplementing extant populations with individuals is one 
approach for increasing population size, reducing inbreeding within recipient populations, and 
reversing declining population trajectories (Figure 5). The act of supplementation immediately 
increases local population abundance (Figure 5b, c) and the opportunity to mate, which can 
provide a demographic boost for the focal species (Janowitz-Koch et al. 2018) and can reduce 
the risks of local genetic and demographic collapse that can occur when populations are small 
(Seddon 2010; Seddon et al. 2012). Ultimately, supplementation efforts require reproduction in 
the wild to achieve improved survival or recovery of the species, which can only be confirmed 
through genetic monitoring post-translocation (e.g., Fisheries and Oceans Canada 2010).  
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Figure 5. Examples of time series that demonstrate how supplementation and reintroduction could be 
used to achieve the hypothetical population recovery target (dashed black lines). a) No conservation 
translocation action is undertaken, and current population trajectory is insufficient to meet the recovery 
target. b) Supplementation to an abundance less than the population recovery target, with three potential 
growth scenarios thereafter (green = growth, blue = neutral, red = negative). Population growth post-
supplementation is the only scenario that reaches the population abundance target by the end of the time 
series. c) Multiple supplementations resulting in an abundance greater than the population-level target. d) 
Reintroduction to the target abundance with three population growth scenarios thereafter. 

The frequency and magnitude of introductions needed to achieve population-level objectives will 
be context dependent (e.g., Figure 5b, c). Although rarely successful, a single supplementation 
event could theoretically provide a large enough boost to population-level recruitment that future 
supplementations are unnecessary (i.e., population growth post-supplementation; Figure 5b). 
Alternatively, multiple supplementations may be needed to achieve population objectives 
(Figure 5c). A situation can also occur where supplementation is conducted for a declining 
population, which increases abundance in the short-term, but is unable to improve recruitment 
among recipient populations, potentially masking population decline (Post et al. 2002; Figure 
5c). Supplementation is considered a relatively short-term management strategy because the 
potential for unintended consequences increases over time (IUCN/SSC 2013). A potential long-
term reliance on supplementation suggests that other factors may need to be managed (e.g., 
threats). 
Supplementation of freshwater fishes and mussels can be performed through two basic 
mechanisms: 1) the translocation of individuals from wild populations to wild populations, or 2) 
captive breeding or rearing of individuals and their release to wild populations (Figure 1). The 
decision on whether to use captive breeding or rearing versus translocating individuals from wild 
populations depends on characteristics of the source and recipient populations (e.g., 
abundance, distribution, genetics, and condition). Specifically, a decision must be made about 
whether suitable source populations are available that can withstand the removals needed to 
improve population-level recruitment at the recipient site and how recipient populations will 
respond to the supplementation (e.g., Fisheries and Oceans Canada 2018a; Lamothe et al. 
2021). Evaluating both factors concurrently is needed to demonstrate a net improvement in 
survival for the species (Figure 6). In cases where abundance is low across potential source 
populations, the removal of individuals to improve recruitment at the release site could place 
increased risk of extirpation on the source population(s). Ultimately, the choice of how, when, 
and how frequently supplementation should occur for a population must be considered against 
the potential benefits and risks to the survival or recovery of the species (described in more 
detail in the following steps).  
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Figure 6. Conceptual assessment of the ability of the means objective to fulfill the fundamental objective 
of improved survival or recovery of the species. Metrics for assessing viability are measured before and 
after translocations for the recipient, source, and other (e.g., reference) remaining populations. MVP = 
minimum viable population size. In this example, reintroduction and supplementation are performed for 
two recipient populations from two source populations.  

Captive breeding has been used for many decades in North America to propagate freshwater 
fishes and mussels, with the propagation of endangered species gaining more attention over the 
last few decades. For example, captive breeding techniques were developed for the Blackside 
Dace (Phoxinus cumberlandensis), Boulder Darter (Etheostoma wapiti), Smoky Madtom 
(Noturus baileyi), Spotfin Chub (Cyprinella monachus), and Yellowfin Madtom (Noturus 
flavipinnis) in the mid-1980s and early-1990s for the purposes of reintroduction (Rakes et al. 
1999; Shute et al. 2005). Similarly, captive breeding and release of Oyster Mussel (Epioblasma 
capsaeformis), Combshell (Epioblasma brevidens), Fanshell (Cyprogenia stegaria), Tan 
Riffleshell (Epioblasma florentina walkeri), Purple Bean (Villosa perpurpurea), Snuffbox 
(Epioblasma triquetra), Dromedary (Dromus dromas), Birdwing Pearlymussel (Lemiox rimosus), 
and Crackling Pearlymussel (Hemistena lata) began in the late 1990s (Neves 2004). Whereas 
the early motivation for fish hatcheries was more often related to the production of recreational 
and commercial species (e.g., Pister 2001), captive breeding and rearing for freshwater mussels 
were used for species recovery after commercial harvest decimated populations (Haag 2012; 
Patterson et al. 2018). However, there remains a paucity of literature on the effectiveness of 
captive breeding for recovering imperilled freshwater mussels (Eveleens and Febria 2021), with 
few areas of conservation-based captive breeding rigorously evaluated for freshwater fishes 
(Rytwinski et al. 2021). 
Supplementation of SARA-listed freshwater mussels has yet to be performed in Canada. Three 
SARA-listed freshwater fish species have been bred under human care and released to 
supplement populations in Canada: Copper Redhorse, White Sturgeon, and Westslope 
Cutthroat Trout (Lamothe et al. 2019). The Québec Ministère des Resources Naturelles et de la 
Faune (MRNF) began captive breeding efforts for the Copper Redhorse in 2004 to supplement 
natural recruitment, and has since released over three million larvae into the Rivière Richelieu 
(Fisheries and Oceans Canada 2012; Vachon et Sirois 2019; Vachon 2021). Similarly, White 
Sturgeon is bred under human care and released for conservation purposes to supplement non-
recruiting populations (Fisheries and Oceans Canada 2014; Hildebrand et al. 2016). Westslope 
Cutthroat Trout has been bred under human care and released in stocked ponds for decades, 
including in Canada, but for the purposes of maintaining a recreational catch and harvest fishery 
(i.e., not a conservation translocation).  
Although not listed under SARA, the Government of Québec has provided guidance on the 
supplementation and reintroduction of Walleye (Sander vitreus) for the purposes of conservation 
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(Ministère du Développement durable, de l’Environnement, de la Faune et des Parcs 2013), and 
more generally for freshwater fishes (MRNF 2008). Similarly, the Government of Alberta has 
provided guidance on supplementation and reintroduction approaches for Athabasca Rainbow 
Trout (Oncorhynchus mykiss; Alberta Athabasca Rainbow Trout Recovery Team 2014). 
Supplementation has been used in an effort to rehabilitate fishes in the Great Lakes, such as 
Lake Trout (Salvelinus namaycush; Lake Ontario; Elrod et al. 1995; Lake Erie: Cornelius et al. 
1995). Despite supplementation being used for relatively few SARA-listed freshwater fishes or 
mussels, the supplementation efforts thus far for other freshwater species have provided an 
important foundation for how conservation translocation can be used to improve survival or 
recovery of imperilled taxa. 

1.2. Establish a population 
Establishing a population is another approach to improve the survival or recovery of SARA-
listed species (Figure 1). A greater number of populations provides a greater likelihood of 
survival for the species against stochastic and catastrophic events (Figure 7). Moreover, the 
addition of a species to an ecosystem, even in low abundance (Downing et al. 2014), can have 
broader ecosystem benefits such as stabilizing effects on community and ecosystem attributes 
(Oliver et al. 2015), generating redundancy in functional traits (Micheli and Halpern 2005), and, 
ultimately, providing insurance against declines in the provisioning of ecosystem services 
caused by environmental fluctuations (i.e., insurance hypothesis of biodiversity; Yachi and 
Loreau 2001).  

 
Figure 7. Hypothetical probabilities of species extinction (y-axis). Individual plots represent different 
correlation structures of extirpation probabilities across populations, including a) no correlation, b) 
correlation = 0.5, and c) spatial correlation (first-order autoregressive model; AR1). Population-level 
extirpation probabilities are depicted as low (Ppop = 0.05), medium (Ppop = 0.25), high (Ppop = 0.50), and 
very high (Ppop = 0.75). The true shape of this relationship and correlation structure is typically unknown 
and will vary among species. 

Establishment of populations can occur in different ways, including the movement of individuals 
to formerly occupied locations within the native range of a species (i.e., situations where the 
species has since been extirpated), formerly unoccupied locations within the native range of a 
species (i.e., situations outside known area of occupancy), or areas outside of the species’ 
native range (Figure 1). Similar to supplementation, the establishment of populations requires 
the removal of individuals from the wild to act as a source, and may require the use of captive 
breeding or rearing efforts (Figure 1). The choice of whether to remove individuals from the wild 
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and (or) use captive breeding or rearing to facilitate translocations is evaluated by considering 
the potential harm caused by removals and the potential suitability of populations under human 
care. 
Species reintroduction describes the intentional release of individuals of a focal species to a 
historically occupied area (i.e., locally extirpated) in an effort to re-establish a population. 
Species reintroduction is considered less ecologically complex, and therefore with relatively 
fewer ecological risks, than the establishment of populations in formerly unoccupied locations or 
locations outside of the native range. This is based on the assumption that the historically 
occupied locations provide suitable abiotic and biotic conditions for supporting the focal species 
(Figure 2), that conditions at the historically occupied location have been restored to a sufficient 
state or that significant ecological changes since extirpation have not occurred, and that there is 
a lower likelihood of the reintroduced species causing a reduction in co-occurring species 
abundance, distribution, and (or) desired ecosystem processes in formerly occupied habitat 
than if introduced to novel habitat outside of the species’ native range. 
Aquatic species distributions are often non-contiguous. As a result, translocations could be 
proposed for habitats located within the native range of the species, but for areas that are 
outside known areas of occupancy. This scenario may occur when there is a lack of historical 
monitoring data to confirm prior site occupancy, or if historically occupied sites are deemed less 
likely to support the species than relatively proximate sites with favourable habitat conditions. If 
the original cause of extirpation continues to limit the presence of the species at a historically 
occupied site, but nearby watercourses are less affected by the stressor and unable to be 
naturally colonized (Figure 2b), then considerations may be warranted for introductions within 
the native range but outside areas of occupancy. 
There may also be situations when historically or presently occupied habitats located within the 
species’ native range can no longer support the persistence of a population, or when anticipated 
environmental changes (e.g., climate change) to historically or presently occupied locations are 
predicted to make habitats within the native range unsuitable. In such cases, assisted 
colonization beyond the native range may provide opportunities for establishment in the 
absence of human-induced threats (e.g., non-native species; Fisheries and Oceans Canada 
2018a). However, few examples of assisted colonization in the wild exist (e.g., Dade et al. 2014; 
Mitchell et al. 2016), and its use as a tool to support the persistence of species has been 
strongly debated (Ricciardi and Simberloff 2009; Lawler and Olden 2011; Loss et al. 2011; 
Gallagher et al. 2015). The primary caution regarding the use of assisted colonization as a 
recovery action is the potential for unexpected short- and (or) long-term consequences for 
species or ecosystems, including biological invasions, structural and compositional changes in 
community composition, and hybridization resulting in reduced genetic diversity of wild 
populations (Ricciardi and Simberloff 2009). Freshwater mussel researchers have cautioned 
against the use of assisted colonization for imperilled freshwater mussels because of the limited 
literature on assisted colonization for freshwater mussels compared to other taxa being 
considered for the approach (Strayer et al. 2019). Nevertheless, a comprehensive assessment 
of the ecological benefits and risks that considers the focal species and broader ecosystem 
components, as presented in Figure 3, is needed for proactive policy to inform future decisions 
on assisted colonization (Lawler and Olden 2011; Swan et al. 2018; Strayer et al. 2019; 
Karasov-Olson et al. 2021). 
Examples of reintroduction or assisted colonization are rare for SARA-listed freshwater fishes or 
mussels. Westslope Cutthroat Trout alevin were translocated to unoccupied stream sections 
within their native range to expand their occupied habitat and to support a larger, more 
connected and genetically pure population. Assisted colonization has been conducted for 
Atlantic Whitefish, a fish species that is endemic to Nova Scotia (Bradford 2017; Fisheries and 
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Oceans Canada 2018a). Thought to be historically distributed within the Tusket and Annis 
rivers, and the Petite Rivière, the distribution of Atlantic Whitefish has been reduced to three 
interconnected, semi-natural lakes (Milipsigate Lake, Minamkeak Lake, and Hebb Lake; 
Bradford et al. 2004). In 2000, the first documented successful breeding of Atlantic Whitefish 
was recorded at the Mersey Biodiversity Facility in Milton, Nova Scotia (Bradford et al. 2015) 
with conservation-focused introductions performed thereafter. Specifically, captive-bred Atlantic 
Whitefish were experimentally translocated to areas within the Petite Rivière below the Hebb 
Lake Dam (Bradford et al. 2015) and over 12,000 individuals were released into Anderson Lake, 
a formerly unoccupied habitat approximately 100 km northeast of the known species distribution 
(i.e., assisted colonization; Bradford et al. 2015; Lamothe et al. 2019). The translocations of 
Atlantic Whitefish were implemented to reduce surplus of captive-bred individuals, not 
necessarily to achieve a self-sustaining population. Neither Atlantic Whitefish translocation 
appears to have resulted in recruitment (Bradford 2017).  
Although no longer listed under SARA, captive breeding, reintroduction, and assisted 
colonization were performed for Aurora Trout (Salvelinus fontinalis timagamiensis), a variant of 
Brook Trout (S. fontinalis) that was extirpated from two small lakes northeast of Sudbury, 
Ontario as a result of lake acidification (Snucins et al. 1995; COSEWIC 2011). Captive breeding 
of Aurora Trout began in 1958, shortly before the extirpation of the two native populations. After 
three decades of maintaining a captive broodstock, reductions in smelting emissions, and 
significant habitat restoration efforts (i.e., whole-lake liming), Aurora Trout was reintroduced to 
the historically occupied Whirligig and Whitepine lakes (Snucins et al. 1995; COSEWIC 2011), 
along with several assisted colonizations (COSEWIC 2011).  

1.3. Rescue individuals or populations at imminent risk of extirpation 
Rescuing individuals or populations at imminent risk of extirpation is a clear mechanism for 
improving the survival or recovery of a species. Imminent extirpation or extinction, as described 
by COSEWIC (2019), involves a 20% or greater probability of extirpation or extinction within 20 
years or 5 generations (up to a maximum of 100 years), whichever is longer. Several terms 
have been used to describe the intentional movement of animals as a means for rescue. 
Mitigation translocation is the most used term in the mollusc literature, defined as the human-
mediated, intentional movement of individuals from an occupied location with the objective of 
reducing the inevitable effects of a development project on local biota (Germano et al. 2015). 
For fishes, mitigation translocations are often referred to as salvage operations (e.g., Higgins 
and Bradford 1996). However, the term ‘salvage operation’ does not differentiate between the 
capture and relocation of fishes prior to or following anthropogenic perturbation and is therefore 
not used in this document. Ultimately, mitigation translocation is performed when no other 
options remain for preventing the imminent loss of individuals at their natal location. 
Mitigation translocations are typically small in geographic scope, where movement of individuals 
only occurs within the focal ecosystem (Cope and Waller 1995; Mackie et al. 2008; Bradley et 
al. 2020). Rather than aiming to improve the viability of recipient populations for long-term 
conservation benefits, mitigation translocations are typically conducted to save individuals or 
populations from imminent extirpation (Bradley et al. 2020). For these scenarios, the risk to the 
survival and recovery of freshwater fishes or mussels at the extant location is higher than the 
risk of moving individuals away from the site, as the development actions at the extant site are 
inexorable. There may be situations when immediately translocating individuals between 
suitable habitats in the wild within the species’ native range is unachievable and individuals 
must be moved to locations under human care (Figure 4), where captive rearing and (or) 
breeding techniques could be performed. Although there may be scenarios where the rescue of 
species requires movement outside its native range (Figure 1). This form of rescue is 
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considered under ‘assisted colonization’ for the purposes of this document and is typically a 
last-resort option (Figure 4). 
Guidance documents have been developed for mitigation translocations of freshwater mussels 
in Canada both provincially (e.g., British Columbia – FLNRORD 2018) and federally (Mackie et 
al. 2008). Fisheries and Oceans Canada provided guidelines for “relocating” freshwater mussels 
in anticipation of development projects that may have a negative effect on mussel survival or 
recovery (Mackie et al. 2008). The guidance document outlines that mussel relocation must only 
occur within a single drainage area, preferably as close to the construction site as possible to 
avoid unintended consequences on focal species and broader ecosystem components or 
processes (Mackie et al. 2008). Moreover, guidance was provided on the application of 
mitigation translocations, referencing proper methods for collection, handling, and marking of 
mussels, timing of relocations, and monitoring post-release (Mackie et al. 2008). The guidance 
provided in Mackie et al. (2008) has been used for more than 20 mussel relocations in Canada 
(e.g., Argyle Street Bridge in Caledonia, Ontario; Natural Resource Solutions Inc. 2021). 

2. ASSESS THE PROBABILITY OF ACHIEVING THE FUNDAMENTAL AND MEANS 
OBJECTIVES 
After describing the context of imperilment and identifying the fundamental and means 
objectives for the focal species, the next steps are to: 1) assess the probability that achieving 
the means objective will improve survival or recovery of the species (i.e., achieve the 
fundamental objective); and, 2) assess the probability of achieving the means objective. 
Assessing the probability that achieving the means objective will fulfill the fundamental objective 
requires identifying how removals will change the viability of source populations, the degree to 
which translocated individuals will improve species viability at the recipient location, and the 
degree to which the establishment of a new population or improved recruitment of an existing 
population will improve the viability of species relative to the change in viability from removals of 
the source population(s; Figure 6).  
Below, a summary of general approaches for predicting changes in the viability of source and 
recipient populations resulting from conservation translocations is provided that is relevant 
across species and means objectives. Following this summary, factors that may influence the 
ability to achieve the means objectives, and how to quantify these factors, are discussed (Figure 
3). The final section provides an approach for assessing the likelihood of confounding factors 
that reduce the ability to achieve the means objective. The review of quantitative approaches in 
this section is not meant to be exhaustive, but to provide an understanding of the questions and 
considerations underlying these approaches and their use when assessing the potential 
ecological benefits and risks resulting from conservation translocations. 

2.1. Estimate the probability that achieving the means objective improves survival 
or recovery of the species 
Improving survival or recovery of SARA-listed species using conservation translocation can be 
achieved in multiple ways (i.e., three means objectives), but ultimately, each approach can be 
broadly linked to the need to attain long-term viability of the species in the wild (Figure 6). 
Achieving long-term viability requires an adequate number of populations characterized by an 
adequate number of individuals, where rates of recruitment and survival are greater than or 
equal to rates of mortality. Understanding the adequate number of populations for the species, 
and abundance of individuals within those populations, can help determine which conservation 
translocation approach(es) to use for achieving the fundamental objective. Developing this 
quantitative understanding is difficult for SARA-listed freshwater fishes and mussels and 
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requires species and habitat data, which can come from laboratory or field studies, along with 
simulations and modelling approaches.  
Simulations can demonstrate how the number of populations, and the persistence of those 
populations, affects overall long-term species viability (Figure 7). For example, the probability of 
species extinction (PSp) can be estimated as a function of the total number of populations (n), 
the persistence of each population (Ppop,i; extirpation probability for population i), and the 
correlation matrix between the persistence of populations (𝝆𝝆): 

𝑃𝑃𝑆𝑆𝑆𝑆 = ∏ 𝑃𝑃𝑝𝑝𝑝𝑝𝑝𝑝,𝑖𝑖

𝑛𝑛
𝒅𝒅⊺𝝆𝝆𝝆𝝆𝑛𝑛

𝑖𝑖=1   

(Figure 7; van der Lee and Koops 2020). For a species with 10 populations, where each 
population has a 5% probability of extirpation that is independent from other populations, the 
probability of species extinction is calculated as the product of the 10 probabilities (i.e., 0.05^10; 
9.77 x 10-14); reduce the number of populations to two and the probability of species extinction 
drastically increases (Figure 7a). Incorporating correlation structure in the probability of 
extirpation among populations increases the probability of species extinction relative to 
independent populations (Figure 7b, c). Populations typically share sensitivities to particular 
threats (e.g., habitat stressors) or may be geographically close and, therefore, if a threat were to 
cause extirpation in one population, a positively correlated extirpation probability would suggest 
that a second population is now more likely to be extirpated than it would be based on the 
hypothesis of independence. Moreover, the correlation structure among populations can 
significantly alter inference about the relationship between the number of populations and 
probability of species extinction (Figure 7). Relatively small reductions in extinction probability 
per population are observed when populations have a strict correlation structure of 0.5 (Figure 
7b), whereas the benefits of adding populations are greater following a first-order 
autoregressive model (AR1; Figure 7c). An assessment of current and future threats, 
geographic proximity, and environmental stochasticity among populations can help inform the 
most suitable correlation structure for the focal species. 
Population viability analysis (PVA) is a tool that can be used to estimate the effects of adding or 
removing individuals on recipient and source populations. Broadly describing a large set of 
demographic models that vary in complexity, PVAs are used to understand how the structure of 
populations change over time. Stochastic matrix population models are the most used type of 
PVA, which incorporate species- or population-specific vital rates to project age- or stage-
specific estimates of abundance over time. Based on repeated simulations, stochastic matrix 
population models generate estimates of long-term population growth rates and the probability 
of extinction, and when combined with an analysis of elasticity (Vélez-Espino et al. 2006), 
provide an assessment of the relative importance of ages or life-stages on population 
persistence (Fieberg and Ellner 2001). Population viability analyses are foundational 
components of recovery potential assessments for SARA-listed freshwater fish species, being 
used to inform species recovery targets, minimum viable population sizes, and generate 
estimates of allowable harm (Vélez-Espino and Koops 2009; van der Lee and Koops 2020; van 
der Lee et al. 2020), and can be further used to inform the decision of which conservation 
translocation approach to use for the species in question. 
Population viability analysis can be used to assess the viability of source and recipient 
populations resulting from conservation translocations and compare across scenarios with 
different means objectives. A study by Fisheries and Oceans Canada (Lamothe et al. 2021) 
used PVA to quantitatively evaluate scenarios for re-establishing an Eastern Sand Darter 
population in Ontario. Each scenario was considered based on its risk of causing source 
population extirpation against the probability of success (Figure 8a), where success was defined 



 

15 

as the persistence of a reintroduced population with an abundance greater than the estimated 
minimum viable population size over the last 15 years of the simulation. For example, 
considering a high rate of translocation mortality (70%), the potential for Allee effects, and a 
population growth rate in the recipient habitat of 2.13, it was estimated that approximately 550 
individuals need to be removed and translocated pre-spawn for five years from a source 
population of 20,000 individuals to achieve reintroduction success with a low probability of 
source population extirpation (≤ 1%; Figure 8b). If population growth rate in the recipient habitat 
was equal to 1.56, 863 individuals would need to be removed annually and translocated for five 
years from a source population of nearly 50,000 individuals to achieve the thresholds of ≥ 90% 
probability of successful establishment and ≤ 1% probability of extirpation (Figure 8b).  

 
Figure 8. a) Conceptual framework for assessing the probability of source population extirpation versus 
achieving the means objective (probability of success). The asymmetrical quadrants represent weighted 
ecological benefits and risks, where an optimal outcome is defined by a much higher probability of 
success than source population extirpation. b)  Simulated probability of source population extirpation (log-
scale) for various source population abundances (10 = 10,000, 20 = 20,000, 30 = 30,000, 50 = 50,000 
individuals) versus the probability of successful translocation. Presented are the results when removing 
individuals for five consecutive years pre-spawn from a source population and releasing them 
immediately, where source and recipient populations show population growth rate equal to 2.13. 
Probability of success is defined as maintaining an adult population after reintroduction with a geometric 
mean population size greater than the minimum viable population size (95%) over the last 15 years of the 
simulation. The grey boxes and numbers represent the boundaries of the cost-benefit outcomes with an 
optimal outcome of ≤ 1% probability of extirpation for a ≥ 90% probability of success indicated by the 
number 4. Original figure presented in Lamothe et al. (2021). 

2.2. Identify factors that may influence the ability to achieve the means objective  
There are many factors that can influence the ability to achieve the means objectives and, 
therefore, fulfill the fundamental objective of improved survival and recovery for the species. 
These factors can be broadly grouped into four categories: population, habitat, community, and 
threat considerations. Below, a summary of these factors is provided, including how each can 
influence the ability to achieve the means objective and quantitative approaches for assessing 
their influence. Following this summary, a qualitative scoring approach is presented to assist in 
evaluating the likelihood of these factors influencing the ability to achieve the means objective. 

2.2.1. Population considerations 
Populations can have unique responses to conservation translocations, which can therefore 
affect the ability to achieve the means objectives. In some instances, there will be few, or only 
one, options for selecting source populations, whereas in other scenarios, there may be several. 
When multiple populations are available, consideration is needed regarding the potentially 



 

16 

unique responses to conservation translocations (i.e., ecological or adaptive differences) that 
individual populations may have. 
Ecological and evolutionary theory are the foundations for conservation-based source 
population selection (Meffe 1995; Houde et al. 2015). Three related, high-level approaches have 
been suggested for selecting source populations that require knowledge of species habitat 
requirements: ancestry matching, environmental matching, and the use of adaptive 
potential (Figure 9; Houde et al. 2015). Ancestry matching, which is the preferred approach, 
describes the selection of source populations that share genetic similarity to the extant or 
historically present population. This assumes that shared genetic variation will confer adaptation 
to environmental conditions at the recipient site of translocations. Environmental matching 
describes the selection of a source population(s) based on the similarity of habitat conditions 
between recipient and source locations, following similar logic as the ancestry matching 
approach. Finally, the adaptive potential approach seeks to translocate individuals from multiple 
populations to provide the best potential to adapt to conditions at the recipient site (i.e., 
experimental population; Kreuger et al. 1981; Figure 9).  

 
Figure 9. A source population selection framework for conservation translocation that requires knowledge 
of abiotic and biotic requirements for the species being considered for translocation. 

Generally, an ancestry matching approach is considered the most likely to succeed with the 
least uncertainty, whereas environmental matching and the use of adaptive potential should 
only be considered when an ancestral match no longer exists (Figure 9). Situations may arise 
where a population has been extirpated for a significant amount of time, preventing 
opportunities to determine the ancestral relationship between the extirpated population and 
extant source populations. Rather than simply choosing an environmental match or resorting to 
the use of an experimental population, consideration of the biogeographical patterns from non-
related taxa with similar distributions can provide insight on the best approach for source 
population selection. For example, reintroduction of the Spotfin Chub (Erimonax monachus) was 
being considered for Shoal Creek in the middle Tennessee River drainage of Alabama and 
Tennessee, USA in 2004 (George et al. 2009). Multiple options were available for source 
populations that differed in geographic proximity to the historic site. One potential source 
population was from the Buffalo River, a relatively proximate location within the same lowland 
physiographic province (Highland Rim province). Another potential source was further upriver in 
a different physiographic province (Emory River; Cumberland Plateau province). Due to a lack 
of genetic information on the extirpated Spotfin Chub population, managers assessed patterns 
of biogeography of other fishes (e.g., Coppercheek Darter Etheostoma aquali, Tennessee 
Darter E. tennesseense, Duck Darter E. planasaxatile) in the Tennessee River and connected 
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tributaries. Based on genetic relationships among these and other species, it was determined 
that populations and species in Shoal Creek were more closely related to those in the Emory 
River than populations and species in the geographically proximate Buffalo River. As a result, 
the Emory River population was chosen as a source for Spotfin Chub reintroduction (George et 
al. 2009). 
Species monitoring programs can help to characterize population specific life-history 
parameters that can be used to inform the selection of individuals for translocation. Life-history 
characteristics can inform decisions around the frequency of introductions and number of 
individuals needed to achieve a means objective. For example, efforts to reintroduce fish 
species with a periodic life-history strategy (i.e., late maturation, large body size, and large 
home range) likely require more individuals for translocation to achieve a means objective than 
for species with an opportunistic life-history (i.e., early maturation, small-bodied, short life-span, 
narrow geographic range; Winemiller and Rose 1992; George et al. 2009). Moreover, an 
understanding of local life-history characteristics (i.e., population growth rate, fertility) can inform 
the probability of source population extirpation if removals are too extreme (e.g., population 
growth rate is < 1 or if relatively few breeders exist), and be informative for deciding whether to 
translocate wild individuals or initiate captive breeding efforts. Finally, conservation 
translocations inherently involve the movement of genes and individuals with potentially unique 
adaptations (Weeks et al. 2011; Keller et al. 2012). Failing to consider genetic structure of 
populations could result in reductions in fitness of source populations and (or) the inability of 
translocated individuals to survive in the recipient habitat (e.g., lack of local adaptation). Overall, 
a thorough understanding of species abundance, distribution, genetic structure, and life-history 
strategies can reduce uncertainty and help inform conservation translocation decisions for 
SARA-listed species, ultimately improving the likelihood of achieving the means objective. 

2.2.2. Habitat considerations 
A sufficient quantity of productive habitat for a species is needed when considering conservation 
translocation efforts (Maitland and Lyle 1992; Galloway et al. 2016). Failing to translocate 
individuals to areas with optimal habitat reduces the probability of survival for translocated 
individuals and, therefore, reduces the likelihood of achieving the means objective. As defined 
under SARA (2002), habitat for aquatic species includes all spawning grounds, areas for 
nursery, rearing, food supply, migration, and any other areas on which aquatic species depend 
directly or indirectly to carry out their life processes, or areas where aquatic species formerly 
occurred and have the potential to be reintroduced. Moreover, microhabitats are an important 
consideration for SARA-listed freshwater fish and mussel species (Bolland et al. 2010), and for 
their obligate host species, which may rely on particular microhabitat features (e.g., substrate 
types, pool habitat).  
Improvements in data availability and computing technology over the last few decades have led 
to the development of numerous tools for predicting species distributions based on multiple 
measured and projected spatial and environmental predictors (Elith and Leathwick 2009; Zurell 
et al. 2020). Broadly termed ‘species distribution models’, these models use species 
occurrence data and environmental variables gathered from across a spatial landscape to 
reconstruct the native range or present-day extent of occurrence for a species. The first step in 
building a species distribution model is to conceptualize the study and gather spatially-explicit 
biodiversity (e.g., presence/absence) and environmental data hypothesized to be important to 
the species (Figure 10). Next, model algorithms are chosen (Elith and Graham 2009), fit to the 
data, and assessed for performance (Mouton et al. 2010). Finally, the models are used to make 
predictions on the distribution of species in space and time (Zurell et al. 2020; Figure 10). 
Generating these predictions can provide insight into potentially suitable sites for translocation, 
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how site conditions and distributions might change over time, or, potentially, areas where the 
species has yet to be detected. 

 
Figure 10. Conceptual representation of the process of species distribution modelling for a hypothetical 
species in Ontario, Canada. A) Biodiversity data, here species occurrence data, are gathered alongside 
environmental covariates (temperature and precipitation) hypothesized to affect the species’ distribution. 
B) The data are used to generate a generalized additive model, which considers the relationship between 
the biodiversity data and the environmental covariates. C) Model-based predictions of the present and 
future distribution of the species can be made and mapped. Figure modified from Zurell (2020). 

2.2.3. Community considerations 
The biotic composition of recipient ecosystems can influence the likelihood that conservation 
translocations achieve their intended outcomes of improved survival or recovery (i.e., Figure 6). 
Understanding the significant biotic interactions for candidate species can help ensure that 
recipient sites meet biotic expectations (Letty et al. 2007). Interactions between species can 
broadly be described as negative, including parasitism, competition, predation, amensalism, or 
hybridization, or positive, including mutualisms or commensalisms. Each of the interaction types 
are described below with respect to how they can affect the probability of achieving the means 
objectives. A brief summary of methods to quantify biotic interactions follows. 

2.2.3.1. Parasitism 

Parasitism describes the situation where the focal species benefits from the presence of a co-
occurring species, while harming the co-occurring species in the process. Freshwater mussels 
(order Unionoida) are unique in that the larvae are obligate parasites on host species (e.g., 
freshwater fishes; Haag and Stoeckel 2015), meaning that freshwater mussels are unable to 
complete their life cycle without the exploitation of a host. This is exemplified by the extirpation 
of Dwarf Wedgemussel (Alasmidonta heterodon) in New Brunswick, Canada. The extirpation of 
Dwarf Wedgemussel was primarily caused by the elimination of its host (American Shad Alosa 
sapidissima) after construction of the Moncton-Riverview causeway in 1968 (Fisheries and 
Oceans Canada 2007). Without the presence of suitable hosts, conservation translocations for 
freshwater mussels will fail to achieve their intended objectives. 

2.2.3.2. Competition and predation 

Freshwater species often share habitat and resource requirements leading to potentially 
negative interactions between individuals (Larkin 1956). Competitive interactions describe the 
situation where species vie for similar resources, which can include predation by the 
competitors on each other or competition for survival under environmental conditions that 
differentially affect the competitors (Larkin 1956).  
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Predation is commonly identified as a mechanism structuring freshwater communities and can 
have a significant effect on the outcome of conservation translocations. Freshwater mussels 
typically live in aggregated multispecies assemblages, which have been hypothesized to benefit 
individual mussels by reducing the risk of predation through dilution and (or) encounter effects 
(Wilson et al. 2011). Aggregations of individuals reduce the probability of predating on any one 
mussel (i.e., dilution effect; Wrona and Dixon 1991) and also reduce the attack efficiency of the 
predator post encounter as a result of increased vigilance of the group relative to that of solitary 
living (Wilson et al. 2011). Predators of freshwater mussels include certain fishes (e.g., 
Freshwater Drum Aplodinotus grunniens; Redhorse species Moxostoma spp.) and mammals 
(e.g., Muskrat Ondatra zibethicus; Raccoon Procyon lotor). Instances of mussel predation are 
typically sporadic, localized, and rarely witnessed (Haag and Warren Jr. 1998). The presence of 
middens along the stream bank can provide indirect evidence of mammal predation on 
freshwater mussels (e.g., characteristic claw marks on shells). Ultimately, an understanding of 
the present-day predator dynamics in the source and recipient ecosystems can provide 
opportunities to control, or reduce the likelihood of, predation events affecting recipient sites. 
For example, in-stream enclosures were built for performing reintroductions of freshwater 
mussels in the Pigeon River, North Carolina, USA, which allowed researchers the ability to more 
easily monitor translocated individuals, while limiting the effects of predation (e.g., Rooney 
2010). 
A literature exists on the effects of predator introductions on freshwater ecosystems, including 
the introduction of non-native fishes (e.g., Smallmouth Bass Micropterus dolomieu; Loppnow et 
al. 2013; salmonids; Krueger and May 1991; Eby et al. 2006). Included in these effects are 
increased predation on native fishes, increased competition for resources between species, 
environmental modifications of benthic substrates (e.g., through nest building or feeding), the 
introduction of parasites and disease, along with direct and indirect genetic effects (Krueger and 
May 1991; Jackson et al. 2001). Moreover, an abundance of predators can limit the number of 
small-bodied fishes, alter habitat use of co-occurring species, and influence foraging behaviour, 
potentially forcing the co-occurring species into less desirable locations or situations (Jackson et 
al. 2001). Failed efforts to reintroduce Lahontan Cutthroat Trout (Oncorhynchus clarkii 
henshawi) into Fallen Leaf Lake, California, USA were attributed to predation by non-native 
salmonids as the primary limiting factor, with the two observations of Lahontan Cutthroat Trout 
being in less-desirable nearshore, epilimnetic refugia (Al-Chokhachy et al. 2009). Similarly, the 
invasive Western Mosquitofish (Gambusia affinis) has been identified as a significant predator 
and competitor to the endangered Barrens Topminnow (Fundulus julisia) in Tennessee, USA, 
limiting the success of long-term reintroduction efforts (Ennen et al. 2021). Ultimately, elevated 
rates of predation on translocated individuals will reduce the probability of achieving the means 
objectives.   

2.2.3.3. Amensalism 

When the presence of a co-occurring species negatively affects the persistence of the focal 
species, but the presence of the focal species has no net effect on the co-occurring species, the 
interaction is considered amensalism. Amensalism can result in a unidirectional displacement of 
the focal species and is most commonly acknowledged in the context of species invasions (e.g., 
deprivation of focal species resources by invader). The presence of a species with an 
amensalistic relationship to the focal species of conservation concern will significantly reduce 
the likelihood of fulfilling the means and fundamental objectives.  

2.2.3.4. Inter- and intra-specific hybridization 

Hybridization describes the act of reproduction between genetically distinct individuals or 
species (Barton and Hewitt 1985). Hybridization reduces native genotypes, can alter genetic 
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variation and break down gene complexes coadapted to local environments, and can ultimately 
lead to the loss of genetically pure native individuals (Simberloff 1996; Huxel 1999; Storfer 
1999). The Westslope Cutthroat Trout (Alberta population) illustrates the challenges of 
introgressive hybridization for SARA-listed species, as the greatest threat to this population is 
hybridization with Rainbow Trout (Oncorhynchus mykiss) and Yellowstone Cutthroat Trout 
(Oncorhynchus clarkii bouvieri; Fisheries and Oceans Canada 2019). Like other threats, 
hybridization limits the likelihood of achieving the fundamental and means objectives for SARA-
listed freshwater fish or mussel species when performing conservation translocations. 

2.2.3.5. Positive interactions 

Positive interactions in freshwater ecosystems are studied less often than negative interactions 
(Holomuzki et al. 2010; Silknetter et al. 2020); however, ignoring these relationships could lead 
to the inability to achieve the means objectives. A mutualistic interaction suggests that the 
presence of one species benefits the focal species, and vice versa. A commensalistic 
interaction indicates that the presence of a co-occurring species benefits the focal species, but 
the presence of the focal species has no net effect on the co-occurring species. For example, 
Redside Dace (Clinostomus elongatus; Endangered) is a nest associate, which is a common 
reproductive strategy in small-bodied freshwater fishes where the species spawns in active 
nests built by co-occurring species. Although Redside Dace capitalizes on the presence of the 
nest-building species, the building of nests and active guarding of eggs by co-occurring species 
would occur with or without the presence of Redside Dace eggs. Furthermore, nest-building 
species may benefit from the presence of nest associates and their eggs through dilution 
effects, whereby rates of predation on nest-builder eggs is reduced as a result of the increased 
abundance of eggs from co-occurring species (Silknetter et al. 2019).  
Experimental manipulations of co-occurring cyprinid abundance (Yellowfin Shiner Notropis 
lutipinnis) with a nest associate (Bluehead Chub Nocomis leptocephalus) in South Carolina, 
USA suggests that the nest association relationship is heterogenous and context dependent; a 
transition between mutualism and parasitism was observed between Yellowfin Shiner and 
Bluehead Chub as the abundance of Yellowfin Shiner (i.e., the nest-building species) 
diminished with a constant number of Bluehead Chub (Silknetter et al. 2019). Whether this 
relationship is considered mutualistic or parasitic, the presence of co-occurring, breeding 
species is required for the persistence of nest associates if translocation were to occur. Without 
the presence of the co-occurring species, the probability that the means objective will be 
achieved is significantly reduced. 

2.2.3.6. Quantifying biotic interactions 

The probability of achieving the means objectives should be informed by the potential effects of 
interspecific biotic interactions, particularly when considering reintroduction, mitigation 
translocation, or assisted colonization. The goal of exploring co-occurrence and abundance 
relationships between species is to rationalize the suitability of the biotic community for the 
translocation of individuals. There is an increased probability of achieving the means objective 
at recipient sites when species composition reflects expectations from extant, thriving 
populations or suspected biotic composition prior to species reduction or extirpation. 
Alternatively, a heightened presence of negatively associated species, or the lack of obligate or 
beneficial interactions, can restrict the ability to achieve improvements in recruitment, establish 
a population, or rescue the species, therefore limiting the ability to achieve the fundamental 
objective.  
The development of methods for characterizing biotic interactions is an evolving field, made 
challenging by the simultaneous interactions of abiotic and biotic factors within continuously 
changing environments. Data for assessing biotic interactions between freshwater taxa are most 
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often observational, as experiments in the laboratory are difficult and direct manipulation in the 
field is rare (Mittelbach et al. 1995). Although lacking complexity relative to the wild, experiments 
have been instrumental in developing an understanding of predator-prey relationships (Mills et 
al. 2004), competitive interactions (Hart et al. 2018), and the relationships between parasite and 
host (Österling and Larsen 2013).  
Rather than direct interactions between species, analyses based on observational data are 
typically describing species co-occurrence patterns (i.e., species associations), which may or 
may not be direct, and can be positive, negative, or independent. Statistical methods exist for 
quantifying associations using observational data, such as incorporating interactions as 
predictors of species occurrence in linear models (Hein et al. 2013), applying a probabilistic 
approach to determine significant pairwise co-occurrence patterns (Veech 2013), performing 
multivariate ordinations with community data for identifying positive, negative, or neutral 
relationships between species (Hinch et al. 1991), and building joint hierarchical multispecies 
models that assess the simultaneous response of co-occurring species to environmental factors 
(Pollock et al. 2014; Dormann et al. 2018; Rodríguez et al. 2021). The goal of using these 
approaches is to evaluate the suitability of the recipient biotic community for translocating the 
focal species, informing whether community composition will likely influence the ability to 
achieve the means objective.  

2.2.4. Threat considerations 
The most frequently cited reason for unsuccessful conservation translocations is failure to 
reduce or eliminate the original cause of species reduction or extirpation (Armstrong and 
Seddon 2008; Bolland et al. 2010; Thomas et al. 2010; Cochran-Biederman et al. 2014; 
McMurray and Roe 2017; Bubac et al. 2019). There is a need to assess how present-day and 
future threats could influence the viability of source and translocated individuals, and therefore, 
how threats may affect the probability of achieving the means objectives for the species (Figure 
6). Threats to the survival and recovery of freshwater fishes and mussels in Canada have been 
well-described and include habitat degradation and destruction, flow modifications, invasive 
species, and pollution, among others (Dextrase and Mandrak 2006; Dudgeon et al. 2006; 
McCune et al. 2013; Reid and Parna 2017; Reid et al. 2019). Threat summaries in species 
recovery strategies, recovery potential assessments, management plans, and COSEWIC 
reports can provide information on the relative influence of threats on populations and species. 
Individuals, populations, and species can demonstrate unique responses to abiotic conditions 
(e.g., temperature) that can limit species abundance and distributions. Species response curves 
depict the relationship between population state variables (y-axis) and environmental gradients 
or stressors (x-axis; Figure 11). Population state variables include the probability of occurrence, 
often informed by observational data, or the probability of survival, often informed by 
experimental data. Knowledge of the shape of species response curves can help assess 
whether potential recipient sites of conservation translocations have sufficient conditions to 
support the translocation of individuals.  
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Figure 11. Example of species response curves. Plotted is the hypothetical probability of occurrence for 
four species against temperature. 

Developing species response curves from field data can be challenging, but experimental 
approaches are promising. For example, species response curves to salinity, pH, and 
temperature were developed for Atlantic Whitefish and used to make recommendations on site 
selection for conservation translocations (Cook et al. 2010). Similarly, the effects of hypoxia on 
critical thermal maximum (i.e., the temperature at which a fish loses equilibrium in response to 
acute temperature stress) across a thermal gradient was measured for Pugnose Shiner 
(Notropis anogenus; Threatened; Potts et al. 2021). Experiments with wild Redside Dace have 
demonstrated population-specific thermal tolerances across the species range (Leclair et al. 
2020; Turko et al. 2020), suggesting a need to understand the link between source and recipient 
environmental conditions in future reintroduction efforts (Turko et al. 2021). Using observational 
data and experimental trials, Douda (2010) demonstrated unique responses of freshwater 
mussel species to nitrate nitrogen (N-NO3

−) concentrations in the Lužnice River, Czech Republic. 
Although they are informative for predicting conservation translocation success, there are only a 
few examples of experimentally informed species response curves for SARA-listed freshwater 
species.  

2.3. Estimate the ability to achieve the means objectives 
In this step, the potential influence of confounding factors on the likelihood of achieving the 
means objectives are assessed based on best available data and knowledge (i.e., evidence). 
Sources of evidence include observations from monitoring programs, field and laboratory 
experiments, the scientific literature, management and recovery documents, existing 
assessments, and expert opinion (Karasov-Olson et al. 2021).  
Table 1 provides a series of considerations that can each be assigned a likelihood for achieving 
the means objective. Given the general data limitations for SARA-listed freshwater fishes and 
mussels, a qualitative approach for scoring the influence (or likelihood) of factors on achieving 
the means objective is presented that considers the uncertainty associated with a factor based 
on the available evidence (Galloway et al. 2016; Karasov-Olson et al. 2021). The likelihood of 
achieving the means objective can be categorized as low, medium, high, or unknown for each 
row in Table 1. The definitions of each level will depend on the factor being considered. For 
example, the likelihood of achieving the means objective when considering Row 1, “abundance 
of the source population is suitable to achieve the means objective,” might be characterized as: 

• Low: There are few reproducing adults in the source population. Removing individuals could 
threaten the persistence of the source population, and given the few individuals, may not be 
successful in achieving the means objective at the recipient location; 
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• Medium: Source population abundance is coarsely described, but suggests enough 
removals can be performed to achieve the means objective in the recipient habitat; 

• High: Source population abundance is well-described with a sufficient number of breeding 
individuals and is capable of withstanding removals for translocations; or, 

• Unknown: Information on source population abundance is insufficient for informing 
likelihood estimates. 
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Table 1. Considerations for evaluating the ability to achieve the means objective using conservation translocation. For each row, a likelihood of 
achieving the means objective is assigned (low, medium, high, unknown) and the evidence strength (limited, medium, robust), agreement between 
evidence sources (low, medium, high), and overall confidence in that likelihood assignment are scored. Confidence is the outcome of the evidence 
strength and agreement scores (Figure 12). 

Focal species: 
Problem statement:  
Fundamental objective:  
Means objective:  

Category Factors Likelihood Evidence 
strength Agreement Confidence References Additional 

considerations 
Population 
considerations 

Abundance of the source population(s) is suitable to 
achieve the means objective - - - - - - 

Age-structure of the source population is suitable to 
achieve the means objective - - - - - - 

Genetic diversity and variation of the source 
population is suitable to achieve the means objective - - - - - - 

Genetic diversity and variation of the recipient 
population is suitable to achieve the means objective - - - - - - 

Life-history strategy of the source population is 
suitable to achieve the means objective - - - - - - 

Captive breeding or captive rearing techniques are 
available to achieve the means objective - - - - - - 

Habitat Habitat in the recipient site(s) reflect species 
requirements (e.g., water clarity, water velocity, 
depth, vegetation, substrate) 

- - - - - - 

A sufficient quantity of habitat exists in the recipient 
location to support all life-stages - - - - - - 

Sufficient connectivity exists in the recipient habitat to 
support all life-stages - - - - - - 

Community 
considerations 

Obligate, facultative, or parasitic species 
dependencies limit the ability to achieve the means 
objective 

- - - - - - 

Threats Pertinent threats limit the ability to achieve the means 
objective, including: - - - - - - 

Invasive species - - - - - - 
Residential and commercial development - - - - - - 
Agriculture and aquaculture - - - - - - 
Energy production and mining - - - - - - 
Biological resource use - - - - - - 
Transportation and service corridors - - - - - - 
Human intrusions and disturbance - - - - - - 
Natural systems modification - - - - - - 
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Category Factors Likelihood Evidence 
strength Agreement Confidence References Additional 

considerations 
Threats (cont.) Pollution - - - - - - 

Geological events - - - - - - 
Parasites or disease transfer - - - - - - 
Future habitat modification or degradation - - - - - - 
Climate change - - - - - - 
Other factors - - - - - - 
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Confidence in the anticipated effects of the factors in each row of Table 1 is based on the type, 
quality, and quantity of evidence sources and the agreement between sources (Figure 12). 
Evidence can be described as limited, medium, or robust, where sources of information are in 
low, medium, or high agreement (Figure 12). Confidence in the influence of a factor on 
achieving the means objective increases with increasing quality and quantity of evidence and 
agreement between sources of evidence (Figure 12).  

 
Figure 12. Conceptual framework describing confidence in the evidence for predicting the potential effects 
of risk factors when performing conservation translocations. Confidence increases with the quality and 
quantity of evidence and the agreement of that evidence. Modified figure originally presented in IPCC 
(2013) and later adapted in Karasov-Olson et al. (2021).  

Continuing with the example, evidence for assessing if “abundance of the source population is 
suitable to achieve the means objective” could be described as: 

• Limited: No primary literature or data from local monitoring of population abundance; 

• Medium: Some data available on population abundance from local monitoring or 
experiments. Data could be outdated; or, 

• Robust: Time-series data, including recent data, from monitoring efforts and several 
scientific articles in the primary and grey literature. 

The agreement between sources of information can be then be characterized as:  

• Low: Sources describe contradictory findings; 

• Medium: Sources describe similar findings, but with differing magnitudes of effects; or, 

• High: Sources are consistent with findings. 
For each row in Table 1, evidence is compiled, reviewed, evaluated, and a likelihood is 
assigned. Ultimately, Table 1 should be used to qualify the potential improvement in survival or 
recovery when performing conservation translocations. This understanding of the ability to 
achieve the means objective will be used in Step 4 for making a decision, where the potential 
benefits of achieving the means and fundamental objectives are weighed against the potential 
ecological risks. 
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3. ASSESS THE ECOLOGICAL RISKS OF PERFORMING CONSERVATION 
TRANSLOCATIONS  
Although conservation translocation is intended to benefit SARA-listed freshwater fishes and 
mussels, translocation could result in negative consequences (i.e., ecological risks) on the focal 
species or other ecosystem components (Bradford 2017). Below, the potential ecological risks 
of negative consequences when performing conservation translocations are reviewed. Following 
this review, a framework for scoring the relative ecological risks of the translocation is provided. 

3.1. Identify the ecological risks of performing conservation translocations  
There are ecological risks of performing conservation translocations. The scale of the potential 
consequences can vary from short-term, or systemically minor, to systemically transformative 
with consequences occurring within or beyond the site of translocation. Moreover, negative 
consequences of conservation translocations could be experienced by other ecosystem 
components (e.g., non-SARA species) even when the fundamental objective of improved 
survival or recovery of the SARA-listed species is achieved. The ecological risks of conservation 
translocations are presented below, organized as the potential reduction in source population 
persistence, change in source population genetic variation, change in recipient population 
genetic variation and persistence, change in short- and long-term community and ecosystem 
dynamics in the source and recipient ecosystems, and the transfer of disease to the recipient 
population and ecosystem.  

3.1.1. Reduction in source population persistence 
The worst possible outcome of a conservation translocation for the source population is 
extirpation. Therefore, understanding how the number and frequency of individuals removed 
from source populations will affect population persistence is a critical step prior to initiating 
translocation efforts. Consistent with advice regarding allowable harm of species (Fisheries and 
Oceans Canada 2004; Vélez-Espino and Koops 2009), removals of individuals to supplement 
populations should not jeopardize the survival or recovery of the SARA-listed species and, 
therefore, should only occur from robust (i.e., growing or large) populations. Removing too many 
individuals from a source population could immediately threaten long-term source population 
persistence. Moreover, a small population size resulting from excessive removals for 
translocations increases the potential for genetic effects, potentially reducing adaptive potential 
of wild source populations (expanded in the next section). Removing too few individuals from a 
source population, however, could lead to failed translocations in the recipient habitat while 
imposing unnecessary harm to the source population and, by extension, the species. If 
significant removals are expected to harm the source population, captive breeding or rearing 
can be considered to reduce impacts of removals on source populations. 

3.1.2. Change in source population genetic variation 
Maintaining or enhancing local genetic diversity and quality is a priority for conservation 
translocation efforts (Minckley 1995; Neff et al. 2011; Weeks et al. 2011; Malone et al. 2018). 
Sourcing individuals from the wild for conservation translocations risks the loss of source 
genetic variation, particularly when important breeding individuals or large numbers of 
individuals are removed from relatively small populations (a concern for most SARA-listed 
species). Rates of mating between closely related individuals can become elevated if too many 
individuals are removed from the wild, threatening inbreeding depression among the 
individuals remaining in the source habitat, and possibly reducing long-term adaptive potential. 
Inbreeding depression describes the relative reduction in fitness of offspring resulting from the 
mating of closely related individuals compared to those of randomly mated individuals (Hedrick 
and Kalinowski 2000). Inbreeding can increase the probability of potentially deleterious 
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mutations being present together within populations, thus resulting in reduced fitness. A 
literature on the effects of inbreeding and how to avoid these effects has been developed (e.g., 
Ryman and Laikre 1991; Wang et al. 2002; Neff et al. 2011; Rollinson et al. 2014). This 
literature is particularly relevant when considering the use of captive breeding for sourcing 
conservation translocations (Fraser 2008). Overall, it is unlikely that removals of individuals from 
the source population will lead to inbreeding unless source population abundance or genetic 
variation is very low, emphasizing the need to assess population abundance and genetic 
diversity prior to removals. 
Genetic evaluation and monitoring of populations have become increasingly common, including 
for SARA-listed species. Quantifying source population genetic diversity and effective 
population size can help inform decisions on which populations are most suitable for 
reintroduction and how many individuals are needed to maintain sufficient genetic variation in 
captive settings (e.g., Malone et al. 2018; VanTassel et al. 2021). For example, up to 50 
individuals and as few as 7 females have been recommended as the minimum number needed 
to effectively maintain 95% of the genetic variation in endangered or critically endangered 
species (Weeks et al. 2011; VanTassel et al. 2021). Similarly, ratios of effective population size 
and adult census size have been used to approximate the minimum number of freshwater fish 
needed for conservation translocation over time while maintaining comparable levels of genetic 
diversity relative to the source population (Frankham 1995; Waples 2005; Palstra and Ruzzante 
2008; Palstra and Fraser 2012; Frankham et al. 2014; Malone et al. 2018).  
Genomics and transcriptomics techniques are becoming more accessible for informing source 
population selection (He et al. 2016). Genomics refers to the study of the entire genome, or the 
complete set of DNA within an organism. Transcriptomics describes the study of the RNA 
produced as a result of gene expression (i.e., transcription). Differential expression of genes in 
response to environmental stressors can be directly quantified and compared between potential 
source populations using custom oligonucleotide microarrays (He et al. 2015). For example, 
microarrays were developed to evaluate the differential expression of genes between two 
Atlantic Salmon (Salmo salar) strains translocated to Lake Ontario and predict the relative 
success of translocation for the two strains (He et al. 2015). Similarly, RNA sequencing was 
used to investigate the effects of different contaminants on gene expression in the Freshwater 
Pearl Mussel (Margaritifera margaritifera) with the objective of measuring the potential impact of 
illegal dumping on stress responses of the species (Bertucci et al. 2017). Access to information 
on the genetic structure of populations and differential gene expression resulting from exposure 
to environmental stressors can inform conservation translocation management efforts and, 
therefore, reduce the probability of negative genetic consequences.  

3.1.3. Change in recipient population genetic variation and persistence 
Genetic concerns for recipient populations are primarily related to the issues with a small 
founding population when performing reintroductions or assisted colonization, and the mixing of 
previously disconnected gene pools when performing supplementation or if the introduced 
individuals disperse from the site of introduction. The founder effect describes the reduction in 
genetic variation incurred as a result of re-establishing a population with a small number of 
individuals unrepresentative of the species pool. This effect is commonly described for invasive 
species (Chen et al. 2012) and captive breeding programs (Saavedra and Guerra 1996), and 
can be of concern for conservation translocations (Hoftyzer et al. 2008; Jamieson 2010). 
Multiple small translocations of randomly selected (or stratified random selection), unrelated 
individuals with sufficient genetic diversity from the source to recipient location can reduce the 
likelihood of experiencing founder effects (Le Gouar et al. 2008; Alcaide et al. 2010).  
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Outbreeding depression, defined as the reduction in fitness of individuals caused by the 
crossing of individuals from two genetically distinct populations, is a potential consequence of 
supplementing populations. Outbreeding depression can result from the breakdown of 
coadapted gene complexes or from the disruption of beneficial interactions between genes and 
the environment (Templeton 1986; Edmands and Timmerman 2003). The negative effects of 
outbreeding depression can be observed as demographic and genetic swamping. 
Demographic swamping describes the situation where hybridization is widespread, but the 
fitness of hybrid individuals is lower than replacement rates for sustaining the population 
(Todesco et al. 2016). Genetic swamping describes the situation where population growth 
rates of hybrid individuals outpace the recipient population, which can lead to the loss of pure 
parental genomes (Todesco et al. 2016).  
The probability of experiencing outbreeding depression increases with divergence of parental 
populations (Todesco et al. 2016) and when individuals are translocated to environments with 
conditions dissimilar to the source habitat. Based on species generation times and the glacial 
history of Canada, outbreeding depression is unlikely to occur when translocating wild 
freshwater fishes or mussels (in contrast to certain anadromous fishes) but is of particular 
concern when wild individuals mate with individuals bred under human care. Domestication 
selection is a common and particularly challenging problem when raising animals in non-native, 
controlled settings (Huntingford 2004; Hagen et al. 2019), with supplemented populations often 
demonstrating reductions in effective population size due to a variety of mechanisms (Lennox et 
al. 2021; Milla et al. 2021). Although genetic diversity can often be maintained for species bred 
under human care (e.g., Fisheries and Oceans Canada 2018b; Vachon et al. 2019; Wacker et 
al. 2019; VanTassel et al. 2021), phenotypic variation can lead to observed differences between 
wild and captive-bred individuals in reproduction and survival post-translocation (Kostow 2004). 
These observed differences highlight the urgency of conserving wild populations to avoid the 
need for captive breeding and release. 
Experimental crossing of individuals from geographically or genetically distant populations (i.e., 
common garden experiments) can inform the probability of fitness reductions occurring as a 
result of mixing potentially divergent populations (Weeks et al. 2011) but may be difficult to 
observe in artificial environments. In situations where experiments cannot occur, inferences can 
be made about the potential for outbreeding depression based on information from taxonomic 
resolution, chromosomal differences between populations, rates of historical gene flow, and 
differences in environmental characteristics of occupied habitats (Frankham et al. 2011; Weeks 
et al. 2011). Similarly, this information can inform the potential that the focal species of 
conservation translocation could overcome interspecific reproductive barriers and hybridize with 
co-occurring species. The probability of interspecific hybridization occurring is increased when 
introduced to ecosystems with sister species. Analogous to the effects of crossing divergent 
populations, interspecific introgressive hybridization can result in changes to both pure parental 
genomes and a potential reduction in fitness for each species. Overall, consideration of the 
genetic effects of conservation translocations are required to maximize the probability of 
achieving the means objective and reducing the risk of negative genetic and fitness-related 
effects. 

3.1.4. Change in community and ecosystem dynamics in source ecosystems 
All species play a functional role in local ecosystem conditions, and the removal of individuals 
could lead to an altered ecological state with new community and ecosystem dynamics. For 
example, the effects of predator removal from an ecosystem are well-documented, including 
changes in the dominant species (Stantial et al. 2021) and shifts in food webs (Sieben et al. 
2011). Experimental removals of Smallmouth Bass from a moderately sized lake (271 ha) in 
New York, USA led to an immediate and sustained increase in native littoral fish species 
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abundance for the duration of the six-year study (Weidel et al. 2007). Large removals of 
freshwater mussels could similarly cause ecosystem-level changes. For example, the removal 
of freshwater mussels and their replacement with spent shells led to reductions in organic 
matter and invertebrate biodiversity when compared to when live mussels were present in field 
experiments (Spooner and Vaughn 2006).  
Regardless of the species, the removal of individuals from a source habitat will enable 
resources for other individuals or species to exploit. If too many individuals of the focal species 
are removed from a population, there is the risk that other species may capitalize on the open 
resources and become more dominant in the source population habitat, leading to potentially 
transformative change beyond expectations from removals alone. Quantifying species co-
occurrence patterns and community dynamics, along with simulations of management actions 
and expert opinion, can inform the probability of significant alterations in community dynamics 
resulting from removals, and the potential cascading risk of altering ecosystem structures and 
functions in source habitats. Although the ecological impacts in source communities may be low 
if SARA-listed species represent a low proportion of total abundance or have a perceived small 
functional role, it is prudent to identify the potential likelihood of impacts from removals on 
source ecosystems.  

3.1.5. Change in community and ecosystem dynamics in the recipient ecosystems 
Conservation translocation of freshwater fishes or mussels could lead to changes in the biotic 
composition, structure, or function of recipient ecosystems, including other non-focal SARA-
listed species. Many studies have documented the effects of recreational or commercial 
freshwater fish introductions to formerly unoccupied areas (Gozlan et al. 2010; Sandlund et al. 
2013), which tend to be top predators (e.g., Cowx and Gerdeaux 2004; Eby et al. 2006). For 
example, introductions of Westslope Cutthroat Trout for recreational purposes into fishless lakes 
of the Canadian Rocky Mountains shifted benthic invertebrate communities to be more similar to 
lakes with non-native salmonids (Banting et al. 2021). Originally conducted to improve food 
supply for recreationally important Lake Trout (Fry 1939; Matuszek et al. 1990), introductions of 
Cisco (Coregonus artedii) to Lake Opeongo, Ontario led to a transformation in the diatom and 
zooplankton community (St. Jacques et al. 2005) and reduced co-occurring fish species 
abundance (e.g., Yellow Perch Perca flavescens; Martin and Fry 1972).  
The incidence and magnitude of indirect effects on co-occurring species and ecosystem 
functions have been evaluated less frequently when performing conservation-based 
translocations. Experimental reintroductions of Northern Crayfish (Oronectes virilis) to a lake 
recovering from acidification in the Experimental Lakes Area, Ontario (Lake 302S) led to a 
suppression of periphyton biomass, a reduction in large predatory odonates, and changes to the 
taxonomic composition of the algal community (Phillips et al. 2009). The reintroduction of 
American Eel (Anguilla rostrata) into the Susquehanna River and its tributaries at locations in 
Pennsylvania and Maryland, USA led to an increase in native common Eastern Elliptio (Elliptio 
complanata) due to the parasitic relationship between species (Galbraith et al. 2018).  
In cases where the translocated species reaches high abundance in the recipient site, changes 
in ecosystem structure and function could occur, potentially well beyond the initial site of 
translocation. If severe, this scenario mimics the consequences of species invasions. Most 
SARA-listed species have not had an opportunity to spread to areas outside of their historical 
range due to abiotic or biotic constraints, physical limitations, or small population sizes that do 
not favour dispersal (Figure 2). Moreover, most freshwater SARA-listed species lack the 
characteristic traits of common invaders (Olden et al. 2011; Karasov-Olson et al. 2021). 
Specifically, most SARA-listed species have restricted distributions, where the species are often 
in low abundance, with a low tolerance to stressors, specialized forms of reproduction, and with 
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relatively low rates of dispersal. Nevertheless, it is possible that the translocation of SARA-listed 
species may pose ecological impacts on recipient communities.  
Modeling and postdiction studies of freshwater species invasions can help to understand the 
potential risk of severe community changes. For example, joint models of environmental 
invasibility with propagule pressure have been used to predict long-term distributional patterns 
of the zebra mussel (Dreissena polymorpha) post-introduction (Leung and Mandrak 2007). 
Similarly, species distribution models have been developed to estimate the abundance and 
distribution of Common Carp (Cyprinus carpio) in Minnesota, USA, and then used to predict 
future dispersal (Kulhanek et al. 2011). Experimental studies suggest that species are more 
likely to invade in environments with conditions that match their native habitat (Iacarella et al. 
2015), which is of concern given the goal of identifying recipient locations for conservation 
translocation that match conditions in source locations (i.e., environmental matching), or former 
areas of occurrence. In the context of evaluating risk, understanding what limits dispersal for 
SARA-listed species in their current distribution, and whether conditions at the site of 
introduction will lift that constraint, is warranted. Quantitative biological risk assessment tools 
have been developed by Fisheries and Oceans Canada (Mandrak et al. 2012; Moore et al. 
2012) to quantify the potential impact of invasive species during each stage of the invasion 
process (i.e., arrival, survival, establishment, and spread; Blackburn et al. 2012). Given the 
similarity of the invasion and conservation translocation processes, the analytical techniques 
used to model species distributions, invasibility, and risk can be similarly used to predict the 
potential effects of conservation translocations on recipient ecosystems.  
The likelihood of changes to the recipient community will be, in part, influenced by the ecological 
naivety of the source community to the translocated species. The greatest potential for 
community changes will occur in sites that never supported the SARA species; potentially fewer 
changes may occur in sites with recent extirpations and sites where the species already exists. 

3.1.6. Transfer of disease to recipient populations and ecosystems 
Recipient locations of conservation translocations could be at risk of the accidental introduction 
of non-native parasites and pathogens. Given that infectious diseases are widespread in many 
wild populations, the Government of Canada (2017) has a National Code on Introductions and 
Transfers of Aquatic Organisms that provides an “objective decision-making framework and 
consistent national process for assessing and managing the potential ecological, disease, and 
genetic risks associated with intentionally moving live aquatic organisms into, between, or within 
Canadian watersheds and fish rearing facilities” and requires a risk assessment of disease 
transfer. Moreover, qualitative and quantitative frameworks for performing disease risk 
assessments are well-documented (Sainsbury and Vaughan-Higgins 2011). As a rule, risk 
assessments should begin early and be reviewed periodically (IUCN/SSC 2013). Given existing 
guidelines and assessment processes, the potential for disease transfer is not reviewed here in 
extensive detail.  

3.2. Estimate the risk of performing conservation translocations 
At this stage in the decision support framework, the context of imperilment for the focal species 
has been described, including the potential source and recipient populations and ecosystems 
being considered for conservation translocation. As well, the fundamental and means objectives 
have been identified, the anticipated improvement in survival or recovery of the species 
resulting from the conservation translocation has been estimated, the anticipated benefits and 
confounding factors of achieving the means objective have been described, and the potential 
risks of negative consequences have been reviewed. In the present step, the potential risks of 
conservation translocations to focal and non-focal species and ecosystems are evaluated and 
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scored based on their expected probability and magnitude of effects in the source and recipient 
habitat. Similar to the approach for assessing the likelihood of factors influencing the ability to 
achieve the means objective (i.e., Table 1), a qualitative approach is recommended in data-
limited situations for assessing the likelihood and magnitude of risk to source and recipient 
populations and ecosystems. Such an approach can by default incorporate qualitative evidence 
or can be fully quantitative when suitable information is available. Table 2 provides an overview 
of the risks that should be evaluated for a given conservation translocation based on their 
expected likelihood and magnitude of effects in the source and recipient habitats (sensu 
Karasov-Olson et al. 2021). 
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Table 2. Ecological risk considerations for the focal taxa and other ecosystem components in source and recipient habitats of proposed 
conservation translocations. For each row, the likelihood and magnitude of risk (low, medium, high, unknown), evidence strength (limited, medium, 
robust), agreement between evidence sources (low, medium, high), and overall confidence are scored. Focal = focal taxa being considered for 
conservation translocation. Other = other ecosystem components. 

Subject Location Risk category Risk outcome Risk 
likelihood 

Risk 
magnitude 

Evidence 
strength Agreement Confidence References Additional 

considerations 

Focal  Source Population 
persistence 

Reduced or 
altered 
population 
abundance 

- - - - - - - 

Focal  Source Genetic variation Altered genetic 
variation - - - - - - - 

Focal  Source Genetic variation Inbreeding 
depression - - - - - - - 

Focal  Recipient Population 
persistence 

Individual 
mortality - - - - - - - 

Focal  Recipient Genetic variation Founder effect - - - - - - - 

Focal  Recipient Genetic variation Outbreeding 
depression - - - - - - - 

Focal  Recipient Genetic variation Hybridization - - - - - - - 

Other  Source Community and 
ecosystem dynamics 

Increased 
negative 
interactions 

- - - - - - - 

Other Source Community and 
ecosystem dynamics 

Reduced positive 
interactions - - - - - - - 

Other Source Community and 
ecosystem dynamics 

Reduced habitat 
availability - - - - - - - 

Other Source Community and 
ecosystem dynamics 

Altered 
ecosystem 
processes 

- - - - - - - 

Other Recipient Community and 
ecosystem dynamics 

Enhanced 
negative 
interactions 

- - - - - - - 

Other Recipient Community and 
ecosystem dynamics 

Reduced positive 
interactions - - - - - - - 

Other Recipient Community and 
ecosystem dynamics 

Transformative 
changes within 
site of 
introduction 

- - - - - - - 
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Subject Location Risk category Risk outcome Risk 
likelihood 

Risk 
magnitude 

Evidence 
strength Agreement Confidence References Additional 

considerations 

Other Recipient Community and 
ecosystem dynamics 

Transformative 
changes beyond 
site of 
introduction 

- - - - - - - 

Other Recipient Community and 
ecosystem dynamics 

Reduced habitat 
availability - - - - - - - 

All Both Disease transfer 

Individual 
mortality / 
reductions in 
fitness 

- - - - - - - 
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Risk likelihood and magnitude can be categorized as low, medium, high, or unknown, with 
definitions based on the risk factor being considered (Table 2). For example, the likelihood 
associated with “reduced population abundance” for the source population might be 
characterized as:  

• Low: Low probability of reducing source population abundance. No risk of source population 
extirpation; 

• Medium: Medium probability of reducing source population abundance. Low probability of 
source population extirpation;  

• High: High probability of reducing source population abundance. Moderate probability of 
source population extirpation; or, 

• Unknown: No information available on the potential for reducing source population 
abundance. 

Similarly, the magnitude associated with “reduced population abundance” for the source 
population might be characterized as:  

• Low: Small reduction in abundance. No risk of source population extirpation; 

• Medium: Medium reduction in abundance. Small increase in the probability of source 
population extirpation;  

• High: Large reduction in abundance. Moderate increase in the probability of source 
population extirpation; or, 

• Unknown: No information available on the potential magnitude of reduced source 
population abundance. 

Continuing with the example, evidence for the likelihood and magnitude of “reduced population 
abundance” for the source population could be characterized as: 

• Limited: No primary literature or data from local monitoring. Evidence available from related 
species and expert opinion;  

• Medium: A few correlative scientific articles in the primary literature relevant to the species. 
Limited data available from local monitoring or experiments; or, 

• Robust: Several scientific articles in the primary literature as well as a thorough grey 
literature. Data from local monitoring programs and experiments are available.  

The agreement between sources of information can then be characterized as:  

• Low: Sources describe contradictory findings; 

• Medium: Sources describe similar findings, but with differing magnitudes of effects; or, 

• High: Sources are consistent with findings. 
Finally, confidence can be assessed for each ecological risk outcome (Figure 12). Ultimately, for 
each row in the risk table, evidence is compiled, reviewed, and evaluated, with risk levels 
assigned. However, a final step is to consider the expected improvement in survival or recovery 
of the species against the potential risks, other fishery and ecosystem management objectives, 
and a parallel socioeconomic assessment, which are described in Step 4. 
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4. COMPILE AND WEIGH SCIENTIFIC EVIDENCE TO INFORM THE 
CONSERVATION TRANSLOCATION DECISION 
In Step 4, the compiled evidence is used to decide whether the anticipated improvement in 
survival or recovery of the SARA-listed freshwater fish or mussel species resulting from 
conservation translocation (Figure 3; Table 1) outweigh the ecological risks to the focal species 
and other ecosystem components (Table 2). A three-step process is recommended for making 
this decision that sequentially considers risks to 1) the focal species, 2) other ecosystem 
components, 3) and other management objectives.  
First, a decision should be made on whether the benefits of conservation translocation, which 
are evaluated as the probability that achieving the means objective fulfills the fundamental 
objective, and the probability of achieving the means objective, outweigh the risks to the SARA-
listed freshwater fish or mussel species (Table 2). Certain risks directly influence the ability to 
improve survival and recovery of the focal species, and thus can be evaluated in terms of the 
net expected outcome for the species. For example, the act of removing individuals for 
conservation translocation may pose immediate reductions in source population viability that 
some species will not be able to withstand and can be evaluated quantitatively when sufficient 
information exists (e.g., Lamothe et al. 2021). Other factors, such as genetic considerations, 
may be more difficult to evaluate in terms of their role in achieving a short- or long-term net 
benefit for the species. In other cases, anticipated changes to ecosystem structure or function 
may have indirect links to the focal species, and may or may not affect long-term viability (e.g., 
altered ecosystem processes; Table 2). Only once the anticipated benefits of conservation 
translocation have been recognized as outweighing the potential risks to the focal species 
should the risks to other ecosystem components be considered (Table 2). The completion of 
Tables 1 and 2 will provide important summary information to aid the evaluation of net benefit to 
the SARA-listed species.   
Quantifying risks to other ecosystem components and processes and weighing those risks 
against the anticipated improvement in survival or recovery of the focal species requires a 
careful evaluation of other management objectives that are potentially influenced by the 
conservation translocation, and the perceived importance of those management objectives 
relative to the goal of improved survival or recovery of the SARA-listed species. For example, 
improved survival or recovery of the SARA-listed species may lead to reductions in formerly 
abundant species or the loss of a numerically rare species in the recipient habitat, or other 
changes in ecosystem structure or function. These potential ecosystem changes should be 
clearly related to the ability to achieve other management objectives. It may be the case that the 
improvement in survival or recovery of SARA-listed species occurs with little influence on other 
management objectives, resulting in relatively clear ecological outcomes and straightforward 
management decisions. Alternatively, achieving improved survival or recovery of SARA-listed 
species may result in reduced ability to achieve other management goals, implying that 
weighting of all pertinent management goals and potential outcomes (SARA-related and 
otherwise) is needed before a decision on the conservation translocation can be made. In such 
cases, structured decision-making approaches can help identify the perceived importance of 
each objective, the relevant uncertainties, and, when competing objectives exist, provide clearer 
opportunities for decision-making. 
Ultimately, an understanding of 1) whether fulfilling the means objective will achieve the 
fundamental objective, 2) the probability of achieving the means objective (Table 1), and 3) the 
probability of negative consequences (Table 2), coupled with broader approaches for evaluating 
multiple management objectives (i.e., structured decision-making) can inform the decision of 
whether to move forward with conservation translocation as a recovery strategy for SARA-listed 
freshwater fishes or mussels.   
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5. IMPLEMENT AND MONITOR THE EFFECTS OF CONSERVATION 
TRANSLOCATIONS 
If the decision is made to perform conservation translocations, protocols must be established for 
how they will be implemented and for the monitoring programs to document changes to the 
focal species, non-focal species, and other ecosystem components (Figure 3). Given the early 
identification of the means objectives, source population selection, and the number and 
frequency of translocations needed to improve survival or recovery estimated in Step 2, 
protocols can be confirmed as feasible and implemented (or not), while considering any 
logistical constraints that may need to be accounted for.  
There are inevitable complications and logistical constraints when implementing field-based 
restoration or management actions (Fiumera et al. 2004). This is particularly true for 
conservation translocations, which represent long-term, experimental studies and the related 
commitment to monitoring. Logistical constraints can range from the ability to acquire enough 
individuals to implement the translocation (Fetherman et al. 2015; Malone et al. 2018) to the 
methods available for transporting individuals between source and recipient locations (e.g., 
Vachon 2021). In some instances, such as when source populations are very small, captive 
breeding or rearing approaches will be needed to supply an adequate number of individuals for 
translocation, which requires significant investment in infrastructure (Patterson et al. 2018). For 
example, there are only a few facilities in Canada that can support the propagation and rearing 
of warm-water SARA-listed fishes or mussels. Moreover, captive breeding requires significant 
expertise about species reproductive strategies and husbandry. Further science advice will be 
needed on key science considerations for the species-specific implementation and experimental 
design of conservation translocations (e.g., release schedule, state variables for monitoring, 
stopping points for translocations). 
Conservation translocations of SARA-listed freshwater fish and mussel species are long-term 
ecosystem restoration experiments that must be carefully designed, documented, and 
monitored. Experimentation describes the process of using the scientific method to test 
hypotheses and learn from the results. Taking an adaptive approach to conservation 
translocation implementation can be beneficial as it requires recurring (e.g., annual) evaluation 
of translocation protocols and allows experimental design to be revisited, or terminated, when 
implementation is not producing the expected results. Identifying when to stop translocation 
efforts is an important decision when planning conservation translocations, as the risk of 
unintended consequences increases over time (IUCN/SSC 2013). Although monitoring of the 
effects of conservation translocations must continue over long time frames (i.e., many years to 
decades depending on the generation time of the species and other factors), supplementing or 
reintroducing wildlife species should be considered as relatively short-term actions.  
For any species recovery action, monitoring of outcomes (intended and unintended) and 
documenting decisions related to implementation are critical. Well-designed monitoring 
programs for measuring the effects of conservation translocations must ensure an adequate 
number of sampling sites and frequency of sampling in source and recipient locations to ensure 
conclusions are made with sufficient statistical power. There are many attributes of conservation 
translocations that can be measured to define success, but all should relate back to the 
intended means objectives and fundamental objective of improved survival or recovery. 
Common metrics for evaluating the effects of conservation translocations include changes in 
population abundance and genetic variation, changes in size-structure or physiological metrics, 
or increased rates of survival, spawning, and (or) recruitment at the recipient site (Vachon 2010, 
2021; Cochran-Biederman et al. 2014; Tarszisz et al. 2014; Sard et al. 2016; Rytwinski et al. 
2021). Such metrics are measured at the site-level and evaluated at the population scale where 
benefits to the population are inferred as benefits to the species overall (Figure 6). Using the 



 

38 

described metrics and approaches to evaluation aligns with the indicators used for COSEWIC 
status assessments, where recovery actions are recommended to reverse declining trajectories 
and increase population size and distribution. Ultimately, metrics for evaluating conservation 
translocation actions should consider the outcome of a conservation translocation over time for 
the recipient population, the source population, and the overall species (Figure 6) relative to 
some historical information (i.e., before-after), reference location (i.e., control-impact), or ideally 
both (i.e., before-after control-impact). 

CONCLUSIONS 
This document provided a decision support framework for identifying and evaluating the 
potential ecological benefits and risks of performing conservation translocations and 
determining the scientific considerations and methods for determining if and when conservation 
translocation could improve the survival or recovery of SARA-listed freshwater fishes and 
mussels (Figure 3). The decision support framework followed five general steps: 
1. Identify objectives for conservation translocations; 
2. Assess the probability of achieving the fundamental and means objectives; 
3. Identify and assess the likelihood and magnitude of negative consequences; 
4. Compile and weigh scientific evidence to inform the translocation decision; and, 
5. Implement and monitor the conservation translocation. 
Fundamental objectives describe the most general objective for performing the management 
action, which for conservation translocation of SARA-listed freshwater fishes and mussels is to 
improve the survival or recovery of the species. Means objectives describe how the fundamental 
objectives will be achieved. There are three primary means objectives for the context of 
conservation translocations:  
1. Improve recruitment of extant populations; 
2. Establish a population; or,  
3. Rescue individuals or populations at imminent risk of extirpation (Figure 1). 
Once the fundamental and means objectives have been considered (Step 1), an assessment is 
needed of whether achieving the means objective at recipient habitats will improve survival or 
recovery, including an assessment of whether the means objective can be achieved (Step 2). 
Assessing whether achieving the means objective will improve survival or recovery requires 
identifying potential source and recipient populations and ecosystems, and using population 
models and simulations to make predictions on population viability after performing a 
conservation translocation. There are many factors that may preclude the ability to achieve the 
means objective that must be considered that were broadly categorized into population, habitat, 
community, and threat considerations. A qualitative approach was provided to score the effects 
of confounding factors on the likelihood of achieving the means objective (Table 1), but 
quantitative information should be used when available. 
Following an assessment of factors that may preclude the ability to achieve the means 
objective, the magnitude and likelihood of risks to the source and recipient populations and 
ecosystems need to be identified and assessed (Step 3). Risks of negative consequences when 
performing conservation translocation include changes in population persistence and genetic 
variation, short- and long-term changes in ecosystem structure and function, along with the 
potential transfer of disease. Assessing the potential for these risks (Table 2) is necessary to 
decide whether a net improvement in survival or recovery of the species is likely to occur.  



 

39 

The next step (Step 4) is to take the compiled information on ecological benefits and risks and 
decide whether the act of conservation translocation is an ecologically sound approach for 
attaining species recovery. Informing this decision is an understanding of the probability of 
achieving the means and fundamental objectives, consideration of risks to the focal species and 
broader ecosystem components, and attention to potential conflicting management objectives. 
Completed information in Table 1 and Table 2 will help guide this decision-making process, 
while also identifying knowledge gaps in the information needed to make the translocation 
decision. If the decision to perform a conservation translocation is made, protocols for 
implementation and monitoring must be designed (Step 5). 
The decision support framework presented here provides a structured science-based approach 
for determining if and when conservation translocation would be expected to improve survival or 
recovery of SARA-listed freshwater fishes and mussels. Like most recovery actions, 
conservation translocations are experiments that come with risks and uncertainties, which must 
be weighed against the potential benefits. Included in this consideration is the risk of inaction. In 
some cases, the fundamental objective for SARA-listed freshwater fishes or mussels may never 
be achieved without the use of conservation translocation (e.g., reintroduction). In other cases, 
however, alternative strategies may be justified. For example, habitat restoration or non-native 
species removal may be suitable recovery actions for achieving improved survival or recovery of 
the focal species with fewer risks than conservation translocations and a greater likelihood of 
success. In addition to guiding decisions on conservation translocation, Steps 1–5 of the 
decision support framework could be modified to evaluate the ecological benefits and risks of 
alternative recovery actions. Ultimately, the decision support framework presented here can 
help determine if and when the ecological benefits of recovery actions outweigh the 
uncertainties and risks of unintended consequences when aiming to improve survival and 
recovery of SARA-listed freshwater fishes and mussels. Future refinement of the decision 
support framework would benefit from case studies in addition to those that follow in the 
appendices.   
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GLOSSARY 
Adaptive potential approach: A source population selection approach where populations are 
selected for translocation based on their potential to adapt to the key environmental features of 
the recipient habitat. 
Ancestry matching approach: A source population selection approach where populations are 
chosen for translocation based on their genetic similarity to the extant or historically present 
population (Houde et al. 2015). 
Area of occupancy: the area within the extent of occurrence that is occupied by a taxon, 
excluding cases of vagrancy. The measure reflects the fact that the extent of occurrence may 
contain unsuitable or unoccupied habitats, and that occupied habitats are often disjunct in 
freshwater systems. In some cases (e.g., irreplaceable colonial nesting sites or crucial feeding 
sites for migratory taxa), the area of occupancy is the smallest area essential at any stage to the 
survival of the wildlife species/designatable unit considered (COSEWIC 2019). 
Assisted colonization: The translocation of a species to favourable habitat beyond the native 
range to protect it from human-induced threats such as climate change (Ricciardi and Simberloff 
2009). 
Captive breeding: The act of intentionally propagating plants or animals in controlled 
environments (e.g., hatcheries, zoos) for eventual introduction into the wild. 
Captive rearing: The act of raising captured, wild individuals from eggs or young to adults with 
the intention of release back into the wild (i.e., no facilitation of reproduction). 
Conservation translocation: The intentional movement and release of an organism where the 
primary objective is a conservation benefit (IUCN/SSC 2013). For SARA-listed species in 
Canada, the conservation benefit is an improvement in survival or recovery of the focal species. 
Demographic swamping: The situation where hybridization is widespread, but the fitness of 
hybrid individuals (i.e., recipient population x extant population individuals) is lower than 
replacement rates for sustaining the population (Todesco et al. 2016). 
Domestication selection: Natural selection on traits that affect survival and reproduction in a 
human-controlled (domestic) environment (Doyle 1983). 
Ecological niche: The defined ecological boundaries within which an organism can carry out its 
life-history processes. An organism’s realized niche is constrained by the physical environment 
and interactions with other species. 
Environmental matching approach: A source population selection approach where a 
population is selected for translocation based on the environmental similarity between the 
source and recipient locations (Houde et al. 2015).  
Extent of occurrence: The area included in a polygon without concave angles that 
encompasses the geographic distribution of all known populations of a wildlife species. 
(COSEWIC 2019). 
Founder effect: The resulting loss of genetic variation resulting from the establishment of a new 
population using a relatively small number of founding individuals. 
Fundamental objective: The underlying motivation for why a particular management approach 
is being considered. 
Genetic swamping: The situation where population growth rates of hybrid individuals outpace 
the recipient population, leading to the loss of pure parental genomes (Todesco et al. 2016). 
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Imminent extirpation or extinction: A 20% or greater probability of extinction or extirpation 
within 20 years or 5 generations (up to a maximum of 100 years), whichever is longer 
(COSEWIC 2019). 
Inbreeding depression: The relative reduction in fitness of offspring resulting from the mating 
of closely related individuals compared to those of randomly mated individuals (Hedrick and 
Kalinowski 2000). 
Native range: The known or inferred distribution generated from historical (written or verbal) 
records, or physical evidence of the species’ occurrence. Where direct evidence is inadequate 
to confirm previous occupancy, the existence of suitable habitat within ecologically appropriate 
proximity to proven range may be taken as adequate evidence of previous occurrence 
(IUCN/SSC 2013). 
Means objective: The way of achieving an end point or fundamental objective.  
Mitigation translocation: Translocations initiated to reduce immediate animal deaths as a 
result of development activities (Germano et al. 2015).  
Outbreeding depression: A reduction in the fitness of individuals caused by the crossing of 
genetically distinct populations.  
Problem statement: A concise description of the conservation issue to be addressed.  
Recovery: The process by which the decline of a species is arrested or reversed, and threats 
are removed or reduced to improve the likelihood of the species’ persistence in the wild. A 
species is considered recovered when its long-term persistence in the wild has been secured. 
Reintroduction: The intentional movement and release of an organism inside its native range 
to a location from which it has disappeared (IUCN/SSC 2013). 
Risk: The probability and magnitude of negative or undesirable events. 
Species: See wildlife species. 
Species distribution models: Numerical tools that combine observations of species 
occurrence or abundance with environmental variables to reconstruct the extent of occurrence, 
or project changes to this extent, for a species (Elith and Leathwick 2009). 
Supplementation: The intentional release of individuals of a focal species to an area presently 
occupied by conspecifics within the native range of the species (Seddon et al. 2012). 
Translocation: The human-mediated movement of living organisms from one area, with release 
in another (IUCN/SSC 2013). 
Wildlife species: A species, subspecies, variety, or geographically or genetically distinct 
population of animal, plant or other organism, other than a bacterium or virus, that is wild by 
nature and is native to Canada or has extended its range into Canada without human 
intervention and has been present in Canada for at least 50 years (SARA 2002). 
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APPENDIX A: REINTRODUCTION OF EASTERN SAND DARTER (AMMOCRYPTA 
PELLUCIDA; ONTARIO POPULATIONS) TO BIG OTTER CREEK, ONTARIO, 
CANADA USING THE CONSERVATION TRANSLOCATION FRAMEWORK 

INTRODUCTION 
Eastern Sand Darter (Ammocrypta pellucida) is a small (< 8 cm) freshwater fish species 
distributed across central North America, including Ontario and Québec. Ontario and Québec 
populations are both listed as Threatened as separate Designatable Units (DUs) under the 
Species at Risk Act (Fisheries and Oceans Canada 2012, 2014). Population extirpations have 
occurred across its Canadian range, including in the Ausable River, Catfish Creek, and Big 
Otter Creek in Ontario (Fisheries and Oceans Canada 2012), and the Châteauguay, Yamaska, 
and Saint-François rivers in Québec (Fisheries and Oceans Canada 2014). Reintroduction has 
been identified as a potential recovery strategy for the Ontario DU but has not yet been initiated.  
Below, an example of how to use the conservation translocation decision support framework is 
presented for Eastern Sand Darter in Big Otter Creek, Ontario. Specifically, worked examples of 
Steps 1–3 are provided to illustrate the use of available information for informing decision-
making (Figure A1). Although not meant to be used directly for management of Eastern Sand 
Darter in Big Otter Creek, this example lays the groundwork for future species-specific 
assessments.  

 
Figure A1. The first three steps in the conservation translocation decision support framework being 
considered in the example appendices. 

STEP 1: IDENTIFY OBJECTIVES FOR CONSERVATION TRANSLOCATIONS 
The first step in considering conservation translocations is to identify the fundamental and 
means objectives. Here, the fundamental objective is to improve the survival or recovery of 
Eastern Sand Darter (Ontario population). The means objective for achieving the fundamental 
objective is to re-establish a population in Big Otter Creek, Ontario (i.e., reintroduction). 
Reintroduction is warranted over supplementation as long-term sampling has failed to detect 
Eastern Sand Darter in the formerly occupied Big Otter Creek (e.g., Barnucz et al. 2020). 
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STEP 2: ASSESS THE PROBABILITY OF ACHIEVING THE FUNDAMENTAL AND 
MEANS OBJECTIVES 
The next step in the conservation translocation decision support framework is to assess the 
probability that achieving the means objective will improve survival or recovery of the species, 
and to assess the probability of achieving the means objective. Included is the need to gather 
information on factors that will influence the ability to achieve the means and fundamental 
objectives and to score the likelihood and magnitude of their influence. Here, efforts to estimate 
the probability of the means objective achieving the fundamental objective for Eastern Sand 
Darter are described, along with potential factors that may influence the ability to achieve the 
means objective. However, scoring of the influence of individual factors on the ability to achieve 
the means objective has not been performed given that the goal of this appendix is to act as a 
functional guide for using the decision support framework, and not for the use of context-specific 
management actions. 

Probability of the means objective achieving the fundamental objective 
Basic simulations suggest that increasing the number of populations for a species decreases 
the probability of extinction, thus increasing long-term species viability (Figure 7). Given low 
impact on existing populations when sourcing a reintroduction, the establishment of a self-
sustaining population in Big Otter Creek would increase the long-term persistence of the Ontario 
DU. Population models using measured vital rates have been developed for Eastern Sand 
Darter to evaluate the potential for species recovery (Finch et al. 2011, 2018; Fisheries and 
Oceans Canada 2011), including to assess the potential for re-establishing a population by 
species reintroduction (Lamothe et al. 2021). Lamothe et al. (2021) used population models to 
understand: 
1. How the establishment probability of reintroduced populations is affected by life-history 

characteristics and the number of individuals released; 
2. The consequence of removing individuals from source populations at different frequencies 

and magnitudes given different life-history characteristics; and,  
3. The optimal trade-off between removals from source populations and the probability of 

successful re-establishment. 
A variety of scenarios were modelled in Lamothe et al. (2021) due to the uncertainty regarding 
Eastern Sand Darter life-history, population characteristics, and the response of individuals to 
translocation. Uncertainty was incorporated into the models for population growth rates, Allee 
effects, and mortality during the act of transportation, along with the potential effects of 
environmental and demographic stochasticity. Moreover, models were run for different source 
population sizes and various management strategies (i.e., frequency and magnitude of 
removals). Each scenario was considered for its probability of achieving successful re-
establishment against the probability of causing source population extirpation, where success 
was defined as the persistence of a translocated population with an abundance greater than the 
estimated minimum viable population size over the last 15 years of the simulation. For example, 
considering a high rate of translocation mortality (70%) and Allee effects, approximately 105 
individuals need to be translocated annually from a source population of at least 10,759 
individuals for a decade to achieve translocation success if population growth rate of the 
introduced individuals = 2.69, where the probability of success is ≥ 90% and risk of source 
population extirpation is ≤ 1% (Figure A2). However, if population growth rate = 1.56, a source 
population of approximately 46,817 individuals would be needed with more than double the 
number of individuals (n = 235) removed annually for a decade to achieve a ≥ 90% probability of 
successful establishment with a low probability of extirpation (i.e., ≤ 1%; Figure A2; Lamothe et 
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al. 2021). Overall, the results of Lamothe et al. (2021) suggest that the risk of population 
extirpation is relatively low unless very large numbers of individuals are removed from a 
relatively small source population. 

  
Figure A2. Simulated probability of source population extirpation (log-scale) for various carrying 
capacities (10 = 10,000, 20 = 20,000, 30 = 30,000, 50 = 50,000 individuals) versus the probability of 
successful translocation. Presented are the results when removing individuals for one, five, or 10 
consecutive years pre-spawn from a source population and releasing them immediately, whereby 
populations show differences in population growth rate (λ = 1.56, 2.13, 2.69). Probability of success is 
defined as maintaining an adult population after reintroduction with a geometric mean population size 
greater than the minimum viable population size (95%) over the last 15 years of the simulation. The grey 
boxes and numbers represent the boundaries of the cost-benefit outcomes with an optimal outcome of ≤ 
1% probability of extirpation for a ≥ 90% probability of success indicated by the number 4. Original figure 
presented Lamothe et al. (2021). 

Population considerations 
The distribution of the Eastern Sand Darter Ontario DU is well-described (Table A1; Figure A3), 
with eight populations considered extant and three known extirpated populations. Populations in 
Ontario are geographically disconnected from each other, and from populations in Québec or 
the United States. Natural dispersal to recolonize historically occupied sites is unlikely given the 
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physical limitations of the species and geographic distance between sites. The abundance of 
Ontario Eastern Sand Darter is generally unknown across river systems, however, the Grand 
and Thames rivers are considered to contain the largest and most stable populations (Table 
A1). The number of populations and abundance of individuals across southern Ontario suggests 
that the species is not at imminent risk of extinction.  

Table A1. Relative abundance index, population trajectory, and population status of each Eastern Sand 
Darter population in Ontario, sorted by drainage. Numbers inside parentheses indicate certainty rankings, 
listed as: 1 = quantitative analysis, 2 = catch per unit effort or standardized sampling, or 3 = expert 
opinion. Originally modified from Bouvier and Mandrak (2010).  

Population 
Relative 
abundance 
index 

Population 
trajectory 

Population 
status 

Lake Huron 

Ausable River Extirpated (2) Not applicable Extirpated 

Lake St. Clair 
Lake St. Clair Low (2) Declining (3) Poor 

Thames River High (1) Stable (1) Good 

Sydenham River Low (2) Unknown (3) Poor 

Lake Erie 

Pelee Island Unknown (3) Unknown (3) Unknown 

Rondeau Bay Unknown (3) Unknown (3) Unknown 

Long Point Bay Low (2) Declining (2) Poor 

Catfish Creek Extirpated (3) Not applicable Extirpated 

Big Otter Creek Extirpated (3) Not applicable Extirpated 

Big Creek Low (3) Unknown (3) Poor 

Grand River High (2) Stable (2) Good 
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Figure A3. Historical distribution and recent detections of Eastern Sand Darter in southwestern Ontario. 
Originally published in Fisheries and Oceans Canada (2018). Not pictured is West Lake. 

The genetic structure of Eastern Sand Darter has been resolved and generally reflects the 
northward spread of the species after the Wisconsinan glacial period (Ginson et al. 2015). 
Based on this information, and given the location of Big Otter Creek, individuals from the Lake 
Erie drainage within the Ontario DU should be considered as a source for reintroduction. Within 
the Lake Erie drainage, only the Grand River is considered to support a relatively strong 
population (Table A1), and is therefore the most likely candidate for sourcing individuals for 
conservation translocations. However, the abundance of the Eastern Sand Darter population in 
the Grand River is unknown. 

Habitat considerations 
Habitat for aquatic species includes all spawning grounds, areas for nursery, rearing, food 
supply, migration, and any other areas on which aquatic species depend directly or indirectly to 
carry out their life processes, or areas where aquatic species formerly occurred and have the 
potential to be reintroduced. Much is known about habitat requirements of Eastern Sand Darter 
(Scott and Crossman 1973; Trautman 1981; Daniels 1993; COSEWIC 2009; Dextrase 2013; 
Dextrase et al. 2014). It is a warm-water, non-migratory species that requires relatively silt-free, 
sand and fine gravel substrate in relatively clear waters. The species is typically found in sandy 
depositional bends of rivers where moderate current helps to maintain relatively clean 
substrates (Daniels 1993; Trautman 1981). Spawning takes place in the sand and fine gravel 
substrates during late spring to summer, when water temperature ranges between 14.4°C and 
25.5°C (Williams 1975; Johnston 1989; Simon and Wallus 2006; Fisheries and Oceans Canada 
2014). The species is insectivorous, with a diet composed primarily of larval midges 
(Chironomidae) and blackflies (Simuliidae; Scott and Crossman 1973; COSEWIC 2009; 
Fisheries and Oceans Canada 2014). A more complete summary of the habitat requirements for 
Eastern Sand Darter in Ontario is provided in COSEWIC (2009) and Fisheries and Oceans 
Canada (2012, 2014). 
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Silt-free, sand and fine gravel substrate bars in Big Otter Creek have been restored over time 
after changes were made to historical agricultural practices. As noted above, present-day 
sampling in Big Otter Creek suggests that sites composed primarily of sand substrates are 
available, but turbidity may remain a concern (Table A1). Research activities are underway to 
better understand the similarity in microhabitat characteristics (i.e., substrate) between Big Otter 
Creek and potential source locations (e.g., Grand River). 

Community considerations 
Eastern Sand Darter is small-bodied benthic species. It is assumed that Eastern Sand Darter is 
vulnerable to predation by non gape-limited fishes. Competition between other benthic species 
for resources is also likely. A positive association has been demonstrated between Silver Shiner 
and Eastern Sand Darter, which is likely a function of habitat suitability rather than biotic 
interactions (Lamothe et al. 2019a, b). Eastern Sand Darter has no known obligate biotic 
interactions. Many invasive species have been introduced to Ontario since the extirpation of 
Eastern Sand Darter from Big Otter Creek. For example, Round Goby (Neogobius 
melanostomus) has been documented as far north as Tillsonburg, Ontario within Big Otter 
Creek (Barnucz et al. 2020). An analysis of the community composition at Big Otter Creek 
relative to other populations has not occurred but can be performed with available data.  

Threat considerations 
The threats to the Eastern Sand Darter DU have been described (Table A2; Fisheries and 
Oceans Canada 2014), with threats to Eastern Sand Darter critical habitat described in 
Fisheries and Oceans Canada (2018). Identified threats to Eastern Sand Darter populations 
include turbidity and sediment loading, contaminants and toxic substances, nutrient loading, 
barriers to movement, altered flow regimes, shoreline modifications, exotic species, and 
disease. The magnitude of the effects varies by location (Table A2). 
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Table A2. Summary of threats to Eastern Sand Darter populations in Ontario. Threat Status for all Eastern Sand Darter populations in Ontario 
resulting from an analysis of both the Threat Likelihood and Threat Impact. The number in brackets refers to the level of certainty assigned to each 
Threat Status, which reflects the lowest level of certainty associated with either initial parameter (Threat Likelihood or Threat Impact). Certainty 
has been classified as: 1 = causative studies; 2 = correlative studies; 3 = expert opinion. Gray cells indicate that the threat is not applicable to the 
population due to the nature of the aquatic system where the population is located. Originally adapted from Bouvier and Mandrak (2010).  

 Lake 
Huron 

Lake 
St. Clair 

Lake 
St. Clair 

Lake St. 
Clair 

Lake 
Erie 

Lake 
Erie 

Lake Erie Lake 
Erie 

Lake 
Erie 

Lake 
Erie 

Lake 
Erie 

Threats Ausable 
River 

Lake St. 
Clair 

Thames 
River 

Sydenham 
River 

Pelee 
Island 

Rondeau 
Bay 

Long Point 
Bay 

Catfish 
Creek 

Big Otter 
Creek 

Big 
Creek 

Grand 
River 

Turbidity and 
sediment loading High (3) High (3) High (3) High (3) Medium 

(3) High (3) High (3) High (3) High (3) High (3) High (3) 

Contaminants and 
toxic substances High (3) High (3) High (3) High (3) - High (3) - - - - Medium 

(3) 

Nutrient loading Medium 
(3) 

Medium 
(3) 

Medium 
(3) Medium (3) Low (3) Medium 

(3) 
Medium 

(3) 
Medium 

(3) 
Medium 

(3) 
Medium 

(3) 
Medium 

(3) 

Barriers to 
movement - - - High (3) - - - - Medium 

(3) Low (3) Medium 
(3) 

Altered flow regime High (3) - High (3) High (3) - - - High (3) Medium 
(3) High (3) High (3) 

Shoreline 
modification 

Medium 
(3) 

Medium 
(3) 

Medium 
(3) Medium (3) Medium 

(3) High (3) Low (3) Medium 
(3) TBD TBD High (3) 

Exotic species and 
disease High (3) High (3) High (3) High (3) High (3) High (3) High (3) High (3) High (3) High (3) High (3) 

Incidental harvest Low (3) Low (3) Low (3) Low (3) Low (3) Low (3) Low (3) Low (3) Low (3) Low (3) Low (3) 
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Turbidity and sediment loading, and exotic species are the most concerning threats to Eastern 
Sand Darter across its range, including in Big Otter Creek. Big Otter Creek is within what was 
historically known as the Tobacco Belt in southwestern Ontario. Due to historical agricultural 
practices for tobacco, freshwater ecosystems were left impacted by sediment loads, excessive 
turbidity, and changes in water chemistry. Changes in agricultural practices have improved 
water quality conditions in these areas relative to the periods when the species was extirpated. 
Present-day sampling in Big Otter Creek suggests historically occupied sites are now composed 
primarily of sand substrates, however, turbidity remains relatively high compared to the Ausable 
River (Barnucz et al. 2020), another formerly occupied river system (Table A1). 
Fish sampling of historically occupied sites in Big Otter Creek was performed in 2018 (Barnucz 
et al. 2020). Round Goby, an invasive species, was among the most abundant and most 
frequently encountered invasive species in the system (Barnucz et al. 2020). Recent sampling 
in Big Otter Creek suggests Round Goby occupies habitats as far north as Tillsonburg (i.e., the 
complete historic range of Eastern Sand Darter in this system; Barnucz et al. 2020). Given the 
perceived threat of Round Goby to Eastern Sand Darter (Fisheries and Oceans Canada 2011; 
Raab et al. 2018), the abundance of Round Goby in Big Otter Creek could reduce the ability to 
achieve the means objective of re-establishing a population. In the last 10 years, Round Goby 
and Eastern Sand Darter have begun to co-occur in locations considered to be in “Good” status 
(i.e., Grand and Thames rivers; Table A2), however, long-term outcomes of this co-occurrence 
are still uncertain. More information on threats that could potentially affect the ability to achieve 
the means objective can be found in Fisheries and Oceans Canada (2014) and Fisheries and 
Oceans Canada (2018). 

Estimate the expected benefits of performing conservation translocation 
Given the factors described above, and the modeling performed to estimate the probability of 
achieving a successful reintroduction, the potential influence of population, habitat, community, 
and threat considerations on achieving the means objective must be scored. Given the need for 
input from additional Eastern Sand Darter experts, Table A3 has not been filled. 
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Table A3. Considerations for evaluating the ability to re-establish an extirpated population of Eastern Sand Darter in Big Otter Creek, Ontario.  

Focal species: Eastern Sand Darter (Ammocrypta pellucida) Ontario population - THREATENED 
Problem statement: Eastern Sand Darter – Ontario DU is listed as Threatened under SARA. Population extirpations have occurred across its 
Canadian range, including in Big Otter Creek, Ontario. Reintroduction has been identified as a potential recovery strategy but has not yet 
occurred. The Grand River population is considered to be the best source for performing reintroductions to Big Otter Creek. 
Fundamental objective: Improve survival or recovery of Eastern Sand Darter in Canada. 
Means objective: Re-establish a population of Eastern Sand Darter in Big Otter Creek, Ontario. 

Category Factors Likelihood Evidence 
strength Agreement Confidence References Additional 

considerations 
Population 
considerations 

Abundance of the source population(s) is suitable to 
achieve the means objective - - - - - - 

Age-structure of the source population is suitable to 
achieve the means objective - - - - - - 

Genetic diversity and variation of the source population 
is suitable to achieve the means objective - - - - - - 

Genetic diversity and variation of the recipient population 
is suitable to achieve the means objective - - - - - - 

Life-history strategy of the source population is suitable 
to achieve the means objective - - - - - - 

Captive breeding or captive rearing techniques are 
available to achieve the means objective - - - - - - 

Habitat Habitat in the recipient site(s) reflect species 
requirements (e.g., water clarity, water velocity, depth, 
vegetation, substrate) 

- - - - - - 

A sufficient quantity of habitat exists in the recipient 
location to support all life-stages - - - - - - 

Sufficient connectivity exists in the recipient habitat to 
support all life-stages - - - - - - 

Community 
considerations 

Obligate, facultative, or parasitic species dependencies 
limit the ability to achieve the means objective - - - - - - 

Threats Pertinent threats limit the ability to achieve the means 
objective, including: - - - - - - 

Invasive species - - - - - - 
Residential and commercial development - - - - - - 
Agriculture and aquaculture - - - - - - 
Energy production and mining - - - - - - 
Biological resource use - - - - - - 
Transportation and service corridors - - - - - - 
Human intrusions and disturbance - - - - - - 
Natural systems modification - - - - - - 
Pollution - - - - - - 
Geological events - - - - - - 
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Category Factors Likelihood Evidence 
strength Agreement Confidence References Additional 

considerations 
Threats (cont.) Parasites or disease transfer - - - - - - 

Future habitat modification or degradation - - - - - - 
Climate change - - - - - - 
Other factors - - - - - - 
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STEP 3: IDENTIFY AND ASSESS THE LIKELIHOOD AND MAGNITUDE OF 
UNINTENDED CONSEQUENCES 
The next step in the decision support framework is to identify and assess the likelihood and 
magnitude of negative consequences of reintroduction on the source and recipient populations 
and ecosystems. For the context of Eastern Sand Darter reintroduction to Big Otter Creek, this 
includes changes in source population persistence and genetic variation, changes in short- and 
long-term community and ecosystem dynamics in the source and recipient ecosystems, and the 
transfer of disease to the recipient ecosystem.  
As described above, population models have been developed to estimate the probability of 
reducing source population persistence as a function of direct removals (Lamothe et al. 2021). 
The results suggested that there was a low probability of source population extirpation resulting 
from the frequency and magnitude of removals needed to re-establish a population. However, 
given the uncertainty about the abundance and trajectory of Eastern Sand Darter in the Grand 
River (Table A1), the likelihood and magnitude of risk cannot be definitively stated. Research on 
the genetic structure of Eastern Sand Darter populations suggests low within-river genetic 
variation (Ginson et al. 2015), which may suggest a relatively low risk of altering source 
population genetic structure when performing removals. There is no evidence of hybridization 
between Eastern Sand Darter and co-occurring species in Canada. An assessment has yet to 
be performed on the risk of disease transfer when performing conservation translocations for 
Eastern Sand Darter.  

Estimate the risk of performing conservation translocations 
The next step is to score the likelihood and magnitude of potential risks on the ability to achieve 
the means and fundamental objectives. Similar to Table A3, Table A4 has not been filled given 
the scope of this document and need for input from species experts. 
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Table A4. Risk considerations for Eastern Sand Darter populations and other ecosystem components in source and recipient habitats of proposed 
conservation translocations. 

Subject Location Risk category Risk outcome Risk 
likelihood 

Risk 
magnitude 

Evidence 
strength Agreement Confidence References Additional 

considerations 

Focal  Source Population 
persistence 

Reduced or 
altered 
population 
abundance 

- - - - - - - 

Focal  Source Genetic variation Altered genetic 
variation - - - - - - - 

Focal  Source Genetic variation Inbreeding 
depression - - - - - - - 

Focal  Recipient Population 
persistence 

Individual 
mortality - - - - - - - 

Focal  Recipient Genetic variation Founder effect - - - - - - - 

Focal  Recipient Genetic variation Outbreeding 
depression - - - - - - - 

Focal  Recipient Genetic variation Hybridization - - - - - - - 

Other  Source Community and 
ecosystem dynamics 

Increased 
negative 
interactions 

- - - - - - - 

Other Source Community and 
ecosystem dynamics 

Reduced positive 
interactions - - - - - - - 

Other Source Community and 
ecosystem dynamics 

Reduced habitat 
availability - - - - - - - 

Other Source Community and 
ecosystem dynamics 

Altered 
ecosystem 
processes 

- - - - - - - 

Other Recipient Community and 
ecosystem dynamics 

Enhanced 
negative 
interactions 

- - - - - - - 

Other Recipient Community and 
ecosystem dynamics 

Reduced positive 
interactions - - - - - - - 

Other Recipient Community and 
ecosystem dynamics 

Transformative 
changes within 
site of 
introduction 

- - - - - - - 

Other Recipient Community and 
ecosystem dynamics 

Transformative 
changes beyond - - - - - - - 
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Subject Location Risk category Risk outcome Risk 
likelihood 

Risk 
magnitude 

Evidence 
strength Agreement Confidence References Additional 

considerations 
site of 
introduction 

Other Recipient Community and 
ecosystem dynamics 

Reduced habitat 
availability - - - - - - - 

All Both Disease transfer 

Individual 
mortality / 
reductions in 
fitness 

- - - - - - - 

 



 

69 

REFERENCES 
Barnucz, J., Reid, S.M., and Drake, D.A.R. 2020. Targeted surveys for Eastern Sand Darter in 

the upper Ausable River and Big Otter Creek, 2018. Can. Data Rep. Fish. Aquat. Sci. 1312: 
vi + 26 p. 

Bouvier, L.D., and N.E. Mandrak. 2010. Information in support of a recovery potential 
assessment of Eastern Sand Darter (Ammocrypta pellucida) in Ontario. DFO Can. Sci. 
Advis. Sec. Res. Doc. 2010/093. vi + 43pp. 

COSEWIC. 2009. COSEWIC assessment and status report on the Eastern Sand Darter 
Ammocrypta pellucida, Ontario populations and Quebec populations, in Canada. Committee 
on the Status of Endangered Wildlife in Canada. Ottawa, ON. vii + 49 pp. 

Daniels, R.A. 1993. Habitat of the Eastern Sand Darter, Ammocrypta pellucida. Journal of 
Freshwater Ecology 8(4): 287-295. 

Dextrase, A.J. 2013. Modelling occupancy and abundance of Eastern Sand Darter 
(Ammocrypta pellucida) while accounting for imperfect detection. PhD dissertation, Trent 
University, Peterborough, Ontario. 

Dextrase, A.J., Mandrak, N.E., and Schaeffer, J.A. 2014. Modelling occupancy of an imperilled 
stream fish at multiple scales while accounting for imperfect detection: implications for 
conservation. Freshwater Biology 59: 1799-1815. 

Finch, M., Vélez-Espino, L.A., Doka, S.E., Power, M. and Koops, M.A. 2011. Recovery potential 
modelling of Eastern Sand Darter (Ammocrypta pellucida) in Canada. DFO Can. Sci. Advis. 
Sec. Res. Doc. 2011/020. vi + 34 p. 

Finch, M., Koops, M.A., Doka, S.E., and Power, M. 2018. Population viability and perturbation 
analyses to support recovery of imperilled Eastern Sand Darter (Ammocrypta pellucida). 
Ecology of Freshwater Fish 27(1): 378-388. 

Fisheries and Oceans Canada. 2011. Recovery potential assessment of Eastern Sand Darter 
(Ammocrypta pellucida) in Canada. DFO Can. Sci. Advis. Sec. Sci. Advis. Rep. 2011/020. 

Fisheries and Oceans Canada. 2012. Recovery strategy for the Eastern Sand Darter 
(Ammocrypta pellucida) in Canada: Ontario Populations. Species at Risk Act Recovery 
Strategy Series, Fisheries and Oceans Canada, Ottawa. vii + 56 pp. 

Fisheries and Oceans Canada. 2014. Recovery strategy for the Eastern Sand Darter 
(Ammocrypta pellucida) in Canada: Quebec Populations. Species at Risk Act Recovery 
Strategy Series, Fisheries and Oceans Canada, Ottawa. vii + 47 pp. 

Fisheries and Oceans Canada. 2018. Report on the Progress of Recovery Strategy 
Implementation for the Eastern Sand Darter (Ammocrypta pellucida) in Canada (Ontario 
Populations) for the Period 2012 – 2017. Species at Risk Act Recovery Strategy Report 
Series. Fisheries and Oceans Canada, Ottawa. v + 33 p. 

Ginson, R., Walter, R.P., Mandrak, N.E., Beneteau, C.L., and Heath, D.D. 2015. Hierarchal 
analysis of genetic structure in the habitat-specialist Eastern Sand Darter (Ammocrypta 
pellucida). Ecology and Evolution 5: 695-708. 

Johnston, C.E. 1989. Spawning in the Eastern Sand Darter, Ammocrypta pellucida (Pisces: 
Percidae), with comments on the phylogeny of Ammocrypta and related taxa. Transactions 
of the Illinois Academy of Sciences 82(3-4): 163-168. 



 

70 

Lamothe, K.A., Dextrase, A.J., and Drake, D.A.R. 2019a. Aggregation of two imperfectly 
detected imperilled freshwater fishes: Understanding community structure and co-
occurrence for multispecies conservation. Endangered Species Research 40: 123-132. 

Lamothe, K.A., Dextrase, A.J., and Drake, D.A.R. 2019b. Characterizing species co-occurrence 
patterns of imperfectly detected stream fishes to inform species reintroduction efforts. 
Conservation Biology 33(6): 1392-1403.  

Lamothe, K.A., van der Lee, A.S., Drake, D.A.R., and Koops, M.A. 2021. The translocation 
trade-off for eastern sand darter (Ammocrypta pellucida): balancing harm to source 
populations with the goal of re-establishment. Canadian Journal of Fisheries and Aquatic 
Sciences. doi: 10.1139/cjfas-2020-0288. 

Raab, D., Mandrak, N.E., and Ricciardi, A. 2018. Low-head dams facilitate Round Goby 
Neogobius melanostomus invasion. Biological Invasions 20: 757-776. 

Scott, W.B., and Crossman, E.J. 1973. Freshwater Fishes of Canada. Fisheries Research 
Board of Canada. Bulletin 184. Ottawa, Canada. 

Simon, T.P., and Wallus, R. 2006. Reproductive biology and early life history of fishes in the 
Ohio River: Percidae – perch, pikeperch and darters, Volume 4. CRC Press, Boca Raton, 
Florida, USA. 

Trautman, M.B. 1981. The Fishes of Ohio with Illustrated Keys: Revised Edition. Ohio State 
University Press. Ohio, United States. 

Williams, J.D. 1975. Systematics of the percid fishes of the subgenus Ammocrypta, genus 
Ammocrypta, with descriptions of two new species. Bulletin of the Alabama Museum of 
Natural History 1: 1-56. 



 

71 

APPENDIX B: REINTRODUCTION OF SNUFFBOX (EPIOBLASMA TRIQUETRA) TO 
THE THAMES RIVER, ONTARIO, CANADA USING THE CONSERVATION 

TRANSLOCATION FRAMEWORK 

INTRODUCTION 
Snuffbox (Epioblasma triquetra; Rafinesque 1820) is a relatively small, sexually dimorphic 
freshwater mussel listed as Endangered under SARA (COSEWIC 2011; Fisheries and Oceans 
Canada 2019). As of 2011, there were 31 historical records of Snuffbox from southern Ontario, 
including from Lake Erie, Lake St. Clair, and the Ausable, Sydenham, Thames, Grand, and 
Niagara rivers; however, Snuffbox can only be presently found in a 93 km stretch of the East 
Sydenham River and at five sites within a 91 km stretch of the Ausable River (Figure A4; 
Fisheries and Oceans Canada 2019). Conservation translocation has been identified as a 
potential recovery strategy for the species but has not yet occurred.  

 
Figure A4. Historical distribution and recent detections of Snuffbox in southwestern Ontario. Originally 
published in Fisheries and Oceans Canada (2019). 

Below, an example of how to use the conservation translocation decision support framework is 
presented for Snuffbox in the Thames River, Ontario. Specifically, Steps 1-3 are navigated to 
understand the level of available information for informing decision-making (Figure A1). 
Although not meant to be used directly for management of Snuffbox, this demonstration 
provides a foundation for future assessments.  

STEP 1: IDENTIFY OBJECTIVES FOR CONSERVATION TRANSLOCATIONS 
The first step in considering conservation translocations is to identify the fundamental and 
means objectives. Here, the fundamental objective is to improve the survival or recovery of 
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Snuffbox in Canada. The approach to achieving the fundamental objective is reintroduction to 
the Thames River, Ontario, between Chatham and Moraviantown.  

STEP 2: ASSESS THE PROBABILITY OF ACHIEVING THE FUNDAMENTAL AND 
MEANS OBJECTIVES 
The next step in the conservation translocation decision support framework is to assess the 
probability that achieving the means objective will improve survival or recovery of the species, 
and to assess the probability of achieving the means objective. Included in this is the need to 
gather information on factors that will influence the ability to achieve the means and 
fundamental objectives and to score the likelihood and magnitude of their influence. Here, 
efforts to estimate the probability of the means objective achieving the fundamental objective for 
Snuffbox are described, along with potential factors that may influence the ability to achieve the 
means objective. However, scoring of the influence of individual factors on the ability to achieve 
the means objective is not performed. The appendix is intended to act as a functional guide for 
using the decision support framework and would require additional input from species experts 
for the completion of scoring.  

Probability of the means objective achieving the fundamental objective 
Modeling and simulation work to identify how species reintroduction could benefit the survival or 
recovery of Snuffbox in Canada has yet to be performed. Theory and basic simulations ignoring 
life-history and species information suggests that the probability of extirpation of a species is 
intrinsically related to the number of extant populations (i.e., Figure 7), of which, Snuffbox has 
two. Recovering populations of Snuffbox can therefore have immediate benefits for the species.  
Young and Koops (2011) developed a general matrix population model for unionid mussels to 
assess the sensitivity of population growth to changes in a range of life-history parameters. 
Their results suggested that the population growth rate of freshwater mussels with relatively low 
fecundity and late age-of-maturity was most sensitive to adult survival, and somewhat sensitive 
to juvenile survival. Snuffbox age-of-maturity is generally unknown but estimated at 5-10 years 
(Dennis 1987; Yeager and Saylor 1995; Fisheries and Oceans Canada 2019), with survival 
rates and fecundity unknown (Butler 2007). Unlike the models presented in Young and Koops 
(2011), Snuffbox may demonstrate a male-biased sex ratio in the wild (Butler 2007), which 
could heighten the risk of local extirpation if removals of source individuals are too large.  

Population considerations 
The distribution of Snuffbox has been well-described (Butler 2007; Fisheries and Oceans 
Canada 2019; Figure A4; Table A5). Fewer than 50 self-sustaining populations of Snuffbox are 
estimated to be remaining in North America, with only two known populations remaining in 
Canada (Fisheries and Oceans Canada 2019; Table A5). The two populations of Snuffbox in 
Ontario are geographically disconnected from each other, with the natural recovery of extirpated 
sites unlikely given the relatively low dispersal of Logperch (Percina caprodes), the obligate host 
species (McNichols 2007; Schwalb et al. 2011). The genetic structure of Snuffbox populations 
has been well-described (Zanatta and Murphy 2008; Zanatta and Wilson 2011; Galbraith et al. 
2015; Beaver et al. 2019). Across the species range, evidence of population differentiation 
matches expectations based on post-glacial colonization routes (Beaver et al. 2019) and 
populations show greater among-population differentiation than within-population (Galbraith et 
al. 2015).  
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Table A5. Relative abundance index, population trajectory, and population status of each Snuffbox 
population in Ontario. Certainty rankings listed as: 2 = catch per unit effort or standardized sampling, or 3 
= expert opinion. 

Population Relative 
abundance index 

Population 
trajectory 

Population 
status 

Lake Huron 

Ausable River Low (2) Stable (2) Poor 

Lake St. Clair 
Thames River Extirpated (2) Not applicable Extirpated 

East Sydenham 
River Medium (2) Stable (2) Fair 

Lake Erie 

Grand River Extirpated (2) Not applicable Extirpated 

Niagara River Extirpated (3) Not applicable Extirpated 

 
Snuffbox tends to occur in extremely low densities within diverse freshwater mussel 
aggregations. Previous surveys (Baitz et al. 2008) from the Ausable River suggest that Snuffbox 
is present at a density of approximately 0.09 individuals/m2 (range: 0.01 – 0.25). Given the low 
suspected abundance, removing individuals from the wild to directly act as a source stock would 
likely pose heightened risk of source population decline. Snuffbox has been propagated under 
human care and released for the purposes of conservation in the United States (Barnhart 2002).  

 
Habitat considerations 
Snuffbox occupies riffle-run habitat within small- to medium-sized rivers and streams where 
substrate sizes range from sand to boulders (Clarke 1981; Buchanan 1990; Metcalfe-Smith et 
al. 2003, 2007; Baitz et al. 2008; Fisheries and Oceans Canada 2019). In Ontario, the species 
has been detected in areas of the Ausable and East Sydenham rivers where depths ranged 
from 12-21 cm with a site velocity of 0.03-0.38 m/s. Most often, the species is buried in the 
substrate. Logperch, the host species of Snuffbox, can occupy a wide variety of habitats, 
including lakes and slow- or fast-flowing streams (Scott and Crossman 1973; Robinson and 
Buchanan 1988; Holm et al. 2009). Logperch prefers rocky substrates but can be found in areas 
with a variety of substrates and vegetation (Scott and Crossman 1973; Holm et al. 2009).  

Community considerations 
SARA-listed mussels tend to occur in diverse mussel and benthic macroinvertebrate 
communities (Eveleens 2021). The Thames River is composed of a relatively diverse freshwater 
mussel assemblage, with at least 28 co-occurring species (Table A6).  
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Table A6. Freshwater mussel species previously captured in the Thames River (2004-2018). 

Genus Species Common Name 
Alasmidonta marginata Elktoe 
Alasmidonta viridis Slippershell 
Amblema plicata Threeridge 
Anodontoides ferussacianus Cylindrical Papershell 
Cambarunio iris Rainbow 
Cyclonaias pustulosa Pimpleback 
Cyclonaias tuberculata Purple Wartyback 
Eurynia dilatata Spike 
Fusconaia flava Wabash Pigtoe 
Lampsilis cardium Plain Pocketbook 
Lampsilis fasciola Wavyrayed Lampmussel 
Lampsilis siliquoidea Fatmucket 
Lasmigona complanata White Heelsplitter 
Lasmigona compressa Creek Heelsplitter 
Lasmigona costata Flutedshell 
Ligumia recta Black Sandshell 
Obliquaria reflexa Threehorn Wartyback 
Ortmanniana ligamentina Mucket 
Paetulunio fabalis Rayed Bean 
Pleurobema sintoxia Round Pigtoe 
Potamilus alatus Pink Heelsplitter 
Potamilus fragilis Fragile Papershell 
Pyganodon grandis Giant Floater 
Quadrula quadrula Mapleleaf 
Strophitus undulatus Creeper 
Truncilla donaciformis Fawnsfoot 
Truncilla truncata Deertoe 
Utterbackia imbecillis Paper Pondshell 

Logperch, the host species for Snuffbox, is often characterized as a species of relatively low 
abundance, which may be due to its ability to avoid a seine by occupying waters deeper than 1-
m (Scott and Crossman 1973). Nevertheless, Logperch has been sampled from the Thames 
River in relatively high abundance (Lamothe et al. 2020). There is no evidence of other biotic 
associations for Logperch besides the parasitic relationship with Snuffbox. Given the size of 
Logperch, it may be predated on by fishes with sufficient gape size. 

Threat considerations 
The Thames River is considered to be moderately impacted by several threats. The likelihood 
and magnitude of impacts from contaminants and toxic substances, invasive species, and 
habitat removal and alteration in the Thames River are considered to be relatively high, with 
impacts from nutrient loading and sediment loading being considered medium (Table A7). More 
broadly, threats to Snuffbox across the species range have been reviewed (Butler 2007). 



 

75 

Table A7. Summary of threats to Snuffbox populations in Ontario. Threat Status for all populations 
resulting from an analysis of both the Threat Likelihood and Threat Impact originally performed for 
Threehorn Wartyback (Obliquaria reflexa; Sydenham River, Thames River, Grand River; Fisheries and 
Oceans Canada 2014) and Rainbow (Villosa iris; Ausable River; Fisheries and Oceans Canada 2018), 
considered suitable surrogates for threat impacts. The number in parentheses refers to the level of 
certainty assigned to each Threat Status, which reflects the lowest level of certainty associated with either 
initial parameter (Threat Likelihood or Threat Impact). Certainty has been classified as 2 = correlative 
studies, or 3 = expert opinion. 

Threats Sydenham 
River 

Thames 
River Grand River Ausable 

River 
Contaminants and toxic 
substances High (3) High (3) High (3) High (3) 

Nutrient loading Medium (3) Medium (3) High (3) High (3) 

Turbidity Medium (3) Unknown (3) Unknown (3) High (3) 

Sediment Loading Medium (3) Medium (3) Medium (3) High (3) 

Invasive species Low (2) High (2) High (2) Medium (2) 

Habitat removal and alteration High (3) High (3) High (3) Medium (3) 

Altered flow regimes Low (3) Low (3) Medium (3) Medium (3) 

Host fish (Invasive species) Unknown (3) Unknown (3) Unknown (3) Medium (3) 

Threats to the host species must also be considered during the conservation translocation of 
freshwater mussels. Logperch is considered to be a relatively hardy species (Robinson and 
Buchanan 1988; Argent and Kimmel 2011). Threats to the persistence of Logperch include 
siltation and turbidity, and invasive species (Robinson and Buchanan 1988; Holm et al. 2009). 
Round Goby occupies a similar ecological niche to Logperch, with a common habitat preference 
(Raab et al. 2018) and similar diet across life-stages (Burkett and Jude 2015). Experimental 
trials have demonstrated the superior competitive ability of Round Goby to Logperch (Balshine 
et al. 2005; Leino and Mensinger 2017); however, a significant reduction in Logperch 
populations has not been observed in areas invaded by Round Goby, which may relate to the 
better ability of Logperch to occupy deeper, soft-bottomed habitats (Burkett and Jude 2015; 
Leino and Mensinger 2017), the reproductive strategy of burying eggs into the substrate 
enabling continued recruitment (Page 1983), or a lack of sampling effort and research.  

Estimate the expected benefits of performing conservation translocation 
Based on the factors described above, the expected influence of factors on the ability to achieve 
a successful reintroduction must be scored. Table A8 has not been filled given the need for 
additional input from species experts. 
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Table A8. Factors that may influence the ability to re-establish an extirpated population of Snuffbox.  

Focal species: Snuffbox (Epioblasma triquetra) - ENDANGERED 
Problem statement: Snuffbox is listed as Endangered under SARA. Reintroduction has been identified as a potential recovery strategy for the 
species in the Thames River, Ontario, but efforts have yet to occur. A source population for performing conservation translocations has not been 
determined.  
Fundamental objective: Improve the survival or recovery of Snuffbox in Canada. 
Means objective: Re-establish a population of Snuffbox in the Thames River, Ontario, between Chatham and Moraviantown.  

Category Factors Likelihood Evidence 
strength Agreement Confidence References Additional 

considerations 
Population 
considerations 

Abundance of the source population(s) is suitable to 
achieve the means objective - - - - - - 

Age-structure of the source population is suitable to 
achieve the means objective - - - - - - 

Genetic diversity and variation of the source population 
is suitable to achieve the means objective - - - - - - 

Genetic diversity and variation of the recipient population 
is suitable to achieve the means objective - - - - - - 

Life-history strategy of the source population is suitable 
to achieve the means objective - - - - - - 

Captive breeding or captive rearing techniques are 
available to achieve the means objective - - - - - - 

Habitat Habitat in the recipient site(s) reflect species 
requirements (e.g., water clarity, water velocity, depth, 
vegetation, substrate) 

- - - - - - 

A sufficient quantity of habitat exists in the recipient 
location to support all life-stages - - - - - - 

Sufficient connectivity exists in the recipient habitat to 
support all life-stages - - - - - - 

Community 
considerations 

Obligate, facultative, or parasitic species dependencies 
limit the ability to achieve the means objective - - - - - - 

Threats Pertinent threats limit the ability to achieve the means 
objective, including: - - - - - - 

Invasive species - - - - - - 
Residential and commercial development - - - - - - 
Agriculture and aquaculture - - - - - - 
Energy production and mining - - - - - - 
Biological resource use - - - - - - 
Transportation and service corridors - - - - - - 
Human intrusions and disturbance - - - - - - 
Natural systems modification - - - - - - 
Pollution - - - - - - 
Geological events - - - - - - 
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Category Factors Likelihood Evidence 
strength Agreement Confidence References Additional 

considerations 
Threats (cont.) Parasites or disease transfer - - - - - - 

Future habitat modification or degradation - - - - - - 
Climate change - - - - - - 
Other factors - - - - - - 
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STEP 3: IDENTIFY AND ASSESS THE LIKELIHOOD AND MAGNITUDE OF 
UNINTENDED CONSEQUENCES 
The next step in the conservation translocation decision support framework is to identify and 
assess the likelihood and magnitude of unintended consequences of reintroduction on the 
source population and on both the source and recipient ecosystems. For the context of Snuffbox 
reintroduction, this includes changes in source population persistence and genetic variation, 
change in short- and long-term community and ecosystem dynamics in the source and recipient 
ecosystems, and the transfer of disease to the recipient ecosystem. 
The removal of individuals from a population to source a translocation can have immediate 
negative impacts, particularly when populations are small or when there are few breeding 
individuals. Based on the best available knowledge, the abundance of the two remaining 
populations in Canada may limit the number of available individuals for translocations. Captive 
rearing may be an option as Snuffbox has been experimentally reared in Canada (Wilson et al. 
2021) and successfully propagated and released in the United States (Barnhart 2002). If captive 
rearing is considered as an approach, research on other SARA-listed unionids suggests less 
than 15 gravid females are required to retain natural levels of genetic variation (VanTassel et al. 
2021). The reintroduction of Snuffbox is unlikely to have measurable negative effects on co-
occurring unionids in the recipient habitat. A risk assessment for the potential transfer of disease 
has yet to be performed for Snuffbox translocations.  

Estimate the risk of performing conservation translocations 
The next step is to score the likelihood and magnitude of potential risks on the ability to achieve 
the means and fundamental objectives. Similar to Table A8, Table A9 has not been filled as 
additional input from species experts is required.



 

79 

Table A9. Risk considerations for Snuffbox populations and other ecosystem components in source and recipient habitats of proposed 
conservation translocations. 

Subject Location Risk category Risk outcome Risk 
likelihood 

Risk 
magnitude 

Evidence 
strength Agreement Confidence References Additional 

considerations 

Focal  Source Population 
persistence 

Reduced or 
altered 
population 
abundance 

- - - - - - - 

Focal  Source Genetic variation Altered genetic 
variation - - - - - - - 

Focal  Source Genetic variation Inbreeding 
depression - - - - - - - 

Focal  Recipient Population 
persistence 

Individual 
mortality - - - - - - - 

Focal  Recipient Genetic variation Founder effect - - - - - - - 

Focal  Recipient Genetic variation Outbreeding 
depression - - - - - - - 

Focal  Recipient Genetic variation Hybridization - - - - - - - 

Other  Source Community and 
ecosystem dynamics 

Increased 
negative 
interactions 

- - - - - - - 

Other Source Community and 
ecosystem dynamics 

Reduced positive 
interactions - - - - - - - 

Other Source Community and 
ecosystem dynamics 

Reduced habitat 
availability - - - - - - - 

Other Source Community and 
ecosystem dynamics 

Altered 
ecosystem 
processes 

- - - - - - - 

Other Recipient Community and 
ecosystem dynamics 

Enhanced 
negative 
interactions 

- - - - - - - 

Other Recipient Community and 
ecosystem dynamics 

Reduced positive 
interactions - - - - - - - 

Other Recipient Community and 
ecosystem dynamics 

Transformative 
changes within 
site of 
introduction 

- - - - - - - 

Other Recipient Community and 
ecosystem dynamics 

Transformative 
changes beyond - - - - - - - 
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Subject Location Risk category Risk outcome Risk 
likelihood 

Risk 
magnitude 

Evidence 
strength Agreement Confidence References Additional 

considerations 
site of 
introduction 

Other Recipient Community and 
ecosystem dynamics 

Reduced habitat 
availability - - - - - - - 

All Both Disease transfer 

Individual 
mortality / 
reductions in 
fitness 

- - - - - - - 
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