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Abstract
Concern has been expressed over societal losses of plant species identification skills.

These losses have potential implications for engagement with conservation issues, gaining

human wellbeing benefits from biodiversity (such as those resulting from nature-based rec-

reational activities), and early warning of the spread of problematic species. However,

understanding of the prevailing level of species identification skills, and of its key drivers,

remains poor. Here, we explore socio-demographic factors influencing plant identification

knowledge and ability to classify plants as native or non-native, employing a novel method

of using real physical plants, rather than photographs or illustrations. We conducted face-to-

face surveys at three different sites chosen to capture respondents with a range of socio-

demographic circumstances, in Cornwall, UK. We found that survey participants correctly

identified c.60% of common plant species, were significantly worse at naming non-native

than native plants, and that less than 20% of people recognised Japanese knotweed Fallo-
pia japonica, which is a widespread high profile invasive non-native in the study region. Suc-

cess at naming plants was higher if participants were female, a member of at least one

environmental, conservation or gardening organisation, in an older age group (than the

base category of 18–29 years), or a resident (rather than visitor) of the study area. Under-

standing patterns of variation in plant identification knowledge can inform the development

of education and engagement strategies, for example, by targeting sectors of society where

knowledge is lowest. Furthermore, greater understanding of general levels of identification

of problematic invasive non-native plants can guide awareness and education campaigns

to mitigate their impacts.

Introduction
People are losing familiarity with the natural world, particularly in western countries, poten-
tially resulting in a loss of ecological knowledge [1], including the ability to identify even the
most common species, as well as those of cultural significance [1–3]. This loss of familiarity
and knowledge is cause for profound concern as it may lead to reduced appreciation of the nat-
ural world [2,4,5], reduced motivation to protect species [4], less willingness to support nature
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conservation organisations [4], and perhaps a reduced ability to gain associated human wellbe-
ing benefits, such as those resulting from nature-based recreational activities (e.g. bird watch-
ing; [6]). Furthermore, poor identification skills may contribute to a reduced ability or
willingness to engage in documenting and monitoring biodiversity. This includes the tracking
of the spread of problematic invasive non-native species, where early identification can facili-
tate more successful and cost effective management actions [6,7,8].

A handful of studies have examined societal knowledge of species identification, finding
mixed results. For example, one investigation found Slovakian elementary school children
(aged 10–15) and university students were able to identify 30–48% of common bird species [9],
another that children aged 4–12 in Scotland, UK were able to identify 56, 43 and 44% of arthro-
pod, bird and mammal species respectively (out of 40 species randomly drawn from 68; [10]),
and a third that children were better able to identify artificial Pokémon characters than com-
mon native wildlife [11]. However, empirical evaluations of people’s identification skills are
scarce and this is particularly true for plant species. Despite having the advantage of being
immobile, relatively well described and provisioned with field guides (at least in most Western
countries), plants have the disadvantage of lacking the charisma of many bird and mammal
species, are significantly more diverse, are often morphologically different between seasons and
life-stages, and are widely regarded as difficult to identify [3,12,13]. Those studies that have
been conducted have typically found low levels of plant identification skills [3,6,14–16]. For
example, visitors to urban greenspaces in the UK could on average correctly identify only one
out of four plant species common to that area [6], and only 10% of 18–24 years olds in the UK
could correctly identify ash Fraxinus excelsior, one of the most common tree species in that
region [16]. This said, some studies have found higher levels of identification of common plant
species, for instance 70% of participants in one analysis correctly identified buttercup Ranun-
culus spp. [1]. Studies exploring identification skills of invasive non-native species are even
scarcer than those of natives. A study of the Australian public found a 20.5% error rate when
distinguishing native frogs from the harmful invasive non-native cane toad Bufo marinus [17].
To our knowledge, however, no study has examined people’s ability to identify problematic
invasive non-native plants.

Studies examining identification skills have tended to focus on particular sectors of society
(e.g. students; [14]), plants associated with particular locations (e.g. [6]) and, with one notable
exception [3], most have used photographs or illustrations of species. Although several socio-
demographic variables have been identified as important in predicting plant identification
skills, including age [1,14,16], gender [12,15] and level of education [3], their relative impor-
tance has seldom been explored. Greater understanding of socio-demographic factors influenc-
ing plant identification skills could assist with targeting awareness and educational campaigns
in sections of society where knowledge is low.

In this study we ask three questions. First, which socio-demographic factors influence people’s
ability to name common plants and their ability to classify plants as native or non-native? Sec-
ond, how is plant identification knowledge obtained? Third, what are levels of support and moti-
vation for learning plant identification skills? To achieve this we surveyed people with a range of
socio-demographic circumstances and used real plant specimens to test identification skills.

Methods

Ethics statement
Permission for this survey was granted from the University of Exeter Ethics Committee. All
participants were provided with a brief description of the study and gave written consent before
beginning the survey. All responses were anonymous.
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Survey design
The surveys were conducted at three sites in the town of Falmouth, Cornwall, UK, during
August 2013. These were chosen to capture a cross-section of society and comprised two
beachside locations and one town centre location, with the goal of engaging as a wide a range
of people (over 18 years of age, and UK residents) as possible. Each site was visited an equal
number of times and participants were selected at random. The surveys (total n = 220) were
delivered face-to-face, with one participant at a time, and were completed on site. For consis-
tency, it was delivered by the same individual (first author, BR) in all cases. The survey com-
prised 14 questions (S1 Table), and was piloted several times before being formally
administered to refine the method and wording of the questions, following guidance from Ber-
nard (2011) [18].

First, participants were asked to identify samples of real plants, using a mix of fresh cuttings
and potted plants purchased from a local garden centre. Using real plants, rather than images,
allows the participants to gain a better idea of smell, size and texture of the plants. The plants
used comprised six natives: Lavender (Lavandula angustifolia), Rose spp. (Genus: Rosa), Com-
mon Heather (Calluna vulgaris), Blackberry (Rubus fructicosus), Ivy (Hedera helix) and
Bracken (Pteridium aquilinum); and six non-natives: Hydrangea spp. (Genus: Hydrangea),
Fuchsia spp. (Genus: Fuchsia), Montbretia (Genus: Crocosmia), Red valerian (Centranthus
ruber), Buddleia (Buddleja davidii), and Japanese knotweed (Fallopia japonica). This set of spe-
cies was determined following consultation with experts with specialist knowledge on garden-
ing and ecology (n = 8); these included ecological consultants, academics and garden centre
employees. Each expert was asked to provide a list of 12 plants, six native and six non-native,
that were relatively easy to identify, common in UK domestic gardens, and medium sized.
Plants were considered non-native if they first occurred in Britain after AD 1500 [19]. Experts
were asked to include native and non-native plants that are actively planted and frequently val-
ued, as well as native and non-native plants that grow wild in gardens without assistance, and
plants sometimes considered a nuisance (although this is subjective and some plants fit both
criteria). The authors combined these lists with literature—both academic and non-academic
—on common UK plants and their flowering times (e.g. [20] and [21]) to select the final 12
plants. The majority of plants were flowering at the time the survey was conducted. Japanese
knotweed was chosen as an example of a problematic invasive non-native plant as it is consid-
ered one of the most ecologically and economically damaging invasive non-native plants in the
UK, where it is widespread in a variety of habitats [22,23]. In 2010 Japanese knotweed was esti-
mated to have cost the UK economy £165 million [24]. After giving a broad definition of ‘non-
native species’ and revealing the plant names, participants were asked whether the plants (or
close relatives of) were native or non-native.

The second section of the survey presented participants with statements regarding their atti-
tudes towards plant identification, such as whether the individual thought it was an important
skill to have, as well as if and how they learned their plant identification skills, and whether or
not they were motivated to learn more. These questions were assessed using a five point Likert
scale of ‘strongly disagree’, ‘disagree’, ‘neutral’, ‘agree’, or ‘strongly agree’ [18]. The second sec-
tion also included questions addressing how much participants had been taught plant identifi-
cation skills in the past and how these skills were obtained. The final section obtained data on
socio-demographics (age category; gender; education level; membership of environmental,
conservation or gardening organisations; garden ownership; and if participants were resident
in Cornwall or elsewhere in the UK). The socio-demographic variables were chosen based on
factors found to be important in explaining ecological knowledge from case studies within the
academic literature (e.g. [1,3,10,14,15,16]).

Plant Identification Knowledge & Socio-Demographics
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The sample comprised a higher percentage of women (58.2%, n = 128) than national and
Cornwall averages (50.8% and 51.6% respectively; [25], Table 1). It comprised a similar per-
centage in the 18–29 age category as national and Cornwall averages (17.3%, 20.6% and 20.7%
respectively); a smaller percentage in the 30–39 age category (8.6%, 16.8% and 16.9% respec-
tively); a larger percentage in both the 40–49 age category (25%, 18.6% and 18.6% respectively)
and the 50–59 age category (22.7%, 15.4%, 15.4% respectively); and a similar percentage in the
60+ age category (26.3%, 28.6% and 28.5% respectively [25]).

Statistical analysis
All analyses were carried out in R (3.0.3) [26]. No collinearity was found between explanatory
variables (assessed using Pearson’s correlation coefficient with cut-off<0.8) [27]. Generalised
linear mixed effect models (using the ‘lme4’ package [28]) with a binomial error structure were
constructed to explore the effect of socio-demographic factors selected a priori (age; gender;
education; membership of environmental, conservation or gardening organisations; garden
ownership; and if participants were resident in Cornwall or elsewhere in the UK–all categori-
cal) on participants’ abilities to name plants and classify plants as native or non-native
(response variables). The response variables were entered into the model as number of correct

Table 1. Summary statistics for socio-demographic attributes of survey participants. The shorthand
used in the model outputs is followed in brackets where applicable.

Variable Summary statistics

Age

18–29 17.3% (n = 38)

30–39 8.6% (n = 19)

40–49 25% (n = 55)

50–59 22.7% (n = 50)

60 + 26.3% (n = 58)

Gender

Female 58.2% (n = 128)

Male 41.8% (n = 92)

Highest level of education (Education)

1: ‘O’ level, GCSE, or equivalent or less 19.6% (n = 43)

2: ‘A’ Level, AS Level, or equivalent 11.4% (n = 25)

3: Further education or vocational training 15.45% (n = 36)

4: First degree (e.g. BSc, BA) 30% (n = 66)

5: Higher degree (e.g. MSc, MA, PhD) 22.7% (n = 50)

If the participant was a member of a wildlife, conservation or gardening organisations (Member of)

None 49.5% (n = 109)

One 25.9% (n = 57)

Two 10.9% (n = 24)

Three or more 13.6% (n = 30)

If the participant had a garden (Garden)

Yes 90% (n = 198)

No 10% (n = 22)

Where the participant currently lives (Lives)

Cornwall 48.1% (n = 108)

Rest of UK 50.9% (n = 112)

doi:10.1371/journal.pone.0156572.t001
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answers minus the number of incorrect answers (using the ‘cbind’ function). Survey location
was included as a random factor.

The global model contained all explanatory variables chosen a priori. Simplification of the
global model was achieved based on Akaike Information Criterion (AIC) using the ‘MuMIn’
package [29] which holds functions to compare all possible sub-sets of the global model. All
models with ΔAIC<6 were retained [30,31]. Model averaging was used to calculate averaged
parameter estimates and assess the relative importance of parameters using the natural averag-
ing method [32]. R2 values were calculated for the global models using the method described
by Nakagawa and Schielzeth [33]. Parameters within the resulting averaged model were con-
sidered significant if the p-value was<0.05.

To test whether participants were better at identifying native or non-native plants a Mann
Whitney U test was carried out as the data were not normally distributed. To explore if there
was a correlation between participants’ abilities to name plant species and their abilities to clas-
sify them as native or non-native, a Kendall’s rank correlation test was carried out, as again the
data were not normally distributed.

The relationships between responses to Likert-style questions exploring levels of support
and motivation for learning plant identification skills (questions 3 to 6; ordinal data) and
socio-demographic factors were analysed using a cumulative link model using the “ordinal”
package [34]. Model averaging followed this using the method outlined above. Models using all
five response categories did not converge, therefore these were condensed to three categorie-
s–‘agree’ (agree and strongly agree), ‘neutral’ and ‘disagree’ (disagree and strongly disagree).

Results
Participants scored a mean of 62.8% (s.e. = 0.19) when naming plant species (see S2 Table for
full survey results). Participants were better at identifying plants if they were older, a member
of an environmental, conservation or gardening organisation, if they were female, and if they
lived in Cornwall (Tables 2A and 3A; see S3 Table for results of global model). The model
explained 14% of variation in the ability to identify plant species (marginal R2 = 0.138; condi-
tional R2 = 0.141). Participants were significantly better at identifying native than non-native
plants (Mann-Whitney U test, W = 2, p = 0.009). Japanese knotweed and Red valerian were
correctly identified by less than 20% of participants (Fig 1A).

Participants scored a mean of 74.4% (s.e. = 0.11) when classifying plants as native or non-
native, with Buddleia most commonly misclassified (Fig 1B). Participants better at classifying
plants as native or non-native were male and had post-graduate qualifications (Tables 2B and
3B; see S3 Table for results of global model). However, the model explained approximately
1% of variation in the ability to distinguish native/non-native plants (marginal and conditional
R2 = 0.010). There was no correlation between participants’ abilities to name plant species and
their ability to classify them as native or non-native (Kendall’s rank correlation, z = 1.25,
p = 0.21).

About half of participants (51.8%, n = 114) agreed or strongly agreed that knowing the
names of plants was important to them. Higher levels of support were reported for children
being taught plant names, for taking opportunities to learn plant names, and the majority
(80%, n = 176) disagreed or strongly disagreed that they had no motivation to learn plant
names (Fig 2). Socio-demographic factors were not significantly related to any responses, with
the exception of gender for question 6—‘I have no motivation to learn the names of plants’
(p = 0.009, confidence intervals = 0.24, 1.67, estimate = 0.95, standard error = 0.36, z
value = 2.61). 26.8% (n = 59) of participants reported being taught plant identification skills ‘a
lot’, 34.5% (n = 76) ‘some’, 31.8% (n = 70) ‘a little’ and 6.8% (n = 15) ‘never’. Of the last group,
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five participants reported no methods of being taught and 10 reported being self-taught. 80%
(n = 176) of participants reported learning plant identification skills from family, 47.7%
(n = 105) being self-taught, 31.8% (n = 70) learnt at school, and 8.6% (n = 19) by attending
courses.

Discussion
Using a novel methodological approach with real plants, rather than photographs or illustra-
tions, this study asked three questions: (1) which socio-demographic factors influence people’s
ability to name common plants and their ability to classify plants as native or non-native? (2)
how is plant identification knowledge obtained?, and (3) what are levels of support and motiva-
tion for learning plant identification skills? The results of our study suggest that participants
from a broad cross-section of society were better at correctly naming plants if they were female,
a member of at least one environmental, conservation or gardening organisation, in an older
age group, or a resident (rather than a visitor) in the study area. Conversely, success at identify-
ing plants as native or non-native was higher if participants were male and had post-graduate
qualifications. Overall participants correctly identified c.60% of common plant species, and

Table 2. Summary of results after model averaging for a) ability to name plants and b) ability to classify plants as native or non-native. See Table 1
for descriptions of explanatory variables. The base categories were: female; education level 1 (‘O’ level, GCSE, or equivalent or less); member of no wildlife,
conservation or gardening organisations; if the participant did not a have a garden; and if the participant was currently a resident in Cornwall.

Parameter Estimate Standard Error Adjusted Standard Error z-value P-value

a) Ability to correctly name plants

Intercept -0.276 0.180 0.181 1.529 0.126

Age (30–39) 0.572 0.174 0.175 3.263 0.001

Age (40–49) 0.870 0.135 0.136 6.394 < 0.001

Age (50–59) 1.179 0.142 0.142 8.288 < 0.001

Age (60+) 1.397 0.147 0.147 9.477 < 0.001

Gender (male) -0.699 0.089 0.089 7.819 < 0.001

Member of (one) 0.308 0.112 0.113 2.739 0.006

Member of (two) 0.424 0.140 0.141 3.005 0.003

Member of (three) 0.682 0.149 0.150 4.547 < 0.001

Garden (yes) 0.259 0.149 0.150 1.724 0.085

Lives (rest of UK) -0.232 0.095 0.096 2.424 0.015

b) Ability to classify plants as native or non-native

Intercept 0.875 0.168 0.169 5.180 < 0.001

Age (30–39) 0.162 0.188 0.189 0.857 0.391

Age (40–49) 0.168 0.139 0.140 1.203 0.229

Age (50–59) 0.191 0.142 0.143 1.339 0.181

Age (60+) 0.015 0.135 0.136 0.111 0.912

Gender (male) 0.189 0.092 0.093 2.041 0.041

Education (2) 0.137 0.159 0.160 0.853 0.394

Education (3) 0.112 0.150 0.150 0.745 0.456

Education (4) 0.197 0.129 0.130 1.512 0.130

Education (5) 0.343 0.140 0.141 2.438 0.015

Member of (one) -0.060 0.109 0.109 0.552 0.581

Member of (two) 0.104 0.148 0.149 0.697 0.486

Member of (three) 0.151 0.139 0.140 1.082 0.279

Garden (yes) 0.194 0.148 0.149 1.304 0.192

Lives (rest of UK) -0.009 0.092 0.092 0.097 0.923

doi:10.1371/journal.pone.0156572.t002
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were poor at recognising Japanese knotweed (Fallopia japonica), which is a widespread high
profile invasive non-native in the study region. Here we discuss our findings and their implica-
tions for engagement with conservation issues, the potential to gain human wellbeing benefits

Table 3. Results of top 10models based on AICc. df = degrees of freedom, weight = Akaike weight. See Table 1 for detailed descriptions of explana-
tory variables.

Intercept df Log-likelihood AICc ΔAICc weight

a) Ability to correctly name plants

-0.332 Age + Gender + Member of + Garden + Live 12 -479.07 983.6 0.00 0.514

-0.163 Age + Gender + Member of + Live 11 -480.65 984.6 0.93 0.323

-0.268 Age + Gender + Member of 10 -483.36 987.8 4.14 0.065

-0.412 Age + Gender + Member of + Garden 11 -482.32 987.9 4.27 0.061

-0.288 Age + Gender + Education + Member of + Garden + Live 16 -477.65 990.0 6.34 0.022

-0.097 Age + Gender + Education + Member of + Live 15 -479.41 991.2 7.53 0.012

-0.209 Age + Gender + Education + Member of 14 -482.32 994.7 11.06 0.002

-0.368 Age + Gender + Education + Member of + Garden 15 -481.21 994.8 11.14 0.002

-0.200 Age + Gender + Garden + Live 9 -492.45 1003.8 20.13 0.000

0.019 Age + Gender + Live 8 -494.89 1006.5 22.83 0.000

b) Ability to classify plants as native or non-native

0.990 Gender 3 -407.631 821.4 0.000 0.188

0.819 Gender + Garden 4 -406.820 821.8 0.450 0.150

0.993 Gender + Live 4 -407.629 823.4 2.070 0.067

0.614 Gender + Garden + Education 8 -403.476 823.6 2.260 0.061

0.837 Gender + Education 7 -404.657 823.8 2.470 0.055

0.824 Gender + Garden + Live 5 -406.800 823.9 2.510 0.054

0.924 Garden 3 -409.154 824.4 3.050 0.041

0.968 Gender + Member of 6 -406.360 825.1 3.740 0.029

0.897 Education 6 -406.418 825.2 3.860 0.027

0.702 Garden + Education 7 -405.477 825.5 4.110 0.024

doi:10.1371/journal.pone.0156572.t003

Fig 1. Results of plant identification survey for a) percentage of times each plant was correctly identified; b)
percentage of times each plant was correctly classified as native or non-native. Light grey bars = non-native
species; black bars = native species.

doi:10.1371/journal.pone.0156572.g001
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from biodiversity, and to engage in monitoring and tracking of biodiversity, including early
warning of problematic species.

Participants in this study scored significantly lower when naming non-native compared
with native plants–this is similar to a previous study that found children were worse at identify-
ing non-native than native arthropods, birds and mammals [10]. Although not all non-native
plants cause damage, those that do can have significant ecological and socio-economic costs
[8]. Of particular concern is that the widespread and problematic invasive non-native plant
Japanese knotweed [23] was the second least identifiable plant. Japanese knotweed causes wide-
spread ecological damage and can be expensive to control [22,35]. In the UK Japanese knot-
weed is found within domestic gardens, where some of the problems it causes, particularly
economic ones, can be most acute [36]. Given the private nature of domestic gardens, and the
fact that many back gardens in particular, are secluded from view by passers-by, the presence
of invasive non-native plants will be observed by only a few. It is therefore important that iden-
tification skills of such plants are high amongst the public to increase the chances of early iden-
tification and therefore successful and cost effective eradication.

The ability to identify invasive non-native plants in both domestic gardens and in the wider
landscape is also important because it allows people to contribute towards citizen science proj-
ects that track them [37]. Data generated this way are valuable for scientific research exploring
the drivers of the distribution of invasive non-native plants [38,39], which subsequently can
inform policy and management recommendations to reduce their ecological and socio-eco-
nomic impacts [40].

Participants were surprisingly good at identifying common native plants compared with
most previous research using traditional methods of pictures and illustrations. For example,
one study in Sheffield, UK found that visitors to an urban green space could identify only one

Fig 2. Responses to Likert-Style questions about attitudes towards plant identification andmotivation to learn.
Survey responses for Q3: Knowing the names of plants is important to me; Q4: I think children should be taught how to
identify common plant species; Q5: If given the opportunity to improve my plant identification knowledge I would take it; and
Q6: I have no motivation to learn the names of plants.

doi:10.1371/journal.pone.0156572.g002
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out of four plant species common to that area from photographs [6]. Another found that 86%
of UK A-level students could only identify three or less out of ten wild flowers from illustra-
tions [14]. This raises the possibility that the way in which identification skills are tested could
be particularly important to the outcome. Using real plants is more reminiscent of the way peo-
ple recognise and engage with plants in the environment as participants can smell and touch
them, and gain a better idea of their size. Stagg and Donkin (2013) [3] also used real plants to
test identification skills, however they used potted weeds, fresh winter twigs and dried seed
heads. The latter two are less representative of what one would see in the environment, and
may explain why some participants in that study had poor plant identification skills.

Half of survey participants were members of at least one environmental, conservation or gar-
dening organisation, which was a significant factor in predicting better identification skills.
Although comparable data are scarce, this may be higher than in other settings (e.g. 26% of par-
ticipants in a survey in Scotland were members of ‘wildlife, conservation or heritage’ organiza-
tions; [41]). It is likely that people who are more interested in nature to begin with are more
likely to join such organisations, and therefore reap the benefits such membership provides, such
as increased access to nature reserves, volunteer opportunities and regularly receiving magazines
filled with nature-related content. However, there is likely to be some level of positive feedback
once joined, and that membership of such organisations encourages greater interest in and
engagement with nature, thus leading to better plant identification skills. Membership of envi-
ronmental and conservation organisations has been shown to be correlated with other types of
nature-related knowledge (e.g. status of protected areas in the UK by their users [42]), and envi-
ronmental behaviour (e.g. willingness to pay to prevent oil pollution in coastal areas [43]).

Our survey also asked about membership of gardening organisations, responses to which
included national organisations such as the Royal Horticultural Society and local gardening
organisations. The reasons for joining, and benefits gained from, gardening organisations will
likely differ from those for conservation and environmental organisations. Nevertheless, mem-
bership of such organisations could likely be an important way for people to improve plant
identification skills. Increasing membership of conservation and environmental, as well as gar-
dening organisations, and working through and with them is potentially an important tool for
engaging the public with nature [42], and thus improving plant identification skills.

Participants from Cornwall were significantly better at naming plants than participants from
the rest of the UK. This could be explained by the much higher percentage of people in Cornwall
who live in rural areas compared with the rest of the UK (61.4% and 18.5% respectively; [25]).
The increasing percentage of the world’s population living in urbanized areas (predicted to be
>80% by 2050 [44]) has frequently been linked to reduced access and opportunities to engage
with nature [2,4,5], which could lead to loss of plant identification skills. Promoting opportunities
for urban residents to access green spaces could help mitigate this trend [6,45].

Age was the strongest predictor of plant identification knowledge, with those aged 60 and
over being the best at naming plants. This correlation is consistent with previous research (e.g.
[14,16]). Age has also been found to be an important factor in other ways that people engage
with nature, for example, participation in bird feeding activities [46]. It is, however, difficult to
determine the causality of the relationship and whether younger generations will gain plant
identification skills later in life or if this knowledge is being lost in younger generations. As evi-
dence indicates that encounters with nature at an early age are important for promoting con-
nections with nature [5], encouraging nature experiences for younger generations should be a
priority if we are to increase motivation to learn and improve plant identification skills.

To improve plant identification knowledge, pathways by which people commonly obtain
such knowledge could be invested in and promoted. In this study these were via family and by
being self-taught, which might be considered ‘less formal’methods of learning. The least
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frequently reported pathways of learning plant identification skills were through more formal
methods—at school and through attending courses. It is important to consider how investment
in these less frequently reported pathways could improve plant identification knowledge. Con-
sideration could be given to how changes to the school curriculum and creative methods of
teaching used can rectify this, as called for by others [3,10,12]. Attending courses was the least
frequent way participants reported learning plant identification skills: only 8.6% of participants
reported learning this way. Whilst attending courses of this type is not suited to everyone’s
taste, consideration of potential barriers to attending such courses, such as time and money–
although these might also be deeper rooted and due to cultural and social differences—could
assist in unlocking the potential in learning via this method.

To implement practical actions to improve species identification skills people first need to
be aware of the importance of identification skills and have motivation to improve them. How-
ever, the contrast between only half of participants agreeing or strongly agreeing that learning
plant names is important, and the high support reported for taking opportunities to improve
plant identification skills, further highlights that the relationship and gap between ecological
attitudes and ecological behavior is complex and difficult to address [47,48]. Therefore, any
measures to improve plant identification skills need to address the reasons why people learn
plant identification skills and why some do not think they are important; more qualitative
research techniques, perhaps using in-depth interviews could assist with this.

There were several limitations to this study. The factors in the model explaining plant iden-
tification, and even more so, the model exploring knowledge of what was native or non-native
explained little of the variation. However, the overall conclusions were not changed by the
model selection process as the same factors were significant in the global models (S3 Table).
This low explanatory power suggests that there are other unexplored variables contributing to
these types of knowledge. It is also important to remember that this study was carried out in a
‘post-industrial nation’, where despite some plants still having cultural significance, plant iden-
tification skills have often become irrelevant for daily needs. For example, one study found that
plant identification knowledge was much higher in India and Indonesia than in the UK, which
they attribute to differences in culture and resource dependence in the three countries [1].
Therefore, perhaps the challenge lies in establishing the relevance and worth of plant identifica-
tion skills [1]. One way in which this might already be happening for plants that have practical
uses is through the renewed interest in foraging wild foods, particularly by younger generations
[49,50]. Blackberries or bramble Rubus fructicosus, are the best example from our results to
demonstrate this as they are one of the most commonly foraged foods in the UK [50].

The biggest challenge is perhaps how to increase motivation to learn identification skills for
plants that do not have practical uses or cultural significance, such as some of the non-native
species, particularly problematic invasive ones. To address this challenge there needs to be an
increase in societal awareness and understanding of the relative costs and benefits of different
non-native plants to biodiversity, as well as an increased awareness of the importance of early
identification and eradication of problematic non-native plants. It is of profound importance
that the challenges addressed in this study continue to be addressed to increase the likelihood
that the benefits plant identification skills can bring are delivered, such as increased engage-
ment with conservation issues, potential human wellbeing benefits, the monitoring of problem-
atic species, and increased connectedness with nature [2,4,6].
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