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Abstract

Plants make up more than one quarter of all species listed under Canada’s Species at Risk Act, but very few have improved
in status over time. Ineffective legal protections, lack of public awareness, difficulties in prioritizing species, and a scarcity
of research relevant to the recovery of plant species at risk are some of the many challenges facing effective plant conser-
vation in Canada. We used an online survey to ask 243 people who work in plant conservation or who do research in plant
ecology or evolution to assess the state of plant conservation in Canada and to identify the actions needed to improve it.
Most respondents agreed that Canada is underperforming or merely average when it comes to conserving plants. Based on
their responses, we outline a set of recommendations that could form the basis of a national strategy for plant conservation in
Canada. These include greater advocacy for habitat protection, connecting researchers with funding opportunities, supporting
graduate students working on research related to plant conservation, increasing public awareness of plants, collaborating with
and respecting Indigenous knowledge holders, promoting collaboration between researchers and local conservation groups,
and increasing capacity to assess the status of species that are potentially at risk.
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Introduction

Plants are a major component of Canada’s biodiversity. The
most recent Wild Species Report estimates that 3952 vascular
plants and 1389 bryophytes are native to Canada (Canadian
Endangered Species Conservation Council 2022; Fig. 1). Plants
generate oxygen, store carbon, reduce flooding and erosion,
structure and enrich the soil, and provide habitat and food
for animals. We depend on them for building materials and
medicines. Plant species also have inherent value, regard-
less of their utility to humans or other animals—a perspec-
tive that is explicitly recognized in the preamble of Canada’s
Species at Risk Act (SARA 2002).

About one quarter of Canada’s native vascular plants and
bryophytes face some level of potential risk (Fig. 1). Plants
are the taxonomic group with the greatest number of species
listed under the SARA: they make up 32.8% of the 671 species
listed on Schedule 1 of the act, with 199 vascular plants and
21 bryophytes (all mosses) listed. Unfortunately, the listing of
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plant species has not resulted in much progress toward their
recovery. Very few of the vascular plants assessed more than
once by the Committee on the Status of Endangered Wildlife
in Canada (COSEWIC) have improved in status over time—
and many of those status changes were due to the discovery
of previously undocumented populations (Favaro et al. 2014;
Kraus et al. in prep). For example, giant helleborine (Epipactis
gigantea), Pitcher’s thistle (Cirsium pitcheri), and dwarf lake iris
(Iris lacustris) were each designated a lower risk status after
the original COSEWIC assessment led to bolstered field sur-
vey efforts, which subsequently revealed additional popula-
tions (COSEWIC 2010a, 2010b, 2015). Indeed, only four of
the vascular plants that have been assessed more than once
show evidence of genuine recovery as the result of conserva-
tion actions (Kraus et al. in prep).

Canada faces many challenges when it comes to plant con-
servation. While the flora is relatively small (e.g., Australia
has more than 21000 plant species, Broadhurst and Coates
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Fig. 1. Status of vascular plants (light blue, left), and bryophytes (orange, right) in Canada. The waffle plots show the number of
species in each group that have unknown status (NU, NNA, or NNR), are secure (N4 or N5), vulnerable (N3), or imperilled/extinct
(N1, N2, NH, or NX) based on NatureServe rankings (Canadian Endangered Species Conservation Council 2022). Each square
represents 10 species. The red outlines indicate the number of imperilled/extinct or vulnerable species in each group that the
Committee on the Status of Endangered Wildlife in Canada has assessed. The map shows occurrence records of all vulnerable,
imperilled, or extinct species obtained from the Global Biodiversity Information Facility. Note that vascular plants are plotted
over top of bryophytes, so some southerly bryophyte records are obscured.

2017), it is spread over a vast area. Even in highly populated
areas of Canada there are plenty of places that are not well
surveyed by botanists—hence, the relatively frequent discov-
ery of previously undocumented populations of plant species
atrisk (e.g., Tindall et al. 2004; COSEWIC 2019, 2022; McCune
2019). Plant diversity is concentrated in the warmer south-
ern regions, which is also where most of the human popula-
tion lives (Coristine and Kerr 2011), and where most of the
land is privately owned (Fig. 1). About one third of all plant
species at risk have the majority of their known populations
on private land (McCune and Morrison 2020). However, many
landowners are unaware of plant species at risk that may
grow on their property (Olive and McCune 2017)—likely part
of a broader trend of public lack of awareness of plants glob-
ally (e.g., Balding and Williams 2016). In addition, the SARA
does not automatically prohibit the killing or harming of
plant species at risk on private land—or protect critical habi-
tat there. While seven provinces or territories have their own
endangered species laws, only Ontario has provisions to pro-
tect listed species on private land (Olive 2014; WCS Canada
2022), although the Ontario Endangered Species Act is rarely
enforced on private land (Office of the Auditor General of On-
tario 2021). Other provinces lack such laws or protect very
few or no plant species under them. Federal programs have
invested less money on the stewardship of plants relative to
vertebrates (McCune and Morrison 2020), even though con-
servation of atrisk plants is the most cost-effective way to
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maximize the number of species recovered because the cost
of conserving plant species is often far lower than the cost of
conserving species of mammals or birds (Gordon et al. 2020).

There are large gaps in knowledge about the life history,
threats, population trends, and habitat requirements needed
torecover plant species at risk in Canada. Despite a strong tra-
dition of academic research in plant ecology, evolution, and
systematics in Canada, fewer than half of the plant species
assessed by COSEWIC have conservation-relevant published
studies that include Canadian populations (Caissy et al. 2020).
Recovery strategies for plant species listed under the SARA
often note the need for research on basic life history char-
acteristics and population trends. Even greater gaps exist in
our understanding of the scale, scope, and impact of threats,
as well as in the efficacy of various conservation strategies to
mitigate threats and promote recovery.

Plant conservation biologists in Canada also grapple with
which species to prioritize for assessment and conservation.
Most of Canada’s plant species at risk reach the northern
edge of their global distribution in southern Canada, leading
to debates about whether these species are worth conserv-
ing (Caissy et al. 2020). Some contend that these species may
always have been rare in what we now call Canada, and re-
sources should not be allocated to populations in regions that
may have always been marginally suitable for these species
(e.g., Bunnell et al. 2004). Others argue that range edge pop-
ulations can provide critical refuge when new factors cause
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unexpected declines in the core range (e.g., Belitz et al. 2020),
and that they may harbour unique genetic diversity and per-
haps adaptations that will facilitate northward range shifts as
the climate warms (e.g., Lesica and Allendorf 1995). In prac-
tice, relatively few studies have assessed the genetic diversity
or differentiation of Canadian plant populations compared to
populations in the United States. Among those that have, the
results have varied widely (e.g., Hamilton and Eckert 2007;
Yakimowski and Eckert 2008; Freeland et al. 2010; Nowell et
al. 2022; Van Natto and Eckert 2022; Hersh et al. 2022; Stoltz
and Husband 2023). Species that reach the northern limit of
their distributions in southern Canada typically have fewer
populations in Canada than species with a greater propor-
tion of their range in Canada. However, because populations
of these peripheral species almost all occur in the far south of
the country, they experience greater threats related to higher
human population density and land-use intensity (Caissy et
al. 2020). If conservation efforts focus only on species that
are globally at risk, hundreds of peripheral species, many of
which occur in unique ecological settings, could lose their
protections. Thus, the issues around prioritizing or not prior-
itizing protection for peripheral species are complex.

Taxonomic uncertainty about the recognition or delin-
eation of species also hinders prioritization of a number of
Canada’s plants. In these cases, the species in question are
either not considered priorities for assessment by COSEWIC,
or they are deemed “data deficient” because taxonomic un-
certainty prevents their status from being determined. For
example, Provancher’s Fleabane (Erigeron philadelphicus var.
provancheri) was deemed Data Deficient due to taxonomic is-
sues (Government of Canada 2023).

Most of Canada’s plant species at risk occur as small, iso-
lated populations in fragments of habitat surrounded by
large unsuitable areas of agricultural, industrial, or residen-
tial land use. Because of this pattern of habitat fragmenta-
tion, conservation translocation—the planting of seeds or
plants into suitable but unoccupied habitat patches—may be
the only way to increase the number of viable populations.
Indeed, recovery strategies for 107 plant species mention
translocation as a potential recovery tool (Swan et al. 2018),
and yet only a handful of conservation translocation exper-
iments have been published for Canadian plant species at
risk (e.g., Atkinson and Lacroix 2013; Clements 2013; Langlois
and Pellerin 2016).Clements (2013) suggested that there was
a “climate of caution” in Canada surrounding ex situ propa-
gation and planting as a recovery tool. There were concerns
that the collection of plants or their propagules for transloca-
tion could harm existing rare plant populations, that translo-
cation attempts had low success rates, and that promoting
translocation as a conservation tool could shift the focus
away from the essential task of protecting existing popula-
tions (Clements 2013). These concerns and others prompted
a policy document from the Canadian Botanical Association
strongly opposing transplanting as a method to conserve rare
plant species (Canadian Botanical Association 1992). We do
not know whether these concerns or other factors still limit
the use of translocations in Canada today.

Canada lacks a national strategy for plant conservation, al-
though it is a party to the Global Strategy for Plant Conser-
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vation (GSPC) developed under the Convention on Biological
Diversity in 2002 and renewed in 2012 (Sharrock 2020). The
Kunming-Montreal Global Biodiversity Framework points to
the GSPC as an important resource to help reach Target 4 of
the Framework: “to halt species extinction, protect genetic diversity,
and manage human-wildlife conflicts” by 2030 (Convention on
Biological Diversity 2022). However, Canada has fallen well
short of the GSPC targets. For example, GSPC Target 2 is “an
assessment of the conservation status of all known plant species, as
far as possible, to guide conservation action.” The COSEWIC has as-
sessed the status of less than 20% of plant species that are po-
tentially vulnerable or imperilled in Canada (Fig. 1; Canadian
Endangered Species Conservation Council 2022). In contrast,
the United States developed their National Framework for
Progress in Plant Conservation in 1995, which has likely con-
tributed to the strides made by that country in plant conser-
vation and recovery (Havens et al. 2014). Such a strategy for
plant conservation in Canada could bring together experts
to share knowledge and unify currently isolated local- and
provincial-level efforts in plant conservation.

Clearly, there is great potential to improve plant conserva-
tion in Canada. To do this effectively, we need to identify the
most pressing gaps in knowledge and implementation. The
goal of our study was to consult the people working across
diverse sectors in areas related to plant conservation, restora-
tion, and species assessment. We used a survey to ask respon-
dents: (1) how they rate Canada’s progress in plant conserva-
tion, (2) what they see as the most pressing gaps in knowl-
edge or policy that are hindering conservation and recov-
ery of plant species at risk, (3) the extent of involvement of
academics in research involving species at risk, and the bar-
riers to greater involvement, (4) their views about whether
translocation should be used more often as a recovery tool,
and (5) how species should be prioritized for conservation.
We also included open-ended questions about their experi-
ences working in the field. In this paper we summarize their
answers, highlighting strong themes that emerged from the
many detailed and fervent responses we received, and pro-
pose a set of recommendations based on the responses that
can serve as a foundation for the development of a national
strategy for plant conservation in Canada. We hope that our
findings will also contribute to Canada’s broader biodiver-
sity strategy in response to Target 4 of the Kunming-Montreal
Global Biodiversity Framework and the GSPC.

Materials and methods

We designed an online survey targeting Canadian plant
practitioners and made it available from 25 May to 30 July
2021. We define a “plant practitioner” as anyone who works
or has worked on the conservation or restoration of plants
in Canada or carries out research involving some aspect of
plant ecology, plant evolution, plant population genetics, or
plant systematics in Canada. This includes people who work
for nongovernmental organizations, all levels of government,
large or small environmental consulting firms, Indigenous
governments, self-employed contractors and consultants, as
well as faculty, graduate students, or postdoctoral researchers
working in academic institutions. We delivered the survey via
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the Qualtrics platform. We advertised the survey via our so-
cial media accounts (mainly Twitter), the Canadian Botanical
Association website, and direct invitations to 150 plant prac-
titioners within our networks. We encouraged participants
to share the survey with other practitioners. The University
of Lethbridge Office of Research Ethics approved our proto-
col (Protocol #2021-022). The survey was available in both En-
glish and French.

The first section of the survey consisted of 10 questions de-
signed to quantify the demographics and work experience of
the participants. We asked the age of each participant, what
proportion of their daily work involves activities related to
plant conservation or research, the type of employer they
work for, their relevant educational background and train-
ing, how they developed an interest in plants, what province
or territory they live in, and the number of years they have
been working in a plant-related field. We also asked which
tasks or aspects related to plants they typically undertake.

The second part of the survey aimed to determine whether
the academic researchers among the respondents study rare
plant species, which we defined as species ranked S1, S2, or S3
by NatureServe (Faber-Langendoen et al. 2012) or listed under
federal or provincial endangered species laws. If the respon-
dent answered that they were an academic researcher and
they had studied rare plants, we asked which species they
had studied. If the respondent answered that they did not or
rarely studied rare plants, we asked them what challenges or
difficulties prevented them from doing so.

We then asked respondents for their opinion on Canada’s
progress in the area of plant conservation, and to indicate
the two most pressing gaps preventing conservation and re-
covery of plant species at risk. The choices we provided were
wide ranging, including options related to the need for more
assessment and monitoring, more research, more application
of specific management strategies, more habitat protection,
stronger laws, more funding, and more outreach or educa-
tion. We also included an open-ended question, which al-
lowed respondents to add comments about other factors that
are preventing or slowing conservation and recovery of plant
species at risk in Canada as a whole or in the region of the
respondent.

Finally, we asked questions about two somewhat controver-
sial aspects of plant conservation in Canada. First, we asked
for the respondents’ opinion about reintroducing or translo-
cating plant species at risk within their known historical
range as a recovery tool. While translocation is only one of
many tools that can be used to help recover a plant species
at risk, we included this question specifically to determine
whether there is still hesitancy among Canadian practition-
ers to use this tool. Then, we asked whether species endemic
to Canada should be prioritized for conservation funding and
research over species that are at the edge of their range in
Canada and likely more common in the United States. We
ended with a request for anything else the participant wanted
to add. All questions were multiple choice, with the option to
select “other” and provide a different response. The complete
survey included 20 questions and we estimated that it would
take each respondent approximately 15 min to complete. The

survey instrument in both English and French is provided in
Supplementary Material 1.

We analyzed the data in two ways. First, we assessed the
frequency of responses in each category for each question,
which allowed us to quantify the relative support for the
options we provided. We also tested whether practitioners’
opinions on Canada’s overall progress in plant conservation,
the use of conservation translocation, and prioritization of
species varied depending on the age or years of experience of
the respondent, or the nature of their work related to plants.
For the latter, we divided all respondents according to: (1)
whether or not they indicated that they were an academic
researcher, and (2) whether or not they selected “management
of natural areas to protect native plants” as one of the tasks they
carry out as part of their job. We predicted that respondents
involved directly in land conservation might differ in their
opinions due to their direct experience with on-the-ground
plant conservation. We used Fisher’s exact tests to determine
whether the frequency of response categories differed based
on age, years of experience, province of residence, between
researchers versus nonresearchers, and between managers of
natural areas and nonmanagers.

Second, we studied the comments provided by respondents
to open-ended questions and where they selected “other”
and entered their own answer. We gathered together these
responses for each question and grouped them into simi-
lar qualitative themes. This allowed us to identify issues or
aspects highlighted by multiple respondents, and to gather
quotations that illustrated the results of the quantitative
analyses.

Results

Demographics

In total, 243 surveys were completed. Respondents repre-
sented all provinces and territories except for Prince Edward
Island and Nunavut, with the majority of the responses com-
ing from Ontario, British Columbia, and Alberta (Fig. 2a).
Our respondents varied widely in age, experience, and edu-
cational background (Figs. 2b, 2¢, and 2d), with 90 respon-
dents (37%) having received a PhD. When we asked respon-
dents how they had developed an interest in working with
plants, most were inspired by childhood activities outdoors,
or the influence of mentors during their education (Fig. 2e).

Our sample included respondents who work in a wide
range of sectors, although those who work in academic in-
stitutions were the largest group (35%; Fig. 2f). The percent-
age of time that respondents report spending on plant-related
work, or managing or directing others doing plantrelated
work, varied widely (Fig. 2g). Respondents are involved in a
wide range of activities related to plant conservation or re-
search, with the fewest involved in genetic research (Fig. 2h).
Those who selected “other” mentioned activities including
managing a herbarium, research on plants as indicators of
reclamation success, and plant species at risk recovery plan-
ning. About half of the respondents (122 out of 243) indicated
that their job involves the management of natural areas to
protect native plants.
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Fig. 2. Demographic trends among the 243 survey respondents. Some questions are abbreviated to conserve space; see Sup-
plementary Material 1 for complete survey as administered. Note that the questions in panels (d), (e), and (h), each respondent
could select more than one of the options provided, which is why there are more than 243 total responses.
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Fig. 3. (a) Responses of 100 participants who identified as academic researchers to the question: “Does your research program
include work on rare plants (e.g., plant species ranked S1, S2, or S3 by NatureServe or listed under Federal or Provincial endangered species
laws)?” (b) Responses of those who did not answer “yes” in (a) to the question: “What are the primary challenges/difficulties that
prevent you from doing more research involving plant species at risk?” Note that in (b) respondents could choose multiple options.

(a) Does your research program include

work on rare plants?
60 - 3

50

40
30 27
20 A
10

Number of respondents

Do researchers study rare plants?

One hundred respondents considered themselves to be re-
searchers, although not all of these indicated they currently
work for an academic institution. Of these, 41% said that
their research program does not involve rare plants, with an-
other 32% responding that they rarely do this kind of work,
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(b) What are the primary challenges that prevent
you from doing research with rare plants?

49

or have done so only in the past (Fig. 3a). The most com-
mon reason selected for not doing research involving rare
plants was difficulty in getting funding to support this work
(49% of respondents), followed by issues with getting a large
enough sample size (33%), and greater interest in fundamen-
tal questions, which are better tested with study organisms
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or systems other than rare plants (31%; Fig. 3b. Note that re-
spondents could select more than one reason). Difficulties in get-
ting permits to work with rare species was selected as a bar-
rier by 23% of respondents. Many researchers (37%) described
other reasons for not studying rare plant species. Of these,
one of the most common was a focus on ecosystems or com-
munities rather than individual species. For example, one
respondent wrote: “My work now is primarily floristics, so while
rare plants may be included they are just one part of my overall
research.”

Academic researchers who do study or have studied rare
plants listed 80 total taxa as study subjects (Table S1 in Sup-
plementary Material 2). These included 22% of all vascular
plant and moss species listed on Schedule 1 of the SARA.
Seven species were each mentioned by two respondents, but
no species was mentioned by more than two researchers (Ta-
ble S1). Eleven of the eighty species studied by respondents
are endemic to Canada. In total, Canada has 118 endemic vas-
cular and nonvascular plant species, subspecies, or varieties
(Kraus et al. 2023).

Canada’s progress in plant conservation
Forty-three percent of respondents felt that Canada is
under-performing in plant conservation and recovery rela-
tive to other countries, while 24% felt that Canada is average
in this respect, and 21% selected “I don’t know enough about
the situation to comment.” Those younger than 30 years seemed
slightly more optimistic, with 46% of respondents in that age
group feeling that Canada is average; however, there was no
significant difference in the frequency of responses among
age groups. The frequency of responses among respondents
from different provinces also did not differ significantly. The
respondents who selected “other” (11%) mostly expressed dis-
satisfaction with Canada’s performance, with some qualifica-
tions or nuances. For example, one wrote: “Canada is proba-
bly doing about as well as many other countries, but that is signifi-
cantly less than needs to occur. There are definitely dedicated people
making progress, but there are not enough people and not enough
funding to tackle the need.” Another explained: “I can’t answer
compared to other countries but most plants at risk in Canada have
none of their habitat in protected areas, nor does there seem to be
any political will to create new protected areas based on plant species
at risk, so while the assessment process is great action seems pretty
weak.” A few noted the lack of attention on plants, for ex-
ample: “Canada is performing as best it can given current resources
allocated, the problem is that the resources are not enough for what
is needed. And available resources are driven by public interest and
politics, which are mainly focused on charismatic/furry creatures.”
One expressed frustration with a strategy focused on species:
“I think Canada has taken the wrong approach to conservation. Fo-
cusing on rare/endangered species rather than taking an ecosystem
approach is a reductionist and myopic way to look at conservation.”
When we compared respondents involved in managing nat-
ural areas to those who are not involved in such tasks, we
found that they differed significantly in their responses. Nat-
ural area managers were more likely to indicate that Canada
is underperforming (51% compared to 35% of nonmanagers),
while a greater proportion of nonmanagers indicated that

Fig. 4. Percentage of respondents who selected each option in
answer to the question “Considering what you know about plant
conservation and recovery of plant species at risk in Canada, which of
the following best describes your opinion of Canada’s progress in this
area?” Respondents are divided according to whether they in-
dicated that management of natural areas was a part of their
work (“managers”) or not (“nonmanagers”). Note that the op-
tion text is abbreviated; see the survey in Supplementary Ma-
terial 1 for the full-length text of each option.
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they did not know enough about the situation to comment
(Fisher’s exact test p = 0.009, Fig. 4).

When asked to identify the two most pressing areas for im-
provement, nearly 59% of respondents selected the need to
protect more land as one of their two choices (Fig. 5). The
next most frequent response was the need for tougher laws
to protect extant populations of plant species at risk, and ef-
fective enforcement of these laws. We divided the options
provided for the most pressing areas for improvement into
three themes related to: (i) protection of habitat, promoting
awareness and education, and enforcement of laws, (ii) mon-
itoring and research to fill knowledge gaps, and (iii) the need
for more funding (Fig. 5). Keeping in mind that each respon-
dent selected two options (resulting in 486 total responses),
the first theme accounted for 58% of all responses, followed
by monitoring and research at 24%, and then more funding
at 11%. The “other” category made up 7% of all responses. In-
terestingly, respondents from Ontario selected “we need more
reintroduction and population augmentation” as one of the two
most pressing gaps more frequently (65% of respondents)
than respondents from Alberta (12%), British Columbia (18%),
or Quebec (6%).

Respondents who chose “other” sometimes did so to elab-
orate on one of the options provided (e.g., “we need to better
the ecological education of our children; including active local par-
ticipation”), to highlight a combination of some of the op-
tions we provided (e.g., “funding for long-term monitoring”, or
“we need to identify, inventory, protect, and actively manage areas
that are important habitat for multiple rare plants”), or to state
an important gap we did not include as an option. A major
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Fig. 5. Responses to the question “In your opinion, what are the two most pressing gaps that are preventing conservation and recovery
of plant species at risk in your region or in Canada as a whole?” The total number of responses is 486, because each of the 243
respondents was asked to select two options. The options provided are grouped into themes, from top to bottom (1) protection,
public awareness, education, and enforcement (green), (2) monitoring and research (blue), (3) funding (yellow), and (4) “other”
answers provided by respondents (grey). The percentage of all responses (out of 486) in each group is noted. Note that the
option text is abbreviated, see the survey in Supplementary Material 1 for the full-length text of each option.
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theme in the latter group was the need to respect and incor-
porate Indigenous knowledge and systems of land manage-
ment. As one respondent wrote: “We’re missing a sincere inter-
est/application of Indigenous knowledge |[...] Understanding how hu-
mans have interacted with and maintained landscapes for millennia
would undoubtedly shed more light on the historical ecology and sta-
tus of rarefendangered species and their functions.” This was also a
recurring theme among comments in our open-ended ques-
tion inviting additional comments on the most pressing gaps
in plant conservation.

Opinions on reintroduction and prioritization
Most respondents were at least somewhat open to the idea
of using reintroduction as a recovery tool, with 47% selecting
“It might be a good thing to try, but it will not work for all species. I
would support doing some more research into the possibilities for cer-
tain species,” and 20% selecting “We ought to be doing more of this.
Reintroductions could help bolster the number of populations of highly
endangered species” (Fig. 6a). A higher proportion of our oldest
group of respondents did not support the idea, but there was
no significant association between age and response overall.
Although respondents from Ontario listed translocation as
one of two main knowledge gaps more often than practition-
ers from other provinces, there was no significant difference
among respondents from different provinces in their overall
support for translocation as a recovery tool. Out of the 16% of
respondents who chose “other”, most did so to express con-
ditional support for the idea of reintroduction. For example,
one respondent wrote: “I am comfortable with re-introduction of
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site-appropriate genetic stock in locations where a rare species has
been extirpated. Introduction at sites where the species is not known
to have occurred, I question to some extent, not against but cautious
of how much we manipulate a natural community,” and another
stated “this is a great idea, but we need experienced professionals to
grow the plants as well as manage reintroductions.”

The majority of respondents (65%) felt that we should pri-
oritize endemics and species that are rare throughout their
native range for conservation in Canada (Fig. 6b). There was
no association between the response to this question and age,
years of experience, province of residence, researchers versus
nonresearchers, or natural area managers versus nonman-
agers. Many respondents who selected “other” (12%) did so
to explain more nuanced answers, for example: “My view is a
blend of these. Canadian endemic plant species should be prioritized
BUT the rarity of their habitat in Canada is also important,” and
“We need a balance. There should be consideration given [to] status
outside of Canada but also a recognition [that] species at the bound-
ary may also have useful traits.”

Additional themes

At the end of the survey we asked: “Do you have anything
else you would like to add or comment on in relation to conservation
and recovery of plant species at risk in Canada?” We received com-
ments from 63 respondents (26%), showing their willingness
and eagerness to share their expertise as plant practitioners
in Canada. Some of these comments used specific regional or
local examples to demonstrate the failings of governments
to enact or enforce policy. Others expressed a low opinion of
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Fig. 6. (a) Responses to the question “Which of the following statements most closely matches your opinion about reintroducing plant
species at risk to sites where they have been extirpated, or to suitable sites within their known historical range, to aid recovery and reduce the
likelihood extinction”, as a proportion of all respondents within each age group. (b) Responses to a question asking how plant
species in Canada should be prioritized for conservation funding and research. Note that the option text is abbreviated, see
the survey in Supplementary Material 1 for the full-length text of each option.
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Canada’s progress in conservation of species at risk in gen-
eral, for example: “I can only emphasize the fact that Canada is
lagging behind on the issue of rare species, especially compared to
other countries, particularly European ones.” Some respondents
discussed additional gaps in scientific research or recovery
strategies. Overall, the comments left by our respondents
showed a deep desire to see improvement in plant conser-
vation in Canada. One wrote: “Above all, I wish that botany was
more respected in Canada as a highly skilled specialization, and that
we valued and conserved our rare and threatened flora to a greater
degree,” and another stated simply: “I wish there was a stronger,
more unified voice for at-risk species in Canada, including for plants.”

Discussion

The response to our survey was much greater than we ex-
pected, and shows there is considerable interest in improv-
ing the status of Canada’s at-risk plants. This suggests that
we have many knowledgeable and passionate plant practi-
tioners who are dedicated to their work, which is good news
for plant conservation in Canada. The knowledge of these
practitioners and the wisdom they shared can serve to both
motivate and provide a basis for the development of a na-
tional strategy for plant conservation in Canada. We envision
such a strategy being developed and instituted through col-
laboration among nongovernmental environmental organi-
zations, Indigenous knowledge holders and land guardians,
researchers with interests in plants, and the vascular plant
and bryophyte and lichen sub-committees of COSEWIC. A
small dedicated staff—perhaps housed within a nongovern-
mental organization with nation-wide operations—could co-
ordinate activities to promote these actions. In Box 1 we out-
line (in no particular order) seven recommended actions.

Advocate for laws protecting habitat and

their enforcement

Our respondents indicated that failure to protect habitat
and to enforce laws protecting habitat are the two most
pressing issues preventing effective conservation and recov-
ery of plant species at risk—ranking these issues well above
the need for more research and monitoring. In our open-
ended questions many respondents expressed frustration
about this, for example, one wrote: “We need more enforceable
laws regarding rare species including real enforced penalties,” and
another stated “The answer needs to be full, conscious, and effective
protection of habitats.” Advocacy for habitat protection and in-
creasing public awareness of its importance must be part of a
national strategy for plant conservation in Canada. The Cen-
ter for Plant Conservation has been doing this in the United
States, tracking legislation that may impact plant conserva-
tion and producing position papers with which to communi-
cate important issues to policy makers and the public (e.g.,
Center for Plant Conservation n.d.). This type of advocacy
work is especially important when protecting habitat for en-
dangered species conflicts with other activities. For example,
the listing of Tiehm’s buckwheat (Eriogonum tiehmii), a narrow
Nevada endemic that occurs in the footprint of a proposed
lithium mine, has drawn significant media attention thanks
to the combined efforts of plant practitioners and conserva-
tion groups (e.g., Morse 2020). Without similar community
engagement, rare plant protection in Canada runs the risk of
continued displacement by other priorities.

Connect researchers with knowledge gaps
and existing funding opportunities

Based on our survey, academics who do plant-related re-
search in Canada are interested in studying plant species at
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Box 1: Recommended strategies for plant conservation in Canada.

generous relatives.

(1) Advocate for protection of plant species at risk and their habitat.

(2) Connect research needs with researchers, and connect researchers with funding opportunities.

(3) Create a fund for graduate students working on key knowledge gaps.

(4) Help develop a national program to increase awareness of rare plants among landowners and the public.

(5) Collaboratively and respectfully consult Indigenous knowledge holders and communities, and cultivate respect for plants as

(6) Connect researchers with interested Indigenous communities and local conservation groups to design and monitor stew-

ardship strategies, including translocations.

(7) Increase capacity for the Committee on the Status of Endangered Wildlife in Canada vascular plant and bryophyte sub-
committees to assess the backlog of potentially imperilled species.

risk—but many perceive barriers to getting funding to do this
kind of research. As one respondent explained, “granting agen-
cies such as NSERC |...] do not encourage taxonomists [to study] Cana-
dian rare and endemic species, since it is difficult to publish in a “high
impact” journal (impact factor) a study on a species with local dis-
tribution.” There are grants available for work on rare plants
in Canada, for example, from provincial programs such as
Ontario’s Species at Risk Stewardship Program (Government
of Ontario 2023), but researchers may not be aware of them.
The facilitators of the national strategy could use targeted
outreach to researchers who study aspects of plant life his-
tory, genetics, pollination, population growth, or other as-
pects where there are knowledge gaps to link them with
funding opportunities. In addition, we recommend a targeted
national program that would provide funds to researchers
specifically to tackle knowledge gaps outlined in recovery
strategies and status reports, and to collect information on
data deficient species. Such a program could be run similarly
to other federal programs, like the federal Habitat Steward-
ship Program, except that administrators could solicit appli-
cations from researchers whose expertise matches a known
research gap. Alternatively, the Habitat Stewardship Program
could be expanded to include a stream of funding specifically
for research on critical knowledge gaps.

Canada should also boost its ties with researchers and
plant conservation agencies internationally, particularly in
the United States. Researchers are already studying some of
the species that are at risk in Canada. Canada has strong exist-
ing connections with US conservation agencies, for example,
regarding migratory bird conservation and Great Lakes envi-
ronmental management. Building connections for rare plant
conservation would foster knowledge sharing.

Support graduate student research in

applied plant conservation

A related way to encourage research that fills key knowl-
edge gaps is to provide support for graduate and undergradu-
ate students. There are many research needs that provide fea-
sible and interesting topics for PhD, MSc, or undergraduate-
level projects. For example: (1) measuring pollinator visita-
tion, population structure, seed production, germination re-
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quirements, or other important aspects of the life history of
a rare species (e.g., Friesen 2012), (2) testing the response of
rare species to different threat mitigation techniques, such as
removal of exotic competitors, exclusion of herbivores, pre-
scribed burns, etc. (e.g., Syer 2016), (3) testing the response
of rare species to climate warming (e.g., Jones 2010), (4) mod-
elling suitable habitat and surveying for undiscovered popu-
lations (e.g., Rosner-Katz 2018), and (5) investigating genetic
diversity within and between populations of a rare species
within Canada and compared to populations in the United
States (e.g., Van Natto 2020). By providing stipends and mod-
est research funding to graduate students, we can build ex-
pertise among early career scientists, while also tackling
some of the most important basic research needed for effec-
tive conservation and recovery planning. A national graduate
student fellowship program, which could be funded jointly
by government and charitable organizations, could encour-
age more early career biologists to conduct research relevant
to plant conservation.

Develop nation-wide programs to increase

awareness of rare plants

Our respondents identified the lack of awareness of the
public and landowners in particular as a key barrier to more
effective plant conservation. Outreach about plant species
has been done effectively in other contexts—for example,
by provincial invasive species councils. In our experience,
landowners are often well aware of invasive plants they
might have on their property (e.g., garlic mustard, giant hog-
weed, phragmites), but they do not know about rare plants.
We recommend a nationwide program to support or aug-
ment public awareness campaigns that use social media, web-
sites, workshops, fliers, citizen science applications, or other
methods. This program could, for example, support local nat-
uralist groups in their efforts to increase public awareness
about local rare plant species. Adding a component about
rare plants to land-based incentive programs such as the Envi-
ronmental Farm Plan Program would be one way to increase
awareness among farmers.

Research across Canada has shown that most landowners
are willing to undertake management actions that help rare
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species, but they need guidance to do so effectively (Olive
and McCune 2017; Reiter et al. 2022). Some landowner out-
reach programs run by nongovernmental organizations for
many years have been remarkably successful. For example,
the Rare Plant Rescue program run by Saskatchewan Na-
ture since 2002 (Vinge-Mazer and Ranalli 2012; Vass and Putz
2022) has fostered relationships with ranchers who sign non-
binding voluntary agreements to not destroy rare plant habi-
tat or cultivate the native grassland. The program has en-
rolled 93 participating landowners who collectively own over
250000 acres of land. Remarkably, surveys on these prop-
erties have discovered over 1200 new occurrences of atrisk
plant species, including seven SARA-listed species (Vass and
Putz 2022). Other landowner contact and stewardship pro-
grams have been successful in different provinces at different
times, but there is no coordinated, sustained national effort
to foster stewardship on private lands. The key to successful
landowner outreach programs is that they receive long-term,
stable funding, so that relationships can be cultivated and
trust built (Reiter et al. 2022). We recommend a national fund
to support such programs at the local or provincial scale, per-
haps following the strategy of the United States Landowner
Incentive Program, which provided federal funding to states,
with flexibility at the state level to implement the program in
a way tailored to the landowners and species in their region
(Carr et al. 2019).

Collaboratively and respectfully consult
Indigenous knowledge holders and

communities

Several responses to our open-ended questions empha-
sized the importance of respecting and considering Indige-
nous knowledge, and the rights of Indigenous communi-
ties to manage their lands and resources. Indigenous people
in Canada have long-standing knowledge about how plants
can be managed to maintain and enhance their populations,
which is key for plant conservation (e.g., Turner et al. 2013).
Yet, this knowledge has often been ignored or has not been
sought in conservation planning and policy making (Hill et
al. 2019; Turner et al. 2022). We recommend that a national
strategy for plant conservation should from the start respect-
fully seek collaboration from Indigenous knowledge holders
to develop the priorities and approaches. We expect this may
lead to new ways of prioritizing and recovering species by
including cultural importance as a key criterion and sustain-
able Indigenous use as part of recovery strategies. Indigenous
peoples frequently have different priorities from nonindige-
nous conservationists; however, there is clear evidence that
Indigenous stewardship promotes biodiversity (Schuster et
al. 2019), and thus there is strong potential for effective part-
nership and co-led initiatives.

We also admire and value the worldview of many Indige-
nous people who see other species as generous relatives
rather than mere resources for human consumption (e.g.,
Turner and Clifton 2009). Supporting programs that provide
opportunities for young people in Canada—both Indigenous
and non-Indigenous—to engage with nature, to learn about
plants, and to experience this worldview will promote a fu-
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ture in which plants are appreciated for their own intrinsic
value. Therefore, we advocate for a strategy that would ex-
plicitly support such learning opportunities (e.g., Beckwith
et al. 2017).

Connect researchers with local conservation
groups

We suggest that monitoring of rare plant populations and
management strategies to recover plant species at risk could
be improved through collaborations between local land stew-
ards and researchers. The practice of translocation provides
an excellent example of how this could work. Most of our sur-
vey respondents support the idea of testing translocation as
arecovery tool to bolster the number of populations within a
rare plants’ historical range in Canada. However, plant prac-
titioners are also concerned that such translocations should
be carried out carefully by experienced professionals. As one
respondent noted: “Although in situ conservation is a priority,
reintroductions will become increasingly necessary and establishing
reliable methods and protocols should be a high priority.” In ad-
dition to expertise, translocations require a lot of hands-on
work to institute—including site preparation, plant propaga-
tion, plant or seed transport, planting, and post-translocation
management and monitoring. Partnerships would help pro-
vide the resources—human and otherwise—to help ensure
these efforts yield valuable insights for successful transloca-
tions.

We are aware that enthusiastic volunteer groups and stew-
ards of local land trusts have undertaken many informal
plant translocations in Canada. Some have been successful,
but they often lack experimental designs that allow rigorous
assessment of key factors for success, and the results are often
not well-documented (e.g., via reports or publications). These
groups have the land base, person-power, and some expertise
to conduct translocation trials. We recommend connecting
these groups with researchers who could assist with experi-
mental design, data analysis, and publication of these trials.
While it is clear that translocation will not be effective for ev-
ery species, the only way to establish best practices and learn
which species may be most amenable to this approach is by
testing it with many species. This is the approach that has
been taken in other countries such as the United States and
Australia, where translocations of hundreds of plant species
have been attempted and both failures and successes docu-
mented (e.g., Dalrymple et al. 2012; Commander et al. 2018).

Increase capacity for the COSEWIC plant
and bryophyte sub-committees to assess
species

Finally, it is clear that there is a back-log of plant species
that may be at risk, but that have not been assessed by
COSEWIC simply because COSEWIC does not have the ca-
pacity to do so (Fig. 1). This back-log includes species that
are ranked nationally or provincially rare by NatureServe
but have yet to be assessed, those that are as yet un-
ranked, and those with taxonomic uncertainties. We rec-
ommend increased funding and staff for sub-committees of
COSEWIC with greater assessment needs, as measured by the
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percentage of species ranked N1 or N2 by Natureserve that
have yet to be assessed at least once by the committee. This
would allow Canada to meet Target 2 of the GSPC, which
is necessary to meet the broader Target 4 of the Kunming-
Montreal Global Biodiversity Framework.

Conclusion

Canada has a long way to go to conserve plant diver-
sity effectively. Despite comprising the largest percentage of
species at risk, most conservation biologists and researchers
involved in plant-related work consider Canada average or
underperforming in plant conservation, and very few species
at risk of extinction have ever been recovered. However, our
survey shows that Canada’s plant practitioners are eager and
able to contribute to changing this situation.

If Canada is to improve its progress toward the goals of the
Convention on Biological Diversity, it is imperative that the
federal government commit to improving the conservation
of plants. The priorities identified by our respondents align
closely with the targets of the GSPC. These include the need
to protect habitat (GSPC Target 5: “At least 75% of the most im-
portant areas for plant diversity of each ecological region protected”;
Target 7: “At least 75% of known threatened plant species conserved
in situ”), the need to increase public awareness (GSPC Target
14: “The importance of plant diversity and the need for its conserva-
tion incorporated into communication, education, and public aware-
ness programmes”), and the importance of Indigenous knowl-
edge (GSPC Target 13: “Indigenous and local knowledge, innova-
tions, and practices associated with plant resources, maintained or in-
creased, as appropriate, to support customary use, sustainable liveli-
hoods, local food security and health care”). The final target of the
GSPC is “Institutions, networks, and partnerships for plant conser-
vation established or strengthened at national, regional, and interna-
tional levels to achieve the targets of this Strategy.” We believe that
the seven key recommendations we have outlined can form
the basis of an effective national strategy for plant conser-
vation in Canada. Ultimately, Canada needs to establish and
fund an organization to coordinate this important work.
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