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Jomsky, Mark

F.om Leeona Klippstein [leeona@earthlink.net]
ent: Sunday, January 31, 2010 7:00 PM
o: Tornek, Terry; Bogaard, Bill; Gordo, Victor; Madison, Steve; Haderlein, Steve; Robinson,

Jonathan (ITSD); McAustin, Margaret; Mclintyre, Jacqueline; Holden, Chris

Cc: Fuentes, Theresa; Laveaga, Rosa; Jomsky, Mark; Craig Sherman; gaboon@sbcglobal net;
Mary E Barrie; Hugh Bowles; Beck, Michael; Marietta

Subject: Public Comments on Agenda #6 for 2/1/10 - City Council Hearing (1)

Attachments: 1.26.10 Attach to Comments on HahaAnnex.docx; A Critique of Mountain Bikes.docx;

Assessing the Impacts of Humn Activities on Wlldhfe pdf

1.26.10 Attach A Critique of  Assessing the

> Comments on Mountain Bikes...npacts of Humn . i o
Please find a comment letter from Spirit of the Sage

Council for Agenda ltem #6, for submission to the City Council - Public Comment on
2/1/10 , or thereafter. The comment letter is attached and included are 15 attachments
that will follow in groups of 3 in 5 emails.

If you are unable to retrieve the attachments, please contact me to resend.
Thank you
.eeona Klippstein, Executive Director

Spirit of the Sage Council
(626) 676-4116

! 02/01/2010
Item 6



Spirit of the Sage Council

Defending & Protecting Native Plants, Wildlife and Sacred Lands

City of Pasadena
Mayor & Council Members
Via E-mail : "ttornek@cityofpasadena.net” <ttornek@cityofpasadena.net>, "Mayor Bob

Bogaard" <bbogaard@cityofpasadena.net>, "City Council Member Gordo" <vgordo@cityofpasadena.net>, "Council
Member Steve Madison" <smadison@cityofpasadena.net>, "Council Member Steve Shaderiein"
<shaderlein@cityofpasadena.net>, "jrobinson@cityofpasadena.net” <jrobinson@cityofpasadena.net>,
"mmcaustin@cityofpasadena.net” <mmcaustin@cityofpasadena.net>, "Chris Holden's office”
<jmcintyre@cityofpasadena.net>, "cholden@cityofpasadena.net” <cholden@cityofpasadena.net>,

February 1, 2010

RE: Public Comment on Agenda Item # 6 - proposed adoption of Hahamongna and Annex Projects, ASMP
Addendum, and Initial Study etc. (“Project”) — before City Council for February 1, 2010.

On behalf of Spirit of the Sage Council (Sage Council), 1 am submitting the following published scientific
papers, studies, FWS communication and photo as supplemental information to the January 25" comment
letter submitted by the Law Office of Craig Sherman, on behalf of the Sage Council. These scientific
publications are relevant to the proposed Hahamongna/Annex project and others regarding the effects of
roads, trails, mountain bikes and recreational activities on habitat and species of the Arroyo Seco ecosystem.
I’m also including a photo (squirrel in bike wheel) as a visual example of how mountain bikes kill wildlife —
moving too fast to stop for small mammals, reptiles, rodents and even hikers—leading to injuries and even
death.

The Sage Council has a long history of defending the Arroyo Seco and Hahamongna, the indigenous lands of
the Shoshoni — Gabrielino (aka by the State as the “Gabrielino Band of California Mission Indians™). We
opposed the City calling the area a “park” and turning over management to Parks and Recreation for
numerous reasons, primarily because there are “Sacred Lands” of cultural significance — as recorded by the
State “Native American Heritage Commission.” In addition, there is an existing “conservation easement,”
migratory species, endangered species and natural communities that have a high priority for conservation.
Therefore, the Hahamongna area must not be used for “recreational” activities and human uses that are known
not to promote and provide for conservation of natural resources, including wildlife.

Scandia Bldg., 30 North Raymond Ave., Suite 303, Pasadena, CA 91103
Mailing Address - c/o 106 Rockingham Street, Carthage, NC 28327
Telephone - (626) 676-4116 and (910) 947-5091
www.sagecouncil.info and www.sagecouncil.com

Spirit of the Sage Council comments 2-1-2010
Agenda Item #6
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...“There are several studies which have directly examined the effects of pets (primarily dogs) in
wildland areas, both on and off leash, and have found that a person walking a dog disturbs wildlife
significantly more than a person walking without a dog. This has been measured in terms of the distance
from the path that animals are flushed and the amount of time it takes for wildlife to return to the vicinity of
the path after the person/person-dog combination have passed. So strictly from an indirect disturbance to
wildlife (this includes flushing birds from nests nearby trails and making them more vulnerable to predation
and abandonment). There is also, of course, the direct interaction between dogs and wildlife as the dogs act
as predators. Even on a leash dogs can catch and kill wildlife that does not flush — eg., juvenile rabbits
that freeze in hopes of not being seen. | have witnessed this myself several times and it is not uncommon as
one might think. Lastly, the dogs do serve as reservoirs and/or vectors for viruses and illnesses (e.g., canine
hepatitis, parvovirus, distemper, mange, etc.), that can be transmitted to coyotes and other mammalian
species. For example, bringing dogs into the Preserve allows for transmission of airborne pathogens such as
parvovirus to be transmitted to wild coyote populations. While we often think more about how coyotes might
“infect” our pets with viruses or diseases, it is a “two way street.”

Horses introduce other issues on conservation lands and again there are many examples of national
and local reserves where equestrian use is restricted. There are several concerns associated with equestrian
use ranging from disturbance of wildlife, to the introduction of non-native flora through feces and direct
transport on hoofs, to increased soil erosion. The issue of disturbance to wildlife is similar to that of dogs.
Horses can carry and spread a significant amount of seeds in their feces thus introducing and/or promoting
the growth of non-native plants along trails and into protected areas. Some seeds are also carried directly on
the animal either stuck to the hoof or within the animal’s hair. Controlling the introduction of non-natives is
already costly, but could be prohibitive so if the introduction of seeds is increased through the allowance of
horses. Horse feces are also known to provide seeds that attract cowbirds, a common parasitic species of
California gnatcatchers, least Bell's vireo, and other open cup nesting bird species. Lastly, it is my
understanding that erosion is more prevalent of trails frequented by equestrians, thus causing water quality
concerns and the need for greater trail maintainence.” (pers email communication, dated 6/17/2009 from Mark
Pavalka ((760)431-9440), USFWS to Tim Milligan, San Bernardino County Open Space District).

I’d like to take this opportunity to clarify that the Sage Council is not attempting to get the existing stable and
arena removed that is used by “Rose Bowl Riders.” The Sage Council is enforcing our Settlement Agreement
with the City, dated 2/19/2004 (Settlement or Sage Agreement). We are opposed to all proposed new trails
and the expansion of trails for bikes, hikers, horses and motorized vehicles. The placement of one such
proposed trail/road would require the creation of a new riding ring for equestrians. This proposed trail and
others should not be approved. The current project proposal does not include or consider the removal of
existing trails. However, any existing or proposed trails/roads that would have a negative impact on habitats
and/or endangered species — especially in the area designated as a protected natural area in the Sage
Agreement — must be removed and restored for the conservation of natural resources.

On a personal note, from 9 -18 years of age 1 rode, owned, trained horses and competed at the Pacific Coast
and national level for hunter jumpers. In the U.S. Army, I trained horses and riders for the U.S. Pentathalon
and Olympics, as well as other positions. I have personal knowledge and emotions when it comes to horses
and equestrians. No matter how much personal fun and recreational enjoyment there is with horses, the need
for conserving natural resources and biological diversity is much greater.

The Arroyo Seco is a biological treasure and deserves to be treated as such by the City, rather than a
recreational area — as proposed. Rather than proposing destructive activities, the City should be taking actions
to restore disturbed natural communities using scientifically sound ecological methods. For numerous years
the City has failed to perform appropriate biological studies and USFWS “protocol surveys” for listed species,
under the Endangered Species Act, prior to developing plans and project designs. Protocols for conducting



species surveys are available from the USFWS Offices and online. Any knowledgeable and qualified
biologists should know how to perform protocol surveys. Once again, there have not been appropriate surveys
performed. Instead, outdated and partial biological information is being referred to, by the City, for this
Project. Sage Council recommends that the City consult formally with the appropriate CDFG, USFWS and
ACOE biologists that are assigned to the region.

Spirit of the Sage Council comments 2-1-2010
Agenda Item # 6
Page 3 of 4 + attached referenced literature

The Project area is within and adjacent to federally designated waters and blue line streams requiring 401 and
404 permits. In addition, the effected project area may “take” listed species (Southwest Arroyo Toad, Red
legged frog, Yellow legged mountain frog, California gnatcatcher, Los Angeles Pocket Mouse, least Bell’s
vireo, and others) requiring the City to consult with USFWS under Section 7 or 10 of the ESA and an EIS
prepared under the National Environmental Protection Act (NEPA). CDFG must also be consulted with under
the California Endangered Species Act (CESA) and Native Plant Protection Act.

Significant changes in the environment have taken place over the past six years and since the ASMP and
HMP were adopted by the City. One such example of a significant change is the “Station” fire that recently
occurred north of the Project area. The fire has temporarily impacted habitat and numerous species have
relocated and utilize the project site, including trees that the City proposes to remove. The City needs to
perform biological surveys and use best scientific methods and modeling to address species “population
dynamics” and distribution to obtain the information needed for the City to make an “informed decision.” The
very proposal not to prepare an EIR for this proposed project is ridiculous, irresponsible and if approved will
be unlawful. The Sage Council requests that the City prepare a full EIR/EIS and perform new biological
surveys — on and adjacent to the Project site, so that the public and City Council can be fully informed
regarding the Projects negative impacts on the environment. Without having adequate updated biological
information the City is unable to design and approve “Alternatives” to the Project that provide for
conservation, other than a “No Project Alternative.” This Project approval puts the “horse before the cart” and
leads the Sage Council, and local residents, to believe that the City is trying to disregard and limit
environmental data. For these reasons and others, the Sage Council is opposed to the Projects proposals and
requests the “No Project Alternative.”

At one time, the City protected Hahamongna and had patrols to keep out unauthorized uses. Within a ten year
period, the City has reversed protections and enforcement of the area under conservation easement to inviting
everyone to come on in and abuse the natural resources — in the name of “recreation.” Is this so that the City
can get some of the State Bond grants and other government funds? Yet after 6 years, with all the public
funds received or Settlement with the Sage Council, Hahamongna is not being protected, conserved and
restored which is legally required. Whether a lack of institutional memory, deliberate disregard or the hopes
that the public will not notice, it appears that these Projects as proposed are unlawful and deceitful. Seems to
me that the City could get in legal problems for possible fraudulent use of State and Federal funds if grant
proposals are being submitted for roads and recreational activities where there are known conservation
easements, protected natural areas and endangered species.

The City documents and maps are deliberately inaccurate and misleading regarding habitat types and natural
communities i.e. "Sage Scrub" is slang, not the name of the plant community. Even though at the beginning of
his report he says he is using definitions by Todd Keeler-Wolf, he did not. The accurate name of the "sage
scrub” is Riversidian Alluvial Sage Scrub (RASS) and Riversidean Alluvial Fan Sage Scrub (RAFSS) both
are the rarest sub-association of Coastal Sage Scrub (CSS). CDFG & FWS consider this natural community

Spirit of the Sage Council comments 2-1-2010
Agenda Item # 6
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"high priority" for conservation. The Natural Diversity Data Base (NDDB) has it listed as S1.1 "very
threatened” within the State and G1 Globally imperiled. CSS and its sub-associations are scientifically known
to support over 100 rare and endangered species, yet, the Project documents are silent to this biological fact.
Why? '

I believe the area is designated by the State as a "Significant Natural Area" (SNA) but some research would
need to be done to make sure and get the identifying number of the SNA. This can be done by calling the
CDFG NDDB is Sacramento and the CDFG biologist for the Project area.

The Sage Council is submitting the following 15 published scientific literature that explains in greater detail
why the City should not allow and approve of trails in Hahamongna, Annex areas and the rest of the Arroyo
Seco — whether new, modified or expanded. These referenced publications, documents and photo are to be
included into the administrative record. Our intent, for submitting these scientific publications, is to educate
City staff, Council and the Public. If the “Protected Natural Areas” are truly going to be protected and
conserved, then the City must prevent and eliminate trails, paths, roads, bikeways, parking lots, dogs and
horses/equestrians.

e Ecological Impacts of Mountain Biking: A Critical Literature Review. By Jason Lathrop (Missoula,
MT ) June 29, 2003, Published on Wildlands CPR (http://www.wildlandscpr.org)

e  Wildlife Responses to Recreation and Associated Visitor Responses. 2003. Authors - A. Taylor and R.
Knight, Colorado State University. Published in- Ecological Applications 13(4), 2003. Pp 951-963 by
Ecological Society of American

e Environmental Impacts of Mountain Biking: Science Review and Best Practices — by Jeff Marion
and Jeremy Wimpey.

e Behavorial Responses of North American Elk to Recreational Activity. Naylor, et al 2009, published
in The Journal of Wildlife Management. Pp 328-338.

e Assessing the Effects of Human Activities on Wildlife. Steidel and Powell. Published by the George
Wright Forum, Visitor Impact Monitoring, Volume 23 — Number 2 (2006) pp 50-58.

e Statisical methods for analyzing responses of wildlife to human disturbance. Preisler et al 2006.
Published by Journal of Applied Ecology 2006, Vol 43, pp164-172

e Quiet, Nonconsumptive Recreation Reduces Protected Area Effectiveness. By Sarah Reed and Adina
Merenlender, UC Berkley, CA. Published by Conservation Letters 1 (2008)pp 146 -154.

e The Ecological Effects of Roads on Wetlands. By Kinza Cusic.Published by Wildlands CPR, RoadRip
Reporter Issue Mar/Apr 2001, Vol. 6 #2

e A Critique of "A Comparative Study of Impacts to Mountain Bike Trails in Five Common Ecological
Regions of the Southwestern U.S."” (White et al 2006) By Michael J. mjvande@pacbell.net
http://home.pacbell.net/mjvande

e Comparing the Ecological Effects of Linear Developments on Terrestrial Mammals. By By Sharon
Mader, Road-RIPorter Issue: Autumn Equinox 2006, Volume 11 #3, Published on Wildlands CPR
(http://www.wildlandscpr.org)

e Effect of Roads on Arthropods By Leslie Hannay, Road-RIPorter Issue: July/August 2001, Volume 6
#4, Published on Wildlands CPR (http://www.wildlandscpr.org)

e  Where Have All the Songbirds Gone? Roads, Fragmentation, and the Decline of Neotropical
Migratory Songbirds. By Adam Switalski, Road-RIPorter Issue: Fall Equinox 2003, Volume 8 #3,
Published on Wildlands CPR (http://www.wildlandscpr.org)

e Paving Paradise: The Ecological Effects of Road Improvement. By Shannon Donahue.

e Road-RIPorter Issue: Autumn Equinox 2008. Volume 13 # 3, Published on Wildlands CPR
(http://www.wildlandscpr.org

e The Impacts of Mountain Biking on Wildlife and People — A Review of the Literature. By Michael J.
Vandeman, Ph.D. July 3, 2004

Spirit of the Sage Council comments 2-1-2010
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e The Role of Horses in the Introduction and Spread of Noxious Weeds. By Robin lkeda, Professor of
Biology, Chaffey College, CA., May 2001

In addition, the Sage Council in incorporating, by reference, our other email and comment letters received by
the City (dated 11/2/09) as they apply to City impacts the Project and proposal area and natural resources.

Thank you for your consideration. Please do not hesitate in contacting me if you have any questions and are
need of our assistance.

Sincerely,
Leeona Klippstein, Executive Director
Spirit of the Sage Council

Copies to:

City Attorney Fuentes <tfuentes@cityofpasadena.net>,
City Manager Beck <mbeck@cityofpasadena.net>,
Rosa Laveaga <rlaveaga@cityofpasadena.net>,
<mjomsky@cityofpasadena.net>,

Law Office of Craig A. Sherman
Mary Barrie, Friends of Hahamongna
Hugh Bowles, Hahamongna Watch
CDFG

USFWS



Michael J. Vandeman
mjvande@pacbell.net
http://home.pacbell.net/mjvande

"If a journalist writes an erroneous article, you can send a letter to the editor. If a
businessman does not know what is going on, he will probably lose money and his job as
well. But, oddly enough, academics can make mistakes, gross and manifest ones, time
and again, and get away with it. For they operate on the basis of peer review. Once the
overall community has been converted to a given position, they regularly coopt members
with the same views. And thus there is no one to criticize them. Indeed, the critics are
neatly kept out of the academic establishment by those who are already in it." Jon
Woronoff, Japan as Anything But Number One, p.288

I am concerned about a trend 1 have noticed for advocates of mountain biking to publish articles
on mountain biking impacts that purport to be scientific studies, but in fact are designed and intended to
promote mountain biking by minimizing its impacts and by drawing conclusions that don't follow from
their data. The White et al (2006) study is a good example of this genre. The authors claim to show that
mountain biking impacts (specifically, erosion) are no worse than those of hiking. However, in drawing
this conclusion, they neglect to state clearly the question (hypothesis) they are trying to answer, rely on
studies that are faulty, misinterpret other studies, make subjective judgments where science requires
statistics, and use a research design that is not capable of supporting the conclusions they draw. The
danger is that people will quote such conclusions out of context, as if they were really supported by the
research, which they are not.

I numbered my points to make it easier to coordinate their reply with my comments. 1 would like
the authors to respond to each point using the same numbering scheme, so that I can see that they have
addressed every point.

1. Are the authors mountain bikers? They seem to be promoting mountain biking -- trying to make it seem
environmentally acceptable.

2. Why does the abstract and paper make comparisons between hiking and mountain biking impacts?
They apparently didn't collect any data that would allow them to make such a comparison. In fact, the
only way to make such a comparison is with an experimental design, not a survey, as they have done. It is
logically impossible to draw any useful conclusions from a design that includes measurements taken at
only a single point in time. The data (trail width and depth) provide no way to distinguish between
mountain biking impacts and the effects of trail construction, trail maintenance, wind, rain, hiking,
animals, or any other factors.

3. The comparison of mountain biking vs. hiking impacts seems to rest on three bits of information:
Wilson and Seney (1994), Thurston and Reader (2001), and a vague, non-statistical judgment about their
measurements being "similar" to those of hiking trails. The Wilson and Seney study was discredited by
Vandeman (2004), because they didn't measure erosion accurately: they dripped water on the trail and
collected and weighed the solids carried into the collecting pan. This only takes into account very fine
particles able to be transported by such "artificial rain"; it ignores all of the larger particles dislodged by
feet or tires. The Wilson and Seney study thus provides no useful comparison between hiking and
mountain biking impacts.



4. They also misrepresented Thurston and Reader's results. Actually, Thurston and Reader found that after
500 passes, mountain biking had greater impacts on plants than hiking. It doesn't take long to accumulate
500 passes. Some trails will receive that amount of traffic (250 visitors) in a day or two. So this study
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actually provides no support for White et al's claim that hiking and mountain biking impacts are
"comparable” (whatever that means).

5. The authors provide no other quantitative, statistical comparison between hiking and mountain biking
impacts. The only way to do that would be to do an experimental study, where all factors except hiking
vs. mountain biking are controlled (in other words, apply equal amounts of hiking and mountain biking to
identical trails and measure the impacts using before-and-after measurements).

6. Their estimate of the number of mountain bikers ("21% of the American public") seems grossly
exaggerated. I think they need to find a more reliable source for that information.

7. They make claims about the benefits of mountain biking. This seems out of place in a scientific paper,
especially since they provide no evidence for any such (net) benefits. Such claims are usually biased by
tallying alleged positive benefits without subtracting the harm caused by mountain biking (e.g. accidents,
environmental damage, wildlife impacts, and driving other trail users off of the trails).

8. They claim "management actions that limit access can be controversial and raise issues of equity”, but
provide no evidence. I'm not aware of any limited access or issues of equity. Since only bicycles, not
people, have ever been restricted, 1 don't see how they can make such a claim. In fact, it is very unlikely
that there are any equity issues, since it was already determined by a federal court that bikes may be
banned from trails (see http://home.pacbell.net/mjvande/mtb10).

9. I'm glad they mention "questionable studies". There are, indeed, a lot of them! But I wonder why they
included some of them in their references, such as Wilson and Seney, and presented them without
comment, as if they were sound science (see Vandeman 2004). They also misrepresented Thurston and
Reader's results, as 1 explained above.

10. On p.24 they mention "visitor-related factors”, but omitted impacts on other trail users. 1 think that
that is one of the major impacts of mountain biking. I'm aware of many parks where mountain bikers have
driven other trail users off the trails and out of the parks.

11. On p.26 they claim that "the magnitude of ecological impacts attributed to mountain biking appear to
be comparable to those of hiking". "Comparable" is vague or meaningless as a scientific term. The Earth
is comparable to the Sun (they can be compared). 1 think that they also misrepresent the implications of
those studies (see Vandeman 2004).

12. On p.29 they mention "user-created" trails. Why use a euphemism, in a scientific paper? Those trails
were built illegally. The authors only add to the impression that their paper is deliberately slanted.

13. They make a good point on p.36 about trail users having to leave the trail to allow mountain bikers to
pass. This is a good reason to ban bikes from trails: they lead inevitably to trail widening. But the authors



don't suggest banning bikes as an option, even though it is a very common management tool. This adds to
the impression of bias.

14. On p.37 they claim that "the width and depth" of their trails is "similar" (not a scientific term, since it
is so vague) to that of Marion & Leung, although their trails averaged 32" wide (median 26") and his
median trail width was 17", so theirs was 50% greater. Why be scientifically precise in some contexts, but
totally vague when they want to advocate for mountain biking? It is scientifically meaningless to compare
trails in different areas, since the differences or similarities could be caused by many irrelevant factors,
such as differences in soil type, kind and amount of use, management policies, etc.

15. Also on p.37 they claim that "The findings from our study thus reinforce results from previous
research that certain impacts to mountain bike trails, especially width, are comparable or less than hiking
... trails". On the contrary, they presented zero data on the width of hiking trails. In fact, they gave
evidence (see # 13 above) that mountain biking tends to widen hiking trails, by forcing hikers and
equestrians off the trail. :

16. They also say "average width in our study was similar to lower use mountain bike trails in Australia ...
which [were] from 17 in. to 26 in." "Similar" is not a scientific term. It would appear, on the contrary, that
their trails were much wider than those ones. But as | mentioned earlier, it is meaningless to compare
trails in different areas. There is no way to determine the cause of any differences or lack of differences.

17. They claim on p.37 that "mountain biking is likely a sustainable activity on properly managed trails".
What does that mean? They have just documented erosion and trail widening. Those effects are not
"sustainable"; they constitute environmental damage, in addition to that of other trail users. They go on to
mention several other negative effects of mountain biking (wildlife impacts and spread of exotic species)
that also contradict the idea that mountain biking is "sustainable". It would appear that they are bending
over backwards to conclude that mountain biking is acceptable.

18. I fail to see the value of "the introduction of CERs" (Common Ecological Regions). It seems to have
no relevance to policy or management, unless we are going to prohibit mountain biking in desert areas
where trails can't be clearly delimited. But we already know that trail widening is harmful: it represents
habitat destruction.

In summary, I was bothered most by the authors' unquestioning acceptance at face value of (or
even misrepresenting) some rather questionable studies, and their drawing conclusions not warranted by
their data. If they really want to do science, and not just promote mountain biking, I think they should
adhere better to what the data tell us.

Actually, it's much easier than trying to slant results. Permit me to tell a little story. I was in
graduate school at UCLA, was trying to write a literature-review paper, and was having a terrible time
writing it -- until I realized that I was trying to make the results come out the way I wanted them to. When
1 decided to "just tell it like it was" and let the cards fall as they might, the paper almost wrote itself. It

became easy.



Mountain biking is such a contentious issue that there is a great temptation to slant the results to
support one's preferred management policy. The result is a lot of questionable studies that don't really
further science and don't really help provide sound scientific management of our precious remaining
wildlife habitat. 1 suggest that they first find out what kind of answers are needed (especially by land
managers), and then design research specifically to answer those questions, instead of first collecting data,
and then trying to see how they can force it to yield the conclusions that they desire.
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Assessing the Effects of Human Activities on Wildlife

Robert §. Steidl and Brian F. Powell

HUMAN ACTIVITIES THAT AFFECT WILDLIFE AND THEIR HABITATS are pervasive and increas-
ing. Effects of these activities are manifested at all ecological scales, from short-term changes
in the behavior of an individual animal through local extirpations and global extinctions
(Pimm et al. 1995; Chapin et al. 2000). Consequently, understanding the effects of humans
on wildhfe and wildlife populations, as well as devising strategies to ameliorate these effects,
1s an increasing challenge for resource managers. Given the conflicting mandate to both
encourage human use and to protect sensitive natural resources in national parks, develop-
g reliable strategies for assessing and monitoring the effects of human activities on natural

resources is essential to ensuring appropnate stewardship of these resources.

Given the breadth of relevant human
activities, the diversity of wildlife species
potentially affected, and the multitude of
ways they may be affected, scientists and
resource managers planning to assess the
effects of human activities on wildhife must
be careful to state their study objectives
explicitly. In all cases, these objectives
should specify the human activity of inter-
est; the timing, intensity (frequency, dura-
tion) and spatial extent of the activity; the
focal wildlife species of interest; and the
range of ways that species might respond to
the activity—that 1s, the objectives should
define the “disturbance context” in which
the human-wildlife interaction occurs
(Steid]l and Anthony 2000). Given well-
defined objectives and a clear disturbance
context, a measure that gauges the response
of the wildhfe species of interest to the
human activity must be selected carefully.

In this paper, we provide a general clas-
sification for the ways in which human
activities can affect wildlife, distinguish
among general types of relevant studies
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based on different objectves, and identfy
appropriate measures for gauging wildhife
response for different types of studies. Our
goal 1s to provide a conceptual framework
to guide studying and monitoring human-
wildlife interactions, specifically those
deriving from non-consumputive recreation-

al activities.

Classifying human activities
Virtually all human activities can affect

~ wildlife populations either positively or

negatively. Those activities that are likely to
have adverse effects can be divided into
those that function primanily by altering the
physical environment 1n a relatively perma-
nent way and those that cause changes to an
anmimal’s behavior. Activities that alter the
physical environment change the amount or
the suitability of habitat for a species.
Widespread and large-scale examples
include activities that directly alter the
structure and composition of the landscape,
such agriculture, forestry, livestock grazing,
and unregulated off-road vehicle use. In
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general, these are land use or land manage-
ment practices that change the trajectory of
ecological succession, mcluding altering the
dominant plant commumties and the abiot-
ic features of a site. The ecological effects of
these activities on vertebrates are readily
apparent and have been relatively well stud-
ied (e.g., Blair 1996; Spies et al. 1996;
Lichstein et al. 2002).

Perhaps less obvious in their ecological
mmpacts are those non-consumptive human
activities that do not appreciably alter the
physical environment but nonetheless can
affect wildlife adversely. Examples include
recreational activities such as hiking,
wildlife viewing, and boating—all common
activities for visitors in parks. As recreation-
al use increases in wilderness and other
protected areas, sensitive wildlife species
may be increasingly affected by these activi-
ties (Steidl and Anthony 2000). The magni-
tude of effects of recreational activities on
wildlife 1s influenced by many factors,
including the type, duration, frequency,
magnitude, location, and timing of the dis-
turbance, as well as the particular species of
interest. Although effects of these activities
are typically of short duration, camulatively
they can effect wildlife populations adverse-
ly in both the short- and long-term (Burger
1981; Henson and Grant 1991; Fernandez
and Azkona 1993; Holmes et al. 1994;
Steid]l and Anthony 1996, 2000; Swarthout
and Steidl 2001, 2003; Mann et al. 2002;
Johnson et al. 2005). Observed effects in-
clude increased energetic stresses (Bélanger
and Bédard 1990), changes in activity
budgets (Steadl and Anthony 2000; Mann
et al. 2002; Swarthout and Steidl 2001,
2003), displacement from preferred envi-
ronments (McGarigal et al. 1991), and
reduced productivity through abandon-
ment and decreased survival of young
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(Tremblay and Ellison 1979; White and
Thurow 1985).

Although there are human activities
that cause physical changes to park environ-
ments, such as construction of building and
roads, or vegetation destruction resulting
from overuse of particular areas, most
wildlife-related impacts away from these
areas likely result from short-term recre-
ational pursuits of visitors. We focus the
remainder of our discussion on these types

of activities.

Types of studies

Given the wide range of potential infor-
mation needs and study objectives, we dis-
tinguish between two fundamentally differ-
ent kinds of studies: research and monitor-
ing. These can be classified primanly based
on their different objectives and secondarily
based on different durations. Research stud-
zes include an objective related to answering
specific questions and are usually of rela-
tively short duration (1-3 years). An exam-
ple would be a study conceived to assess the
distance at which a population of birds
flushes in response to a particular visitor
activity, such as hiking or mountain biking
(e.g., Swarthout and Steidl 2001). The goal
for this type of study might be to reliably
establish the distance at which birds flush in
response to the activity so that the activity
can be restricted in particular areas to
reduce disturbance frequency and mini-
mize adverse effects. In contrast, monzitor-
ing studies involve quantifying changes in
characteristics of resources over time, are
usually not driven by particular questions,
and are always intended to be undertaken
over long-time periods (Steidl 2001). The
goal for monitoring studies is almost always
related to quantifying changes in character-
istics of resources over time. A third kind of
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study, whic
hybnd between research and monitoring
stuches. Impact assessment studies are de-
signed to measure the effects of a planned
acuvity or action within the context of a pre-
viously established monitoring program.
These are often large-scale studies where
the fundamental approach 1s to establish a
momtoring program based on a series of
sampling sites, a subset of which 1s eventu-
ally subject to being affected by the impact.
The effect of the impact 1s estimated by
comparing how sites subject to the impact
change relative to control or reference sites
over time (Green 1979). The application of
these studies 1s useful to natural resource
managers interested in assessing the effects
of management actions, such as opening or
closing particular trails or other facilities,
especially when replication of the impact 1s
impossible.

All types of studies benefit from careful
apphcation of the basic tools of research
design, which include randomization, repli-
cation, reduction of error, incorporation of
adequate controls, and understanding how
the scope of inference for any study 1s dic-
tated in part by the way study units are
selected (Ramsey and Shafer 2001).

Research studies. Specific resource
management questions about human-
wildlife interactions are best answered
through well-designed research studies,
either experimental or observational. Ques-
tions that can be answered experimentally,
which always involves some type of manip-
ulation by the investigators, are more pow-
erful than observational studies because
they provide strong evidence of a causal
link between the activity and the response
measure. Observational studies cannot
establish cause-and-effect inferences be-
cause of the potential for confounding by
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the response measure. Observational stud-
1es, therefore, provide only correlative infer-
ences, vet can offer strong evidence when
designed carefully. There 1s a vast literature
on conceiving and designing effective
research studies on wildlife populations
(e.g., Morrison et al. 2001).

Monitoring. Ecological monitoring
studies almost always focus on quanufying
changes 1n charactenistics of resources over
time. Consequently, monitoring studies are
correlative and can therefore quanufy pat-
terns and associations but cannot establish
causal links between changes 1in the
resource of interest and changes in levels of
human activity or other environmental
charactenistics. For example, if we observe a
decline in abundance of a species in an area
over time concurrent with an increase mn a
particular type of human activity, we cannot
claim that the increase mn human activity
caused the decrease in abundance. Despite
their limited inference relative to random-
1zed experiments, monitoring studies can
still provide information that 1s valuable for
understanding and reducing human-
wildlife conflicts (Burger et al. 2004) espe-
cially when designed as part of an integrat-
ed monitoring program that encompasses a
range of biotic and abiotic resources.
Specifically, by measuring other environ-
mental characteristics that are thought to
affect changes in the wildlife response meas-
ure of interest (e.g., vegetation structure,
food resources, rainfall), the ability to detect
temporal and spatial changes in the
resource 1s increased and the likelihood that
the observed change was driven by a con-
founding variable is reduced. Lastly, the
information provided by monitoring stud-
1es can be increased if they are designed to
be comparative—that 1s, designed to con-
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trast wildlife responses in areas of concern
or impact with those in control or reference
areas (e.g., Romero and Wikelski 2002).
Monitoring visitor impacts on wildlife
is different than most observational studies
because changes in parameters of interest
are designed to be measured for long time
periods, usually spanning multiple genera-
tions. Therefore, well-designed momtoring
programs should provide sufficient tempo-
ral and spatial coverage as well as the flexi-
bility to address a range of potential im-
pacts, the nature and extent of which may
be unknown when the program is being

designed.

Choosing an appropriate wildlife
response measure

Understanding both the short- and
long-term consequences of interactions
between humans and wildlife requires that a
response measure be chosen that reflects
the temporal and spatial scales appropriate
to the human activity being assessed (Table
1). Many attempts to understand the effects
of human activities on wildhfe have focused
on measures that are most approprate for
long-term assessment (i.e., 5-10 years or
more) such as abundance (e.g., Mathisen
1968; Fraser et al. 1985; Westmoreland and

Best 1985), reproductive success (e.g.,
Fernandez-Juricic 2000), and species diver-
sity (e.g.. Francl and Schnell 2002). Al-
though these are clearly important meas-
ures, they are not appropriate for assessing
all types of human activities because
changes in behavior and space use are often
overlooked, both of which can have long-
term consequences for populations (Holt-
huyjzen 1989; Anthony et al. 1995; Gill et
al. 2001). Changes in behavior are conse-
quential because they can ultimately affect
reproductive success, survival, and habitat
occupancy, which in turn can reduce popu-
lation viability, especially for rare, threat-
ened, or endangered species. Response
measures that include aspects of behavior,
such as activity budgets or space use, are
most appropriate for short-duration human
activities such as hiking.

As a general guideline, wildlife re-
sponse measures should reflect the tempo-
ral and spatial scales of the human activity
of interest, including the type of activity, its
daily and seasonal timing, duration, and fre-
quency, especially during initial investiga-
tions. The choice of the species or popula-
tion to study 1s also critical, because species
vary widely in their responses to human
activities as do different populations of the

Table 1. Potential response measures for assessing effects of human activity on wildlife and wildlife populafions.

Appropriate study period Measure

Physiological responses — heart rate, stress
Short-term :

hormones

Behavior and activity budgets

Space and habitat-use

Long-term

Reproductive success and productivity

Survival or mortality rates
Abundance or density
Distribution or occupancy rates
Species richness

Species diversity
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previous exposure to the human activity of
mnterest. Assuming the choice of species and
populations has been made or was mandat-
ed by legislauon, the response measure
should match the disturbance context,
which 1s defined, n part, by the time scale
of the human activity of interest. For most
research studies, short-term responses seem
most appropriate, whereas for most mom-
toring studies, long-term responses seem
most appropriate (Table 1).

Effects of human activities on bald
eagles (Haliacetus leucocephalus) have been
relatively well studied, so well use this
species to illustrate the importance of
choosing appropriate response measures.
Many research studies have used reproduc-
tive success as the response measure and
have reported no relationship between the
level of human activity and reproductive
success (e.g., Mathisen 1968; Fraser et al.
1985). In some cases, these negative results
may reflect two fundamental problems: a
disconnection between the scale of human
activity being studied and the response
measured (a short-term study and a long-
term response measure) and a likely poten-
tial problem assessing impacts that have
been 1n place for years.

With regard to the disconnection
between the scale of the human activity and
the response measure, the nesting season
for bald eagles is long (>120 days), so short-
term activities are unlikely to effect repro-
duction unless the activity 1s very intense.
In most studies where bald eagles were dis-
turbed by researchers approaching nests,
the activities were of short duration (usually
less than an hour) relative to the nesting
period (Grier 1969; Fraser et al. 1985).

Once a pair has made the decision to breed
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with such short-duration impacts relative to
a pair that has not yet nested or to ndividu-
als that are not breeding (Trivers 1974).
This investment may explain why some
species abandon nesting sites the year after,
rather than the year of, a short but intense
disturbance near the nest (Platt 1977).
Populations that have long been
exposed to a particular human activity may
have already responded to the activity or
may have become habituated. Because
many studies are nitiated well after the
human activity was established, a conclu-
sion of “no effect” may be misleading
because consequential effects may have
already occurred. For example, changes in
distribution of bald eagle territonies away
from a new source of human activaty did not
occur until several vears after the activity
was established (Gerrard et al. 1992). If the
eagles that are most sensitive to human
activities abandon their nests after the level
of human activity exceeds some threshold
level but before a study is imtiated, the
chances of observing any residual effects
would be low. These “time lags” may ob-
scure changes in site occupancy unless
viewed on longer time scales (Wiens 1986).
And although the conclusion of no effect 1s
likely appropriate for the specific locations
where these data were collected, applying
management recommendations to other
areas based on information gleaned from
these kinds of biased samples could have
adverse consequences. Without thinking
carefully about the contextual issue of previ-
ous exposure, activities affecting wildlife
may be classified incorrectly or inappropri-
ate management recommendations made.
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Planning monitoring studies that
include human-wildlife issues

Monitoring studies that include an
objective to assess changes in wildlife popu-
lations in response to changes in visitor
activities will need to quantify human activ-
ities carefully. Sampling should be designed
to capture the amount, types, and intensity
of the human activity as well as how the
activity varies spatially and temporally
(Gregoire and Buhyoff 1999; Watson et al.
2000). Carefully quantifying these elements
will increase the ability to relate trends in
the resource with changes in levels and
types of human activity. As we mentioned
previously, momitoring changes in wildlife
populations is more efficient when integrat-
ed into a broader program that includes
measuring additional biotic and abiotic
parameters, especially those that might be
directly affected by human activities of par-
ticular interest.

There are a number of tools for design-
ing studies that can be used to increase the
success of a monitoring program while bal-
ancing the interrelationships and trade-offs
among samphing effort, cost, and the overall
ability of the program to detect trends in
resources (e.g., WWw.pwrc.usgs.gov/mon-
manual/). In general, sampling designs that
include elements to reduce sampling vari-
ability, such as stratified or cluster sam-
pling, tend to be more efficient than those
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Abstract

Protected areas around the world were created with the goals of preserving
biodiversity and providing nature-based recreation opportunities for millions
of people. This dual mandate guides the management of the majority of the
world’s protected areas, but there is growing evidence that quiet, noncon-
sumptive recreation may not be compatible with biodiversity protection. We
combined noninvasive survey techniques and DNA verification of species iden-
tifications to survey for mammalian carnivores in 28 parks and preserves in
northern California. Paired comparisons of neighboring protected areas with
and without recreation revealed that the presence of dispersed, nonmotorized
recreation led to a five-fold decline in the density of native carnivores and a
substantial shift in community composition from native to nonnative species.
Demand for recreation and nature-based tourism is forecasted to grow dra-
matically around the world, and our findings suggest a pressing need for new

approaches to the designation and management of protected areas.

Introduction

Every day, millions of people use the world’s protected
areas for the recreation, education, and tourism opportu-
nities that they provide. In the United States, for exam-
ple, the number of people who participated in day hik-
ing increased by nearly 800% between 1960 and 2000
(Figure 1). The majority of global protected areas per-
mit public access (IUCN Categories 1b-VI; IUCN 1994),
and key reserve networks, including national park sys-
tems in Europe, North America, and Australia, operate
under a dual mandate to provide recreational opportuni-
ties while conserving natural resources. Although many
researchers have noted the harmful impacts of motorized
recreation and extractive land uses on the conservation
effectiveness of protected areas (for example, Liu et al.
2001), “quiet,” nonconsumptive activities, such as hik-
ing and wildlife viewing, are widely assumed to be be-
nign uses. The demand for nature-based tourism is fore-
casted to grow dramatically in urban regions (Cordell et al.
2005), as well as in global biodiversity hotspots (Christ
et al. 2003), and quantitative information is needed to

understand the trade-offs between public use and species
protection.

Recreation is an important issue for ecologists and con-
servation planners to consider, because access for recre-
ation is a key component of plans to generate pub-
lic support and revenue for land conservation. Public
parks and open space preserves are the primary places
that most people access nature, and contact with na-
ture has a range of human health benefits (Frumkin
2001). Ecologists have identified recreation as an ecosys-
tem service supporting human populations (Chan et al.
2006), and similarly, recreational opportunities are val-
ued by economists as natural resource amenities driv-
ing economic growth and residential development pat-
terns (Hansen et al. 2002). Outdoor recreation enthusiasts
are vocal advocates for land conservation (for example,
TNC 2005), and public access is an important platform
for generating tax and bond revenue for protected area
acquisition.

However, recreation may not always be compati-
ble with the conservation objectives of land protection.
Recreation is the second leading cause of endangerment
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Figure 1 Change in the rate and total number of U.S. citizens
participating in three quiet, nonconsumptive recreational activities
from 1960-2000. Geographic regions, participation rates, and num-
bers of participants in (a) day hiking, (b) bicycling, and {c) wildlife
viewing are derived from the National Surveys on Recreation and
the Environment (NSRE) conducted in 1960, 1982, 1995, and 2000

to species occurring on U.S. federal lands (Losos et al.
1995), and there is growing evidence that nonmotor-
ized activities have negative impacts on a wide range
of wildlife species (Knight & Gutzwiller 1995). For ex-
ample, recreational activity correlates with decreases in
species abundances and activity levels (Garber & Burger
1995), causes wildlife to flee (Papouchis et al. 2001) or
avoid otherwise suitable habitat (Taylor & Knight 2003),
and alters species composition and behavior (lkuta &
Blumstein 2003).

Few studies have examined recreation impacts in mul-
tiple parks or preserves (for example, Forrest & St. Clair

(http:/iwww.srs.fs.usda.govitrends/nrse/inrse2.html). NSRE surveys in
1960 and 1982 included individuals 12 years and older, whereas surveys
in 1995 and 2000 included individuals 16 years and older. Dashed lines
represent the best-fit exponential curves for changes in the number of
participants over time.

2006) or made comparisons between sites that do and
do not permit recreation (for example, Cole 1995). In
addition, the impacts of nonconsumptive recreation on
mammalian carnivores are rarely investigated (for exam-
ple, Nevin & Gilbert 2005). To understand how recre-
ation impacts wildlife populations at the scale of resource
management decisions, we need to examine recreation
as a landscape-scale human disturbance process affecting
whole species communities and ecosystems.

We surveyed the composition and density of mam-
malian carnivores to evaluate how biodiversity in pro-
tected areas was affected by the presence of quiet,
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nonconsumptive recreation. Here, we define quiet,
nonconsumptive recreation to include dispersed, nonmo-
torized activities such as hiking, biking, and horseback
riding. Wide-ranging and low-density carnivores are sen-
sitive to human disturbance in fragmented landscapes
(Riley er al. 2003), and changes in carnivore composition
and abundance can have cascading effects on prey species
and vegetation communities (Crooks & Soulé 1999). In
addition, research on habitat fragmentation has shown
that variability in carnivore species’ responses can be
useful for identifying thresholds of human disturbance
(Crooks 2002).

To minimize variation in habitat quality and land-
scape context among study sites, which could confound
our ability to detect the impacts of recreation, we made
paired comparisons of protected areas with recreation
and nearby protected areas without recreation. We con-
ducted transect searches for scats to maximize detections
of a suite of carnivore species (Reed & Leslie 2005). Be-
cause visual identifications of sympatric carnivore scats
can be highly unreliable (Fernandez et al. 1997), we de-
veloped molecular genetic methods to confirm species
identifications (Bidlack et al. 2007).

Methods

We used a paired-site design to investigate how the pres-
ence of quiet, nonconsumptive recreation affects mam-
malian carnivore communities in 28 protected areas in
Marin, Sonoma, and Napa Counties in northern Califor-
nia (122° 12" to 122° 51’ W, 38° 0’ to 38° 37’ N; Figure 2).
This region has a Mediterranean climate and is dominated
by mixed oak woodlands. Over 1755 km? (23.3%) of land
in the study area is under some form of protection. Nearly
60% of the protected land area is open to public access,
12.6% permits restricted access, and 27.4% is closed to
the public (BAOSC 2004). The study area includes 25
incorporated cities and towns, and these protected ar-
eas are popular recreation destinations for the more than
seven million residents of the greater San Francisco Bay
Area. There is growing pressure on government agencies
to purchase additional land for recreation and to expand
public access in existing protected areas (Wells 2000).
We first identified 14 parks and open space preserves
that permitted public access for quiet, nonconsumptive
recreational activities. We then used a spatial database
of protected lands for the study region (BAOSC 2004)
to identify 14 nearby (<5 km) protected areas that did
not permit recreation. Protected areas closed to recre-
ation included public- and privately-owned biological
preserves (n=1 and 3, respectively) and private ranches
with conservation easements (n=10). Seven of these

S. E. Reed & A. M. Merenlender

sites had private residences, three permitted limited ac-
cess for research and educational activities, and two had
narrow casements for regional trails along portions of
their perimeters. The light and infrequent activities on
these sites strongly contrasted with the regular and in-
tense visitation to the public recreation areas.

We defined protected area perimeters according to the
sites” administrative boundaries. Several sites were con-
tiguous with other protected areas, but we did not in-
clude adjacent reserves in our calculations unless they
were managed by the same individual or agency and per-
mitted the same range of uses. Some protected areas were
open to grazing by catle and horses, including those that
did (n=3) and did not permit recreation (n=7).

Pairs of protected areas were selected to be as simi-
lar in size, vegetation cover and adjacent land uses as
possible (Table 1). We used ArcGIS 9.1 (ESRI], Redlands,
CA, USA) to calculate site and landscape characteristics
of the selected sites, and we used a paired-sample t-test
(Zar 1999) to compare protected areas with and with-
out recreation. Paired sites were located a mean of 1.8
km (range: 0-5.3 km) apart. The mean area of sites that
permitted recreation was greater than the mean area of
sites that did not permit recreation, but the there was no
evidence for a difference between paired sites (P =0.49).
On average, sites without recreation were 79 m higher
in elevation (P=0.0012), but there was no evidence for
a difference in slope (P=0.93). All protected areas were
located in oak woodland habitat, and sites with recreation
had an average of 9.6% more hardwood forest cover
(P=0.061). Pairs of sites were located a similarly close
to roads (P=0.89), and the density of development was
greater adjacent to protected areas that permitted recre-
ation (P=0.10). While these comparisons revealed some
differences in protected area characteristics, the differ-
ences between paired sites were small relative to the total
range of variability in the study system (Table 1), and the
paired-site design represents our best effort to isolate the
effects of recreation from other factors affecting carnivore
distributions.

Our research focused on six common species: native
coyotes (Canis latrans), bobcats (Lynx rufus), and gray
foxes (Urocyon cinereoargenteus), and nonnative red foxes
(Vulpes vulpes), domestic dogs (Canis familiaris), and do-
mestic cats (Felis catus). We conducted transect searches
for scats to maximize detections of multiple carnivores
(Reed & Leslie 2005) and to provide an index of species’
densities (Harrison et al. 2004). We surveyed the study
sites between June and September 2005. We visited each
site once, and we visited paired protected areas within
24 hours of one another to minimize possible sources of
temporal variation (Sanchez et al. 2004). We searched
eight 500-m line transects in protected areas with
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Figure 2 Locations of 14 pairs of protected areas with and without quiet,
nonconsumptive recreation in northern California. To protect the privacy

of landowners, only the center points of sites, their relative areas, and
lines connecting paired sites are shown.

Table 1 Comparison of six site and landscape characteristics {mean % s.d.) for protected areas with (n = 14) and without recreation (n = 14). The mean

difference and probability of a Type 1 error (P) of paired comparisons are given for each variable, as well as the range of values throughout the study area.

Comparison Study area range Recreation No recreation Mean difference P
Area (ha) 0-2694.0 363.31491.7 254.5 + 300.7 108.9 0.491
Elevation {m) 0-832.0 183.0+ 1346 261.51+164.6 -78.6 0.001
Slope () 0-60.61 13.46 + 6.39 13.54+5.13 -0.09 0.933
Hardwoad cover (%) 0-100 51.01 £ 29.26 4139+ 26.00 9.61 0.061
Distance to roads (m) 0-9486.8 408.5 + 303.0 4222+ 257.7 -13.7 0.887
Development density

within 500 m (parcels/km?) 0.02-1940.62 7.54+10.60 2.27+1.90 5:28 0.102

recreation and four 500-m line transects in protected ar-
eas without recreation. To investigate how our observa-
tions were influenced by the locations of trails or land
uses adjacent to protected areas, we stratified the tran-
sect locations on- and off-trail in the recreation areas and
between the edges and interiors of all sites.

We collected and recorded the GPS point location of
each probable mammalian carnivore scat detected during
the transect searches. Because the ground cover in oak
woodlands is relatively open, we estimate that we were

able to detect scats within approximately 2 m of the tran-
sect search line. We stored each scat in a paper bag with
a clay desiccant packet (Texas Technologies, Cedar Park,
TX. USA). We also recorded the GPS point location for all
domestic dog scats detected during the transect searches.

We developed molecular genetic methods to confirm
species identifications for the collected scats (Bidlack et al.
2007) because visual identifications of scats from closely
related species can be highly unreliable (Fernandez et al.
1997). We extracted and amplified DNA from collected
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scats between October 2005 and May 2006. We took two
subsamples (approximately 500 mg) of each scat within
3 d of collection and stored them in a -80 °C freezer.
We extracted DNA using Qiagen QlAamp DNA Stool ex-
traction kits (Qiagen, Inc., Valencia, CA, USA) according
to the manufacturer’s instructions and stored extracted
DNA in a -80 °C freezer.

We performed PCR amplification of DNA using Qia-
gen Tag PCR Master Mix kits (Qiagen, Inc.). We used
HCarn200 (Bidlack et al. 2007) and CanidL1 (Paxinos
et al. 1997) primers to amplify the first 196 bp of the
mitochondrial cytochrome b gene. Each 20 ul PCR re-
action contained 10 ul Qiagen Taq PCR Master Mix, 1 ul
10 uM HCarn200 primer, 1 ul 10 uM CanidL] primer,
6 ul deionized H,0, and 2 ul diluted (1:50) DNA tem-
plate. Thermal cycling was initiated at 94 °C for 2 min-
utes, followed by 40 cycles of 94 °C for 1 minute, 54 °C
for 1 minute, and 72 *C for 2 minutes. All PCR reactions
included at least one negative control to monitor for con-
tamination, and we used electrophoresis to check each
reaction for successful amplification. We repeated DNA
amplification for all samples that failed to amplify in the
first PCR reaction, and when necessary, we used addi-
tional subsamples 1o ensure a minimum sample size of
75% of the scats collected in each site.

We used restriction fragment length polymorphisms
(RFLP) to identify amplified DNA fragments to species.
We first digested PCR products with Hpa II (New
England Biolabs, Ipswich, MA, USA) to separate canids
from felids. Hpa 11 does not cut fragments from any of
the three canid species (coyote, gray fox, and red fox) but
cuts fragments from both felid species (bobcat and domes-
tic cat) at 140 bp. We then digested samples identified as
canid with HpyCH4 V (New England Biolabs). HpyCH4 V
does not cut fragments from coyote, but cuts gray fox at
67 and 85 bp and red fox at 136 bp. We digested samples
identified as felid with Bsl I (New England Biolabs). Bsl 1
does not cut fragments from bobcat, but cuts domestic cat
at 150 bp.

Each 10 ul digest reaction contained 3.75 ul deionized
H,0, 1 ul digest buffer, 0.25 ul restriction enzyme, and
5 ul PCR product. Reactions were incubated for 4-6
hours, according to manufacturer’s instructions. We used
electrophoresis to separate the products for 40 minutes
on a 1.7% agarose gel and visualized the predicted cutting
patterns using ethidium bromide and UV light. Failed or
ambiguous digests were repeated, and digests that failed
twice were excluded from further analysis.

All statistical analyses were performed using JMP 6.0
(SAS Institute, Cary, NC, USA). We used log-likelihood
ratio tests (G-test; Zar 1999) to compare how frequently
we detected each species in protected areas with and
without recreation. We used paired-sample t-tests to
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compare native and nonnative species diversity and
species densities between protected areas with and with-
out recreation. Species densities were calculated as the
number of scats detected divided by the length of tran-
sects searched (Harrison et al. 2004). We approximated
the total scat densities along each transect by extrapolat-
ing the proportions of species detected in each site to the
samples that we were unable to identify in the laboratory.
For example, in a site where laboratory identifications
were evenly divided between coyotes and bobcats, we as-
sumed that half of the unknown scats were from coy-
otes and half from bobcats. We verified that extrapolat-
ing the species origin of unknown scats did not influence
the results of our analysis by repeating all of the density
comparisons including only those scat samples that were
successfully identified in the laboratory. Paired-sample
t-tests were also used.to compare species densities be-
tween transects located on- and off-trail in the recreation
sites, and species densities between the edges and interi-
ors of all sites. Lastly, we used nonparametric Wilcoxon
rank-sum tests to confirm the results of all paired com-
parisons, but statistical results are only reported for the
parametric tests.

Results

The presence of quiet, nonconsumptive recreation
correlated with a substantial shift in the composition
of the carnivore community in California protected
areas. A greater mean number of native species was
detected in protected areas that did not permit recreation
(Figure 3) (P=0.0011) and bobcats in particular were
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Figure 3 Native and nonnative species diversity in protected areas with
and without recreation. Mean numbers of species detected and standard
errors are given for each type of site. Two asterisks (**) indicate a mean
difference between paired sites with Type | error of P < 0.01, and three
asterisks (***) indicate a difference with P < 0.001.
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detected more frequently in protected areas without
recreation (P=0.013). On the other hand, more nonna-
tive species were detected in protected areas that permit-
ted recreation (Figure 3) (P < 0.001), and domestic dogs
were detected more frequently in the recreation areas
(P <0.001).

Densities of coyotes and bobcats were more than five
times lower in protected areas that permitted recreation
(Figure 4) (P <0.001 and P=0.0029, respectively), and
we observed declines in density for both species between
all 14 pairs of protected areas. Domestic dogs were not
detected in protected areas without recreation, but we
detected substantial densities (7.69 £ 2.57 scats km~') of
dogs in the recreation areas (Figure 4) (P=0.0052). We
did not find evidence of any effects of trail location or pro-
tected area edge on the distributions of native carnivores.
With the exception of domestic dogs, there was no evi-
dence for differences in species’ densities between tran-
sects located on- or off-trail or between transects located
at the edges or interiors of the protected areas (Table 2).

Discussion

The results of our carnivore surveys indicate that quiet,
nonconsumplive recreation has a consistent and site-
level impact on the distribution and densities of native
carnivore species, and consequently, the effectiveness of
protected areas for biodiversity conservation. Protected
areas with recreation had more nonnative carnivores and
dramatically lower densities of native species. We de-
scribe the effect of recreation as consistent, because we
observed declines in native carnivore densities between
all 14 pairs of protected areas, even those that were di-
rectly adjacent to one another. In addition, we suggest
that the effect of recreation functions at the site level, be-
cause we did not observe effects of protected area edge
or the locations of trails for any species except domes-
tic dogs. The configuration of recreational trails may be
important for determining recreation impacts in larger
landscapes with more dispersed activities (for example,
Taylor & Knight 2003). However, for moderately sized
protected areas (50-2000 ha) near urban development,
the key variable seems to be whether or not the site is
open to public access.

Our paired-site study design helped us to isolate the ef-
fects of recreation from other sources of variation affect-
ing carnivore distributions, including regional geographic
variation, landscape context, and habitat characteristics.
In addition, transect searches for scats, paired with DNA
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Table 2 Distribution of carnivore detections within protected areas. Densities (mean =+ s.d.) of all species detected on transects at the edges versus the

interiors of all sites, and on- versus off-trail in sites that permitted recreation. Paired comparisons with reasonable evidence of a mean differences (Type |

error approaching 0) are indicated with boid type

Mean scat density (scats km~')

Site type Transect location Coyote Bobcat Gray fox Red fox Dom. cat Dom. dog

Norecreation Edge 8.72+471 5271416 0.73x 1A5_2 0.231+0.58 030+ 1.12 0
Interior 7.75+5.14 7.92+12.22 0.21+0.52 0.32+0.90 0 0

Recreation Edge 1.3841.40 1.09+1.79 0.30+0.64 0 0.151+0.31 12.49 + 15.51
Interior 1.57+1.72 1.23+1.50 0.25%0.92 0.03+0.13 0.281+0.77 3.24+5.73
On-trail 1.7811.90 1.231+1.79 0.28+0.74 0 0.17+0.48 11.53+£14.75
Off-trail 1.13+£1.70 1.10£ 1.3 0.22+0.67 0.03+0.11 0.31+0.68 1.73x2.15

verification of species identifications, provided an effi-
cient and accurate method for assessing the impacts of
recreation in a large number of sites at a landscape scale.
The detectability of scats likely varied between on- and
off-trail transects, but it is not clear how much this vari-
ability affected the results. Although scats may have been
obscured by vegetation along off-trail transects, scats also
may have been crushed or otherwise removed from busy
recreational trails. Regardless, there is no evidence to
suggest that within recreation sites, native carnivores
avoided recreational trails. This result is consistent with
other studies that have found that carnivores often select
low-traffic roads and trails as travel corridors (Whitting-
ton et al. 2005).

Declines in native carnivores and introductions of non-
native species can alter the trophic structure of ecosys-
tems and lead to unsustainable predation pressure on na-
tive birds and small mammals (Crooks & Soulé 1999).
Two of the three nonnative carnivores that we detected
in the recreation areas are strongly human-commensal
species: domestic cats and domestic dogs. Cats and dogs
are introduced to protected areas by people in a variety of
ways; they accompany humans as companion pets, they
are allowed to roam from nearby homes, or in the case of
cats, they are managed in feral colonies (Castillo & Clarke
2003). We detected domestic dogs more frequently and in
much greater densities in the recreation areas. Domestic
dogs are often a particular focus of protected area man-
agement policy, due to concerns about their impacts on
resources as well as conflicts among user groups (Miller
et al. 2001). Many public agencies exclude dogs from
recreation areas or require dogs to be on leash (Forrest &
St. Clair 2006), and an investigation of how mammalian
carnivores respond to these different dog management
policies is underway.

The design of our study did not address the mecha-
nisms of human disturbance affecting carnivores in recre-
ation areas; however, prior researchers have documented

various behavioral responses of wildlife species to recre-
ational disturbances, inciuding flight (Papouchis et al.
2001), avoidance (Taylor & Knight 2003), and reduction
in habitat use (Fairbanks & Tullous 2002). Our analysis
extends the results of these behavioral studies to charac-
terize recreational disturbance to wildlife at a landscape
scale, and the native carnivore declines that we observed
provide us with an estimate of the cost, in terms of biodi-
versity and habitat suitability, of opening protected areas
to public access.

Certainly, access for outdoor recreation will continue
to be an important component of plans to generate pub-
lic support and revenue for land conservation (for exam-
ple, Wells 2000). When protected areas are designated for
biodiversity conservation, development of nature-based
tourism can yield economic benefits for local commu-
nities (Eagles et al. 2002) and recreation areas provide
health and ecosystem services for human populations
(Frumkin 2001; Chan et al. 2006). On the other hand,
given the biodiversity crises we are facing around the
world, public access needs to be balanced with the pro-
tection of native species and ecosystems.

Recent evidence indicates that participation in nature-
based recreation may be declining (Pergams & Zaradic
2008). Our study focused on recreational activity in lo-
cal parks, which has not necessarily declined in the same
manner as visitation to national-level public lands, and
may be increasing (for example, OSMP 2005). In fact,
pressures on protected areas near urban centers could
be even greater due to increasing oil costs and a declin-
ing economy, which may limit visitation to more distant
parks.

A variety of management strategies have been pro-
posed to minimize the impacts of recreation on wildlife,
such as limiting the number of visitors via a permit system
(Garber & Burger 1995), restricting public access to cer-
tain times of the year (Klein et al. 1995), or closing a por-
tion of a protected area to recreation and setting it aside as
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a biological preserve (lkuta & Blumstein 2003). However,
recreation impacts vary nonlinearly with use in a variety
of ecosystems (for example, Cole 1986), such that a small
number of visitors can have a disproportionate impact on
sensitive species. In addition, many public agencies have
limited resources for monitoring recreational use and en-
forcing compliance with management policies (Forrest &
St. Clair 2006). These limitations suggest that it may be
more effective to allocate recreational uses and conserva-
tion targets among different sites, and this approach will
require a diverse suite of land conservation strategies.

Private lands play an important role in biodiversity
protection, in part because private properties frequently
occupy lower-elevation, higher-productivity lands than
public protected areas (Hansen et al. 2002; Maestas et al.
2003). Our paired comparisons in hardwood rangelands
indicate that a further advantage of private reserves is
the absence of human recreational use, and these results
provide strong support for conservation strategies that in-
corporate private lands. For example, conservation ease-
ments, which generally limit public access (Rissman et al.
2007), may be particularly valuable for protecting biodi-
versity in areas with high demand for recreation. Ulti-
mately, these considerations should be incorporated into
the design of reserve networks. Conservation planning
should take into account not only the spatial distribution
of species, but also the demand for recreational use and
other human activities, and the compatibility of those ac-
tivities with long-term conservation objectives.
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