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Abstract
Fishes assessed as Threatened or Endangered by the Committee on the Status of Endangered Wildlife
in Canada are disproportionately less likely to be listed under the federal Species at Risk Act (SARA)
compared to other taxa. We examined the extent to which the amount and type of science advice in
a Recovery Potential Assessment (RPA) contributes to SARA-listing decisions for 34 wildlife species
of freshwater fishes in Canada. We used a generalized linear mixed model to describe SARA listing
status as a function of RPA completeness. Principal coordinates analyses were conducted to assess
similarity in answers to RPA questions among listed and nonlisted species. The amount and type of
science advice within an RPA were weakly related to SARA status. RPA completeness accounted for
only 7.4% of model variation when family was included as a random effect, likely because nine species
not listed under SARA (64%) belong to the sturgeon family. Our results suggest that, while potentially
useful for informing recovery strategies, RPAs do not appear to be driving listing status for freshwater
fishes in Canada. Factors beyond scientific advice likely contribute to nonlisted species and delays in
listing decisions.
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1. Introduction
Legal protection is vital in endangered species recovery (Restani and Marzluff 2002); however, the
process of listing at-risk species under legal frameworks is often problematic (Favaro et al. 2014;
Himes Boor 2014; McDevitt-Irwin et al. 2015). Challenges to the legal-listing process may arise due
to socio-economic factors (Restani and Marzluff 2002; Findlay et al. 2009; Schultz et al. 2013) or
taxonomic bias (Mooers et al. 2007; Walsh et al. 2012; Glass et al. 2017) and can be exacerbated by
limited biological information available for species (COSEWIC 2019; Powles 2011). Not only can
the paucity of accurate, species-specific information influence listing decisions but, if listed, may lead
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Chenery ES, Gallage K, Heer T, Kindree MM,
and Mandrak NE. 2021. The role of science
advice in recovery potential assessments in
freshwater fish listing decisions under the
Canadian Species at Risk Act. FACETS 6:
1247–1259. doi:10.1139/facets-2020-0091

Handling Editor: Andrea Olive

Received: October 8, 2020

Accepted: March 18, 2021

Published: July 22, 2021

Note: This paper is part of a collection titled
“Conservation in Canada: identifying and
overcoming barriers”.

Copyright: © 2021 Montgomery et al. This
work is licensed under a Creative Commons
Attribution 4.0 International License (CC BY
4.0), which permits unrestricted use,
distribution, and reproduction in any
medium, provided the original author(s) and
source are credited.

Published by: Canadian Science Publishing

RESEARCH ARTICLE

FACETS | 2021 | 6: 1247–1259 | DOI: 10.1139/facets-2020-0091 1247
facetsjournal.com

FA
C

E
T

S 
D

ow
nl

oa
de

d 
fr

om
 w

w
w

.f
ac

et
sj

ou
rn

al
.c

om
 b

y 
3.

14
7.

47
.8

2 
on

 0
5/

18
/2

4

mailto:fi_montgomery@hotmail.com
http://dx.doi.org/10.1139/facets-2020-0091
http://creativecommons.org/licenses/by/4.0/deed.en_GB
http://creativecommons.org/licenses/by/4.0/deed.en_GB
http://dx.doi.org/10.1139/facets-2020-0091
http://www.facetsjournal.com


to deficiencies in species recovery planning (Rohlf 1991; Cooke 2008; Gehring and Ruffing 2008).
Standardized guidelines, informed by a balance of socio-economic and scientific factors, are needed
to ensure the assessment, legal protection, and recovery of at-risk species.

Legal protection in Canada is provided federally by the Species at Risk Act (SARA), which affords legal
prohibitions against “harming, killing, harassing, capture or taking” of species listed under the Act
(SARA, S.C. 2002, c. 29). To make an informed decision about listing species under SARA, the
Canadian government uses the best available scientific advice recommended by the Committee on
the Status of Endangered Wildlife in Canada (COSEWIC) and applies precaution when balancing
threats, cost-effective measures, and scientific certainty (DFO 2013; Gregory and Long 2009).
Within 90 days of receiving a COSEWIC assessment of an aquatic species, the Minister of
Environment and Climate Change Canada (MoE) must publish a response statement on how they
wish to proceed. Depending on the type of consultation undertaken, a final listing decision is made
by the Governor in Council (GiC) within 24–36 months (Supplementary Material 1). Listing
decisions are outlined in the Regulatory Impact Analysis Statement (RIAS) and while many factors
contributing to the final decision are often not public (including detailed consultations and
socio-economic analyses), biological risk assessments in the form of Recovery Potential
Assessments (RPA) are publicly available.

In cases where the impact of listing a species is anticipated to be high, RPAs are conducted to inform
RIAS of the listing decision and the subsequent legally required recovery actions (strategy, action plan,
and identification of critical habitat) (DFO 2014). Information found in the COSEWIC assessment
provides a baseline of biological information required to assess a species’ status. An RPA differs from
a COSEWIC assessment by describing both the species status (Phase 1) and recovery potential
(Phase 2 and 3). In 2007, Fisheries and Oceans Canada (DFO) developed their Revised Protocol for
Conducting Recovery Potential Assessments, outlining a series of information requirements (termed
tasks) that RPA documents should address based on the “best science advice possible” (DFO 2007).
Although DFO adopts the language of “best science advice possible” in its guidelines, SARA acknowl-
edges that COSEWIC must develop a status report based on the “best available information” and, thus,
we used the latter terminology throughout this report (S.C. 2002, c. 29). The “best science advice pos-
sible” encompasses a species’ current status, recovery target, and potential mitigation and
alternative options for managers (DFO 2007) to assess and prioritize both the threats to a species at
population and species levels and their potential for recovery (DFO 2014). The RPA is peer reviewed
during a Canadian Science Advisory Secretariat (CSAS) meeting and posted to the publicly accessible
CSAS website, alongside the science advisory report proceedings and other associated documents
(dfo-mpo.gc.ca/csas-sccs/index-eng.htm).

Despite a comprehensive mechanism by which DFO can communicate scientific advice in the SARA-
listing process, species governed by DFO, in particular freshwater fishes, are disproportionately less
likely to be listed under SARA compared with other taxa (Mooers et al. 2007; Favaro et al. 2014;
Dorey and Walker 2018). Creighton and Bennett (2019) found that 57% of fish species assessed by
COSEWIC between 2003 and 2017 were not listed under SARA. For freshwater fishes with an RPA
written before a SARA-listing decision (n = 34), 41% have not been listed under SARA, each owing
to delays in the SARA-listing process associated with extended consultations. Findlay et al. (2009)
and McDevitt-Irwin et al. (2015) have both demonstrated the bias towards delayed listing for marine
and freshwater fishes via extended consultation. Building on this work, we explore whether science
advice in an RPA influences whether a species is listed under SARA or awaits a decision due to
ongoing extended consultation.

Our study examines the extent to which the best available scientific advice provided in an RPA
contributes to SARA-listing decisions for freshwater fishes at risk in Canada. Specifically, we evaluate
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two questions: (i) Does the completeness of the RPA influence SARA-listing decisions? (ii) Does the
type of scientific information within an RPA influence the SARA listing decisions? By evaluating
the role of an RPA in the SARA-listing process, our study examines whether not listing a species is
related to the quality, quantity, and availability of science advice above the threshold provided in a
COSEWIC assessment. Our study identifies knowledge gaps in the listing-decision process and pro-
vides recommendations to improve the RPA for freshwater fishes in Canada. Understanding the role
of science advice and RPAs in conservation legislation is integral to ensure meaningful science con-
tributes to effective public policy and to improve the overall protection for freshwater fishes at risk
in Canada.

2. Methods
We compiled a list of 34 species at risk (SAR), or designatable units (DU), in Canada based on the
following criteria: (i) the species or DU is a freshwater fish or diadromous fish that spends a substan-
tial portion of its life cycle in freshwater habitat; (ii) the species or DU was (re)-assessed by COSEWIC
as Threatened or Endangered after 2007, the year in which standardized guidelines to completing an
RPA were published (DFO 2007); and (iii) there is a written RPA for the species or DU published
after the COSEWIC assessment and before the SARA-listing decision (Fig. 1; Supplementary
Material 2). SARA-listing decisions were classified as Threatened, Endangered, or no status. Species
with a SARA-listing decision of no status are currently not listed under Schedule 1 for one of the
following reasons: (i) the MoE or GiC decided not to list the species under Schedule 1, (ii) the MoE
response outlined that further consultation is needed prior to a decision, or (iii) the MoE recommen-
dation was to refer the species back to COSEWIC for further additional scientific information
required to make the decision.

2.1. Analysis of RPAs
The RPAs were coded according to the Revised Protocol for Conducting Recovery Potential
Assessments, developed in 2007 (DFO 2007). This document lists 17 tasks in total, divided into three
phases. Phase 1 addresses questions related to the current species status, Phase 2 addresses issues
related to recovery, and Phase 3 identifies potential mitigation and alternatives. The 17 tasks were
subdivided into 42 questions that were each coded to assess the best available scientific information
for each species (Supplementary Material 3). Tasks were subdivided into multiple questions when
they contained multiple types of information. For example, task two, “evaluate recent species trajec-
tory for abundance, range, and number of populations”, was subdivided into three questions, each
answered separately, to examine whether recent species trajectory was assessed for (i) abundance,
(ii) range, and (iii) number of populations. Sixteen questions were coded as either containing qualita-
tive (1), quantitative (2), or no data (0), and 21 questions were coded as either not applicable (NA), no
data (0), or data. For these 21 questions, “data” answers varied to reflect the type of answers often
found in the RPAs (e.g., whether data were presented for a surrogate species or the species of interest).
Five of these questions were coded as the count of unknown, low, medium, and high threats and the
total number of threats. For the complete list of questions and detailed information on coding criteria
see Supplementary Material 3 – Coding Criteria.

In addition to the RPA, Recovery Potential Modelling (RPM) and other supplemental documents in
support of the RPA were used as supplemental information, as they were considered part of the
scientific advice that contributes to the final listing decision. Referenced documents considered in
the coding process for each species can be found in Supplementary Material 2.

Coding was performed by seven researchers in the Mandrak Biodiversity and Conservation of
Freshwater Fishes Lab at the University of Toronto Scarborough. Each researcher independently
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conducted a quantitative assessment of each RPA. Afterward, a consensus among the seven research-
ers was reached using the small-group Delphi paradigm, which allows for flexibility while minimizing
bias (Mitchell 1991; Lofaro 2015).

2.2. Does the RPA completeness influence SARA-listing decisions?
In total, 42 questions were coded to quantify the best available scientific advice provided in an RPA
and supplemented with RPM and other supporting documents. We measured the RPA completeness
as the percentage of questions answered in total and within each phase. Kruskal-Wallis tests, followed
by Dunn’s post-hoc tests, were used to examine significant differences in phase completeness, across
taxonomic families.

Phase 1 completeness reflects the amount of available science advice on the species’ status, similar to
what is found in a COSEWIC assessment, whereas Phases 2 and 3 completeness reflects the amount of
available science advice on species recovery and management potential, beyond the baseline of a
COSEWIC assessment. We used a generalized linear model (GLM) to assess whether the complete-
ness of science advice in each phase of the RPA influenced SARA-listing decisions. First, we asked:
“do the number of questions answered by any or all of the three phases of the RPA questionnaire
explain the variability in whether the GIC chooses to list a species or not under SARA?” If
Phases 2 and 3 explain more variation in the SARA-listing decision, then the addition of qualitative
and quantitative information found within an RPA plays an important role in the SARA-listing

Fig. 1. Timeline outlining the Committee on the Status of Endangered Wildlife in Canada recommendation (grey), Recovery Potential Assessment (RPA)
publication (turquoise), and Species at Risk Act (SARA) decision (blue) for 34 fishes at risk in Canada. Species with a SARA decision that has yet to be made
(as of 2019) are identified by a dashed line and open blue circle. The red dashed line represents the year (2007) that the Revised Protocol for Conducting
Recovery Potential Assessments was published, standardizing RPAs written afterwards.
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process. We fit a binary response of SARA-listing decision (0 = no status; 1 = listed on Schedule 1) via
a logit link with Phase 1, 2, 3 completeness, using the function “glm” in package lme4 in R (R 3.5.3;
R Core Team 2019). The full model was compared to the partial models, using Akaike’s information
criterion (AICc) corrected for a small sample size (n = 34).

The recommended COSEWIC status for fishes within the same family may be more similar due to
heritable attributes and information provided in their RPA may overlap; therefore, we assume species
within the same family may not be independent with respect to SARA-listing status. We extended
these linear models to examine the effect of within-group clusters at the family level. We then asked:
“does the taxonomic family affect our findings with respect to questionnaire completeness?” Adding a
family group as a random effect allowed each group (taxonomic family, n = 10 groups) to have its own
mean value with respect to listing status by using a random-intercepts generalized linear mixed model
(GLMM) (Gelman and Hill 2006; Schielzeth and Nakagawa 2013). All other model variables were
kept the same as in the linear models presented in Table S4b, with Phases 1, 2, and 3 all included as
fixed effects. We tested for the significance of random effects by using an ANOVA to compare the full
model (family as random effects) with a reduced model (individual as random effects and random
effects set to 0). The full model received significantly more support (χ2 = 18.32, df = 2, p = 0.0002),
supporting the use of family as random effects. Variance explained was measured using pseudo-R2

with the function r.squaredGLMM in the MuMIN package in R (R Core Team 2019; Bartoñ 2020).
The contribution of the three fixed‐effect variables was compared to the full model by stepwise
removal of nonsignificant fixed effects (p> 0.05) using likelihood ratio tests.

2.3. Does the type of scientific information within an RPA influence
SARA-listing decision?
To visualize how SARA listing (Threatened, Endangered, no status) differs based on the scientific
information provided in an RPA, a Principal Coordinates Analysis (PCoA) was constructed. Before
analysis, the species (n = 34) by question (n = 41) matrix was converted to a distance matrix using
Gower distance, which allows for missing data and mixed data types (Gower 1971; Podani 1999).
Question 16b regarding population viability analysis and mitigation uncertainty was excluded as the
question was scored NA for all species. An analysis of similarities (ANOSIM) was completed on the
Gower distance matrix using the vegan package in R (R 3.5.3, R Core Team 2019; Oksanen et al.
2019) to test for significant differences in SARA-listing decision based on the best available scientific
advice provided in an RPA (and supplementary documents). Significant differences were examined
further using post-hoc pairwise ANOSIM comparisons between all possible status pairs.

3. Results
Of 34 species, 20 (59%) had the same COSEWIC assessment and SARA listing status (10 Threatened,
10 Endangered). Species with matching statuses belong to carps and minnows, catfishes, perches,
salmons, smelts, sticklebacks, and suckers (Fig. 2). For the fourteen no status species (7 Endangered,
7 Threatened), a listing decision was still pending in every case owing to consultation periods that
extended beyond the standard 24-month process (GOC 2018; Supplementary Material 1). Sixty-four
percent of these species belong to the sturgeon family, and the remaining 36% are temperate basses,
eels, sticklebacks, and carps and minnows (Fig. 2).

3.1. Does RPA completeness influence SARA-listing decisions?
Across all 34 species examined, there were no cases where all 17 tasks (and 42 questions) outlined in
the RPA guidelines were completed. On average, RPAs were 64% complete, ranging from 43% to 81%.
Phase completeness differed significantly (χ2 = 49.9, df = 3, p< 0.001) across the 34 species (Fig. 3a).
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Post-hoc Dunn’s pairwise tests determined that Phase 1 and Phase 2 did not significantly differ from
each other (χ2 = 0.8, p = 0.21) and that both were significantly more complete than Phase 3 (χ2 = 6.47,
p < 0.001; χ2 = 5.68, p < 0.001) (Fig. 3a). Specifically, Phase 1 (q. 1–7) was generally the most
complete, ranging from 50% to 90% complete. Phase 2 (q. 8–11) contained the greatest range in
completeness, ranging from 38% to 92% complete. Lastly, Phase 3 (q. 12–17) was consistently the least
completed, ranging from 22% to 55% complete, except for the RPA for Lake Sturgeon (Great Lakes–
St. Lawrence population) which was 66% complete (Fig. 3).

The total number of questions answered varied by family, ranging from 52% to 73% complete. The
RPAs for perches, salmons, trout, whitefish, eels, sturgeons, and gars were among the most complete,
whereas those for sticklebacks, sculpins, smelts, lampreys, and catfishes were among the least
complete (Fig. 3b).

Of the 7 possible models involving Phase 1–3, the model with the lowest AICc score described
SARA-listing decision (no status vs listed) as a function of the number of questions answered in
Phase (ph) 1 (beta = -0.78 +/− 0.3) and Phase 2 (beta = +0.52 +/− 0.3) of the RPA (AICc (null) =
48.19; Log likelihood (null) = −23.03, null deviance = 46.1; AICc (ph1, ph2) = 42.1, k = 3, Log
likelihood (ph1, ph2) = −17.8, residual deviance = 35.3) (Supplementary Material 4). When family
was included as a random effect, SARA-listing decision was only minimally related to phase
completeness. After controlling for the effect of family, phase completeness explained 7.4% of the
variation in SARA listing. However, the marginal R2 values are very small and Phases 1−3 of the
RPA explain very little variation in SARA-listing decision.

3.2. Does the type of scientific information in an RPA influence the
SARA-listing decision?
The type of information provided in an RPA varied across families (Fig. 4). Carps and minnows,
perches, salmons, trouts and whitefishes, and sturgeons contained larger proportions of quantitative
answers for 17 quantitative questions, whereas answers were largely qualitative or not provided for
catfishes, smelts, sticklebacks, and temperate basses (Fig. 4a). Over 50% of 21 qualitative questions

Fig. 2. Number of species with no Species at Risk Act (SARA) status (n = 14) vs listed under SARA (n = 20),
organized by family. Salmons = salmons, trout, whitefish.
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were answered for nine of 10 families, except for sticklebacks for which only 37.5% of those questions
were answered (Fig. 4b).

Science advice communicated within RPA, RPM, and supplementary documents does not differ
between fishes listed as Threatened, Endangered, or no status based on the PCoA (Fig. 5). Based on
the ANOSIM, the Gower distance matrix based on 41 questions coded for each RPA did not differ
among species with different SARA listing statuses. There were no significant differences in
post-hoc comparisons between all possible pairs of Endangered, Threatened, and no status listings
based on Holm–Bonferroni-corrected p values despite significant differences found when comparing
all groups (ANOSIM R statistic = 0.18; p = 0.003).

4. Discussion
The amount and type of science advice provided in an RPA does not appear to be a major driving
factor in the SARA-listing process for freshwater fishes more than expected by chance. RPA
completeness was only weakly associated with SARA listing and the variation in the information
content of RPAs does not influence whether a species is listed under SARA or awaiting a decision.
It is noteworthy that several freshwater fishes, whose RPAs were written after a SARA listing decision
was made, were still given the same listing status as recommended by COSEWIC (Supplementary
Material 2), which further supports that RPAs may not, and should not, delay the SARA-listing
process. RPAs, while potentially useful for recovery strategies (DFO 2007), do not appear to be
essential for listing freshwater fishes under SARA.

4.1. RPA Completeness
Although DFO has standardized guidelines for providing detailed scientific advice to the MoE and
GIC, many species ultimately lack the information to complete an RPA, and this does not appear to
influence the likelihood of receiving legal protection under SARA. Notably, the sturgeon family had

Fig. 3. (A). Recovery Potential Assessment (RPA) completeness by phase across 34 species assessed by Committee on the Status of Endangered Wildlife in
Canada. Phase 1 = questions 1–7 (coded as 20 questions); Phase 2 = questions 8–11 (coded as 13 questions); Phase 3 = questions 12–17 (coded as 9 questions).
Different letters represent significant differences (Kruskal-Wallis test followed by a Dunn’s post-hoc test). (B) Average percent completeness of the RPA, per
family. The number of species per family is given in brackets. Salmons = salmons, trout, whitefish. The boxplots depict the median (horizontal bar), 25th quartile
(bottom hinge), 75th quartile (top hinge), minimum and maximum (vertical lines), and outliers (dots).
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Fig. 4. The mean proportion of information (A) represented by quantitative, qualitative, and no data, per family (out of 17 questions) and (B) represented by
data, no data, and NA (not applicable), per family (out of 21 questions). Five questions coded as count data for different threat categories are not shown here
(Table S1). The number of species per family is given in brackets. Salmons = salmons, trouts, whitefishes.

Fig. 5. Principal coordinates analysis plot of 34 freshwater fishes, grouped by Species at Risk Act (SARA) status,
using a Gower distance matrix based on 41 questions coded based on scientific information found within
Recovery Potential Assessments and supplemental documents. Status under SARA: + – Threatened (TH),
o – Endangered (EN), Δ – no status (NS). Lines indicate the distance from the individual species to the centroid
for all species in the group. Ellipses are one standard deviation.
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the highest overall RPA completeness (73%), yet each DU is currently awaiting a decision under
SARA due to extended consultation (Figs. 2 and 3; Supplementary Material 1). We found limited
evidence of an effect of RPA completeness or content on listing. The results suggest that the best
available science advice in an RPA above the baseline of science advice identified in COSEWIC
assessments does not influence listing decisions for freshwater fishes.

Species most often lacked information to complete Phase 3 of the RPA, and this was mostly the case
for sticklebacks, sculpins, smelts, lampreys, and catfishes (Fig. 3). Phase 3 is arguably the most
data-intensive phase of the RPA, focused on population projections and proposed mitigation and
alternative scenarios, requiring detailed analysis built on information from Phases 1 and 2
(Supplementary Material 3; Table S3). While often answered using population viability analysis
(PVA), PVA itself may be too data-intensive to be useful for many species (Wolf et al. 2015). It may
be unrealistic to expect that the data and analyses required to answer the complex questions found
in Phase 3 of the RPA are collected and completed within the 12 months allowed for consultation
and analysis (GOC 2018; Table S1a; Table S1b).

Allocating limited resources towards completing RPAs in their entirety may not be a strategic
conservation investment towards species listing. Simplified, updated protocols would ensure
questions in the RPA better reflect which facets of science advice are required for listing decisions ver-
sus the development of recovery strategies and for defining critical habitat. Streamlined questions may
optimize the allocation of resources available and better inform listing decisions within the legislated
270-day window. Although this point has been noted in some papers (Lundquist et al. 2002; Prugh
et al. 2010; Ng et al. 2014), the majority of studies consider the economic costs of recovery after a
species has been listed. This seems likely due to the inherent difficulties of estimating the financial cost
of a lengthy assessment process. Evaluation of economic costs associated with the development of
socio-economic analyses, RPAs, and RIAS may provide valuable insight into the economic-ecological
tradeoffs associated with these steps in the listing process.

4.2. RPA Information Content
The type of information provided in an RPA (e.g., qualitative, quantitative, or no data) is similar
among species with different listing statuses, given our small sample size and limited statistical power.
Listing decisions were only weakly associated with the type of data available for each question,
including those related to population recovery, critical habitat, and alternative scenarios to reduce
mortality and productivity (Supplementary Material 4). This suggests that variation in the informa-
tion content of RPAs (above the COSEWIC threshold) does not influence whether a species is listed
versus awaiting a decision.

4.3. Data Limitations
Our results are mainly limited by the small numbers of freshwater fishes for which both COSEWIC
assessments and RPAs were available before listing decisions. Given our small sample size, sturgeon
DUs dominate a large portion of the “not listed” species group (n = 9; 64% of “no status” species),
making it difficult to tease out whether taxonomic bias at the family level plays a large role in SARA
listing or whether this is a product of our data set. These limitations speak to the difficulties of
statistical modelling to better understand factors associated with listing decisions when working with
small group sizes, such as freshwater fishes at risk in Canada.

Another limitation to our study is that detail, such as the specific context of qualitative and quantita-
tive answers, was not captured in our coding technique (e.g., a reported population trajectory of 5 vs
50 years to recovery). Although we find limited evidence that RPA information content influences
SARA-listing decisions, it is also possible that differences in RPAs are either: (i) not captured in the
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coding or (ii) driven by non-scientific factors. However, the no status species in our data set lack
detailed reports of what information (whether from an RPA or not) warrants extended consultation,
and subsequent lack of decision, so we cannot effectively test these alternative hypotheses. While
many have addressed concerns over the delays attributed to extended consultations and/or loopholes
in the SARA process (e.g., Mooers 2004; Hutchings and Festa-Bianchet 2009; McCune et al. 2013;
Waples et al. 2013; Otto et al. 2016), the underlying factors influencing the decision for extended
consultation and the direct role that information in an RPA plays, remains difficult to study due to
barriers associated with access to information (e.g., Access to Information Act s. 20(1)(b)).

5. Conclusions
Despite our study limitations, it appears that the nature (e.g., qualitative/quantitative) or extent
(e.g., completeness) of information in an RPA does not greatly influence a species’ listing status.
The best available science advice in an RPA that is beyond the baseline identified in COSEWIC assess-
ments is only weakly associated with listing freshwater fishes under SARA. Given that all no status
species in this study are awaiting decisions, and the science advice in an RPA does not strongly con-
tribute to the species’ listing decision, it is apparent that factors beyond science have led freshwater
fishes to face long-extended delays for listing decisions. However, when species are awaiting listing
decisions due to “extended consultation”, reasons supporting this decision are not publicly available
in the Response Statement or RIAS to better understand what scientific information may be missing
to prevent timely decision-making. Failure to include detailed reasoning for extended consultation
makes it difficult for scientists and managers to effectively address gaps in the process of
providing science advice. Although input from the consultation is important in guiding legal deci-
sions, it comes at a cost of delaying decisions for species, by definition, at risk of extinction and in
need of immediate protection.

If the data are available, future research should evaluate the socioeconomic or sociocultural costs
incurred by stakeholders, Indigenous Peoples, or the federal government associated with listing a spe-
cies, whether it goes to extended consultation and how long it spends there. Evaluation of additional
realized/imagined costs to listing will help to better understand how, and to what degree, nonscientific
factors pose as barriers to freshwater fishes receiving prompt legal protection under SARA.

An updated evaluation of DFOs 2007 Revised Protocol for Conducting Recovery Potential Assessments
could streamline which data are imperative for species listing decisions as opposed to subsequent
legally required recovery actions (strategy, action plan, identification of critical habitat). Streamlined
RPAs could maximize resources towards species recovery, lead to more effective use of science in
the SARA-listing process, and improve how freshwater species at risk are protected in Canada.
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