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ABSTRACT
Aims: To assess the effect of four animal and four plant species on the perceived
monetary value of users’ single experience of a recreational trail. To assess the effect on
perceived value of identifying to users that four of the species are invasive non-native
species (INNS) with adverse impacts on native species.
Study Design: An image-based questionnaire was used to assess perceived monetary
value of the species before and immediately after being given information on their INNS
status.
Place and Duration of Study: The Camel Trail, North Cornwall UK, used by about ½
million people annually, April and May 2011.
Methodology: Fifty one Camel Trail users completed the questionnaire.
Results: Trail users positively valued all eight species when first shown them. Mean
values ranged from £0.066 to £0.104. However, species were valued significantly
differently (non-parametric repeated measures ANOVA, H = 55.3, 7 DF, P < .0001).
Users showed significant agreement on the rank order of the value of the eight species
2
(Kendall’s coefficient of concordance, W = 0.155, χ = 55.3, 7 DF, P < .0001). After the
four INNS were identified to users, these INNS were devalued by 115% to 180%. Again
there were significant differences between species values (H = 16.9, 3 DF, P = .0007)
2
and significant agreement between users on the rank order value of INNS (W = 0.11 χ =
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16.9, 7 DF, P = .001).
Conclusion: Using a simple image-based questionnaire to assess perceived monetary
value of species can provide evidence to assess the cost of managing INNS.
Keywords: INNS; perceived value; monetary value; image-based questionnaire.

1. INTRODUCTION
The impact that invasive non-native species (INNS) can have on habitats is often used as a
justification for control programmes [1-4]. However, the public perception of invasive species
may be very different from that of habitat managers [5,6], giving rise to potential conflict with
those attempting to reinstate the habitat [7,8]. Many non-native species were originally
introduced as ornamental species and are often perceived to add to the aesthetic value of
the landscape [9]. Understanding public perception [10] is a crucial aspect of management
[11]. It also provides an opportunity to attach a monetary value to the benefits of
management, which can be essential in justifying the cost [12-14]. Most invasive non-native
species have been deliberately or accidentally released into the wild [15,16], and an
improved understanding of the impact these species have and the costs they incur [17], form
an important part in challenging the public behaviour that gives rise to their release into the
environment [18].
Structured questionnaires can be used to assess people’s environmental preferences,
including stated monetary value, which is often assessed by a Willingness To Pay (WTP),
i.e. how much they would be prepared to pay to receive something from the environment
[19,20]. We report a stated preference approach using an image-based questionnaire that is
straightforward to implement, can be used by non-specialist environmental volunteers and
which could inform a WTP approach. It therefore has the potential to help better understand
the public perception of INNS and their management. We used the approach to answer two
main questions: (1) What is the perceived monetary value to users of a recreational trail of
experiencing (or knowing to be present) eight common species? (2) Does this value change
when four of the species are identified as invasive non-native species?

2. METHODOLOGY
2.1 Study Area
The Camel Trail in North Cornwall, UK is considered to be one of the most popular [21] and
successful [22] multi-use trails in the UK. It runs for 29 km from near the village of Blisland
(50.5167, -4.6833) on Bodmin Moor to the fishing village of Padstow (50.5384, -4.9378) near
the mouth of the Camel estuary. For most of its length it follows a disused railway line and
this has the effect of creating a corridor so that most users’ experience is similar. There are
about ½ million users annually, mostly cyclists or walkers. The study was carried out near
Wadebridge (50.5178, -4.8353), which is close to the mid-point of the most popular section
of the trail (Padstow to Bodmin) and the location of several cycle hire businesses.

2.2 Questionnaire Design
Data on perceived monetary value of species likely to be experienced by trail users were
collected by means of a questionnaire showing photographs of eight species (Fig. 1). The
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images were selected to be of comparable size, quality and composition. Most came from
the open access Arkive image database [23]. Species were not named, but they were
grouped; native species in the left-hand column, invasive non-native species (INNS) in the
right-hand. They were also further grouped; animals by taxon (Lutra lutra (Linnaeus 1758)
with Oryctolagus cuniculus (Linnaeus 1758), Cygnus olor (Gmelin 1789) with Branta
canadensis (Linnaeus 1758)) and plants by common trail location (verge, Primula vulgaris
Huds. with Rhododendron ponticum L.; wet area, Iris pseudacorus L. with Impatiens
glandulifera Royle). In the first part of the questionnaire these grouping patterns were not
identified or explained.
Each image had an associated monetary value scale from 10p through 0p to -10p (10p =
£0.1, approximately €0.13 and $0.16) (Fig. 1). This scale was chosen because respondents
to a pilot questionnaire indicated that this was an appropriate range of values.
The second stage of the questionnaire (Fig. 2) differed from the first in three ways:
1) The detail of the heading text was changed (Fig. 2) to explain the INNS status of
species in the right-hand column and its likely impacts,
2) Each INNS image was outlined in red,
3) The estimated annual cost (from Williams et al. [24]) was given under each INNS
image.

2.3 Data Collection
Users of the Camel Trail were invited to complete the questionnaire, most commonly while
they were waiting to collect or return hired cycles. They were asked to assign a monetary
value to the effect on their current Camel Trail experience of seeing each of eight species
depicted on the questionnaire, or knowing that the illustrated species was present even if it
wasn’t seen. Monetary value was assigned by marking the scale beside each image. On
completing the first part of the questionnaire (Fig. 1), they were shown the second part (Fig.
2), informed that the four species in the right-hand column were INNS with adverse impacts
on native species (this was reinforced by the estimated annual cost of that species (from
Williams et al. [24]) being displayed below each image), and asked to indicate a new value
on the scale. Fifty one Camel Trail users completed the questionnaire in April and May 2011.
The ratio of cyclists to walkers completing questionnaires (4:1) was similar to the ratio of
these trail user groups at this time of year.

2.4 Data Analysis
Marks on the monetary value scale were subsequently assigned by eye to the nearest whole
pence (£0.01) value and marks above 10p and below -10p were assigned values of 12p and
-12p respectively. The values were analysed with non-parametric repeated measures
analysis of variance and Wilcoxon matched pair signed ranks tests (e.g. [25]). The extent of
agreement on value between trail users was analysed with Kendall’s coefficient of
concordance (e.g. [26]). Statistical analyses were performed with SPSS version 19 or Gilbert
et al.’s [27] Excel-based open access package for Barnard et al. [25].
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Fig. 1. The image-based questionnaire used in part 1 of the study
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Fig. 2. The image-based questionnaire used in part 2 of the study
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3. RESULTS
Camel Trail users considered that all eight species shown to them in part 1 of the
questionnaire added to the monetary value of their current trail experience. However,
species were valued significantly differently with mean values ranging from 6.6p to 10.4p
(Table 1; non-parametric repeated measures ANOVA, H = 55.3, 7 DF, P < .0001). There
was significant agreement between users on the rank order of the value of the eight species
2
(Kendall’s coefficient of concordance, W = 0.155, χ = 55.3, 7 DF, P < .0001). However, the
rank order indicated by the mean values in Table 1 matches users’ rank order only for the
most valued species (L. lutra) and the two least valued species (I. glandulifera, B.
canadensis). Users ranked the other five species in the order R. ponticum > C. olor > O.
cuniculus > P. vulgaris > I. pseudacorus, whereas the order of mean values (Table 1) is C.
olor > R. ponticum > P. vulgaris > I. pseudacorus > O. cuniculus.
Table 1. Monetary value assigned to 8 species by 51 Camel Trail users in response to
part 1 of the questionnaire
Species
Lutra lutra
Cygnus olor
Primula vulgaris
Iris pseudacorus

Value*
10.39 ± 0.25
8.43 ± 0.41
8.06 ± 0.53
7.84 ± 0.44

Species
Oryctolagus cuniculus
Branta canadensis
Rhododendron ponticum
Impatiens glandulifera

* Values are mean pence (= £0.01) ± se, n=51.

Value*
7.55 ± 0.77
6.55 ± 0.69
8.31 ± 0.53
6.69 ± 0.72

In part 1 of the questionnaire INNS were not identified, nor was the native - invasive pairing
of species images. Nevertheless, native species were significantly more highly valued than
the INNS they were paired with for three of the four image pairings (Wilcoxon matched pairs
signed ranks test: L. lutra & O. cuniculus, z = 6.21, P < .00001; C. olor & B. canadensis, z =
5.22, P < .00001; I. pseudocorus & I. glandulifera, z = 2.35, P = .0189). This pattern
suggests that some users were aware of some INNS and the issues related to them. This
interpretation is supported by the minimum values assigned to species; these were 0 or
positive for natives (except P. vulgaris which was -7) and either -7 or -12 for INNS. It is also
supported by the considerably higher level of agreement shown within native species (W =
2
2
0.223, χ = 34.1, 3 DF, P < .0001) than within INNS (W = 0.078, χ = 11.9, 3 DF, P = .008).
However, factors other than knowledge of INNS also play a role, as shown by the
significantly higher value of R. ponticum compared with the native P. vulgaris (z = 3.4, P =
.0007).
Part 2 of the questionnaire was completed after INNS were identified to Camel Trail users.
Trail users then generally assigned negative values to all four INNS with the consequence
that mean values ranged from -1.2p to -5.3p and the change in valuation ranged from -8.7p
to -12p (Table 2); a change in mean value of -115% to -180%. Again there were significant
differences between species (H = 16.9, 3 DF, P = .0007) and significant agreement on the
2
rank order of INNS (W = 0.11 χ = 16.9, 7 DF, P = .001). The effect of providing information
on INNS status and effects was an increased level of agreement on INNS value; in part 1 of
the questionnaire W = 0.078 whereas in part 2, W = 0.11.
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Table 2. Monetary value assigned to 4 INNS by 51 Camel Trail users in response to
part 2 of the questionnaire
Species
Oryctolagus cuniculus
Branta canadensis
Rhododendron ponticum
Impatiens glandulifera

Revised value*
-1.16 ± 1.07
-2.41 ± 0.97
-3.73 ± 1.02
-5.33 ± 0.87

Change in value**
-8.71 ± 1.09
-8.96 ± 1.04
-12.04 ± 1.06
-12.02 ± 1.01

* Revised value is the mean value in pence (= £0.01) ± se, n=51, assigned to the four species
identified as INNS in this part of the questionnaire.
** Change in value is the difference between the part 1 (Table 1) and part 2 questionnaire value (Table
2 revised value) in pence (=£0.01) ± se, n=51.

However, the devaluing effect of INNS information was not universal. While 86-96% of
respondents devalued INNS (or had already assigned them the maximum negative value), a
few respondents (one for O. cuniculus and B. canadensis, two for R. ponticum and I.
glandulifera) increased the value of INNS. Also, three respondents still assigned a maximum
positive value to INNS (two to O. cuniculus and one to B. canadensis). This suggests that a
minority of individuals either misunderstood the information, or their value of a species is not
mainly related to its invasive status and likely effects on native wildlife (see also [20]). The
second explanation seems more likely to be true, because valuations against the general
trend were not consistent within a respondent.

4. DISCUSSION
Our study has shown that on the basis of images and in the absence of information on
species identity and invasive status, all species are considered to contribute positively
(although not equally) to a single trail experience. However, providing some information on
INNS status briefly and individually to trail users led to a significant devaluing of the
contribution that INNS make to a trail experience. The study also showed that the level of
knowledge on the identity and effect of INNS is rather low in the public who use trails. This is
interesting because trail users might be expected to have a higher level of knowledge of the
environment than the general public. If this expectation is correct it suggests that the general
public’s knowledge of INNS is even lower.
The image-based questionnaire approach has shown that it is possible to gather quantitative
data on perceived monetary value of individual species from users of a public space. The
data can be used to establish the relative perceived value of species. However, the results
from a pilot questionnaire suggested that the range of values used in the study is likely to be
a reasonable approximation to absolute valuations. This suggestion is supported by the
relative lack of discussion of values by respondents during data collection (Nicola Morris,
personal communication, May 2011) and by the relatively small percentage (23%) of initial
responses of maximum value. We suggest that data of the type collected by this
questionnaire can contribute to assessing the cost effectiveness of management plans for
INNS, adding to approaches based on simple economic cost (e.g. [28]). For example, the
average devaluation of a single trail experience of I. glandulifera was £0.0533 per
questionnaire respondent. If we assume that this devaluation is the same for each Camel
Trail user per year, then the total cost (based on 500,000 users per year) is £26,650. For O.
cuniculus the devaluation was £0.0116, giving a total cost of £5,800. These values could be
used as a starting point for discussions of proportionate management cost and budget
allocation for INNS management, both for the Camel Trail and for public amenity areas that
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are similar to the Camel Trail. We suggest that for the potential of this approach for
management cost assessments to be realized, the effect of the range of values presented in
image-based questionnaires and the willingness of management budget holders to use such
assessments be investigated further.

5. CONCLUSION
We conclude that the perceived monetary value to users of a recreational trail of
experiencing (or knowing to be present) eight common species can be assessed by an
image-based questionnaire. We found that perceived value changed when four of the
species were identified as INNS. We suggest that such perceived values can be used when
assessing the cost of managing INNS, and that, as a starting point, proportionate
expenditure would be a management plan for an INNS with a similar budget to the perceived
decrease in perceived value caused by that species.

ACKNOWLEDGEMENTS
This study was financed by the Cornwall College Research Fund. We are very grateful to all
the individuals who completed the questionnaire and to the cycle hire businesses who gave
us permission to approach their waiting customers.

COMPETING INTERESTS
Authors have declared that no competing interests exist.

REFERENCES
1.
2.
3.
4.
5.
6.
7.
8.
9.

Pimentel D, McNair S, Janecka S, Wightman J, Simmonds C, O'Connell C, et al.
Economic and environmental threats of alien plant, animal and microbe invasions.
Agric Ecosyst Environ. 2001;84:1-20.
Pimentel D, Zuniga R, Morrison D. Update on the environmental and economic costs
associated with alien-invasive species in the United States. Ecol Econ. 2005;52:273288.
Moran VC, Hoffmann JH, Zimmermann HG. Biological control of invasive alien plants
in South Africa: Necessity, circumspection, and success. Front Ecol Environ.
2005;3:71-77.
Andreu J, Vilà M. Native plant community response to alien plant invasion and
removal. Manage Biol Invasions. 2011;2:81-90.
Larson BMH. The war of the roses: Demilitarizing invasion biology. Front Ecol Environ.
2005;3:495-500.
Ladle RJ, Gillson L. The (im)balance of nature: A public perception time-lag? Public
Underst Sci. 2009;18:229-242.
Bertolino S, Genovesi P. Spread and attempted eradication of the grey squirrel
(Sciurus carolinensis) in Italy, and consequences for the red squirrel (Sciurus vulgaris)
in Eurasia. Biol Conserv. 2003;109:351-358.
Bremner A, Park K. Public attitudes to the management of invasive non-native species
in Scotland. Biol Conserv. 2007;139:309-314.
Pejchar L, Mooney HA. Invasive species, ecosystem services and human well-being.
Trends Ecol Evol. 2009;24:497-504.

68

Annual Research & Review in Biology, 4(1): 61-70, 2014

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
21.
22.
23.
24.
25.
26.
27.

Selge S, Fischer A, van der Wal R. Public and professional views on invasive nonnative species - A qualitative social scientific investigation. Biol Conserv.
2011;144:3089-3097.
McNeely JA. Human dimensions of invasive alien species. In: Mooney HA, Mack RN,
McNeely JA, Neville LE, Schei PJ, Waage JK, editors. Invasive alien species: a new
synthesis. Washington: Island Press; 2005.
Horan RD, Perrings C, Lupi F, Bulte EH. Biological pollution prevention strategies
under ignorance: The case of invasive species. Am J Agric Econ. 2002;84:1303-1310.
Perrings C, Williamson M, Barbier EB, Delfino D, Dalmazzone S, et al. Biological
invasion risks and the public good: An economic perspective. Conserv Ecol. 2002;6:1.
Lupi F, Hoehn J, Christie G. Using an economic model of recreational fishing to
evaluate the benefits of sea lamprey control on the St. Mary’s River. J Great Lakes
Res. 2003;29:742-754.
Kowarik I. Human agency in biological invasions: Secondary releases foster
naturalisation and population expansion of alien plant species. Biol Invasions.
2003;5:293-312.
García-Berthou E, Alcaraz C, Pou-Rovira Q, Zamora L, Coenders G, Feo C.
Introduction pathways and establishment rates of invasive aquatic species in Europe.
Can J Fish Aquat Sci. 2005;62:453-463.
Krasny ME, Lee SK. Social learning as an approach to environmental education:
Lessons from a program focusing on non-indigenous, invasive species. Environ Educ
Res. 2002;8:101-119.
Reaser JK. Invasive alien species prevention and control: the art and science of
managing people. In: McNeely JA, editor. The great reshuffling: human dimensions of
invasive alien species. Gland, Switzerland and Cambridge, UK: IUCN; 2001.
Vardakoulias O. Valuing the environment in economic terms. nef Economics in policymaking briefing 3. 2013. Accessed 9 July 2013.
Available: http://dnwssx4l7gl7s.cloudfront.net/nefoundation/default/page/-/images/ publications
/Economics_Briefing_3.pdf.

Martin-Lopez B, Montes C, Benayas J. The non-economic motives behind the
willingness to pay for biodiversity conservation. Biol Conserv. 2007;139:67-82.
Sustrans: Camel trail. Accessed 20 June 2013.
Available: http://www.sustrans.org.uk/sustrans-near-you/south-west/easy-rides-in-thesouth-west/camel-trail.
Cornwall Council: The Camel trail. Accessed 20 June 2013.
Available: http://www.cornwall.gov.uk/default.aspx?page=13412.
Arkive. All species. Accessed 20 June 2013.
Available: http://www.arkive.org/species/.
Williams FE, Eschen R, Harris A, Djeddour DH, Pratt CF, Shaw RS, et al. The
economic cost of invasive non-native species on Great Britain. Wallingford, UK: CABI;
2010.
Barnard CJ, Gilbert FS, McGregor PK. Asking questions in biology: A guide to
hypothesis testing, experimental design and presentation in practical work and
research projects. 4th ed. Harlow UK: Pearson Education Ltd; 2011.
Siegel S, Castellan JN. Nonparametric statistics for the behavioural sciences. New
York: McGraw Hill; 1988.
Gilbert FS, McGregor PK, Barnard CJ. AQB Excel Spreadsheet. Accessed 20 June
2013.
Available:http://media.pearsoncmg.com/intl/ema/ema_uk_he_barnard_askquest_4e/b
arnard_aqb_4e_spreadsheet.

69

Annual Research & Review in Biology, 4(1): 61-70, 2014

28.

Buhlea ER, Margolis M, Ruesink JL. Bang for buck: cost-effective control of invasive
species with different life histories. Ecol Econ. 2005;52:355-366.
_________________________________________________________________________

© 2014 Renals et al.; This is an Open Access article distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=287&id=32&aid=2129

70

