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ABSTRACT 

 

 

 

IMPLICATIONS OF OUTDOOR RECREATION FOR  

WILDLIFE CONSERVATION IN PROTECTED AREAS 

 

 

 

Outdoor recreation is an ecosystem service provided by most protected areas worldwide, 

and it is usually assumed to be compatible with conservation goals. Since participation in 

outdoor recreation is growing globally, this presents a dilemma for conservation planners and 

protected area managers who must manage this demand for recreation while working to protect 

species. In this thesis, I present the results of a systematic review that summarizes and analyzes 

the scientific literature on the effects of recreation on animals (Chapter 1). I then describe the 

findings of a field study in which my co-authors and I measured and modeled recreation in a 

network of reserves in order to understand variability in human use of reserves (Chapter 2).  

An increasing number of studies are discovering negative effects of recreation on 

animals. My co-authors and I used a systematic review process to analyze 218 articles on 

recreation impacts on wildlife, without restrictions on geographic area, taxonomic group, or 

recreation activity. We quantified trends in publication rates and outlets, identified major 

knowledge gaps, and assessed evidence for negative and positive effects of recreation. Although 

publication rates are low and knowledge gaps remain, the evidence was clear with over 93% of 

reviewed articles documenting at least one effect of recreation on wildlife. Birds (39% of 

articles) and mammals (37%) were the focus of the majority of recreation studies, whereas 

research on 1) amphibians, reptiles, and fish, 2) locations in South America, Asia, and Africa, 

and 3) responses at the population and community levels was lacking. Although responses are 
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likely to be species-specific in many cases, some taxonomic groups (e.g., passerine birds, 

shorebirds, ungulates, and coral) had more evidence of an effect of recreation. Counter to public 

perception, non-motorized activities had more evidence of a recreation effect than motorized 

activities, and snow-based activities had more evidence of an effect than other activities.  

In the second chapter, we sought to understand the variation in recreation activity at a 

network of reserves in San Diego County, California. We empirically measured spatial and 

temporal variability in recreation to identify biophysical and socioeconomic factors that 

influenced activity patterns. We measured recreation with remotely-triggered cameras and an 

expert opinion survey, and we used random forest models to identify important factors and make 

predictions to unsampled reserves. Accessibility variables (e.g., numbers of housing units, 

parking lots, and entrances), trail density, and the number of nearby reserves were important 

variables with strong positive relationships with visitation levels. This predictive model has 

applications for reserve planning as human populations continue to grow, and can be used to 

compare species exposure to recreation to prioritize future study and potential conservation 

interventions. Understanding the variability in visitation patterns can help inform protected area 

management policies that will more effectively balance human recreation with biodiversity 

conservation. 
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CHAPTER ONE1 

 

 

 

EFFECTS OF RECREATION ON ANIMALS REVEALED AS WIDESPREAD THROUGH A 

GLOBAL SYSTEMATIC REVIEW 

 

 

 

Introduction 

Participation in outdoor recreation, ranging in scope from international ecotourism to 

local park visits, is growing globally. In the United States, the number of participants in outdoor 

recreation increased by 7.5% and total visitor days increased by 32.5% between 2000 and 2009 

(Cordell 2012). Driven in part by rapid growth in international tourism (UNWTO 2014), 

recreation and ecotourism are also expanding in the developing world (O’Connor et al. 2009); 

visits to protected areas in Africa, Asia, and Latin America increased approximately 2.5 to 5% 

between 1992 and 2006 (Balmford et al. 2009).  

Recreation is commonly assumed to be compatible with biodiversity conservation, in 

contrast to more well-known threats such as population growth and residential development at 

protected area edges (Wittemyer et al. 2008; Wade & Theobald 2010) or subsistence use within 

reserves to help sustain local livelihoods (Naughton-Treves et al. 2005). Most protected areas 

have a dual mandate to conserve biodiversity and improve human welfare through resource use 

or outdoor recreation (Naughton-Treves et al. 2005; Reed & Merenlender 2008). Accordingly, 

recreation is permitted in over 94% of the land in International Union for Conservation of Nature 

(IUCN) protected areas globally (categories Ib-VI; Eagles et al. 2002; IUCN & UNEP 2014). In 

the United States and other developed nations, providing opportunities for outdoor recreation has 

historically been an important reason for the designation of protected areas (Becken & Job 

                                                 
1 Manuscript co-authored with Sarah E. Reed, Adina M. Merenlender, and Kevin R. Crooks 
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2014), while in the developing world, ecotourism has been embraced as a potential win-win 

solution for poverty alleviation and conservation (Naughton-Treves et al. 2005). Furthermore, 

there are numerous benefits of outdoor recreation for human health and communities. People 

with access to natural areas have lower mortality rates (McCurdy et al. 2010), and outdoor play 

promotes mental and physical health in children (Louv 2005). Recreation and ecotourism can 

also be a source of economic revenue for protected areas and the communities around them, and 

can help garner support for conservation (Bushell & Eagles 2007; Zaradic et al. 2009). 

Despite these benefits, there is growing recognition that non-consumptive outdoor 

recreation can have negative impacts on biological communities. Recreation is a leading factor in 

endangerment of plant and animal species on United States federal lands (Losos et al. 1995), and 

is a threat to birds in 65% of biodiversity hotspots (Steven & Castley 2013). Effects of recreation 

on animals include behavioral responses such as increased flight and vigilance (Mainini et al. 

1993; Naylor et al. 2009); changes in spatial or temporal habitat use (George & Crooks 2006; 

Rogala et al. 2011); declines in abundance, occupancy, or density (Banks & Bryant 2007; Reed 

& Merenlender 2008); physiological stress (Müllner et al. 2004; Arlettaz et al. 2007); reduced 

reproductive success (Beale & Monaghan 2005; Finney et al. 2005); and altered species richness 

and community composition (Riffell et al. 1996; Kangas et al. 2010). Many species respond 

similarly to human disturbance and perceived predation risk, forcing a trade-off between risk 

avoidance and fitness-enhancing activity such as foraging or caring for young (Frid & Dill 

2002). 

Although there is a growing body of empirical studies of the effects of recreation on 

animals, a recent global and systematic review does not exist. Early reviews (Boyle & Samson 

1985; Pomerantz et al. 1988; Duffus & Dearden 1990; Knight & Gutzwiller 1995) provide 
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valuable definitions and conceptual frameworks, but were not systematic and need updating to 

reflect literature published in recent decades. In addition, contemporary reviews have restricted 

their scope by location or habitat type (Marzano & Dandy 2012; Sato et al. 2013; Barros et al. 

2014), taxonomic group (Wolfe et al. 2000; Stankowich 2008; Showler et al. 2010; Martínez-

Abraín et al. 2010; Steven et al. 2011), or recreation activity (Orams 2002; Newsome et al. 2004; 

Parsons 2012).  

We conducted a systematic review of the published scientific literature to synthesize 

global effects of recreation across all animal taxa. Such a review facilitates the evidence-based 

conservation necessary to help bridge the gap between conservation science and practice (Pullin 

& Knight 2009). To aid decision-makers faced with dilemmas about managing the demand for 

recreation while trying to fulfill mandates to protect species, it is critical to understand the degree 

to which biodiversity conservation and recreation are compatible, and under what circumstances. 

First, we examined trends in recreation research, including publication rates over time, 

geographic distribution, and study design. Second, we investigated which taxonomic groups 

were most commonly studied, and which had more or less evidence for effects of recreation. 

Similarly, we examined which recreation activities and types of responses (e.g., behavioral, 

abundance, or survival) were most frequently measured, and what effects were observed. Finally, 

we summarized the management strategies proposed by the authors to avoid or mitigate these 

effects. 
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Methods 

Selection of articles 

We systematically searched for articles using the Institute for Scientific Information Web 

of Science database (Thompson Reuters, New York, NY, USA). Our search included all years 

available in the database at the time of the search (1900-2012) in a broad list of journals (n=166) 

from four categories within Web of Science: biodiversity conservation, ecology, zoology, and 

behavioral sciences. From this list, we removed journals that were not published in English, or 

could not be reasonably expected to publish articles on recreation and wildlife. To reduce the 

effect of dissemination bias in our analysis, we included articles published in regional and lesser-

known journals as well as the most widely-read publications (Barto & Rillig 2012). Our search 

did not locate book chapters, articles published in journals not indexed in Web of Science, and 

articles in the gray literature. Within the list of journals, we used keywords “touris*” and 

“recreat*” to search for tourism and recreation articles in Web of Science. We did not include 

taxonomic keywords since titles and abstracts often refer only to their focal species. 

Using titles, abstracts, and the full text as needed, we determined whether each article 

would be included and recorded the reason for rejection if necessary (Pullin & Stewart 2006). 

We excluded consumptive activities (e.g. hunting); however, studies examining consumptive 

activities as a source of disturbance for non-target species were retained. We rejected articles if 

they a) did not study one or more animal species; b) did not directly test effects of non-

consumptive recreation; c) did not collect empirical data (e.g., were review or simulation 

articles); d) studied the effects of recreation infrastructure (e.g., trails or ski lifts) rather than 

recreation activity; or e) examined recreation as a vector for invasive species dispersal or disease 

transmission. Experimental treatments designed to mimic recreational activities were included.  
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Data collection 

Data collected from each article included publication information, geographic location, 

study design, taxonomic group(s), recreation activities, response types, effects found, and 

management recommendations (Table 1). For articles that studied multiple species, recreation 

activities, or response types, we treated each combination of variables as a separate “test,” rather 

than attempting to determine an overall effect for each article. For example, Banks and Bryant 

(2007) examined the effects of hiking and dog-walking on bird abundance and richness, so we 

recorded four tests in our database. While tests from the same study often rely on the same 

animal populations, locations, and data collection efforts, we examined the results of each test 

separately since effects often differed.  

 

Publication trends and geographic distribution 

We summarized the number of articles by publication year, journal category, country, 

continent, and habitat type. We calculated Spearman correlations to assess trends in the number 

of articles per year, both for the articles included in the review and for the overall publication 

volume in the selected journals. Journals were classified into eight broad categories, and articles 

were assigned to one or more habitat classes on the basis of authors’ descriptions (Table 1).  

 

Study design 

To examine how recreation studies have been designed and conducted, we recorded the 

proportion of articles that used an experimental design and included controls and replication. For 

our purposes, any kind of an experimental treatment (e.g., experimental boat passes near a raptor 

nest; Steidl & Anthony 2000) counted as an experimental design, and any treatment or site 
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without recreation counted as a control. We also examined the method used to measure 

recreation: direct observation with human observers, experimental treatment (e.g., researchers 

simulating recreation activities), expert opinion, remote monitoring (e.g., automatic counters), 

permitted use (e.g., whether a site was open to a specific recreational activity), or proxy variables 

(e.g., car counts). 

 

Recreation effect 

The “effect” variable, which was the response variable for several of our research 

questions, was a binary variable indicating whether the recreation effect documented by the 

authors was statistically significant (as defined by the authors). We used the percent of tests 

documenting a statistically significant effect of recreation as a measure of the amount of 

evidence for a recreation impact in our comparisons among taxonomic groups, recreation 

activities, and response types. We caution that a statistically significant effect of recreation does 

not necessarily provide insight into the effect’s magnitude or biological significance. Further, 

authors may include significant results while omitting non-significant findings due to publication 

bias (Lortie et al. 2007). However, we believe this approach is meaningful as a representation of 

the weight of evidence that currently exists, and comparisons across taxonomic groups, 

recreation activities, and response types can be informative for better-studied groups. 

We categorized all significant effects as negative, positive, or unclear. Negative 

responses were consistent with the following effects of recreational disturbance at the 

community, population, or individual (behavioral or physiological) levels: 1) community: 

decreased diversity; 2) population: decreased survival, reproduction, occurrence, or abundance; 

3) behavioral: behavior typically assumed to reflect negative responses to anthropogenic 
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disturbance, e.g. decreased foraging or increased vigilance; and 4) physiological: physiological 

condition typically assumed to reflect disturbance effects, e.g. decreased weight or increased 

stress. Conversely, positive responses were in the opposite direction. We were unable to classify 

some responses and labeled them “unclear.” Examples of unclear effects were behavioral 

responses that did not have obvious fitness consequences (e.g., decreased vocalizing) and tests 

with non-linear responses (e.g., highest reproductive success at an intermediate level of 

recreation). We note that positive responses do not necessarily imply positive outcomes for 

biodiversity conservation; for example, an increase in species diversity could be attributable to 

an increase in non-native species. 

 

Taxonomic groups, recreation activities, and response types   

We examined differences in research focus and evidence for recreation effects among six 

broad taxonomic groups: amphibians, birds, fish, invertebrates, mammals, and reptiles. We then 

divided groups with sufficient sample size (≥15 tests on ≥5 different species) into narrower 

taxonomic classifications (Classes for invertebrates and fish; Orders for birds, mammals, and 

reptiles; amphibians were omitted due to small sample size), and subdivided Classes or Orders 

with sufficient sample sizes (≥15 tests on ≥5 different species) again into Orders or Families. We 

also grouped species by their IUCN status (IUCN 2014).  

We grouped recreation activities into 18 types (Table 1) and created broader categories 

for more general comparisons: winter terrestrial (snow and ice-based activities such as skiing and 

snowmobiling), summer terrestrial (land activities not requiring snow or ice), and aquatic 

activities. We also compared non-motorized and motorized activities. Finally, we categorized 
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response types into diversity, survival, reproduction, abundance, occurrence, behavior, and 

physiological measures, as well as “other” responses (e.g., sex ratio). 

 

Management recommendations 

 To qualify the management recommendations noted in the articles and provide a useful 

synthesis for land managers, we categorized recommended management actions as follows: 

spatial restrictions, capping visitation, increasing visitor education, temporal restrictions, 

improving infrastructure, adding or changing rules, enforcement of existing rules, staff training, 

or “other” (Table 2). Calls for additional research, although common in the literature, were not 

considered management recommendations. 

 

Statistical analysis 

To assess gaps in the literature, we used chi-square goodness of fit tests to determine if 

the distribution of articles differed significantly from an even distribution. We performed this test 

for journal type; habitat type; continent; IUCN status; taxonomic groups, starting with the 

broadest groups and progressing down to Family when possible; recreation activities; and 

response types. We used logistic regression models to compare the amount of evidence for 

overall, negative, and positive recreation effects where sample sizes were sufficient, which we 

defined as 15 tests. Since multiple tests were often extracted from a single article, we included 

the article identifier as a random effect in each of the regression models.  
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Results 

Our initial keyword search resulted in a list of 1770 articles. After careful review, the 

final list included 218 articles (Appendix SI) with results for 1611 tests. Articles were rejected 

when authors: did not study one or more wildlife species (37.3%), did not directly test an effect 

of recreation on wildlife (35.7%), tested the effects of consumptive recreation only (9.1%), tested 

effects of recreation infrastructure only (2.4%), conducted review studies (1.2%), examined 

recreation as a mechanism for the spread of invasive species or disease (1.1%), conducted 

modeling or simulation studies (0.6%), or did not include statistical tests of the effects of 

recreation (0.3%). 

 

Publication trends and geographic distribution 

The earliest articles discovered by our search were published in 1981, and the peak year 

was 2008 with 23 articles. Although total publication volume rose from 1981 to 2012, so did the 

proportion of articles that met our criteria (Spearman’s rank correlation rs=0.842, p<0.001; Fig. 

1). Recreation studies were not evenly distributed among journal types (χ2=208.67, p<0.0001). 

Most of the included articles were published in conservation (40.4%) and wildlife (19.3%) 

journals, followed by ecology (15.1%), taxa-specific (10.6%), ecosystem or region-specific 

(9.6%), and behavior journals (3.2%); very few articles were published in general biology (0.9%) 

or other (0.9%) journal categories.  

Geographically, studies of recreation on wildlife were not evenly distributed among 

continents (χ2=147.74, p<0.0001) or habitat types (χ2=220.16, p<0.0001). Most studies were 

conducted in North America (37.6%), Europe (24.3%), and Oceania (15.1%), and relatively few 

in South America (9.2%), Asia (5.1%), Africa (4.6%), and Antarctica (3.7%; Fig. 2a). The 
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United States accounted for 27.5% of the articles, followed by Australia (8.7%), New Zealand 

(6.4%), Spain (5.5%), the United Kingdom (4.6%), Canada (4.1%), and Antarctica (3.7%). Most 

studies were conducted in forest (22.1%), marine (16.1%), grassland (11.5%), and shoreline 

(9.4%) habitats (Fig. 2b). The least well-studied habitat types were tundra (2.7%), polar (2.1%), 

and desert (1.2%), as well as human-modified habitat (agricultural and urban, representing 5.7% 

of articles combined). 

 

Study design 

Approximately one-third (35%) of the articles contained an experimental component, and 

60% contained controls. Most articles (83%) had replication of study sites, treatments, or groups. 

Of the methods used to measure recreation, direct observation was the most common (35.6% of 

articles), followed by experimental treatment (19.2%), expert opinion (15.6%), and proxy 

variables (15.4%). Permitted use as a measure of recreation was less common (9.7%), as was 

remote monitoring (4.5%).  

 

Taxonomic groups 

Research effort in our sample of articles was imbalanced among taxonomic groups, at the 

broadest level (χ2=193.74, p<0.0001) and among bird (χ2=21.30, p=0.0016) and mammal 

(χ2=16.73, p=0.0050) Orders and invertebrate Classes (χ2=9.88, p=0.0072; Fig. 3). Birds (39% of 

articles) and mammals (37%) were the focus of the majority of recreation studies, followed by 

invertebrates (12%), reptiles (5%), fish (5%), and amphibians (1%). Studies of a single species 

were more common (67.1%) than those that examined at least two species. Among birds, the 

most commonly researched Orders were Passeriformes (passerine birds; 36.0% of studies), 
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Charadriiformes (wading birds and gulls; 19.2%), Sphenisciformes (penguins; 7.6%), and 

Accipitriformes (hawks, eagles, vultures; 5.8%). Research on mammals focused mainly on 

ungulates (27.2%), carnivores (27.2%), cetaceans (11.0%), and rodents (9.7%). The greatest 

proportion of invertebrate studies (28.2%) focused on the effects of snorkeling or SCUBA diving 

on corals, followed by studies on arachnids (10.3%), bivalves (10.3%), and cephalopods (7.7%). 

The most commonly studied fish Order was Actinopterygii (ray-finned fish; 58.3%), followed by 

“other” Orders (33.3%), including Chondrichthyes (sharks, stingrays). Research on reptiles 

focused on Orders Squamata (lizards, snakes; 75.0%) and Testudines (turtles; 25.0%). 

We identified the IUCN status of the focal species for 72.4% of tests; the remaining tests 

examined multiple species or species not evaluated by the IUCN. The distribution of these 258 

species into IUCN status groups was uneven (χ2=800.39, p<0.0001); most (82.7%) had a least 

concern status, followed by near threatened (6.7%), vulnerable (4.3%), endangered (3.9%), data 

deficient (2.0%), and critically endangered (0.4%). Endangered species included three mammals 

(black howler monkey Alouatta pigra, Hector’s dolphin Cephalorhynchus hectori, and the 

Barbary macaque Macaca sylvanus), three fish (dusky grouper Epinephelus marginatus, Nassau 

grouper Epinephelus striatus, and the brownstriped gaunt Anisotremus moricandi), two birds 

(Egyptian vulture Neophron percnopterus and the yellow-eyed penguin Megatypes antipodes), 

the boulder star coral Montastraea annularis, and the wood turtle Glyptemys insculpta. The only 

critically endangered species was the Western lowland gorilla Gorilla gorilla gorilla.  

Of the 218 articles analyzed, 93% documented at least one impact of recreation on 

individuals, populations, or communities. Negative effects of recreation were most frequent 

(59.2%), followed by unclear (26.0%) and positive (14.8%) effects. Most (83.0%) of the unclear 

effects were behavioral responses. At the broadest taxonomic level, logistic regression showed 



12 

 

that evidence of negative (F=15.43, p<0.0001) and positive (F=4.19, p=0.002) effects differed 

significantly among taxa, but overall effects did not (F=1.37, p=0.243; Fig. 3). Invertebrates 

(mean±SE: 48.1±3.4% of tests) and reptiles and amphibians together (39.0±6.5%) had the most 

negative effects, and fish (12.0±2.7%) and birds (8.5±1.1%) had the most positive effects.  

For birds, the number of positive effects differed among Orders (F=3.30, p=0.003) and 

were most frequent in Passeriformes (passerine birds; 25.2±6.1%). Evidence of negative 

(F=1.85, p=0.088) or overall (F=2.01, p=0.062) effects did not differ among Orders. Evidence of 

negative effects varied among Charadriiformes Families (F=6.15, p=0.003) and was greatest in 

Charadriidae (e.g., plovers, lapwings; 46.5±11.5%). Among Passeriformes Families, Corvidae 

(e.g., crows, choughs) had the most positive effects (41.1±8.8%; F=7.60, p=0.0007). Mammal 

Orders did not differ in overall evidence of recreation impacts (F=1.75, p=0.121), but did for 

negative (F=6.47, p<0.0001) and positive (F=6.87, p<0.0001) effects. Rodentia had the most 

positive effects (27.5±7.1%) and Artiodactyla (even-toed ungulates) had the most negative 

effects (44.3±5.1%). Invertebrates differed among Classes in evidence of overall (F=8.86, 

p=0.0002) and negative (F=4.71, p=0.0099) effects; the “other” class (e.g. corals, crabs) had the 

most evidence for overall and negative effects (84.1±5.1% overall and 56.1±4.7% negative) and 

Arachnida (spiders) had the least (45.6±1.2% overall and 25.2±8.5% negative).  Finally, fish 

Classes differed in evidence of overall (F=12.96, p=0.0004) and negative (F=15.76, p=0.0001) 

effects; the “other” grouping (e.g., sharks, stingrays) had more evidence for overall and negative 

effects (63.8±6.3% overall and 37.2±8.4% negative) than Actinopterygii (ray-finned fish; 

32.5±5.1% overall and 9.3±3.6% negative). Low sample sizes precluded comparison of 

amphibian or reptile taxa. 
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Recreation activities 

The articles in our sample examined a wide variety of recreation activities, but did not 

study them evenly (Fig. 4a; χ2=2368.4, p<0.0001). Summer terrestrial activities were the most 

common, comprising 70.2% of activities, followed by aquatic (20.8%) and winter terrestrial 

(5.4%). Motorized forms of recreation, including off-highway vehicles, snowmobiles, and 

motorized boats, were examined in only 11.6% of articles. The most commonly-studied specific 

activity was hiking (27.7% of articles).  

Winter terrestrial, summer terrestrial, and aquatic activities varied in evidence of overall 

(F=5.09, p=0.0062) and negative (F=14.05, p<0.0001) effects. Winter terrestrial had the most 

evidence of overall (73.2±5.5% of tests) and negative (35.9±6.0%) effects. Non-motorized 

activities had more negative effects than motorized activities (33.8±1.4% versus 22.3±3.0%; 

F=11.47, p=0.0007). Evidence of overall (F=2.75, p=0.0001), positive (F=2.64, p=0.0003), and 

negative (F=6.10, p<0.0001) recreation effects varied across individual recreation activities (Fig. 

4b). Activities with the most evidence of overall effects included cross-country skiing and 

snowshoeing (79.3±7.5% of tests), alpine skiing (77.6±8.1%), fishing from shore (73.1±8.7%), 

and beach use (71.2±5.3%).  

 

Response types 

Response types were not examined evenly (χ2=1051.6, p<0.0001); behavioral (35.0%) 

and abundance (20.7%) responses to recreation were the most common (Fig. 5a). Only 7.1% of 

tests measured species richness or diversity and 2.5% measured survival. The evidence of overall 

(F=5.69, p<0.0001) negative (F=17.7, p<0.0001), and positive (F=2.58, p=0.025) effects varied 

significantly among response types (Fig. 5b). Physiological responses had the most overall 
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effects (61.6±4.1% of tests), followed by diversity/richness (57.2±6.6%) and behavioral 

(54.5±2.3%) responses; reproductive responses (34.0±5.2%) had the fewest overall effects. 

Physiological (49.6±4.1%) and diversity (48.2±6.6%) responses had the most negative effects, 

while behavioral responses had the most positive effects (10.0±1.2%). 

 

Management recommendations 

More than one-third (35%) of the included articles did not provide management 

recommendations (Table 2). Of those that did include recommendations, the most common types 

were spatial restrictions (29.2%), capping visitation (14.6%), and visitor education (13.0%). 

Enforcement of existing rules (6.1%) and staff training (1.2%) were the least frequently 

suggested management strategies. 

 

Discussion 

Although published research on recreation effects on animals increased by an order of 

magnitude from 1981 to 2012, the proportion of the literature devoted to the subject remains 

small (0.11% of our target journals in the highest year) and many gaps in knowledge remain. 

This research may not be reaching a broad audience even among conservation scientists; over 

20% of articles were published in journals specific to a taxonomic group, geographic region, or 

ecosystem, whereas few were published in the broadest journals. The articles had a strong 

geographic bias toward North America, Europe, and Australia. This is troubling, since South 

America, Africa, and Asia contain most of the world’s biodiversity hotspots (Myers et al. 2000) 

as well as popular ecotourism destinations including Brazil, South Africa, Thailand, and 

Indonesia (Christ et. al. 2003); we see an immediate need for recreation impact studies in these 
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areas. A surprising number of studies were conducted in Antarctica, as a result of a growing 

ecotourism industry that often includes visits to penguin colonies (Pfeiffer & Peter 2004). 

Further, the distribution of articles among broad taxonomic groups was skewed in favor 

of birds and mammals, a trend consistent with conservation science as a whole (Clark & May 

2002). However, these are large, diverse groups that still warrant more research; for example, 

passerine birds were the most frequently studied bird Order in our set of articles, but the 69 

species examined therein comprised only ~1% of the 5,000+ species in the Order. There is also 

an urgent need to understand more about the potential effects of recreation on invertebrates, fish, 

reptiles, and amphibians. We found only two articles on amphibians, but their rapid worldwide 

decline and known sensitivity to human disturbance (Welsh & Ollivier 1998; Houlahan et al. 

2000) highlight the need to understand whether recreation could be a contributing factor. In 

general, current research on recreation effects on animals does not include many species of 

urgent conservation concern; less than 10% of species studied are globally threatened (IUCN 

status of critically endangered, endangered, or vulnerable). This mismatch between conservation 

priorities and current research effort must be addressed, since impacts of recreation often occur 

inside protected areas meant to conserve imperiled species. Finally, few articles (32.9%) 

examined more than one species, and studies of species from multiple trophic levels were 

especially rare (4.6%). More research is needed on community-level effects of recreation 

including potential cascading effects (e.g., Leighton et al. 2010).  

Over 80% of articles measured recreation as a categorical variable, typically with ≤3 

levels. Though this approach is simple to implement and analyze, it limits the ability of 

researchers to evaluate how responses may change with different recreation intensities. The 

typically-assumed response relationship of wildlife to human disturbance is curvilinear, where 
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impacts increase quickly with more disturbance, then remain relatively constant (Monz et al. 

2013); however, little empirical evidence exists to support this assumption. Future research 

should measure recreation across intensity gradients to help verify the existence of thresholds 

and examine the shape of these relationships. 

Evidence of recreation impacts on wildlife was clear, with over 93% of reviewed articles 

documenting at least one effect of recreation. As expected, the majority of these effects were 

negative. Among birds, Family Charadriidae (e.g., plovers, lapwings) had considerable evidence 

of negative effects of recreation, consistent with a recent study that found that species from this 

Order (Charadriiformes) were more frequently threatened by tourism than other bird Orders 

(Steven & Castley 2013). Among mammals, Order Artiodactyla had the most evidence of 

negative effects, mostly consisting of behavioral responses to recreation activity (Wolfe et al. 

2000; Stankowich 2008), which were more likely to show a response to recreation than most 

other response types. For invertebrates, stony corals (Class Anthozoa) frequently showed 

negative effects – such as physical damage or reduced abundance – in areas frequented by 

recreational divers (Hawkins et al. 1999; Zakai & Chadwick-Furman 2002).  For fish, negative 

physiological effects of wildlife viewing were documented for Class Chondrichthyes (e.g., 

sharks, stingrays; Semeniuk & Rothley 2008; Semeniuk et al. 2009), and negative effects of 

diving on fish communities have also been recorded (Hawkins et al. 1999).   

Evidence of positive effects of recreational activity was much less common. Birds, 

particularly passerines and corvids, had more evidence of positive effects compared to the other 

broad taxonomic groups. Many corvids are urban adaptors (Marzluff & Neatherlin 2006), and 

several studies found that they quickly become habituated to human disturbance, allowing them 

to tolerate or even thrive in the presence of recreationists (Storch & Leidenberger 2003; Jiménez 
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et al. 2011), sometimes at the expense of other species (Gutzwiller et al. 2002). Of the mammals, 

rodents had the most evidence of positive effects. All but one of these effects were behavioral, 

and most resulted from habituation, for example reduced flight responses in areas with higher 

recreation (Griffin et al. 2007; Cooper et al. 2008).  

We also found that non-motorized activities had more evidence of negative effects than 

motorized activities. Motorized activities are often expected to be more harmful because of their 

speed, noise, and spatial extent (Stankowich 2008), but our results suggest the opposite across a 

wide range of study locations and taxa. A few articles (3.2%) directly compared motorized and 

non-motorized activities; four mammals (guanaco Lama guanicoe, wolverine Gulo gulo, coyote 

Canis latrans, and bobcat Lynx rufus) showed behavioral or occurrence responses to non-

motorized but not motorized recreation (George & Crooks 2006; Krebs et al. 2007; Malo et al. 

2011), whereas the reverse was found for Hector’s dolphin (Cephalorhynchus hectori) behavior 

(Bejder et al. 1999) and ghost crab (Ocypode quadrata) abundance (Steiner & Leatherman 

1981). Our results also suggest that winter terrestrial activities may affect animals more than 

other activities, though the number of articles was small. A recent review of winter recreation 

effects on animals (Sato et al. 2013) supports this conclusion, finding that over half of the 

reviewed articles reported overall detrimental effects, particularly on birds and on species 

richness and diversity.  

Overall, authors observed individual-level (behavioral and physiological) effects more 

frequently than most population-level (occurrence, abundance, and reproduction) effects. Though 

they appeared in few articles, survival and diversity impacts were relatively frequently observed, 

and are important to understand for conservation purposes. Authors of behavioral studies tended 

to measure more responses in a single study than authors of population-level studies, potentially 
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increasing the likelihood of finding significant effects. Behavioral metrics may also be popular 

because they can be simpler to measure and have been proposed as a proxy for demographic 

parameters (Wildermuth et al. 2013). Nonetheless, behavioral metrics might not always reflect 

the true population consequences of anthropogenic disturbance (Gill et al. 2001). Study duration 

can also influence conclusions; one long-term study found that low-level recreation had an effect 

on dolphin habitat use that was not observed in a short-term behavioral study (Bejder et al. 

2006a, 2006b), while another found that short-term behavioral responses did not result in 

changes in the distribution or relative abundance of waterbirds (Guillemain et al. 2007). 

Habituation to recreation is a behavioral response that was discussed in many (39.4%) of the 

included articles, but whether habituation is a beneficial outcome is unclear and warrants further 

study (Bejder et al. 2006a; Baudains & Lloyd 2007). 

Though most articles documented recreation effects, few presented specific, achievable 

steps to minimize impacts. Over one-third of the articles did not describe any management or 

mitigation actions, and many more contained only vague suggestions. We see a strong need for 

empirical tests of the effectiveness of management actions, which were rare. Encouraging 

examples of successful mitigation actions do exist, such as educating divers about avoiding 

damage to coral reefs (Medio et al. 1997), using volunteers to deter harassment of fur seals 

(Acevedo-Gutiérrez et al. 2011), and installing fences to establish disturbance-free areas (Ikuta & 

Blumstein 2003; Cassini et al. 2004). This type of practical evaluation of management strategies 

is critical in assessing the ability of protected areas to meet demands for both recreational 

opportunities and the conservation of biodiversity. Interviewing practitioners would be a useful 

direction for future research in order to assess the type and extent of management strategies 

currently being employed. We also emphasize that even where management recommendations 
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are provided in the scientific literature, it is unclear to what extent they are received by 

practitioners (Cook et al. 2013); a search of unpublished reports and other communications on 

the subject would help inform how well conservation scientists are reaching decision-makers. 

The effects of recreation on animals is still a relatively unknown and low-profile topic in 

the conservation science literature, despite growing evidence that detrimental impacts can occur 

from a wide variety of recreational activities. Further, anthropogenic disturbance associated with 

recreation and tourism – such as habitat conversion for roads and resorts, pollution from 

vehicles, and the spread of invasive species – are likely to have additional effects (Steven & 

Castley 2013), increasing the overall impact of recreation. Recreation effects may also act 

synergistically with other threats to biodiversity, such as urbanization and climate change. This is 

a troubling problem for managers and conservation practitioners, since recreation is an integral 

part of protected areas worldwide (Becken & Job 2014). Finding an appropriate balance between 

biodiversity conservation and outdoor recreation is complicated, especially since impacts vary 

among species and recreation activities. We must start by simply acknowledging that these uses 

are not necessarily compatible for all species, in all locations. This will make it easier to justify 

additional research on this topic, establish restrictions on recreation, and encourage changes in 

the behavior of recreationists, leading to improved conservation outcomes. 
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Tables 

 

Table 1. List of variables collected from articles included in the systematic review of the effects 

of recreation on animals, with descriptions or a list of categories and the type of data collected. 

 
Category Variable Description or list of categories Data type 

Publication Author(s)  text 

Title  text 

Journal  text 

Journal type 

 

Behavior, conservation, ecology, ecosystem/region-specific, 

general biology, taxa-specific, zoology/wildlife, other 

categorical 

Publication year  numeric 

Geographic Continent  categorical 

Country  text 

Habitat type 

 

 

Agricultural, beach, desert, forest, freshwater, grassland, 

marine, polar, shoreline, urban, scrub/shrub, tundra, wetland, 

other 

categorical 

Study design Measure of 

recreation* 

Direct observation, experimental treatment, expert opinion, 

remote monitoring, permitted use, proxy 

categorical 

Experiment Was it an experimental study? yes/no 

Control 

 

Did the study include a control treatment? (e.g. a “no-

recreation” site) 

yes/no 

Replication 

 

Did the study replicate treatments, study sites, observation 

periods, etc? 

yes/no 

Effect Effect* Did the authors find a significant recreation impact? yes/no 

Effect direction* Positive, negative, unclear categorical 

Taxonomic Multiple species Were multiple species studied?  yes/no 

Taxa group Amphibian, bird, fish, invertebrate, mammal, reptile categorical 

Scientific name*  text 

Common name*  text 

Recreation Activity* 

 

 

 

 

Alpine ski/snowboard, beach use, biking, boat (non-

motorized), camping, cross-country ski/snowshoe, dog-

walking, equestrian, fishing (shore), hiking, running, motorized 

(boat), motorized (land), swimming/diving, wildlife feeding, 

wildlife viewing (boat), wildlife viewing (land), other 

categorical 

Response Type* 

 

Abundance, behavioral, diversity/richness, occurrence, 

physiological, reproductive, survival, other 

categorical 

Management Recommendations 

 

 

Cap visitation, improve infrastructure, rule change, staff 

training, spatial restrictions, temporal restrictions, visitor 

education, none, other 

categorical 

* For articles that studied multiple species, recreation activities, or response variables, we treated each combination 

of variables as a separate “test,” and recorded the information marked with an asterisk (*) for each test individually.  
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Table 2. General management recommendations suggested by authors of articles included in the 

systematic review of the effects on recreation on animals. 

 
Recommendation Examples Frequency (%) 

Spatial restrictions Designate a trail-free area within protected area; establish 

minimum approach distances to animals 

29.2 

Cap visitation Limit the number of visitors that can enter the area per day 14.6 

Visitor education Educate SCUBA divers about the impacts of human contact on 

coral; instruct visitors about effects of noise on sensitive species 

13.0 

Temporal restrictions Limit recreational access during the breeding season 11.3 

Physical improvements Restore habitat; install fencing around sensitive areas 8.5 

Rule change Restrict boat speed in sensitive areas; prohibit wildlife feeding 8.1 

Other Species translocations; increased use of private land for 

conservation 

8.1 

Enforcement Enforce leash laws; keep people on trails 6.1 

Staff training Train staff in visitor education 1.2 

No recommendations  35.2 
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Figures 

 

 
Figure 1. Published articles on the effects of recreation on animals by publication year, shown as 

raw numbers (shaded bars) and as a percent of the overall publication volume of the journal set 

used in the systematic review (trendline; a second order polynomial function). 
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Figure 2. Distribution of published articles on the effects of recreation on animal species by a) 

the country where the study was conducted, and b) the major habitat type(s). Since some studies 

involved multiple habitat types, the sum (330) is greater than the total number of articles (218). 

Numbers following bars represent the number of articles in each category. 
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Figure 3. Evidence of an effect of recreation by taxonomic group, as measured by the proportion 

of tests that were statistically significant. For articles that studied multiple recreation activities, 

species, or response variables, each combination of variables was treated as a separate test. 

Common names are example species that were present in the reviewed articles. We present 

taxonomic groups that have at least 15 tests and 5 species represented; the remaining taxa are 

included in “other” categories for comparative purposes. Numbers following bars show the 

number of tests, number of articles, and count of unique species. Articles that studied functional 

groups or communities rather than individual species (e.g., insectivorous birds) were added to the 

most relevant “other” category and were not counted as species. Error bars show standard error. 
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Figure 4. Recreation activities included in the systematic review of the effects of recreation on 

wildlife. Panel (a) shows the percent of articles that included each recreation activity (numbers of 

articles follow the bars), and panel (b) shows the percent of tests in which a statistically 

significant effect of recreation on an animal species was observed (number of tests follow the 

bars). Total percentages are categorized into negative, positive, and unclear effects of recreation. 

Error bars show standard error. 
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Figure 5. Types of animal responses to recreation in the articles included in the systematic 

review of the effects of recreation on wildlife, categorized by community-, population-, and 

individual-level response types. Panel a) shows the percent of articles in which each response 

type is tested (numbers of articles follow the bars). Panel b) shows the percent of tests in which a 

statistically significant effect of recreation on an animal species was observed (number of tests 

follow the bars). Total percentages are divided into negative, positive, and unclear effects of 

recreation. Error bars represent standard error. 
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CHAPTER TWO2 

 

 

 

WIDE VARIATION IN HUMAN ACTIVITY IN A SOUTHERN CALIFORNIA RESERVE 

SYSTEM AND POTENTIAL IMPLICATIONS FOR ANIMAL CONSERVATION 

 

 

 

Introduction 

 

In the United States and other developed nations, providing opportunities for outdoor 

recreation has been an important motivation for the establishment of protected areas (Becken & 

Job 2014). Recreation is beneficial for human health and community livelihoods (Louv 2005; 

McCurdy et al. 2010) and can help raise support and funds for land conservation (Bushell & 

Eagles 2007; Zaradic et al. 2009). Participation in outdoor recreation is growing. In the United 

States, the number of participants grew 7.5% between 2000 and 2009 and total visitor days 

increased by 32.5%, and these trends are expected to continue until at least 2060 (Cordell 2012).  

Outdoor recreation is usually assumed to be compatible with conservation goals and is 

permitted in most protected areas worldwide, including 94% of the land area in IUCN protected 

areas (Eagles et al. 2002; IUCN & UNEP 2014). However, emerging research demonstrates that 

recreation can have damaging effects on plants and animals (Sato et al. 2013; Monz et al. 2013; 

Barros et al. 2014). This threat is widespread, as recreation activity is listed as a threat to birds in 

65% of the world’s biodiversity hotspots (Steven & Castley 2013), and our systematic review 

found that recreation had at least one demonstrated effect on animals in 93% of published studies 

(Chapter 1). This creates a dilemma for conservation practitioners and protected area managers 

who must manage the demand for outdoor recreation while fulfilling mandates to protect species 

and ecological communities.  

                                                 
2 Manuscript co-authored with Sarah E. Reed, Adina M. Merenlender, and Kevin R. Crooks 
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To inform decisions about recreation in protected areas, managers need reliable data on 

basic recreation measures rather than “best guesses” (McClaran & Cole 1993; Griffin et al. 

2010). Visitation measures such as the number of visitors, their spatial and temporal distribution, 

and their chosen recreational activity can help managers understand and mitigate potential 

impacts on ecological communities by identifying areas of particularly high use, allocating staff, 

and monitoring compliance with regulations (Cessford & Muhar 2003; Hadwen et al. 2007). 

There are a variety of approaches for collecting visitation data, ranging from expert opinion data 

((Martin et al. 2012), remote monitoring using trail counters, remotely-triggered cameras, or GPS 

devices (Pettebone et al. 2010; Beeco et al. 2014), visual observations (Arnberger et al. 2005), or 

visitor surveys (Termansen et al. 2004), with no clear consensus on the best methods (Watson et 

al. 2000; Cessford & Muhar 2003; Wolf et al. 2012). Regardless of the monitoring method, 

managing the diverse threats to wildlife posed by recreation requires a better understanding of 

how, where, and when impacts are occurring (Becken & Job 2014), particularly at the landscape 

scale where monitoring efforts are rare (Monz et al. 2010; Braunisch et al. 2011; Rösner et al. 

2013). 

San Diego County, California is an excellent location to study human disturbance on 

wildlife because of its large human population and high levels of biodiversity and endangerment. 

It is the fifth most populous county in the United States with over three million residents (U.S. 

Census Bureau 2013). The county is located in a hotspot of global biodiversity that is home to 

over 500 vertebrate species (Myers et al. 2000), and it is among the counties with the greatest 

number of endangered plants and animals in the continental United States (Dobson et al. 1997). 

The San Diego area’s Multiple Species Conservation Program (MSCP) was one of the first 

multiple species Habitat Conservation Plans developed under the Endangered Species Act and 
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was designed to protect 85 plant and animal species (CA Department of Fish and Game 2012). 

San Diego County’s MSCP reserves are managed by a variety of city, county, and state agencies 

as well as private organizations, and they vary in size and distance from urbanized areas as well 

as the likely intensity of recreational use. This gradient presents a natural experiment over which 

recreational activity can be measured and compared across multiple spatial scales. 

Our goal was to empirically measure spatial and temporal variability in recreation across 

a network of MSCP reserves in San Diego County, California, and to identify biophysical and 

socioeconomic factors that influenced observed differences in activity patterns. Specifically, we 

modeled reserve visitation to understand how accessibility variables (e.g., nearby housing 

density, number of entrances), landscape variables (e.g., proximity of similar reserves, distance 

from coast), and reserve attributes (e.g., slope, vegetation type, trail length and density) 

contributed to the levels of hiking, mountain biking, and horseback riding in our study reserves, 

and how visitation varied between weekdays and weekend days. We also used our models to 

extrapolate predicted levels of human visitation to a larger network of similar reserves in San 

Diego County and used data from a survey of expert opinion to validate these predictions. 

Understanding the drivers of reserve visitation can help to estimate human activity at 

unmeasured reserves, make predictions about the effects of future changes in the reserve 

network, and inform reserve design and land management. Further, overlaying recreation models 

with species distributions can help set priorities for further study on species that are currently 

facing high levels of recreation. 

 

 

 

 

 



40 

 

Methods 

 

Reserve selection 

To select the reserves for field study and for prediction, we identified sites that were 

publicly owned, included in the MSCP, and were at least 100 ha in area. We sought the opinion 

of local biologists, reserve managers, and rangers to inform our final selection of 18 field study 

reserves along an expected gradient of recreation activity (Fig. 6). An additional 28 reserves 

were selected for the prediction set. Prediction reserves were dispersed over a larger spatial 

extent than the field study reserves, so for consistency we eliminated reserves that were 2 or 

more standard deviations away from the mean value from the field reserves for 4 or more of the 

24 predictor variables. Both the field study and prediction sets included reserves open and closed 

to the public. 

 

Field data collection 

 At each reserve, we used maps and field visits to identify all official entrances and 

stratified them into three categories: staging areas were primary access points with parking lots; 

trailheads were established entrances that appeared on reserve maps and were accessible by car 

(often with street parking); and connectors were entrances that were typically difficult to access 

by car, sometimes unmarked, and were generally used by people entering from an adjacent 

neighborhood or another reserve. At closed reserves, we identified the service roads that 

intersected the reserve boundary as the most likely entry points for unauthorized use. Unofficial 

(typically user-created) entrances were common but difficult to locate systematically and were 

not included in our sampling design.  
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 We used remotely-triggered cameras (Bushnell Trophy Cam) to document human activity 

at reserve entrances from July to October 2013. We installed cameras at all staging areas and 

trailheads and a random sample of at least 50% of connectors, with the exception of one reserve 

(Mission Trails) with an unusually large number of entrances, where we placed cameras at all 4 

staging areas, 6 of 11 trailheads, and 1 of 4 connectors. In total, we established 83 camera 

locations across the 18 reserves, with each camera installed for one 14-day period. Cameras were 

placed near the entrance to the reserve, attached to a tree or metal post buried at least 30 cm into 

the soil, and concealed with vegetation where possible. Cameras were set to capture a single 

photo at each motion trigger, and to take no more than one photo every ten seconds. Although 

unofficial entrances were not monitored, unauthorized uses of official entrances (e.g., after-hours 

use or prohibited forms of recreation) were captured by the cameras and included in our counts. 

 

Visitation estimates from field data 

 For cameras that operated for more than 14 days, we randomly truncated either the 

beginning or the end of the sampling period, resulting in even 14-day sampling periods for 

analysis. For cameras that recorded more than 2,000 photos during the sampling period (n = 22), 

we subsampled the data to reduce time spent sorting photos. The goal of our subsampling 

procedure was to randomly select photos but to avoid selecting large numbers of blank photos 

triggered by wind, which affected many cameras from late morning to mid-afternoon. To do this, 

we first identified cameras strongly affected by wind (n = 14 out of 22), which had continuous 

blocks of photos with moving vegetation or blank photos. We then used the distribution of 

photos across the hours of the day from the eight cameras that were not heavily affected by wind 
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to establish proportions of photos to subsample randomly from each hour from each of the 22 

cameras. 

 We viewed each photo and counted the number of individual hikers, mountain bikers 

(referred to as bikers), and people riding or leading horses (referred to as equestrians). We 

recorded the direction of travel in order to quantify the imbalance of people entering versus 

exiting the reserve. We expected that this imbalance was attributable to sampling error (e.g., the 

camera was unable to capture bicycles going downhill due to their speed, but did capture them 

going uphill in the other direction), or to visitors entering and exiting through different entrances, 

including unofficial entrances. These imbalances were sometimes trivial and sometimes 

substantial, so we felt it was important to incorporate them into our reserve-level estimates of 

visitation. 

We created visitation estimates from the camera data, using the following equation to 

produce a reserve-level visitation estimate, defined as the number of single-person visits to a site 

per day (Watson et al. 2000):  

𝑉𝑖 = ∑
 𝑁𝑗 + 𝑘𝑆 ̃+ 𝑙𝑇̃+ 𝑚𝐶̃

2
+ |∑ 𝐵𝑗|  

Here, Vi is visitation at reserve i and Nj is the mean individuals per day (going either direction) 

detected by the camera at entrance j. S, T, and C represent individuals per day at k staging areas, l 

trailheads, and m connectors not sampled with cameras, respectively; these are modeled as the 

median of the individuals per day from other entrances of the same type. The sum of individuals 

from all entrances is divided by 2 because we assume each visitor passed by a camera twice – 

once entering and once exiting, and then these are summed to aggregate to the reserve level. Bj is 

the mean imbalance in individuals per day at entrance j. This represents the total number of 

individuals entering the reserve minus the number of individuals exiting the reserve at entrance j, 
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and can have positive or negative values. These imbalances at each entrance are summed to 

produce the net imbalance at the reserve level, and are added to the reserve level camera 

detections to produce visitation estimate Vi. We calculated separate estimates for mean visitation 

by hikers, bikers, equestrians, and total visitors per weekday, weekend day, and all days for each 

site. We divided our visitation estimates by the area of each site to produce estimates of 

recreation intensity (people/hectare/day). 

 

Expert opinion survey 

As an additional source of information about recreation levels in the reserve network, we 

designed and implemented a survey to systematically collect expert-opinion data regarding the 

reserves and their visitation patterns (Appendix II). The survey was administered via the online 

survey platform Survey Gizmo, and was distributed to rangers and other on-the-ground staff by 

their supervisors. The survey was open from May 28 to November 5, 2013. All responses were 

anonymous, although respondents identified their employer (e.g., City of San Diego). The survey 

asked staff to choose the reserves with which they are the most familiar from a list of publicly-

owned parks, ecological reserves, and open space preserves, and to estimate the number of 

visitors on an average weekday and weekend day, as well as other questions including 

seasonality of recreational activity and unauthorized use. Respondents selected from five 

categorical ranges in visitation: 0-9, 10-49, 50-199, 200-499, and 500 or more people per day. 

We used the midpoint of these categories in comparisons with estimates from the field data and 

modeling approaches (750 was the midpoint selected for the 500 or more category). We used the 

survey data as an independent source of information to help validate both the empirical estimates 

and the model predictions of visitation to the reserves. 
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Recreation predictors and modeling 

 We hypothesized that visitation could be modeled by several groups of predictor 

variables (Termansen et al. 2004; Neuvonen et al. 2010; Siderelis et al. 2011): accessibility 

(number of entrances and parking lots, and the housing density within different travel times); 

reserve attributes (slope, elevation, vegetation, trail length and density); and landscape context 

(distance from coast, number of similar reserves within different travel times). We derived these 

variables from spatial datasets using ArcGIS and from field visits to the reserves (Table 3). For 

the housing density and substitution predictors, we included a series of variables calculated at 

varying travel-time buffer distances from the reserve (Wade & Theobald 2010) since we 

suspected that their effects were scale-dependent but did not know the appropriate scale 

(Wilmers et al. 2013). We created the travel time buffers using county roads data 

(SanGIS/SANDAG Data Warehouse) that included the average driving speed for each class of 

roads, from which we calculated the time to cross each 1 m pixel. For pixels without roads, we 

assigned a walking speed of 5 km/hour (Theobald et al. 2010). We then created cost distance 

surfaces for each reserve using ArcGIS 10.1, and uses these to calculate the number of housing 

units and substitute reserves within several travel times. 

 We used random forests (RF) to model the level of recreation and the level of recreation 

intensity (visitors per hectare per day), by all visitors, hikers, and bikers. We did not model 

equestrian recreation due to low counts and limited variability of equestrian visitation to the 

study sites. Since prior knowledge of recreation in this system was minimal, exploratory analyses 

were better suited to our goals than confirmatory hypothesis-testing techniques. RF modeling is 

well-suited to exploratory analysis since it can handle a large number of predictor variables – 

including cases in which the number of predictor variables greatly exceeds the number of 
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observations – and it does not require the analyst to make many assumptions about the 

distributions of or correlations among predictor and response variables (Prasad et al. 2006; 

Hochachka et al. 2007; Cutler et al. 2007). They have been shown to perform favorably in 

comparison with other commonly used modeling methods in ecology (Knudby et al. 2010; Oppel 

et al. 2012).  

We used the randomForests package in R to build the RF models (Breiman 2001). Based 

on preliminary exploration and the tuneRF function in the randomForests package, we used 

twice the default number of variables for splitting at each node (mtry=16) for all visitors and 

hikers, and the default number of variables (mtry=8) for bikers. The number of trees for all 

models was 1,000. We log-transformed the response variables to limit the influence of extreme 

outliers (Knudby et al. 2010). We used the RF models to identify important variables, using the 

importance function in the randomForest package. The importance value for a given variable is 

calculated as the percent increase in the mean squared error (MSE) of the model when the values 

of that variable are randomly permutated. We also constructed partial dependence plots for 

variables identified as important to examine the shape of the relationship between predictor and 

response variables. We assessed the RF model fit and performance using the percent of variance 

explained and Pearson correlations between the predicted and observed values.  

 

Recreation prediction 

 We made predictions about the level of recreation by all visitors, hikers, and bikers 

within field and prediction reserves using the predict function of the randomForest package. 

However, because maps of trail networks were not consistently available in a digital format, we 
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were unable to collect trail length and density variables for the prediction reserves. Therefore, we 

made predictions from new RF models that did not include these variables.  

 

Results 

Field data 

The cameras recorded 142,456 photos over 1,379 camera-days, of which 78,551 were 

categorized. These included 41,336 photos of humans and 1,944 wildlife photos, as well as 

28,079 blank pictures. Mean (±SD) human visitation for field study reserves was 211.3±447.8 

(range: 0-1,943) people per day (Fig. 7). The busiest reserve (Mission Trails) was an outlier with 

visitation estimated to be 5.4 times higher than the next highest (Tecolote Canyon, 361 

people/day). Mean recreation intensity was 0.28±0.36 (range: 0-1.22) people per hectare per day. 

Across nearly all reserves, most recreationists were hikers (86.2%) with fewer bikers (12.5%) 

and equestrians (1.4%); however, the number of bikers was similar to or exceeded the number of 

hikers at some reserves (i.e., Del Mar Mesa and Tecolote Canyon). Across all reserves, estimated 

visitation was on average 1.95 times higher (paired t=2.38, p=0.029) on weekend days 

(319.8±642.8) than on weekdays (163.9±368.1). 

Fourteen of the field study reserves also received responses in the expert opinion survey. 

Survey responses and empirical estimates of recreation were strongly and positively correlated (r 

= 0.650, p = 0.012; Fig. 8a). Further, the ranked order of reserves did not differ significantly 

between the two estimation methods (Wilcoxon signed rank test; V = 57, p = 0.808). 
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Recreation modeling 

The RF models performed well, especially for the all visitors model (Table 4); the 

correlation between predicted and observed values (r = 0.954, p < 0.0001; Fig. 8b) and the 

percentage of variation explained (55.7%) were both high. The hiker and biker models also 

performed reasonably well with correlations between predicted and observed values of 0.964 (p 

< 0.0001) and 0.843 (p < 0.0001), and 47.1 and 44.6% of variation explained.  

 As a group, accessibility variables were the most important across all models, but the 

individual variables with the highest importance varied (Fig. 9). For both the all visitors and 

hiking model, housing units within 10 minutes was the most important variable (% increase in 

MSE: 11.49% for the all visitors model, 10.08% for hikers), with other housing variables having 

slightly lesser importance (2.69 - 8.07% for all visitors, 4.29 - 7.34% for hikers). Whether a 

reserve was open to the public and the number of parking lots were also important in both the all 

visitor (7.85% and 4.36%) and the hiking (7.44% and 4.77%) models. For the biking model, 

housing units within 10, 20, 30, and 40 minutes all had high importance values (7.33-8.70%). 

The number of entrances was also important in the biking model (6.86%). Accessibility variables 

had a positive relationship with visitation estimates across all three models, and the shape of the 

relationship between housing units and visitation was typically characterized by a rapid increase 

in visitation at some threshold of housing units (Fig. 10).  

Landscape context variables, specifically the number of substitute reserves within 20 and 

30 minutes, were also important in the three models to varying extents. The number of substitute 

reserves was positively related to visitation for travel times of 20 minutes or greater. Substitute 

reserves within 20 and 30 minutes were the most important for the all visitors (4.77 and 2.63%) 

and hiker (5.26 and 5.08%) models, and within 30 and 40 minutes were the most important for 
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the biker model (2.46 and 2.00%). Distance from the coast was important only in the biking 

model (3.04%), and had a negative relationship with visitation.  

Finally, most reserve attributes had only moderate importance in the RF models. Trail 

variables had some importance in each model, including trail density for all visitors (2.88%), 

trail density (3.25%) and unofficial trail density (3.29%) for hikers, and trail length (6.35%) and 

trail density (2.20%) for bikers. Trail length and density had a positive relationship with 

visitation in all cases. Slope range was somewhat important for the all visitors model (2.44%), 

with thresholds at slope ranges of approximately 50 and 60 degrees (Figure 5), at which point 

visitation increased dramatically. Elevation range (1.18%) had a negative relationship and 

herbaceous cover (2.38%) had a positive relationship with visitation in the biking model.  

 

Recreation predictions 

 Running the RF models without the trail variables had little effect on their performance; 

correlations between modeled and empirically-estimated levels of recreation and percent 

variance explained were similar to the models containing the trail variables (Table 4). Modeled 

visitation levels at the prediction reserves for all visitors (43.1±8.1 per day), hikers (18.3±2.7 per 

day), and bikers (4.2±0.7 per day) were lower than modeled visitation at the field reserves (all t > 

2.1, all p < 0.049). The expert opinion survey responses and the modeled visitation values at all 

reserves were positively and relatively strongly correlated (r = 0.544, p = 0.0009; Fig. 8c). 

However, the ranked order of the reserves differed between the survey responses and model 

predictions (Wilcoxon signed rank test; V = 441, p = 0.013).   
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Discussion 

 

Understanding drivers of recreation activity 

We found that recreational activity varied widely among the reserves in this diverse and 

spatially-expansive network. We successfully modeled this variation using easily-measured 

predictors relating to the accessibility and spatial arrangement of reserves. In our study system, 

the most important drivers of recreation activity were related to reserve accessibility. Housing 

density surrounding the reserves was a strong, positive predictor of recreational activity.  

Specifically, the number of housing units within 10 minutes of reserves was the most important 

variable in our all visitor and hiker models, and was important in the biker models along with 

housing units within 20, 30, and 40 minutes. Bikers generally travel at higher speeds than hikers, 

and our results indicate that they seek out reserves with longer trail networks, consistent with 

findings of Becco et al. (2014). They are thus likely willing to travel further to reach such sites, 

which could explain the importance of housing units within greater travel times for bikers. The 

number of entrances and parking lots were also associated with higher visitation. Accessibility 

(sometimes measured as travel cost) has been identified as an important factor in analyses of 

visitation in other protected area networks (Termansen et al. 2013).  

The effects of nearby reserves that could act as substitutes were moderately important for 

all models, but more important for hikers than bikers. We expected that the number of substitutes 

would be negatively related to visitation since they would compete with each other for visitors 

(Termansen et al. 2008), yet our RF models show a positive correlation, particularly in the 

moderate travel time buffers (20 and 30 minute). We suspect clusters of reserves may have acted 

as an attractant because of trail networks spanning multiple reserves, or due to visitors’ greater 

awareness of the vicinity as a destination for recreation.  
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Predicted visitation levels from the RF models were low compared to the empirical 

estimates and expert opinion data. Despite removing from the prediction set reserves that 

differed excessively from the field reserves, several predictor variables differed considerably 

between field and prediction sites. A few of these were important variables, such as housing 

units within 50 and 60 minutes, the number of entrances, and substitute reserves within 20 and 

30 minutes, and for each of these the field reserves had greater means than the prediction 

reserves. These discrepancies could help explain the consistently low modeled visitation levels at 

prediction reserves. Nonetheless, despite the underestimation of absolute levels of recreation, our 

predictive models performed well, with strong correlations between predicted and observed 

values across sampled reserves and relatively high percentage of variation explained. 

We note that both the visitation and recreation intensity measures used in this analysis are 

averages across the sampling period, which reduces any temporal peaks in recreation. Further, 

our measure of recreation intensity assumes that recreationists are spread evenly across the 

reserve area. This is unlikely because it is known that recreationists concentrate near entrances, 

facilities, and attractions (van der Zee 1990; Monz et al. 2010). Spatially or temporally 

concentrated activity can have diverse effects on animals (Stalmaster & Kaiser 1998; Kerbiriou 

et al. 2009; Malo et al. 2011), and future research should explicitly examine how peak visitation 

events may influence animals differently than steady rates. Identifying threshold levels of 

recreation at which animal responses increase or asymptote (Monz et al. 2013) would be useful 

information for wildlife and land managers. 
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Applications of the recreation model 

The population of the San Diego region is expected to grow by 40% between 2008 and 

2050, and housing is expected to increase by 34% during this time period (San Diego 

Association of Governments 2010), leading to continued urban sprawl. Reserves that are 

currently at the urban fringe may experience rapid housing growth at their borders. Our models 

can help land managers project growth in recreation as nearby housing units increase. For 

example, if housing units within 30 minutes of a reserve grew from approximately 100,000 to 

160,000, a 16% increase, we would expect visitation to be 1.4 times higher than the previous 

level. Further, variables that may have some flexibility at the time of reserve establishment, such 

as the number of parking lots and the total trail length, can be used by planners and managers to 

concentrate visitor use into certain areas or to project the influence of changes on the overall 

level of visitation. These examples show how knowledge of the driving factors behind recreation 

activity can help with current reserve management and future conservation planning. 

 Further, our results imply that, at least in this system, obtaining rough estimates of the 

level of recreation in these reserves using our model is not difficult. Nearly all of the important 

variables we identified were easy to measure using freely-available GIS data (e.g,, parcels, 

elevation). Additionally, the estimates from the expert opinion survey were strongly correlated 

with those derived from empirical field measurements. Considering that there were relatively 

few survey responses per reserve, this is an intriguing result, especially since expert opinion data 

is rarely considered as an option for visitor monitoring (Cessford & Muhar 2003; Arnberger et al. 

2005) or used to create visitation estimates (but see Rösner et al. 2013).  Our survey may have 

been successful because the respondents had extensive experience working on the ground in the 

reserves; respondents averaged 113 (±117) days per year and over 7.7 (±5.9) years working in 
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the reserves. In protected area networks with experienced staff, a systematic survey may be a 

quick and simple approach to develop coarse estimates of visitation. Further, rangers and other 

on-the-ground staff are aware of unauthorized human activity, such as going off trail or into 

closed areas, which other visitor count methods may have difficulty detecting (Rösner et al. 

2013). However, local and regional reserves are less likely to have dedicated staff than state or 

federally managed reserves. It can also be difficult to validate survey data, especially if reserves 

have many entrances or large seasonal variation in recreational use. 

Our recreation modeling approach could be used to examine the exposure of threatened 

animal species to recreation, for example by correlating presence, occupancy, or abundance of 

animal species with predicted levels of recreation. Species with strong positive correlations 

would be expected to have higher exposure to recreation than those with negative or non-

significant correlations. An analysis of species exposure to recreation could help prioritize 

species for future research and guide land management policy. These methods could also be 

applied in other contexts to examine different suites of important drivers of recreation for a 

variety of animal species. Few of the existing studies of the effects of recreation on animals 

suggest specific management actions that could reduce impacts, and fewer still test the 

effectiveness of management actions (Chapter 1). Our approach brings us closer to addressing 

this gap by improving our understanding of the drivers and spatial patterns of recreation. From 

this, we can predict visitation levels at unsampled reserves, forecast changes in visitation in 

response to population growth or altered reserve management, and prioritize both species and 

locations within the reserve network where conflict may be occurring between recreation and 

animal occurrence. We depend on protected areas to provide opportunities for recreation while 

conserving biodiversity, but we must take steps to ensure that these uses are compatible.  
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Tables 

 

Table 3. Predictor variables used to model visitation in study reserves. 

Category Predictor(s) Abbreviation(s) Data source(s) 

Accessibility Housing units (within 10, 

20, 30, 40, 50, and 60 

minutes of travel time) 

HOUS_10, HOUS_20, 

HOUS_30, HOUS_40, 

HOUS_50, HOUS_60  

Parcel data, roads data 

Number of parking lots PKG Field visits, reserve maps and 

websites, aerial imagery 

Number of entrances ENT Field visits, reserve maps and 

websites, aerial imagery 

Open to the public OPEN Reserve websites, reserve 

managers 

Reserve 

attributes 

Area AREA Calculated in ArcGIS 10.1 

Official trail length TR_LNG Digitized trails from aerial 

imagery 

Official trail density TR_DNS Digitized trails from aerial 

imagery, reserve area 

Unofficial trail length UTR_LNG Digitized trails from aerial 

imagery 

Unofficial trail density UTR_DNS Digitized trails from aerial 

imagery, reserve area 

Lakes LAKE Aerial imagery 

Elevation range ELEV Elevation 

Slope range SLP Derived from elevation 

Vegetation (percent cover 

herbaceous, shrub, 

hardwood) 

HEB, SHB, HDW Vegetation 

Landscape 

context 

 

Distance from coast CDIST Calculated in ArcGIS 10.1 

Number of nearby 

reserves (within 10, 20, 

30, and 40 minutes of 

travel time) 

SUB_10, SUB_20, 

SUB_30, SUB_40 

Roads data 
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Table 4. Random forest model performance, as measured by the percentage of variation 

explained (pseudo R2) and the Pearson correlation coefficient (r) between the modeled and 

empirically-estimated levels of visitation at field study reserves, with and without trail length and 

density variables. All correlations are statistically significant at the p = 0.05 level or smaller. 

 
 

 

With trail variables Without trail variables  

r % variation 

explained 

r Mean % variation 

explained 

All visitors 0.954 55.69  0.921 56.32  

Hikers 0.964 47.13  0.956 46.83  

Bikers 0.843 44.62  0.845 44.51  
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Figures 

 

 
Figure 6. Field study reserves (n =18) and prediction reserves (n = 28) in San Diego County, 

California.  
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Figure 7. Visitation estimates for hikers, bikers, and equestrians at the 18 field study reserves. 

The left axis shows recreation estimates divided into activity type, and the right axis shows total 

visitation intensity (visitors per area). 
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Figure 8. Scatterplots comparing a) empirical recreation estimates and estimates derived from an 

expert opinion survey for field reserves (n=14); b) empirical recreation estimates and modeled 

recreation for field reserves (n=18); and c) modeled recreation and estimates derived from an 

expert opinion survey for field and prediction reserves (n=34).  

a) 

b) 

c) 
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Figure 9. Variable importance plots for a) all visitors; b) hikers; and c) bikers. A high value 

indicates that a variable is important to the regression model because when this variable is 

randomly permuted, there is a relatively large change in the error (MSE) across all trees. A 

negative value means that the error decreased when the variable was randomly permuted and 

indicates very low importance. Accessibility variables have white bars, reserve attribute 

variables have medium gray bars, and landscape context variables have dark gray bars. 
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Figure 10. Partial dependence plots for selected predictor variables for random forest models for 

a) all visitors, b) hikers, and c) bikers at a network of reserves in San Diego County, CA, USA. 

Partial dependence plots show the relationship between a predictor and a response variable after 

averaging out the effects of other predictor variables in the model.  
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APPENDIX II 

 

 

 

Expert opinion survey that was distributed using an online survey platform (Survey Gizmo) to 

reserve managers, rangers, and other reserve staff (Chapter 2). 

 

San Diego NCCP Reserves Recreation Survey 

 
Reserve selection 

 

This survey is part of a collaborative project between the California Department of Fish and 

Wildlife, the Wildlife Conservation Society, Colorado State University, University of California 

- Berkeley, and the San Diego Management and Monitoring Program to assess the impacts of 

recreation on wildlife in San Diego County NCCP reserves. The goal of this survey is to gain 

information from local experts about recreational use in San Diego reserves. If you have any 

questions about the survey, please contact Courtney Larson at courtney.larson@colostate.edu. 

We are interested in learning about the type and amount of recreation that occurs on reserves. 

Please choose the 3-5 reserves for which you are most familiar with this information. The 

reserves you choose now will be the ones you are asked about in the remainder of the survey. 

See the reserves on a Google map.* 

 

[Note: in the online survey these were arranged in a table by managing agency] 

[  ] Batiquitos Lagoon Ecological Reserve 

[  ] Border Field State Park 

[  ] Black Mountain Open Space Park 

[  ] Barnett Ranch Open Space 

[  ] City of Chula Vista Central City Preserve 

[  ] Crestridge Ecological Reserve 

[  ] Canada De San Vicente 

[  ] Carlsbad Highlands Ecological Reserve 

[  ] Hollenbeck Canyon Wildlife Area 

[  ] McGinty Mountain Ecological Reserve 

[  ] Otay Mountain Ecological Reserve 

[  ] Plaisted Creek Ecological Reserve 

[  ] Rancho Jamul Ecological Reserve 

[  ] San Elijo Lagoon Ecological Reserve 

[  ] San Felipe Valley Wildlife Area 

[  ] Sycuan Peak Ecological Reserve 

[  ] Cuyamaca Rancho State Park 

[  ] Palomar Mountain State Park 

[ ] Torrey Pines State Natural Reserve 

[ ] Otay Ranch Preserve 

[ ] Otay Valley Regional Park 

[ ] Daley Ranch Open Space Preserve 

mailto:%20courtney.larson@colostate.edu
http://maps.google.com/maps/ms?ie=UTF&msa=0&msid=215664435762681793380.0004d9775d310ba043fe3
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[ ] City of Poway Open Space 

[ ] Iron Mountain 

[ ] Lake Poway Recreation Area 

[ ] Carmel Mountain Open Space Preserve 

[ ] Del Mar Mesa Open Space 

[ ] El Capitan Reservoir Open Space 

[ ] Los Penasquitos Canyon Preserve 

[ ] Marian Bear Natural Park 

[ ] Mission Trails Regional Park 

[ ] Rose Canyon Open Space 

[ ] Sabre Springs 

[ ] San Dieguito River Park 

[ ] Scripps Miramar Open Space 

[ ] Sutherland Reservoir Open Space 

[ ] Tecolote Canyon Natural Park 

[ ] Boulder Oaks Open Space Preserve 

[ ] Del Dios Highlands Open Space Preserve 

[ ] Goodan Ranch and Sycamore Canyon Preserve 

[ ] Hellhole Canyon Preserve 

[ ] Oakoasis Preserve 

[ ] Ramona Grasslands Preserve 

[ ] San Vicente Highlands Open Space Preserve 

[ ] Santa Ysabel Open Space Preserve 

[ ] Simon Preserve 

[ ] Tijuana River Valley Regional Park 

[ ] Volcan Mountain Wilderness Preserve 

[ ] Wilderness Gardens Open Space Preserve 

[ ] San Diego Bay National Wildlife Refuge: Sweetwater Marsh Unit 

[ ] San Diego Bay National Wildlife Refuge: South San Diego Bay Unit 

[ ] San Diego National Wildlife Refuge 

[ ] Tijuana Slough National Wildlife Refuge 

[ ] Blue Sky Ecological Reserve  

 

 
Visitor estimates 

 

What is your estimate of the number of people entering the reserve(s) on an average weekday?  

1 = very low, 10 or fewer people per day 

2 = low, 10-49 people per day 

3 = moderate, 50-199 people per day 

4 = high, 200-499 people per day 

5 = very high, 500 or more people per day 

 1 2 3 4 5 

Reserve 1      

Reserve 2      

Reserve 3      
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What is your estimate of the number of people entering the reserve(s) on an average weekend 

day? Please type in your estimate of the level of use using the following scale: 

1 = very low; 10 or fewer people per day 

2 = low; 10-49 people per day 

3 = moderate; 50-199 people per day 

4 = high; 200 - 499 people per day 

5 = very high; 500 or more people per day 

 1 2 3 4 5 

Reserve 1      

Reserve 2      

Reserve 3      

 

What types of recreation occur at the reserve(s) on an average weekday? Please type in your 

estimate of the level of use using the following scale: 

1 = very low; 10 or fewer people per day 

2 = low; 10-49 people per day 

3 = moderate; 50-199 people per day 

4 = high; 200 - 499 people per day 

5 = very high; 500 or more people per day 

 Hiking Biking 
Horseback 

riding 

Dog-

walking 

Off-

highway 

vehicles 

Other (please 

specify in 

Comments) 

Reserve 1       

Reserve 2       

Reserve 3       

 

Comments:  

____________________________________________  

____________________________________________  

 

What types of recreation occur at the reserve(s) on an average weekend day? Please type in your 

estimate of the level of use using the following scale: 

1 = very low; 10 or fewer people per day 

2 = low; 10-49 people per day 

3 = moderate; 50-199 people per day 

4 = high; 200 - 499 people per day 

5 = very high; 500 or more people per day 

 

 Hiking Biking 
Horseback 

riding 

Dog-

walking 

Off-

highway 

vehicles 

Other (please 

specify in 

Comments) 

Reserve 1       

Reserve 2       

Reserve 3       
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Comments:  

____________________________________________  

____________________________________________  

 

What is your estimate of the number of people entering the reserves on an average weekday 

during each season? Please type in your estimate using the following scale:  

1 = very low; 10 or fewer people per day 

2 = low; 10-49 people per day 

3 = moderate; 50-199 people per day 

4 = high; 200 - 499 people per day 

5 = very high; 500 or more people per day 

 

 

Dec, Jan, 

Feb 

(wet season) 

Mar, Apr, 

May 

(spring) 

June, July 

(mild part of 

summer) 

Aug, Sept 

(hot part of 

summer) 

Oct, Nov 

("California 

spring") 

Reserve 1      

Reserve 2      

Reserve 3      

 

What is your estimate of the number of people entering the reserves on an average weekend day 

during each season? Please type in your estimate using the following scale:  

1 = very low; 10 or fewer people per day 

2 = low; 10-49 people per day 

3 = moderate; 50-199 people per day 

4 = high; 200 - 499 people per day 

5 = very high; 500 or more people per day 

 

 

Dec, Jan, 

Feb 

(wet season) 

Mar, Apr, 

May 

(spring) 

June, July 

(mild part of 

summer) 

Aug, Sept 

(hot part of 

summer) 

Oct, Nov 

("California 

spring") 

Reserve 1      

Reserve 2      

Reserve 3      

 

 
Other reserve information 

 

Do these reserves hold special events that draw large amounts of recreational users? 

( ) Yes 

( ) No 
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If possible, name the event(s), approximate dates, and your estimate of the number of attendees. 

 

 
Event 

name 

Event 

dates 
Number of attendees 

Reserve 1    

Reserve 2    

Reserve 3    

 

Why do you think people choose to visit this reserve rather than others? Choose all that apply. 

 

 Location 

Trail 

length or 

difficulty 

Amenities 
Destinations 

(peaks, etc) 

Wildlife 

viewing 

Activities 

(biking, 

etc) 

Other 

Reserve 1        

Reserve 2        

Reserve 3        

 

Comments:  

____________________________________________  

 

Are there any wildlife species that you think are affected by the presence of visitors in the 

reserves? Please name the species, and the effect(s) you think people might be having. 

 

 Species Effect 

Reserve 1   

Reserve 2   

Reserve 3   

 

Are you aware of any kind of unauthorized use of the reserves? 

( ) Yes 

( ) No 

 

Please list the unauthorized uses you are aware of. 

 Unauthorized uses 

Reserve 1  

Reserve 2  

Reserve 3  

 

 
Experience in reserves 

 

Approximately how many days in the past year have you spent in each reserve? 

 Days 

Reserve 1  

Reserve 2  

Reserve 3  
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How many years have you worked in each of the reserves? 

 Years 

Reserve 1  

Reserve 2  

Reserve 3  

 

Do you have any final comments or questions? 

 

 
Thank you for taking our survey! 

 

 

 


