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Societal Impact Statement

A diversity of values is needed to maximize the effectiveness of conservation plan-
ning, including policies and programs. The results of the United Nations Biodiversity
Conference (COP 15) in Montreal, Canada, highlight the importance of a shift
towards recognizing multiple ways of knowing in ecology and conservation. This
review aims to provide a baseline of what is known about culturally significant plants
in the Great Lakes Region of Eastern North America. The results of this research pro-
vide insight into the ways in which ecology has been conducted in the past and the
importance of changing the way ecology is conducted in the future.

Summary

Biocultural conservation theory allows for an examination of complex problems using
systems thinking and conserving biological and cultural diversity together. In the
Great Lakes Region of Eastern North America, wild medicine plants are an important
part of what Anishinaabe people understand as Mini bimaadizi, or the good life, and
of aki miijim, or traditional food systems. Given the various threats facing wild plant
populations and continued global change, this review aims to investigate what is
known about the pollination and breeding systems of culturally significant plants in
the Great Lakes Region. The overall goal is to determine what proportion of these
plants have had basic ecological studies done and the degree to which culturally
significant plants in this region rely on insect pollination. A systematic review of the
literature was conducted on breeding systems and pollination of culturally significant
plants. Half of all the culturally significant plants included lacked specific information
related to reproduction. Most plants that have been studied relied on outcrossing,
and the most commonly reported pollinators were in the Apidae family. With the
complex interactions between plants and pollinators and many insect pollinators
experiencing population declines, it is important to determine the dependence of
culturally significant plants on animal pollination. These findings will be relevant to

conservation planning and policy in the future.
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1 | INTRODUCTION

Biocultural approaches to conservation are embedded within social-
ecological systems and are focused on reducing declines in both bio-
logical and cultural diversity (Berkes et al., 2016; Gavin et al., 2015;
Hill et al., 2019; Pretty et al., 2009; Winter et al., 2020). Conservation
planning is ineffective when it fails to consider the social system in
which it operates (Artelle et al., 2019; Ban et al., 2013; Pretty
et al., 2009). The standard (colonial) approach to solving ecological
problems in a silo limits our capacity to benefit from diverse people,
knowledge systems, and solutions (Artelle et al., 2019; Hill
et al., 2019; Smith, 2012; Trisos et al., 2021). The Anishnaabe people
of the Great Lakes Region in Northeastern North America have a cul-
tural connection to the land (Brokenleg & Tornes, 2013;
Densmore, 2005). Mino bimaadizi (Ojibwemowin) (Densmore, 2005)
or Mino bimaadiziwin (Anishinaabemowin) (Simpson, 2011), which
describes “the good life,” refers to a state of cultural and spiritual
well-being. Plants are considered sacred and are strong components
of maintaining Mino bimaadizi (Brokenleg & Tornes, 2013;
Densmore, 2005). Anishinaabe people have traditionally collected
plants for many reasons, including for use as medicine (Brokenleg &
Tornes, 2013; Densmore, 2005). Globally, there is a trend of species
declines that is occurring simultaneously with losses in Indigenous lan-
guage and cultural practices (Artelle et al., 2019; Ens et al., 2016).
Plant populations are threatened by land use changes, and the tradi-
tional knowledge associated with the plant is lost because of a lack of
documentation and inter-generational knowledge transmission
(Motaleb, 2010). Ongoing settler-colonial violence, including genocidal
land management practices (Brokenleg & Tornes, 2013), has had a
severe impact on Anishinaabe people, who are undergoing a loss of
culture and traditions such as plant knowledge, language, and stories.
Indigenous people in North America have used plant management
techniques for millennia that rely on a reciprocal, caretaking relation-
ship with the land (Turner et al., 2013). This includes the tending of
plant resource sites between human generations (Turner et al., 2013).
Biological research on plants has primarily focused on plants used for
major crops and commodities (Padulosi et al., 2004). This has resulted
in a lack of research on other plants, including basic ecological studies,
mapping of distributions, breeding systems (pollination and seed
dispersal), taxonomy, and phylogenetics (Kearns et al., 1998; Padulosi
et al., 2004). A recent review of at-risk plants in Ontario found that
many plants lacked any basic information related to pollination
requirements, pollinator needs, and recovery recommendations
(MacPhail et al., 2018). The basic aspects of any plant's reproduction
are necessary for conservation planning (MacPhail et al., 2018;
Wani et al., 2022).

Of all flowering plants, 87.5% are estimated to be animal-

pollinated (308,009 species of angiosperms) (Ollerton et al., 2011).

Approximately 80% of all wild flowering plants directly require
insect pollination for fruit and seed set (Harder & Barrett, 1996;
Kearns et al., 1998; Potts et al., 2010, 2016). Self-compatible
plants that reproduce through autogamous self-pollination have a par-
ticular set of characteristics, such as low herkogamy (anther-stigma
distance) and low dichogamy (temporal separation of mature anthers
and stigmas) (Thomann et al, 2013). Self-compatible plants must
sometimes employ a mixed mating system using cross-pollination to
avoid inbreeding depressions (Ollerton et al, 2011; Thomann
et al., 2013). Other plants are unable to self-fertilize or require a polli-
nator to move pollen from the anther to the stigma within a flower
(Ollerton et al., 2011). Plants requiring insect pollination often have a
set of characteristics, including a large floral display, high scent inten-
sity, large rewards (nectar and pollen), and a large corolla size
(Thomann et al., 2013).

Bees are important pollinators of wild plant species (Ollerton
et al,, 2011; Potts et al,, 2010, 2016; Raven et al., 1999). Across
many parts of the globe, wild pollinator diversity and abundance
are in decline (Colla et al, 2012; Potts et al., 2010; Rodger
et al.,, 2021; Tylianakis, 2013; Zattara & Aizen, 2021). The main factors
affecting global pollinator declines identified are habitat loss and frag-
mentation, agriculture (pesticides and GMOs), pathogens, invasive
alien species, pollinator management, and climate change (Brown &
Paxton, 2009; Dicks et al, 2021; Potts et al, 2010, 2016).
The reproductive success of wild flowering plants is at risk due to pol-
linator declines (Aslan et al, 2013; Biesmeijer et al., 2006;
Bond, 1994; Rodger et al., 2021; Scheper et al., 2014; Thomann
et al., 2013). Globally, 75% of crop plants rely on pollination by ani-
mals, in particular, bees (Klein et al., 2007). A global review of crop
pollination found that wild bees pollinated crops more effectively than
honey bees (Garibaldi et al., 2012). In general, honey bees are not able
to replace the pollination services provided by wild bees (Garibaldi
et al., 2012; Tylianakis, 2013). While this is more well studied in food
crop systems, it also occurs in wild plants (Page & Williams, 2022).

Human health and well-being are influenced by pollination ser-
vices (Kearns et al., 1998; Potts et al., 2016; Stout & Dicks, 2022). The
Assessment Report of the Intergovernmental Science-Policy Platform
on Biodiversity and Ecosystem Services (IPBES) on Pollinators, Pollina-
tion, and Food Production found that pollinator declines could impact
human well-being through loss of wild plant diversity and yield and
cultural practices and traditions surrounding plant and pollinator spe-
cies (Dicks et al., 2021; IPBES, 2016; Potts et al., 2016). This highlights
the importance of research and knowledge sharing that consider
social and ecological systems together.

According to the World Health Organization (WHO), nearly 80%
of the world's population relies on traditional medicines, particularly
plants, as their main method of health care (World Health
Organization et al., 1993). The surge of interest in using plants as
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medicine in recent decades (Westfall & Glickman, 2004) has been
operating under the assumption that these plants will be available in
perpetuity (World Health Organization et al., 1993). This assumption
ignores the threats wild medicinal plant populations are currently fac-
ing, including increasing overharvest, climate change, and habitat loss
(Erland et al., 2022; Mooney & McGraw, 2007; World Health
Organization et al., 1993). Based on these factors, the WHO, Interna-
tional Union for the Conservation of Nature (IUCN), and World Wild-
life Fund (WWF) convened a meeting in Chiang Mai, Thailand, on
March 21-27, 1988, to develop a plan to address the security of
medicinal plant populations (World Health Organization et al., 1993).
Out of this meeting came “The Chiang Mai Declaration - Saving Lives
by Saving Plants,” which called upon the United Nations, its agencies,
and Member States to work towards medicinal plant conservation.

There is an increasing demand for medicinal plants in North
America (Erland et al, 2022; Smith et al., 2020; Westfall &
Glickman, 2004). In some cases, a plant may experience a significant
population decline due to human overharvesting, such as the case
with American ginseng (Panax quinquefolius) (Erland et al., 2022;
Mooney & McGraw, 2007). One conservation strategy that includes
introducing cultivated seeds into wild populations can potentially
decrease the genetic integrity of the plant population (Grubbs &
Case, 2004; Mooney & McGraw, 2007). Breeding system studies must
be conducted to further understand the impacts of various conserva-
tion strategies and management plans, especially regarding medicinal
plants for which demand is rising (Erland et al., 2022; Grubbs &
Case, 2004; Mooney & McGraw, 2007). High-quality seed is a
requirement for the production of a reliable, healthy stand of a partic-
ular plant (Pooni et al., 1997). Farming a plant for seed stock often
requires pollinator supplementation. In order to properly support
development of a healthy supply of seed stock, the reproductive biol-
ogy of the plant must be well understood (Cane, 2006). The strongest
threats to wild medicinal plant populations in Canada are habitat loss,
invasive species, overharvesting, and climate change (Erland
et al., 2022; Karst, 2010; Uprety et al., 2012).

Parties to the Convention on Biological Diversity (CBD) set the
20 “Aichi biodiversity targets” as a conservation framework spanning
2011-2020 (Artelle et al., 2019). The targets have largely been unmet,
with continued declines in biodiversity globally (Artelle et al., 2019).
At the recent UN Biodiversity Conferences in Montreal, Canada,
world leaders agreed on a plan to halt biodiversity decline
(Convention on Biological Diversity (CBD), 2022). The new action plan
acknowledges the rights of Indigenous peoples and their importance
as stewards of nature (CBD, 2022). In the 2030 Action Targets, there
is a goal to protect medicines for sustainable harvesting by Indigenous
peoples, ensuring Indigenous knowledge informs relevant conserva-
tion decision-making, and that Indigenous people have equitable
access to participate in decision-making related to biodiversity on
their lands based on relevant rights and treaties (CBD, 2022).

This paper aims to determine to what extent culturally significant
plant breeding systems have been studied and to what extent cultur-
ally significant plants rely on pollination by wild bees in the Great

Lakes Region of Eastern/Central North America.

2 | MATERIALS AND METHODS

The colonial history of ecology means that the research questions and
who can answer them are based on power dynamics, and using a
decolonizing framework for the future means having marginalized
groups set the research agenda (Trisos et al, 2021; Tuhiwai
Smith, 2012). Tuhiwai Smith (2012) outlines two methods for advanc-
ing the Indigenous research agenda, which are using a community-
based approach and through Indigenous studies departments in the
institution. Trisos et al. (2021) highlight five steps for decolonizing
ecology, which include: decolonizing your mind, knowing your histo-
ries, decolonizing access, decolonizing expertise, and practicing ethical
ecology in inclusive teams. This study is part of the Finding Flowers
project at York University in Toronto, Ontario, Canada. Finding
Flowers is an interdisciplinary project that integrates art, ecology, and
education using a biocultural lens to study native plant and pollinator
conservation. The Finding Flowers project is co-led by Anishinaabe
artist Lisa Myers and native bee ecologist Dr. Sheila Colla. Determin-
ing a baseline of what is available in the scientific literature on native
plant reproduction is a key component of conducting future research
on native plant-pollinator relationships. The authors of this paper are
non-Indigenous settlers living in Ontario, Canada, who are grateful to
the original inhabitants of Turtle Island for their stewardship of these
lands for millennia and who are committed to learn how to responsi-
bly contribute to the care of this land.

This review was conducted to determine what is known about
plant breeding systems in the Great Lakes Region and focuses on
Anishinaabe medicine plants. A plant list of 215 species was compiled.
The focal plant list was compiled using the following studies:
Davidson-Hunt et al., 2005; Genuisz, 2015; Meeker et al., 1993;
Smith, 1932. This paper focuses on plant-pollinator interactions, so
only angiosperms are included. Further, herbaceous plants are the
most commonly utilized in the region (Uprety et al., 2012), and there-
fore we excluded all other plants (e.g., woody-stemmed shrubs, vines).

In order to investigate what is known about the breeding and pol-
lination systems of the selected plants, we used the Scopus and Web
of Science databases. Two databases were used in an effort to ensure
the search returned all relevant papers. The following search terms
were used on both Scopus and Web of Science: (“scientific name” OR
“common name” AND “breeding system” OR “pollinat*’). The term
breeding system is used here because it is a general term that refers
to the sexual or asexual characteristics of a population as well as the
level of inbreeding or outcrossing (Neal & Anderson, 2005). The
search was conducted in September 2022. As each term was
searched, the results underwent preliminary refinement based on the
title and abstract (e.g., where pollination referred to the release of pol-
len into the air with relevance to allergies and not to the act of pollina-
tion between plants, the paper was not retained). All relevant articles
were downloaded to Mendeley. Papers were included if the title
and/or abstract with references to the plant species and also to repro-
duction OR pollinators. A total of 322 papers were excluded from
Scopus and 392 papers were excluded from Web of Science because

they did not meet the inclusion criteria. Plants with over 50 results in
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either search (Scopus or Web of Science) were excluded in order to
maintain focus on the lesser studied species. The plant species
removed for having over 50 studies included Brassica rapa, Cucurbi-
ta maxima, Impatiens capensis, and Silene latifolia. Every downloaded
article was read, and some were removed based on irrelevance after
reading. A total of 525 articles were retained for further analysis.

All retained papers were skimmed for data on breeding systems
and pollinator/insect visitors. Data regarding breeding systems and
known or recorded pollinators or floral visitors were recorded. Breed-
ing system information was collected into seven categories: apomixis
(asexual reproduction), parthenocarpy (fruit without fertilization),
anemophily (wind pollination), biparental inbreeding (pollen from
genetically related plants), autogamy (self-fertilization within
flowers), geitonogamy (self-fertilization within plants), and xenogamy
(outbreeding—pollen from another plant). Pollinator information was
collected into 23 categories: Coleoptera, Diptera, Hymenoptera,
Hymenoptera-Solitary bees, Hymenoptera-Bees, Hymenoptera-
Other, Hymenoptera-Andrenidae, Hymenoptera-Apidae, Hymenop-
tera-Colletidae, Hymenoptera-Halictidae, Hymenoptera-Mellitidae,
Hymenoptera-Megachilidae, Hymenoptera-Strenotrinidae, Lepidop-
tera, Orthoptera, Odonata, Homoptera, Hemiptera, Collembola,
Psocoptera, Neuroptera, Thysanoptera, and Mecoptera. Insect visitors
were recorded in order except for Hymenopterans, which were

recorded in family were possible. In some cases, a study was removed
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because of its experimental nature, which compromised the results of
the floral visitors as being representative of what occurs naturally. For
example, a study on Achillea millefolium found beetles and flies polli-
nating control plants (Hamback, 2016). When a floral volatile experi-
ment was conducted, floral volatile oil from Cirsium arvense was
sprayed on A. millefolium, the host of pollinators changed drastically to
one not recorded on the control flowers. The pollinators, then, are not
representative of what pollinates the plant in a natural setting, and this
information was not extracted and retained as part of this study.
General comments on pollinators such as “we saw bees (personal
observations)” were included in our analyses in the appropriate
categories.

3 | RESULTS

Breeding systems of 108 (50%) plants from the plant list have not
been studied, while 107 (50%) plants have been studied. Of the
107 plants studied, self-compatibility was recorded in 57 (52%) plant
species, while self-incompatibility was recorded in 36 (34%) plant spe-
cies. Of the plants studied (107), the most commonly recorded breed-
ing system was xenogamy, with 85 (79%) plant species using this
system (Figure 1). Autogamy was recorded in 40 plant species (38%)
(Figure 1). From our list (107), 54 plant species (50%) were reported

85

40

Breeding System

FIGURE 1 The most common breeding systems apomixis (asexual reproduction), parthenocarpy (fruit without fertilization), anemophily (wind
pollination), biparental inbreeding (pollen from genetically related plants), autogamy (self-fertilization within flower), geitonogamy (self-fertilization
within plant), xenogamy (outbreeding—pollen from another plant) recorded during a global systematic literature review in Fall 2022 of

215 culturally significant medicine plants of the Great Lakes Region.
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to have one breeding system, while 31 (30%) plant species had two
breeding systems, 10 (10%) plant species had three breeding systems,
and two (2%) plant species had four breeding systems recorded. Of
the 85 plant species recorded as xenogamous, 34 (41%) were also
recorded as autogamous. A total of 27 (33%) xenogamous plant spe-
cies were strictly outcrossing. Of the 40 autogamous plants recorded,
34 (85%) were also xenogamous.

The most commonly recorded visiting insect order was Hymenop-
tera (Table 1). All Hymenoptera were recorded in one of nine
categories: Megachilidae, Colletidae, Halictidae, Adrenidae, Apidae,
Other, Bees, Solitary bees, and Hymenoptera (Figure 2). “Other”’
refers to Hymenopterans other than bees. Bees and solitary bees
were recorded when the literature stated visitation by “bees” or

TABLE 1 Total number of culturally significant medicinal plant
species of the Great Lakes Region visited by each insect order
according to a global systematic literature review in Fall 2022.

Insect order Total number of plant species

Coleoptera 31
Collembola 1
Diptera 59
Hemiptera 8
Homoptera 1
Hymenoptera 213
Lepidoptera 31
Mecoptera 1
Neuroptera 2
Odonata 1
Orthoptera 2
Psocoptera 1
Thysanoptera 7

Megachilidae NG 21

Colletidae 1 6

Adrenidae NN 21

Hymenoptera - Other NN 22

Hymenopteran Genera

Bees N 18
Solitary Bees M 7
Hymenoptera [ 10

0 10 20 30 40
Count

Halictidae |G 42

“solitary bees” occurred with no further taxonomic identification. The
most commonly recorded Hymenopteran visitors were in the Apidae
family (Figure 2). The highest number of papers for a single plant
species was 19 (Fragaria virginiana), with 108 plants returning zero
papers. The average number of papers for the 105 plants studied

was five.

4 | DISCUSSION

Limited scientific information is available about many herbaceous
plant breeding systems (Cane, 2006; Culley, 2000; Edens-Meier
et al, 2018; Kevan et al, 1993; Lindell, 1998; Palmer et al., 2009;
Palumbo et al., 2021). Half of the plants included in this literature
review have not yet been studied. These findings highlight the
importance of conducting biocultural research that focuses on the
social components of the system and includes different ways of know-
ing. Here, we are including Anishinaabe ways of knowing in order to
better understand and inform the conservation of social-ecological sys-
tems in the Great Lakes region. Mini bimaadiziwin is enhanced by access
to aki miijim, or Indigenous food systems (Pawlowska-Mainville, 2020).
This includes access to important medicinal plants for sustainable
harvesting. Therefore, research focusing on further understanding
the reproductive biology of these plants helps to elucidate human-
plant-pollinator relationships. Continued research focus on agricultural
plants perpetuates the understudied state of these culturally significant
plant species and plant species of lower economic value.

Even among the plants that have been scientifically studied,
there are still knowledge gaps and a need for more research
(e.g., Akeroyd & Briggs, 1983; MacPhail et al., 2018); the average
number of papers for the plants studied was five. In C. arvense, one
study concluded that previous determinations of the importance of

sexual reproduction in plants were overlooked because of a lack of

Apidae I 66

FIGURE 2 Breakdown of
Hymenopteran visitor categories
recorded as insect visitors or pollinators
of 215 culturally significant medicinal
plant species of the Great Lakes Region,
examined during a global systematic
literature review in Fall 2022.

50 60 70
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studies (Heimann & Cussans, 1996). Edens-Meier et al. (2018) refer to
findings by Case and Bradford (2009), which indicate that Cypripedium
species are not well studied in terms of breeding systems because
populations are scattered, small, or inaccessible, and that insect
visitors are infrequent. Because the Cypripediums are unrewarding to
pollinators, they have limited insect visitation, which leads to difficulty
in understanding their breeding system (Case & Bierbaum, 2013).
Fragaria vesca (woodland strawberry) is well studied (15 papers)
because it is a good model system for better understanding commer-
cial Fragaria species (Dong et al., 2022). Particularly, the availability of
the plant's draft genome and its short life cycle make it useful as a
model system (Dong et al., 2022). This highlights the importance of
food plants and their dominance as plants of importance in scientific
study. While F. vesca is a culturally significant medicine plant, it's
reason for being well studied is related to its similarity with other
commercial species within the same genus.

Overall, 79% of the plants that have been studied were found to
either require or to benefit from outcrossing (xenogamous). This type
of breeding system requires a pollinator to move pollen between
plants, which highlights the importance of pollinators to the reproduc-
tion of culturally significant medicine plants. A total of 32% of the
plants that had been studied were found to be self-incompatible.
These results are similar to those of Rodger et al. (2021), who found
in a global assessment of flowering plants that 33% of species would
produce no seeds with the exclusion of pollinators. Similarly, 33% of
xenogamous plants were limited to one breeding system—outcrossing.
Rodger et al. (2021) concluded that across all flowering plants, there
was a 0.60 mean pollinator contribution (PC) to reproduction in flow-
ering plants. These results provide a level of understanding as to the
changes that can be expected with pollinator declines (Rodger
et al.,, 2021). While self-compatibility is common, many species benefit
from pollination in terms of seed production, and therefore the impact
of pollinator declines on wild plant populations could be significant. It
has been suggested that plants will evolve in the short term to either
higher degrees of autogamy or by increasing their attractiveness to
pollinators (Thomann et al, 2013). This short-term evolution,
however, will not be available in plant populations with inbreeding
depression or a lack of genetic diversity (Rodger et al, 2021).
Rodger et al. (2021) found a higher PC in plants with a longer life
span, greater stature, and greater pollinator specificity and
predicted that pollinator declines would be stronger, causing changes
(e.g., decreased abundance) in those plant populations. Highly autoga-
mous plant species will potentially become increasingly abundant.
Higher PC in native plants when compared with invasives, which
showed greater self-capability, should also be considered (Rodger
et al.,, 2021).

While a mixed mating system appears to be common, there is a
large portion of this group of plants that requires a pollination vector.
Biesmeijer et al. (2006) found that in Britain and the Netherlands,
plants capable of self-pollination had an intermediate effect, plants
that require outcrossing by an abiotic factor (e.g., apomixis) were
increasing, and plants that were obligate outcrossers requiring insect

visitors were in decline. Specifically, a decline was found in bee-
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pollinated obligately outcrossing plant species. Because Apidae bees

People P

were the most commonly recorded insect visitors to the medicinal
plants studied here, it would be useful to focus future research efforts
on expanding the knowledge base on bee and medicinal plant interac-
tions. Biesmeijer et al. (2006) suggest future research on this group of
plants to determine if the plant is in decline due to a loss of pollina-
tors, if the pollinators are in decline due to a loss of their forage plants,
or if there is some other causal factor affecting both populations
(e.g., habitat alteration, climate change, pesticide use).

The common woodland herb Maianthemum canadense is self-
incompatible and requires pollination by insects (particularly hoverflies
and bees) (Taki et al., 2008). This plant has been found to have a
decreased sexual reproductive output due to the loss of insect pollina-
tors where pesticides have been used to treat forest pests (Kevan &
Plowright, 1995). Populations of M. canadense are able to persist in
the short term using clonal reproduction, but eventually the lack of
insect pollination causes a decrease in genetic diversity in
the population (Taki et al., 2008). Taki et al. (2008) found that
maintaining even this common forest herb requires consideration and
management in a fragmented landscape (e.g., effort to increase forest
cover).

A total of 38% of plants included in this review that had been
studied were found to be autogamous, and 85% of those plants were
also found to be capable of outcrossing (xenogamy). Having a general-
ized breeding system can give plants an advantage by increasing plas-
ticity in a new or changing environment (Parker, 1991; Powell
et al., 2011; Trapp & Hendrix, 1988). Insects play a major role as pol-
len vectors during plant breeding of boreal forest herbs (Helenurm &
Barrett, 1987). While many plants are automatically autogamous, out-
crossing  significantly increases plant reproductive success
(Helenurm & Barrett, 1987). When studied as an invasive plant out-
side of its native range, Cirsium vulgare was able to set high levels of
seed without high insect visitation (Powell et al., 2011). Powell et al.
(2011) concluded that due to its generalist insect visitor guild and
autonomous self-pollination, C. vulgare was capable of invading an
area with a small number of propagules. Parker (1991) concluded that
the Amphicarpaea bracteate mating system (large reliance on self-polli-
nation) is a major factor restricting the plant's evolutionary capacity in
relation to protection from plant pathogen attack. The lack of pollen
movement between populations restricts the opportunity for recom-
bination of alleles (Parker, 1991). Hog peanut does, however, have
plasticity within its mating system, which allows the plant to adjust its
reproductive strategy based on environmental conditions (Trapp &
Hendrix, 1988). To have the ability to outcross between populations,
this requires the management of plant populations of adequate size
and within an appropriate distance for access by relevant pollinators
(Taki et al., 2008). This is a key feature for avoiding inbreeding depres-
sion in plant populations. Having information about a plant's ability
and affinity for outcrossing is necessary in order to properly manage
plant populations, especially under pressure from human overharvest-
ing. Linking human medicinal and traditional harvesting and needs
with the plant's breeding system means better understanding (a) how

the human uses of the plant will affect the plant population and
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(b) how to properly manage the plant to ensure its continued presence
on the landscape for human uses.

Obligately outcrossing animal-pollinated flowering plants have
been found to be in decline when the animals that pollinate them are
also declining (Biesmeijer et al., 2006). The level of threat of pollinator
declines to the success of wild flowering plants depends on the contri-
bution of pollinators to seed production in the plant (Rodger
et al,, 2021). It is unclear to what extent self-compatibility and insect
pollination contribute to reproductive success for many plants globally
(Rodger et al., 2021). Studies quantifying seed production of plants
with pollinators excluded and those with pollinators present are
required in order to quantify pollinator contribution to the plant's
reproductive success (Rodger et al., 2021). When assessing the risk of
extinction due to pollination or dispersal, four key attributes are
examined. (1) The plant species' dependence on pollination;
(2) Whether pollination was dependent on one pollinator species;
(3) spatial movement requirements; and (4) the degree of dependence
on seeds for survival (Léfgren, 2002). This suggests that when a plant
species depends on generalist visitors for pollination services, it is bet-
ter able to adapt and avoid difficulties due to isolation (L6fgren, 2002).
Some plant species may be capable of adaptation within their breed-
ing systems, which allows for survival under the threat of pollinator
declines (Thomann et al., 2013). Bee declines are also highest for spe-
cies with a dependence on declining plant species (Scheper
et al., 2014). This suggests there is an interdependence between
declines in wild pollinators and wild plant species (Potts et al., 2016).
It has been hypothesized that under the pressure of pollinator
declines, plants will evolve in one of two ways: (1) evolution towards
higher automous selfing, or (2) reinforcement of characteristics that
support the plant-pollinator relationship (Thomann et al., 2013).
Declines of wild pollinators can affect the reproduction of wild plant
species through reductions in fruit or seed set (Potts et al., 2016). The
extent to which wild plant reproduction is impacted will vary based on
redundancy within the plant-pollinator network (Potts et al., 2016).
Burkle et al. (2013) measured changes in plant-pollinator interactions
over 120 years at revisited sites in Illinois and found that the herba-
ceous perennial plant species Claytonia virginica experienced a 75%
reduction in pollinator species between the 1970s and 2009/2010.
Burkle et al. (2013) also found that declines in bee species were asso-
ciated with specialists, parasites, cavity-nesters, and species with
weak historic interactions.

Researchers have examined the degree of cultural significance
for each plant in previous studies (e.g., Petelka et al., 2022). Future
research may investigate the degree of cultural significance of each
plant and combine that with our research findings to further eluci-
date research priorities for medicine plants in the Great Lakes
Region. Our results show that there is little information available in
the published scientific literature about these culturally and ecologi-
cally important plant species. Thus, there is an urgent need to con-
struct new methods of conservation by incorporating different ways
of knowing into planning. These findings will be useful in determin-
ing future research priorities regarding medicine plants in the Great

Lakes Region.
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