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Abstract 

Orchidaceae is a mega diverse family accounting for 10% of the world’s flowering plants. Due to factors such as 

small dispersed populations, specific symbiosis with fungi and with pollinators and their desirability for 

collecting, many orchids are threatened with extinction. Tourism and recreation is increasingly recognised as a 

global threat for plants, but is it an issue for orchids? When data on orchids from the International Union for 

Nature Conservation (IUCN) Red List was reviewed, we found that 149 (40%) of the 442 orchid species with 

threat data were at risk from tourism and recreation. This included: 98 (22%) species threatened by residential 

and commercial development for tourism and recreation, 75 (17%) by intentional collecting within protected 

areas, and 90 (20%) by human intrusions and disturbance from recreational activities. The three threats often co-

occurred and hence can be treated as a threat syndrome. The proportion of species threatened varied among 

locations with 80% of the 65 species in East Asia, 32% of 68 species in South and Southeast Asia and 94% of 

16 orchid species in Europe threatened by tourism and recreation. Terrestrial orchids and those growing in 

forests were more likely to be at risk from these threats. With so many species at risk, increased awareness and 

recognition of these threats combined with improved management to reduce impacts is needed. Gaps and 

inconsistencies in the IUCN Red List must also be addressed to obtain a better understanding of the extent of 

this, and other threats to plants.  
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Introduction 

Global biodiversity is under threat from a range of human activities contributing to a sixth wave of mass 

extinction (Pimm and Raven 2000; Swarts and Dixon 2009a; Ceballos et al. 2015). This includes over 11,500 

species of plants that are listed as threatened with extinction on the International Union for the Conservation of 

Nature (IUCN) Red List, 94% of which are flowering plants (IUCN 2016a). Figures of this magnitude highlight 

the need to better understand the type and severity of the different threats that are driving the loss of so many 

flowering plants, including numerous orchids.  

Orchids are charismatic and highly speciate, accounting for 10% of the world’s flowering plants (Cribb et al. 

2003; Newman et al. 2007). They occur on all continents, except Antarctica, with 26,567 species within 850-

1000 genera in the Orchidaceae (Jones and Bolger 2006; WCSP 2016). Although seemingly abundant, many 

orchids rely on specific associations with mycorrhizal endophytic fungi for nutrients, germination and growth 

and hence can be limited by the distribution and abundance of specific fungal species (Swarts and Dixon 

2009a). Some orchids also have elaborate systems for attracting pollinators which can also restrict where they 

occur to the distribution of the specific pollinators (Nilsson 1992; Cozzolino and Widmer 2005 Swarts and 

Dixon 2009a). The diversity in the structure and colour of orchid flowers makes them highly prized by humans 

with collecting from the wild a major threat to orchids (Ballantyne and Pickering 2012; Swarts et al. 2010). 

Unfortunately, low densities and isolated populations of many orchids amplifies the impacts of threats such as 

habitat loss, climate change and illegal collection, resulting in orchids having the highest proportion of 

threatened genera and species of all flowering plants (Cribb et al. 2003, Swarts and Dixon 2009a, IUCN 2016a).  

One increasingly common threat to plants, including orchids, is the impacts of tourism and recreation 

(Ballantyne and Pickering 2012; Ballantyne and Pickering 2013; Rankin et al. 2015). Tourism is one of the 

fastest growing industries globally, accounting for 9% of the global gross domestic product (Huybers and 

Bennett 2003; Balmford et al. 2009; UNWTO 2015a). Although a significant contributor to the global economy, 

tourism and recreation have a wide range of impacts on the environment contributing to species declines and 

extinctions (Balmford et al. 2009; Newsome et al. 2012; Leung 2012; Monz et al. 2013). Impacts from tourism 

and recreation on plants include those associated with the construction and use of tourism facilities for transport 

and accommodation, as well as those due to specific tourism activities (Pickering et al. 2007; Holden 2016). The 

construction and use of tourism facilities, for example, can involve major habitat alteration including the 

complete removal of existing natural vegetation and its replacement by either artificial surfaces such as tarmac, 
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pavers, and buildings, or revegetation with cultivated species introduced to the site such as those used in formal 

gardens and lawns (Holden 2016). It can also alter the structure of soils and hydrology of sites, as well as 

contributing to the introduction and spread of pathogens and weeds. Even nature based tourism and recreation 

has a wide range of impacts on plants increasing their risk of extinction (Liddle 1997; Kelly et al. 2003; 

Pickering and Hill 2007; Pickering et al. 2007; Pickering 2010).  

The extent to which tourism and recreation threatens plants is increasingly being recognised. For instance, 

outdoor recreation was the single most common threat to the 2733 rare and vulnerable plants currently listed as 

at risk of extinction within the United States, impacting 35% of the species (Hernández-Yáñez et al. 2016). In 

Europe, tourism and recreation threatens 42% of 194 vascular plants on the IUCN Red List (Ballantyne and 

Pickering 2013), while in Australia, tourism and recreation threatens 42% of the 659 vascular plants listed as at 

risk of extinction by the Australian Government (Rankin et al. 2015).  Both in Australia and Europe, a wide 

range of orchids are threatened, many by tourism and recreation: but how common is tourism and recreation a 

threat globally to orchids? 

The aim of this study was to assess the extent to which tourism and recreation threatens orchids globally using 

data from the IUCN Red List. Specifically, it assesses: 1) the number of orchid species directly under threat by 

tourism and recreation, 2) which specific tourism and recreation threats are impacting orchids, 3) where these 

species occur, 4) which habitats contain orchids threatened by tourism and recreation, 5) which orchid genera 

are threatened by tourism and recreation, and 6) what is the relationship between plant traits such as life forms 

(e.g. terrestrial, epiphytic or lithophytic), and threats from tourism and recreation. 

Methods 

To assess the extent to which recreation and tourism threatens orchids, we used data from the IUCN Red List as 

it is the most comprehensive global database of threatened species, and it has a standardized set of criteria for 

listing species and types of threats (Rodrigues et al. 2006; Kull et al 2016). The Red List currently contains 

information about the timing, scope, severity and an overall impact score for all types of threats grouped into 12 

categories (IUCN 2016a; IUCN 2016b). An initial assessment of the current academic literature on tourism and 

recreation as a threat to orchids identified only three papers specifically assessing tourism and recreation 

impacts on orchids (Hernández-Yáñez et al. 2016; Rankin et al. 2015; Ballantyne and Pickering 2013). Hence, it 

is not possible to use the academic literature to assess the extent of the threat of tourism and recreation on 

orchids. We focused on orchids specifically in this review, as the Orchidaceae had more species at risk of 
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extinction that other collectable plant families (e.g. Cactaeae, Bromeliaceae and Aloaceae) based on an initial 

review of the total listings, and tourism threat data on the IUCN Red List. 

We obtained data from the IUCN Red List for all orchid species listed as Critically Endangered (CR), 

Endangered (EN) or Vulnerable (VU) up until October 2016. Although 519 Orchidaceae species were listed, 

threat information was only available for 442 species.  Therefore, the information for these 442 species was 

exported from the Red List to a personal database. This included the species name, synonyms, common name, 

IUCN status, population trend, date listing published, habitat, presence in protected areas (PA), and where it 

occurs (e.g. land region, native countries and endemism) along with threat data, including tourism and recreation 

threats.  

To determine which species were threatened by recreation and tourism, we focused on three tourism-related 

threat categories in the IUCN Red List. These were: 1) development (Threat 1.3 in the IUCN database = 

Residential and commercial development for tourism and recreation areas), 2) plant collecting in protected areas 

(Threat 5.2.1 = gathering terrestrial plants for intentional use, but as per Ballantyne & Pickering (2013) 

methodology, we only considered it a tourism and recreation related threat if the species occurred within 

protected areas, so collecting involved visitors to the protected area), and, 3) recreational activities (Threat 6.1 = 

human intrusions and disturbances from recreational activities). There were details on the timing, scope, severity 

and an overall impact score for each of the tourism and recreation threats, which was also transferred to the 

personal database.  Additional data about the growth form of the orchids (e.g. if it was terrestrial, epiphytic or 

lithophytic) was included in the personal database using data from sources such as Kew monocots (WCSP 

2016).  

Data Analysis 

The total number and proportion of orchid species listed by land region, habitat, genera and growth form that 

were threatened by tourism and recreation were calculated using the personal database. Overall, the number of 

species at risk from each type of threat were calculated to assess the relative impact of tourism and recreation 

compared to other listed threats. Chi-square tests were performed using statistical package SPSS (IBM 2016) to 

determine whether there were significant differences in the three tourism and recreation related threats 

depending on land regions, genera and plant traits, including if the species was terrestrial, epiphytic, or 

lithophytic. 

Results 
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Tourism and recreation 

Tourism and recreation was a common threat to orchids globally. Of the 442 orchid species with threat data, 149 

(33.9%) were threatened by at least one tourism and recreation threat. This included 98 (22%) species by 

development for tourism and recreation (Threat 1.3), 75 (17%) by plant collecting in protected areas (Threat 

5.2.1, and the species occurs within a protected area), and 90 (20%) by recreational activities (Threat 6.1). The 

three tourism and recreation threats are among the most common threat to orchids, when compared to all threats 

listed on the IUCN Red List (Table 1). 

Table 1. The most common threats to orchids globally, with tourism and recreation threats in bold, for all 

species listed as threatened on the IUCN Red List 

Threat Threat code Number of species 
threatened 

Plant collecting 5.2.1 219 
Residential development  1.1 125 
Subsistence/small scale logging 5.3.3 128 
Work & other activities 6.3 124 
Development for tourism & recreation areas 1.3 98 
Recreational activities 6.1 90 
Plant collecting in protected areas 5.2.1 78 
Transportation of roads & railroads 4.1 76 
Climate change (habitat shifting & alteration) 11.1 73 

 

The severity data showed the three tourism and recreation threats have substantial impacts (Figure 1). 

Development for tourism and recreation was classified as an ongoing threat for all 98 species. It was affecting 

most populations of 77% of the species, it was causing or is likely to cause very rapid declines in 51% of the 

species, and it had a high impact score overall for 49% of the species (Figure 1). Plant collecting in protected 

areas (Threat 5.2.1 in protected areas) was an ongoing threat for 97% of the 75 species, was affecting the whole 

population of 67% of species, causing or likely to cause very rapid declines in 70% of species, and had a high 

impact score for 72% of species (Figure 1). Of the listed species threatened by recreational activities (Threat 

6.1), 99% were classified as ongoing, 74% as affecting the majority of species, 47% caused very rapid declines, 

47% caused rapid declines, and 52% had a high impact score (Figure 1). 
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Fig. 1 Details on the timing, severity, score and scope for each of the three tourism and recreation threats to 

orchid species. Diagonal lines represent the number of orchid species threatened by development for tourism 

and recreation (Threat 1.3), plain grey represent the number of orchid species threatened by recreational 

activities (Threat 6.1) and plain black represents the number of orchid species threatened by collecting in a 

protected area (Threat 5.2.1 in protected areas) 

The three tourism-related threats were not only common, they often co-occurred indicating that they could be 

seen as a threat syndrome. For example, 67 of the species threatened by tourism and recreation development 

were also threatened by recreational activities. Similarly, 39 of the species threatened by tourism and recreation 

development were also threatened by plant collecting in a protected area. Finally, 33 of the species threatened by 

recreational activities were also threatened by plant collecting in protected areas.  

There has been a dramatic rise in the number of orchid species on the IUCN Red List, particularly since 2012. 

Paralleling this is an increase in the number of those species listed as threatened by tourism and recreation 
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(Figure 2), although less so in the last two years (2015 and 2016). This demonstrates that as orchid listings on 

the IUCN Red List increase, so does the recognition of tourism and recreation as a threat.  

 

Fig.2 Cumulative number of orchid species (solid line) on the IUCN Red list, species threatened by at least one 

type of tourism (round dot), threatened by residential and commercial development for tourism and recreation 

areas (Threat 1.3) (dash), intentionally gathering terrestrial plants within a protected area (Threat 5.2.1 in PA) 

(square dot), human intrusions and disturbance by recreational activities (Threat 6.1) (long dash) 

The extent to which tourism and recreation threatens orchids varies among locations (Chi-square test p<0.001). 

(Table 2). For instance, in East Asia 80% of the 65 orchid species on the IUCN Red List are threatened by at 

least one type of tourism and recreation threat while for Europe, it is 94% of the 16 and for North America it is 

68% of the 19 species listed. In contrast, there were very few orchids in North Africa, Oceania and West and 

Central Africa threatened by tourism and recreation (Table 2). Although Sub-Saharan Africa has the largest 

number of orchids on the Red List (194), only 10% of them were threatened by tourism and recreation, mostly 

those in Madagascar (19 species). 
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Table 2. Number of orchid species threatened by tourism and recreation on the IUCN Red List. T&R = tourism 

and recreation, PA = protected area, Threat 1.3 = residential and commercial development for tourism and 

recreation areas, Threat 5.2.1 = intentionally gathering terrestrial plants within a protected area, Threat 6.1 = 

human intrusions and disturbance by recreational activities and end = endangered       

Assessment and 
land region 

Species 
with 
data 

Species 
threatened by 
T&R 

Development 
(Threat 1.3) 

Collecting 
(Threat 5.2.1 in 
PA) 

Recreational 
activities 
(Threat 6.1) 

Total 442 149 98 75 90 
Critically end. 156 37 19 21 26 
Endangered 205 79 55 38 42 
Vulnerable 80 33 24 16 22 
Extinct 1     
Caribbean Islands 194 20  18 3 
East Asia 68 22 12 9 10 
Europe 65 52 45 26 44 
Mesoamerica 47 11 10 4 5 
North Africa 19 13 8 10 8 
North America 16 15 13 2 10 
Oceania 12 7 3 4 5 
South America 11 3 2 1 1 
South and 
Southeast Asia 

8 4 4 2 1 

Sub Saharan Africa 2 2 1  2 
West and Central 
Asia 

     

                                                                                

The number of orchids threatened by tourism and recreation varied among habitats (Figure 3). Forests had the 

highest number of orchids in the IUCN Red list (391 species), of which 130 were threatened by tourism and 

recreation (Figure 3). Within forests, development was the most common tourism and recreation related threat 

(90 species). There were also many orchids in shrublands threatened by tourism and recreation (56 species) 

including 49 species threatened by development for tourism and recreation (Figure 3). There were also a few 

orchid species in rocky areas, grasslands and wetland threatened by tourism and recreation.  
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Fig. 3 The number of orchid species within different habitats threatened by tourism and recreation on the IUCN 

Red List (diagonal line), residential and commercial development for tourism and recreation (Threat 1.3) (plain 

white), intentionally gathering plants from protected areas (Threat 5.2.1 PA) (plain grey) and human intrusions 

and disturbance by recreational activities (Threat 6.1) (plain black) 

Most of the orchids in the IUCN Red List are terrestrial (324 species) of which 38% were threatened by tourism 

and recreation (Table 3). The most common threats were development (26% of all species), and recreational 

activities (25%). Epiphytic orchids accounted for 20% of the species threatened by tourism and recreation, with 

collecting the most common threat (Table 3).  There was a significant difference between the three life forms, 

terrestrial, epiphytic and lithophytic, and the likelihood that tourism and recreation is a threat among IUCN Red 

Listed orchid species (Chi square test, p < 0.001).  

Table 3. Tourism threats listed by form. T&R = tourism and recreation, PA = protected area, Threat 1.3 = 

residential and commercial development for tourism and recreation areas, Threat 5.2.1 = intentionally gathering 

terrestrial plants within a protected area, and Threat 6.1 = human intrusions and disturbance by recreational 

activities 

 

0 20 40 60 80 100 120 140

Savannah

Rocky areas

Wetlands

Grassland

Shrubland

Forest

Number of species

H
ab

ita
t t

yp
e



11 
 

Form With 
threat 
data 

At least one 
T&R threat 

Development 
(Threat 1.3) 

Collecting 
(Threat 
5.2.1 in PA 

Recreational 
activities (Threat 
6.1) 

Terrestrial 324 122 85 58 82 
Epiphytic 162 32 14 22 7 
Lithophyte 37 10 6 5 8 

 

The threat of tourism and recreation was not evenly dispersed within the Orchidaceae, with some genera more 

likely to be threatened by these activities (Chi-square test p<0.001). Two genera Paphiopedilum (37 species) 

and Cypripedium (41 species) included many species threatened by tourism and recreation while there were 48 

orchid genera on the Red List with no species threatened by tourism and recreation, and 31 genera with only one 

species threatened by tourism and recreation.  

Discussion 

Tourism and recreation threats 

Tourism and recreation is a common threat to orchids globally, including species threatened by development, 

activities, and collecting plants in areas associated with tourism and recreation. The impacts of tourism and 

recreation were high, showing that the threats are ongoing, impacting whole populations and causing, or likely 

to cause, rapid declines. The number of orchid species threatened by tourism and recreation is only likely to 

increase. This is due in part to the backlog of species to be added to the Red List, tourism and recreation 

becoming more widely recognised as a threatening process, but also because tourism and recreation impacts 

continue to spread globally (UNWTO 2015b). The three tourism and recreation threats often co-occurred 

indicating a potential threat syndrome and in some situations, will need to be managed as such. For instance, in 

areas where there is infrastructure for tourism, there will be an increase in visitors and therefore potentially 

greater environmental impacts from recreation activities and an increased risk of people collecting orchids from 

the wild. 

Due to high specificity and localised populations of orchids, habitat alteration contributes to declines in local 

populations and for some, extinctions (Duncan et al. 2005; Swarts and Dixon 2009a; Swarts et al. 2010; 

Ballantyne and Pickering 2012). The most common tourism and recreation threat to orchids was development. 

This includes developments in areas such as ski areas, golf courses, resorts, county parks, campgrounds, coastal 

and estuarine tourist resorts (IUCN 2016b; Hall 2001). Tourism and recreation developments in such areas often 

involve land clearing, leaving a substantial environmental footprint (IUCN 2016b). Larger scale tourism 
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developments in areas of high biodiversity will also increase the severity and number of species threated by 

extinction including orchids, such as mega resorts in the Canary Islands (Ballantyne and Pickering 2013).   

Tourism and recreation activities threaten native orchids including damage to plants from trampling (Buckley 

and Pannell 1990; Duncan et al. 2005; Light and MacConaill 2007; Ballantyne and Pickering 2012). Terrestrial 

orchids are often sensitive to trampling as they tend to be low growing, easily crushed and can often have 

limited capacity to recover from this type of disturbance (Light and MacConaill 2007, 2011; Ballantyne and 

Pickering 2012). This makes them particularly suseptible to damage from activities such as hiking, mountain 

biking, horse riding, trail bikes and other recreational vehicles. Human intrusions and disturbance by 

recreational activities was a common threat to orchid species in the Red List. These disturbances are defined by 

the IUCN as people spending time in nature or traveling in vehicles outside of established transport corridors, 

usually for recreational reasons. They include activities such as off-road vehicles, motorcycles, snowmobiles, 

mountain bikes, hikers, cross-country skiers, birdwatchers, pets brought into recreation areas, temporary 

campsites, caving and rock-climbing among others (IUCN 2016b). Minimising the impacts of these activities on 

orchids can involve spatial and temporal restrictions on some of these activities in areas where orchids are 

growing, particularly when they are flowering, as well as improving infrastructure such as the use of raised 

boardwalks or other facilities that can limit impacts of trampling when the activities are permitted. 

The illegal collection of plants from the wild contributes to declines in orchid populations and in some cases, 

threatens species with extinction (Swarts and Dixon 2009a; Cribb et al. 2003). Orchids are taken from the wild 

for ethnobotanical reasons, such as medicinal properties, food sources, illegal trade for horticulture and for 

personal collections (Subedi et al. 2013; Seaton et al. 2013). For example, more than 53,000 wild collected 

orchids were exported from both Vietnam and Central America in 1999 (Broad et al. 2003) and an estimated 6.1 

million orchids were harvested in Iran in 2014 (Ghorbani et al. 2014). Plant collecting is devastating whole 

populations of orchids, with the over-exploitation threatening 98% of Indonesian orchid species (Budiharta et al. 

2011).  

Tourism and recreation in protected areas can facilitate orchid collecting. Visitors to protected areas may come 

deliberately with the intent to collect orchids (‘orchid thieves’), or may only form this intent once they see 

orchids within a protected area. In either case, attractive and/or rare orchids close to tourism facilities such as 

hiking trails, camp grounds, viewpoints and climbing routes in protected areas are known to be at risk from 

plant collecting (Pickering & Ballantyne 2012). We found that 17% of IUCN Red Listed orchids that occurred 
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in protected areas were under threat from collecting. Due to the high demand for orchids, all orchid species are 

listed on the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES), 

however, the illegal trade continues (Roberts and Dixon 2008). Regulating, monitoring and educating visitors to 

protected areas along with better enforcement of penalties can help reduce orchid collecting in these locations 

(Phelps and Webb 2015).  

Geographic patterns 

There were clear geographic patterns in where tourism and recreation threatens orchids, which could be 

indicative of the threat itself or of variability in regional reporting. East Asia, for instance, had a high proportion 

of orchid species threatened by tourism and recreation (80%, 65 species). All of these species occur in China, 

which is likely a reflection of the high diversity of orchids in the region (around 750 species, WCSP 2016), but 

also the popularity of tourism in the region, with China the fourth leading tourist destination in the world with 

57 million visitors in 2015 (UNWTO 2015c; Zhong et al. 2008). 

The region with the most threatened orchids on the Red List, Sub-Saharan Africa, had few species threatened by 

tourism and recreation. Much of the tourism and recreation development in Africa is in savannahs and 

grasslands where fewer orchids are found compared to African tropical forests. Many of the threatened African 

orchids were in Madagascar, with the 98 Red Listed species accounting for nearly 10% of the approximately 

1000 orchid species found in the country (Cribb and Hermans 2007). Madagascar is renowned for the popularity 

of its nature based tourism, but also high levels of plant endemism and large numbers of threatened plants 

(Cribb and Hermans 2007; Fidely and Yan 2008). As a result, increasing conservation efforts in Madagascar is 

particularly important, including expanding the currently relatively limited protected area system (Mittermeier et 

al. 2005) and minimising the impacts of expanding tourism and recreation industries.  

For Oceania, which includes Australia (home to >1300 orchid species), there were only 11 species of orchid on 

the Red List with threat data (IUCN 2016b; Jones and Bolger 2006). This underestimates the number of 

threatened orchids within the region including those threatened by tourism and recreation. For example, there 

are 200 orchid species currently listed as threatened by the Australian Government (Australian Government 

2016), of which 90 were threatened by tourism and recreation (Rankin et al. 2015). This discrepancy highlights 

one of the limitations of using databases such as the Red List where they can be delays in listing species from 

certain regions.  

Habitat, growth form and genera  
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Tourism and recreation threatened orchids in many habitats, but particularly orchids in forests. Deforestation, 

including for tourism and recreation developments, is a major threat to forests globally and hence to the high 

diversity of orchids, particularly epiphytic orchids in forests (Swarts and Dixon 2009a). The recovery of 

epiphytic orchids often depends on the regrowth of the host trees and hence can be slow. For example, in 

Bolivia, there was a 90% reduction in epiphytic orchids in secondary forest compared to primary forest. Similar 

results were found in Ecuador (Gradstein 2008). Limiting deforestation, including for tourism and recreation 

developments, will help protect epiphytic orchids and other forest-dependent species. 

Orchids are diverse with between 850-1000 genera. Of these, 93 genera were on the IUCN Red List with threat 

data. Within the Red List, two genera Paphiopedilum and Cypripedium were dominant and contained many 

species threatened by tourism and recreation (37 and 41 species, respectively). Both of these genera are 

ornamental favourites and as a result, illegal collecting has contributed to rapid declines in several of the species 

of Paphiopedilum and Cypripedium (Cribb and Sandison 1998; Luo et al. 2002; Liu et al. 2006). The 

propagation of varieties of popular orchids, such as taxa from these two genera, can help minimise the need for 

people to collect orchids from the wild (Swarts and Dixon 2009b; Giri and Tamta 2012).  

There were differences in the number and proportion of orchids threatened by tourism and recreation among 

epiphytic, terrestrial and lithophytic orchids. Many terrestrial orchids were threatened by tourism and recreation 

(38%). This includes species threatened by development and recreational activities, threats which are likely to 

directly affect ground orchids. In contrast, plant collecting was a more common threat for epiphytic orchids 

including intentional collecting in protected areas (44%). This was not surprising considering the competitive 

nature of orchid collecting and the relative ease of cultivating epiphytic versus terrestrial orchids (Jones and 

Bolger 2006). The illegal collection and trade in epiphytic orchids is a global issue and studies have shown 

epiphytic orchids are the most common plant group sold (Flores-Palacios and Valencia-Díaz 2007).  

Limitations 

The IUCN Red List is a valuable tool for research and conservation and is used extensively for the management 

of threatened species (Rodrigues et al. 2006). There are, however, important limitations associated with using 

the database for research (Possingham et al. 2002). The underrepresentation of threatened species from specific 

regions is a major limitation and potentially stems from the Red List relying on different government bodies and 

research institutions to provide data. This results in data gaps for some regions renowned for high biodiversity. 

For instance, less than half of the national threatened orchid listings in China are also represented on the IUCN 
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Red List (Wang et al. 2016). Similarly, of the 200 species considered threatened in Australia by the Australian 

Government (Rankin et al. 2015, Australian Government 2016), only five are also on the Red List (IUCN 

2016b). Even within Australia there are important gaps, with Western Australia a global biodiversity hotspot, 

having approximately 400 species of terrestrial orchids, 76 of which are considered threatened and almost all are 

endemic (Brundrett 2007). However, only one of the orchids from the region, Caladenia dundasiae, was on the 

IUCN Red List (IUCN 2016b).  

For species that have made it onto the Red List, there are also important gaps in the data available. This includes 

77 orchid species on the Red List with no threat data. When there is threat data available, it not always 

comprehensive, with many species missing data on the severity of the threat. Even when there is severity data, it 

needs to be treated with some caution as there are often issues with the underlying trend, geographic range and 

population size data for species in the Red List within and among regions and among taxonomic groups (Maes 

et al. 2015). These limitations of the Red List concomitantly limited our capacity to assess the full range of 

orchid species threatened by tourism and recreation, and also the relative importance of tourism and recreation 

as a threatening process compared to other threats to orchids. Adding more species, and more complete data, 

will make the Red List a more robust source of information on global threats to plants including the threat of 

tourism and recreation to orchids. 

Conclusions 

Tourism and recreation are common threats to orchids globally. This study has provided evidence that tourism 

and recreation pose a threat to 33% of IUCN listed threatened orchids, and the number of orchids threatened by 

these factors will continue to increase. Development was the most common of the three tourism and recreation 

threats, followed closely by recreational activities and plant collecting in protected areas. Each threat often co-

occurred and hence can often be treated and managed as a threat syndrome. Tourism and recreation threatens all 

forms of orchids in diverse habitats, particularly those in forests and shrublands. Research on the extent, severity 

and ways to ameliorate tourism and recreation impacts will help improve conservation and management 

strategies, particularly in protected areas.  

References 

Australian Government (2016) Species listed under the Environment Protection and Biodiversity Conservation 

Act 1999 (EPBC Act). Australian Government, Canberra. 



16 
 

Ballantyne M, Pickering C (2012) Ecotourism as a threatening process for wild orchids. Journal of Ecotourism 

11: 34-47. 

Ballantyne M, Pickering C (2013) Tourism and recreation: a common threat to IUCN red-listed vascular plants 

in Europe. Biodivers Conserv 22: 3027-44. 

Balmford A, Beresford J, Green J, Naidoo R, Walpole M, Manica A (2009) A Global Perspective on Trends in 

Nature-Based Tourism. PLoS Biol 7: e1000144. 

Broad S, Mulliken T, Roe D (2003) The nature and extent of legal and illegal trade in wildlife. In Oldfield S 

(ed) The Trade in Wildlife: Regulation for Conservation. Earthscan, London, pp 3-22. 

Brundrett MC (2007) Scientific approaches to Australian temperate terrestrial orchid conservation. Aust J Bot 

55: 293-307. 

Buckley R, Pannell J (1990) Environmental impacts of tourism and recreation in national parks and 

conservation reserves. Journal of Tourism Studies 1: 24-32. 

Budiharta S, Widyatmoko D, Wiriadinata H, Partomihardjo T, Uji T, Keim AP, Wilson KA (2011) The 

processes that threaten Indonesian plants. Oryx 45: 172-79. 

Ceballos G, Ehrlich PR, Barnosky AD, García A, Pringle RM, Palmer TM (2015) Accelerated modern human–

induced species losses: Entering the sixth mass extinction. Science Advances 1 (5): e1400253. 

Cozzolino S, Widmer A (2005) Orchid diversity: an evolutionary consequence of deception?. Trends Ecol Evol 

20: 487-94. 

Cribb P, Hermans J (2007) The conservation of Madagascar’s orchids. A model for an integrated conservation 

project. Lankesteriana 7: 1-2. 

Cribb PJ, Kell SP, Dixon KW and Barrett RL (2003) Orchid conservation: a global perspective. Orchid 

conservation. Natural History Publications, Kota Kinabalu: 1-24. 

Cribb P, Sandison MS (1998) A preliminary assessment of the conservation status of Cypripedium species in the 

wild. Bot J Linn Soc 126: 183-90. 

Duncan M, Pritchard A, Coates F (2005) Major Threats to Endangered Orchids of Victoria, Australia. Selbyana 

26: 189-95. 

Fidely R, Yan L (2008) Tourism in Madagascar: Foster Destination Awareness to Support the Growing 

Ecotourism Cluster. J Econ Theory 2: 55-62. 

Flores-Palacios A, Valencia-Díaz S (2007) Local illegal trade reveals unknown diversity and involves a high 

species richness of wild vascular epiphytes. Biol Conserv 136: 372-87. 



17 
 

Ghorbani A, Gravendeel B, Naghibi F, de Boer H (2014) Wild orchid tuber collection in Iran: a wake-up call for 

conservation. Biol Conserv 23: 2749-60. 

Giri D, Tamta S (2012) Propagation and conservation of Dactylorhiza hatagirea (D. Don) Soo, an endangered 

alpine orchid. African Journal of Biotechnology 11(62): 12586-12594. 

Gradstein SR (2008) Epiphytes of tropical montane forests-impact of deforestation and climate change. 

Göttingen Centre for Biodiversity and Ecology. Biodiversity and Ecology Series 2: 51-65. 

Hall CM (2001) Trends in ocean and coastal tourism: the end of the last frontier? Ocean Coast Manage 44: 601-

18. 

Hernández-Yáñez H, Kos JT, Bast MD, Griggs JL, Hage PA, Killian A, Loza MI, Whitmore MB, Smith AB 

(2016) A systematic assessment of threats affecting the rare plants of the United States. Biol Conserv 

203: 260-67. 

Holden A (2016) An introduction to tourism–environment relationships. In: Hill, J. and Gale, T. (eds.) 

Ecotourism and Environmental Sustainability Principles and Practice. Routledge, New York, pp. 583-

592. 

Huybers T, Bennett J (2003) Environmental Management and the Competitiveness of Nature-Based Tourism 

Destinations. Environ Resour Econ 24: 213-33. 

IBM (2016) IBM SPSS statistics for Windows, version 24.0. New York: IBM Corp.  

IUCN (2016a) The IUCN Red List of Threatened Species. http://www.iucnredlist.org. Accessed 26 September 

2016. 

IUCN (2016b) The IUCN Red List of Threatened Species. In IUCN - CMP Unified Classification of Direct 

Threats. http://s3.amazonaws.com/iucnredlist-

newcms/staging/public/attachments/3127/dec_2012_guidance_threats_classification_scheme.pdf. 

Accessed 26 September 2016. 

Jones DL, Bolger J (2006) Native Orchids of Australia. Reed New Holland, Sydney. 

Kelly CL, Pickering CM, Buckley RC (2003) Impacts of tourism on threatened plant taxa and communities in 

Australia. Ecological Management & Restoration 4: 37-44. 

Kull T, Selgis U, Peciña MV, Metsare M, Ilves A, Tali K, Shefferson RP (2016) Factors influencing IUCN 

threat levels to orchids across Europe on the basis of national red lists. Ecol. Evol 6(17): 6245-6265. 

Leung Y (2012) Recreation ecology research in East Asia's protected areas: Redefining impacts?. J Nat Conserv 

20: 349-56. 



18 
 

Liddle M (1997) Recreation ecology: the ecological impact of outdoor recreation and ecotourism. Chapman & 

Hall Ltd, Boca Raton. 

Light M, MacConaill M (2007) Effects of trampling on a terrestrial orchid environment. Lankesteriana 7: 1-2. 

Light M, MacConaill M (2011) The role of common orchids in appreciating the complexity of biodiversity 

conservation. Lankesteriana 11:3. 

Liu Z, Liu K, Chen L, Lei S, Li L, Shi X, Huang L (2006) Conservation ecology of endangered species 

Paphiopedilum armeniacum (Orchidaceae). Acta Ecologica Sinica 26: 2791-99. 

Luo Y, Jia J, Wang C (2002) Conservation strategy and potential advantages of the Chinese Paphiopedilum. 

Chinese Biodiversity 11: 491-98. 

Maes D, Isaac NJB, Harrower CA, Collen B, Van Strien AJ, Roy DB (2015) The use of opportunistic data for 

IUCN Red List assessments. Biological Journal of the Linnean Society 115: 690-706. 

Mittermeier RA, Hawkins F, Rajaobelina S, Langrand O (2005) Wilderness conservation in a biodiversity 

hotspot. International Journal of Wilderness 11: 42-46. 

Monz CA, Pickering CM, Hadwen WL (2013) Recent advances in recreation ecology and the implications of 

different relationships between recreation use and ecological impacts. Front Ecol Environ 11: 441-46. 

Newman B, Ladd P, Batty A, Dixon K (2007) Ecology of orchids in urban bushland reserves–can orchids be 

used as indicators of vegetation condition?. Lankesteriana 7:1-2. 

Newsome D, Moore SA, Dowling RK (2012) Natural area tourism: Ecology, impacts and management. Channel 

View Publications. Bristol. 

Nilsson AL (1992) Orchid pollination biology. Trends Ecol Evol 7(8): 255-259. 

doi:http://dx.doi.org/10.1016/0169-5347(92)90170-G 

Phelps J,  Webb EL (2015) “Invisible” wildlife trades: Southeast Asia’s undocumented illegal trade in wild 

ornamental plants. Biol Conserv 186: 296-305. doi:http://dx.doi.org/10.1016/j.biocon.2015.03.030 

Pickering, CM, Bear R, Hill W (2007) Indirect impacts of nature based tourism and recreation: the association 

between infrastructure and the diversity of exotic plants in Kosciuszko National Park, Australia. J. 

Ecotourism 6: 146-57. 

Pickering CM (2010) Ten Factors that Affect the Severity of Environmental Impacts of Visitors in Protected 

Areas. AMBIO 39: 70-77. 

Pickering CM, Hill W (2007) Impacts of recreation and tourism on plant biodiversity and vegetation in 

protected areas in Australia. J Environ Manage 85: 791-800. 



19 
 

Pimm SL, Raven P (2000) Biodiversity: extinction by numbers. Nature 403: 843-45. 

Possingham HP, Andelman SJ, Burgman MA, Medellı́n RA, Master LL, Keith DA (2002) Limits to the use of 

threatened species lists. Trends Ecol Evol 17: 503-07. 

Rankin BL, Ballantyne M, Pickering CM (2015) Tourism and recreation listed as a threat for a wide diversity of 

vascular plants: A continental scale review. J Environ Manage 154: 293-98. 

Roberts DL, Dixon KW (2008) Orchids. Curr Biol 18: R325-R29. 

Rodrigues AS, Pilgrim JD, Lamoreux JF, Hoffmann M, Brooks TM (2006) The value of the IUCN Red List for 

conservation. Trends Ecol Evol 21: 71-76. 

Seaton P, Kendon JP, Pritchard HW, Puspitaningtyas DM, Marks TR (2013) Orchid conservation: the next ten 

years. Lankesteriana 13:1-2. 

Subedi A, Kunwar B, Choi Y, Dai Y, van Andel T, Chaudhary RP, de Boer HJ, Gravendeel B (2013) Collection 

and trade of wild-harvested orchids in Nepal.  J Ethnobiol Ethnomed 9: 1. 

Swarts ND, Sinclair EA, Francis A, Dixon KW (2010) Ecological specialization in mycorrhizal symbiosis leads 

to rarity in an endangered orchid. Mol Ecol 19: 3226-42. 

Swarts ND, Dixon KW (2009a) Terrestrial orchid conservation in the age of extinction. Ann Bot-London 104: 

543-56. 

Swarts ND, Dixon KW (2009b) Perspectives on orchid conservation in botanic gardens. Trends in Plant Science 

14(11): 590-598. doi:http://dx.doi.org/10.1016/j.tplants.2009.07.008 

UNWTO, The World Tourism Organization (2015a) Tourism Statistics and Tourism Satellite Account (TSA). 

United Nations. http://cf.cdn.unwto.org/sites/all/files/factsheet_june2015.pdf. Accessed 27 October 

2016. 

UNWTO, The World Tourism Organization (2015b) UNWTO Annual Report 2015. United Nations.. 

http://cf.cdn.unwto.org/sites/all/files/factsheet_june2015.pdf. Accessed 27 October 2016. 

UNWTO, The World Tourism Organization (2015c) 10th UNWTO/PATA Forum on Tourism Trends and 

Outlook commences in Guilin, China. United Nations. 

http://cf.cdn.unwto.org/sites/all/files/factsheet_june2015.pdf. Accessed 27 October 2016. 

Wang C, Zhang J, Wan J, Qu H, Mu X, Zhang Z (2016) The spatial distribution of threats to plant species with 

extremely small populations. Front Earth Sci 1-10. 

WCSP (2016) World Checklist of Selected Plant Families. Facilitated by the Royal Botanic Gardens, Kew. 

http://apps.kew.org/wcsp/. Accessed 30 September 2016. 

http://cf.cdn.unwto.org/sites/all/files/factsheet_june2015.pdf
http://cf.cdn.unwto.org/sites/all/files/factsheet_june2015.pdf
http://cf.cdn.unwto.org/sites/all/files/factsheet_june2015.pdf


20 
 

Zhong L, Deng J, Xiang B (2008) Tourism development and the tourism area life-cycle model: A case study of 

Zhangjiajie National Forest Park, China. Tourism Manage 29: 841-56. 


