
Abstract Monitoring the effectiveness of manage-

ment activities within reserves is always a complicated

task. When the focus of management activities is

mammals, it is difficult to monitor their populations in

a way that is rapid, effective, and inexpensive. We re-

port on a mammal survey of a reserve in southwest

China using remote-trip cameras. We surveyed 329

locations over 2 field seasons in 2002 and 2003. Sixteen

species of mammals were detected with these cameras,

with four species documented for the first time. After

accounting for variation due to slope, aspect, elevation,

and habitat type, the distribution of six species was

positively associated with the location of conservation

stations and/or patrolling routes. Species of medium-

sized mammals are excellent candidates for monitoring

programs based on these cameras, due to their relative

abundance, sufficient size to be detected by the camera

units, and sensitivity to human activity. The distribu-

tion of mammals relative to management efforts is a

relatively rapid means to assess reserve effectiveness.

The repeat use of the cameras as part of a monitoring

plan should provide a quantifiable measure of reserve

effectiveness.

Keywords Monitoring Æ China, mammals Æ Remote-

trip cameras Æ Protected areas management Æ Patrolling

Introduction

Wildlife reserves are under pressure to demonstrate

effectiveness as conservation tools (McNeely 1989;

Parrish and others 2003; Schwartman and others 2000).

International organizations encourage reserves to en-

gage in conservation planning that includes quantifi-

able goals and measures of success (Hockings 2003;

Margoluis and Salafsky 1998; Parrish and others 2003).

The push for quantitative measures of success coin-

cides with an increased emphasis on global monitoring

of biodiversity by standardized protocols (Green and

others 2005). Within a reserve’s budget, however,

monitoring must compete for limited conservation

funds with other worthwhile programs, such as incen-

tive programs in local communities (Fu and others

2004; Lindsey and others 2005), remote sensing tech-

nology (Nagendra and others 2004), and reserve staff

infrastructure and training (Rao and others 2002). In a

resource-limited environment, reserve management

must demonstrate the effectiveness of their staff in

conserving wildlife within the reserve (Atauri and

others 2005; Parrish and others 2003).

One direct measure of reserve success is the abun-

dance of critical species. Assessing the status of wildlife

populations is a necessary component for indexes of
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sustainability for hunted species (Carrillo and others

2000; Milner-Gulland and Akcakaya 2001), biodiver-

sity measures (Caro 1999), and the effectiveness of

conservation plans (Atauri 2005; Hockings 2003; Mace

and others 2001; Possingham and others 2001). The

utility of these measures is contrasted by the difficulty

in assessing some groups of species, such as large and

medium-sized mammals in forested habitat (Caro

1999). The cryptic and nocturnal habits of most mam-

mals often result in population estimates based on

indirect measures, such as tracks and fecal dropping

(Carrillo and others 2000; Gaines 2001; Grigione and

others 1999; Schauster and others 2002; Weckerly and

Ricca 2000; White 1994). The disadvantage of sign

surveys is the inability to discriminate between species

that overlap in body size and food selection (Wemmer

and others 1996). Direct measures of populations

through either sightings or captures can prove to be

expensive and time-consuming (Caro 1999; Wemmer

and others 1996).

Population estimates obtained over a number of

years form the basis of most monitoring programs for

mammals (Carrillo and others 2000; Gibbs 2000).

Hockings (2003) found that monitoring programs are a

major component of over half of the conservation

plans associated with reserve management. Monitoring

activities, however, often have shortfalls of unclear

objectives, inadequate sampling, inappropriate time-

scales, and primitive analysis (Possingham and others

2001). With mammals, one major issue is whether to

base a monitoring program on direct or indirect pop-

ulation measures. Errors in sign detection and the

inherent variability of wild populations makes moni-

toring animal abundance via indirect measures advis-

able only over long time periods (Gibbs 2000; Wemmer

and others 1996). This is especially true for medium-

sized mammals whose population variability is four

times that of large mammals (Gibbs 2000). This limi-

tation precludes any use of mammals as indicator

species for a short-term assessment of reserve effec-

tiveness (Ervin 2003). This is unfortunate because large

and medium-sized mammals are often the focus of

poaching activities within reserves (Carrillo and others

2000; Robinson and Bodmer 1999). Although quanti-

tative measures should not be the sole focus of moni-

toring programs (Hockings 2003; Stem and others

2005), improvements in mammal surveys that allow

more rapid and quantifiable results would make

adaptive management practices more feasible.

Surveys of mammals in tropical and temperate

habitats increasingly rely on remote-trip cameras to

detect cryptic mammals (Karanth and Nichols 1998;

Moruzzi and others 2002; Numata and others 2005;

Sanderson and Trolle 2005). These surveys can be

specific for a single species or a measure of species

richness. The cameras work best when individual ani-

mals can be recognized by natural or man-made

markings (Karanth and Nichols 1998, Carbone and

others 2001, Trolle and Kery 2003). When individuals

cannot be recognized, cameras still perform better than

indirect measures for detecting species of small carni-

vores (Foresman and Pearson 1998). The photographs

have been used to create an abundance index using

either photographs/camera night or number of days

until a species is first detected (Carbone and others

2001; Moruzzi and other 2002). The recent develop-

ment of detection probability theory (MacKensie 2005;

Royle and Nichols 2003) would strengthen the index by

generating a ‘‘capture history’’ of a species when there

are repeat surveys of a site. We believe that there is a

valuable role for remote-trip cameras as a monitoring

tool for reserve management.

We report on a general survey of mammals in a

reserve in northeastern Sichuan Province in the Peo-

ple’s Republic of China. These survey data were

examined with respect to conservation activities using

logistic regression. We isolated the impact of human

activity (i.e., conservation stations, patrolling routes,

roads, and local villages) from landscape variables such

as slope, aspect, elevation, and habitat type. Our

hypothesis was that there was a discernable benefit to

wildlife from patrolling activities and stationing of re-

serve staff within the reserve. This benefit can be as-

sessed relatively rapidly due to the remote-trip camera

and using the distribution of mammals as a metric of a

reserve’s success.

Study Area

The Tangjiahe Nature Reserve is an approximately

300-km2 reserve in northern Sichuan Province

(104�36¢–104�53¢ latitude and 32�32¢–32�41¢ longitude)
that was set aside for giant panda (Ailuropoda

melanoleuca) and takin (Budorcas taxicolor) conser-

vation in 1978 (Tangjiahe NRAD 2000). The terrain

comprises steep river valleys with an elevation range

from 1150 to 3800 m. The reserve is predominately

(> 80%) forested with subalpine meadows at higher

elevations and early succession patches along river

valleys. All local people were relocated outside of the

reserve at its inception, most to just outside the reserve

entrance (Fig. 1). A conservation station was situated

near the entrance of the reserve and a second station

was located in the center of the reserve. We used two

surrogate measures of conservation activity. First,
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there were four patrolling teams that used set routes to

patrol the reserve every 2 weeks; our first conservation

measure was proximity to these patrolling routes.

Second, the patrolling staff were housed at two con-

servation stations and inclement weather could cause

patrols to be abandoned or shortened, so that patrol-

ling activity, and probably all staff activity, was more

common nearer the conservation stations (Li Ming Fu,

personal communication). There were two roads

within the reserve that followed the main rivers; one

provided transit to the central conservation station

(which was also the reserve headquarters) and the

other continued approximately halfway along the other

river valley. Due to the steep terrain along the north-

ern and western boundaries, the main entrance for

poachers was probably along the Tangjiahe River.

Methods

The general schematic of a survey camera is for an

infrared sensor to be attached to a camera with built-in

flash, auto-advance and auto-focus features (http://

www.camtrakker.com; Swann and others 2004). The

sensor detects the heat profile of a cone-shaped area in

front of the unit and is triggered by abrupt changes in

temperature across that cone. A limitation is the sen-

sitivity of the sensor, which can vary depending on

structural interference (i.e., vegetation), the tempera-

ture difference between the animal and the environ-

ment, battery strength, and manufacturer (Swann and

others 2004). This difference in sensitivity results in

longer detection ranges in open habitat and larger

animals being detected at longer distances when the

habitats are similar. We compensated for this by lim-

iting the range of the sensor to within 3 m of the unit

through careful orientation toward the landscape and

vegetation features. The 3-m limit is within recom-

mended guidelines [2–5 m by Swann and others

(2004)]. The 3-m limitation is not to allow comparison

between species, but to eliminate any bias due to

differences in temperature, or vegetation density,

between the sampling points.

The entire reserve was divided into 71 4-km2 blocks

for sampling. We attempted to survey all blocks, but

steep terrain resulted in only 56 blocks being surveyed.

All data were collected from March to December 2002

and from March to October 2003, with no data col-

lected during winter months. The elevation range for

the sample locations was 1100–3200 m. Camtrakker�
infrared triggered cameras (n = 5) were placed in each

block for a 2-week period. Within the survey block,

cameras were placed in likely animal-use areas, as

determined by reserve staff, and placed a minimum of

150 m apart. We cannot assume independence between

sampling points, especially for the largest mammals,

whose potential home range could encompass the en-

tire reserve. Using standard terminology (MacKensie

2005), we are assuming ‘‘occupancy’’ for the reserve if

a species is detected across the entire survey, but we

measure a species ‘‘use’’ at a specific location across a

range of potential locations within the reserve. We

selected the minimal distance of 150 m between sample

points based on our knowledge of the movements of

medium-sized mammals and the logistics needed to

setup or retrieve multiple cameras on the same day.

Fig. 1 Extent of the Tangjiahe Nature
Reserve in Sichuan Province, China.
Conservation stations, patrolling routes,
and villages used in the analysis are
indicated
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Cameras were placed and retrieved as part of patrol-

ling duties of the reserve staff. Because cameras were

placed by different patrolling teams over a 19-month

period, subsequent examination of sample points

found some points less than 150 m apart. For these

nearby points, we included the data in the species list

of occupancy for the reserve, but we eliminated some

points prior to statistical analysis of use. For each set of

nearby points, we retained the point with the most

detections and in the rarer habitat type. To increase

the probability of detecting carnivores with large home

ranges, a dollop of carnivore scent lure, obtained from

a commercial trapping supplier (Montgomery Fur Co.,

Ogden, Utah), was placed within the detection range of

each camera (Moruzzi and others 2002). A preliminary

survey of captive ungulates species did not show a

significant response to lures placed within their enclo-

sure (D. Powell, Wildlife Conservation Society,

unpublished communication). Cameras were checked

at the end of the 14-day period, and if the camera was

not operating, the date of the last picture was consid-

ered the last date of sampling (average sampling

period =13.7 days).

For all analyses, we used detection/nondetection at a

location, rather than the number of pictures. The rea-

son for this is that abundance has a strong seasonal

component and it is logistically impossible to sample

the entire reserve simultaneously; for example, our

sampling covered from spring through autumn over

2 years. Ecoregional monitoring programs in North

America are based on presence/absence samples

(Manley and others 2005). For the smaller species

( < 300 g), a definitive species identification was not

always possible without a specimen, but we assigned a

putative species identification based on relative size,

coloration, and known distribution of the species in the

region (Ma and others 2001; Tangjiahe NRAD 2000).

When species identification was not possible based on

incomplete picture or poor focus, we discarded the

detection.

Variables calculated for each camera location in-

cluded slope, aspect, elevation, habitat type, distance

to nearest conservation station, distance to nearest

patrolling route, and distance to nearest village. Hab-

itat type was determined from on-site examination of

camera location, with 5 habitats types sampled (Mixed

Broadleaf, n = 128; Conifer And Broadleaf, n = 88;

Conifer, n = 11; Evergreen and Broadleaf, n = 79; and

Alpine, n = 20). Using ARCView 3.3 (ESRI Inc.,

Redlands, CA), slope, aspect, and elevation were de-

rived from the digital elevation model of the reserve

(Fig. 2). Distance values were determined within

ARCView using Euclidean distances between

attributes.

Multiple logistic regressions was used for analysis of

animal distributions relative to human activity.

A stepwise backward progression algorithm within

SYSTAT (Vers. 11) was used with P = 0.10 for variable

removal or entry. Aspect and habitat were coded as

binary variables. The aspect was divided between

‘‘Cold’’ (i.e., NE, N, NW, W) and ‘‘Warm’’ (i.e., SW, S,

SE, E). Habitat associations were examined a priori for

each species and the most obvious preferred habitat

was compared to all other types in the logistic analysis.

Prior to analysis, each continuous variable was exam-

ined for Normal distribution (no transformations were

Fig. 2 The distribution of 329
camera locations within the
Tangjiahe Nature Reserve, with
respect to elevation. Camera
locations with solid symbols were
eliminated prior to analysis due
to close proximity to other points,
but were included in the list of
species detected
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necessary). We examined all variables for significant

collinearity and found distance to conservation station

correlated with distance to village (r = 0.73); we in-

cluded an interaction term for this set of variables in all

analyses. Even though the conservation stations and

villages were located along the main river drainage, the

extreme terrain resulted in no significant correlation

between elevation and either distance to conservation

station (r = 0.08) or distance to people (r = 0.06).

Results

We surveyed 392 sample points within the reserve, for

a total detection of 509 pictures of 19 species

(16 mammal species; Table 1). Although significant

sampling effort (4515 camera-days) was devoted to the

survey, predator species were rarely detected within

the reserve. A previous sign survey (National Giant

Panda Survey, unpublished data) detected two large

species (giant panda and Asian black bear Ursus thi-

betanus) that were not detected in the camera survey.

The camera units provided the first physical evidence

of several species within the reserve: leopard cat (Pri-

onailurus bengalensis), goral (Naemorhedus goral),

serow (Capricornis sumatraensis), and musk deer

(Moschus moschiferus).

The average number of days before a camera unit

records a species can be used to assess if camera

monitoring will effectively monitor a specific species

(Moruzzi and others 2002). Although cameras were

equipped to record the time and date of each picture,

this feature often failed on our units. There were,

however, six species for which we were able to estimate

the average number of days before the species was first

detected. For most of these species, the average date of

the first picture was approximately 1 week (Tibetan

macaque, 6 days; takin and serow, 7 days; reeve’s

muntjac, 8 days; and tufted deer, 9 days); for a single

species, the average date of first detection was close to

the end of the survey period (i.e., goral, 12 days).

For 13 mammal species, there were sufficient

detections (more than three locations) to examine their

distribution relative to human activity (villages,

patrolling routes, and conservation stations). We failed

to detect a distribution pattern for two species; one

species (i.e., takin) was the most detected species

(Table 1) and, essentially, was found throughout the

reserve. The second species, rock squirrel (Sciurota-

mias davidianus), was one of the rarer species detected

and the sample size could explain the lack of a dis-

cernable pattern. Our survey found only two species,

porcupine and hog badger, confined to specific eleva-

tion bands (1400–2500 m and 1250–2500 m, respec-

tively). For eight species, distance to conservation

station, patrolling route, or village was a significant

factor in their detection (Table 2). A graph of mean

detection distance from conservation station for each

species shows most species closer than the average

survey point (Fig. 3). The golden monkey (Rhinopi-

thecus roxellanae) was one of the species distributed

negatively with respect to conservation activity—in this

case, patrolling routes.

For three species for which both conservation sta-

tion and village distances were significant, there was a

significant interaction between the two variables,

indicating that animals do not respond similarly to the

two correlated variables. For two of those species,

white-bellied rat and Himalayan weasel, they were

both more abundant closer to human habitation. For

Table 1 List of mammal
species detected at 329
locations surveyed with
remote-trip cameras for 2
weeks each during nonwinter
months in 2002 and 2003 at
Tangjiahe Nature Reserve,
Sichuan Province, China.
Species are listed in order of
number of locations where it
was detected

Common name Scientific name No. of photographs No. of locations

Takin Budorcas taxicolor 206 45
Muntjac Muntiacus reevesi 50 28
Tufted deer Elaphodus cephalophus 39 26
Hog badger Arctonyx collaris 33 15
Serow Capricornis sumatraensis 13 13
Tibetan macaque Macaca thibetana 22 11
Wild boar Sus scrofa 20 11
Chinese porcupine Hystrix brachyura 26 10
Rock squirrela Sciurotamias davidianus 15 9
White-bellied rata Niviventer andersoni 31 8
Himalayan palm civet Paguma larvata 12 8
Golden monkey Rhinopithecus roxellanae 7 5
Himalayan weasel Martes sibirica 3 3
Leopard cat Prionailurus bengalensis 3 2
Goral Naemorhedus goral 2 2
Musk deer Moschus moschiferus 1 1

aSpecies identification based in part on known distributions in region
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the third species, tufted deer (Elaphodus cephalophus),

the data show few detections in the area between the

villages and the conservation stations, but detections

increased once a conservation station was between the

village and the sample point. This species was also

found closer to patrolling routes than expected by

chance (Table 2).

Discussion

The cameras provide demonstrable proof that species

exist in reserves. Scat and tracks had been attributed to

these species by reserve staff, but due to the overlap in

sign characteristics among several species, positive

identification was not possible until this survey. Previ-

ous attempts to show the distribution of species relied

on species’ geographic ranges and elevation restric-

tions to indicate probable occurrence (Tangjiahe

NRAD 2000). We only found two species to respond

significantly to the elevation range sampled: porcupine

and hog badger. Although there are 85 potential

mammal species in the reserve (Tangjiahe NRAD

2000), the majority has never been seen or captured

(Li, personal communication). The camera records

provide a suite of species that are abundant enough for

monitoring purposes.

This reserve contained several hoofed mammals that

overlap in body size: tufted deer, muntjac (Muntiacus

reevesi), serow, goral, musk deer, and wild boar (Sus

scufa). In most instances, examination of tracks would

not enable the staff to differentiate among these spe-

cies because the juveniles of the larger-bodied species

produced tracks similar to adults of the smaller-bodied

species (Ma and others 2001). Fecal droppings for

several species also overlap in size and characteristics

(Ma and others 2001). The remote-trip cameras al-

lowed us to differentiate among these species (Table 1)

and to determine the correlates for species-specific

distributions within the reserve (Table 2).

Two species increased with proximity to village. The

white-bellied rat is a granivore (Sheng and others 1999)

and might be attracted to agricultural crops planted

near villages. The Himalayan weasel, a small predator

Table 2 Results from logistic regression for most detected mammal species within Tangjiahe Reserve for approximately 271 locations
each sampled for a 2-week period (March 2002–October 2003)

Logistic regression

Species Sample size (presence/absence) X2 r Significant variables

Takin 35/224 N.S. — —
Muntjac 26/244 41.42*** 0.24 Closer to conservation stations

Nearer to patrolling routes
Warmer aspects (S, E, SE, SW)

Tufted deer 26/244 18.66*** 0.11 Farther from conservation stations
Farther from villagesa

Closer to patrolling routes
Broadleaf mix

Hog badger 14/256 34.48*** 0.33 Lower elevation
Evergreen/broadleaf mix

Serow 13/257 4.50* 0.04 Evergreen/broadleaf mix
Wild boar 11/259 6.31* 0.07 Closer to conservation stations
Porcupine 9/261 34.24*** 0.43 Closer to conservation stations

Lower elevation
Cooler aspects (N, W, NW, NE)
Conifer/broadleaf mix
Farther from roads

Macaque 8/262 4.33* 0.06 Evergreen/broadleaf mix
Palm civet 8/262 14.44*** 0.20 Closer to conservation stations
Golden monkey 5/265 8.45** 0.17 Farther from patrolling routes
White-bellied rat 6/264 9.09* 0.16 Closer to villagesa

Closer to conservation stations
Rock squirrel 6/264 N.S. — —
Weasel 3/267 12.57*** 0.38 Closer to villagesa

Sample sizes vary due to elimination of points that were less than 150 m apart (see Methods section). When listing significant variables
we indicate the direction, or attribute, of the more abundant state. For scientific name of species, see Table 1

*P < 0.05; **P < 0.01; ***P < 0.001
aSignificant interaction found between distances to conservation station and village
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of rodents, was also found closer to villages. For the

tufted deer, the relationship between distribution and

management activity is complex. Detections were far-

ther away from villages and conservation stations, but

closer to patrolling routes. Little natural history

information is available for this species (Wemmer

1998), but if villages are the primary source of poachers

and poaching is heavy on this species, then our data

indicate that the location of conservation stations near

villages does not compensate for the negative impact of

villages. Only conservation activity far from villages

(i.e., patrolling routes) coincides with the increased

presence of this species.

For golden monkeys, patrolling activity was nega-

tively associated with detections. At Tangjiahe, this

species is very sensitive to human disturbance, and

upon sighting humans, individuals produce alarm calls

that cause an entire troop to flee (Ge 2000). Being

arboreal, golden monkeys are hunted with guns, not

snares as with most other mammal species. Our data

indicate that they do not remain in areas with human

activity, regardless of its nature.

Overall detections of mammals within the reserve

were low, with a marked absence of many predator

species. This result would not be due to lack of avail-

able habitat, as this reserve is adjacent to two other

reserves (Baishuijing and Dongyanggou nature re-

serves), and, together, these three reserves encompass

a 3680-km2 forest block. We should consider whether

limitations of the survey protocol or the cameras pro-

duced these low detection rates. Our schedule for

camera relocation (i.e., 14 days) was set by the

patrolling schedule of the reserve staff. It is possible

that the relatively rapid shifting of cameras reduced

our ability to evaluate any specific location for species

with large home ranges. However, the measure of any

indirect survey is ‘‘effort’’ (Gibbs 2000; Wemmer and

others 1996); in our case, this was the number of days

multiplied by the number of cameras active each day.

Our effort (> 4500 camera days) was beyond 18 of 20

studies designed to detect tigers (Pan tigris), a usually

scarce predator, in other Asian countries (Carbone and

others 2001). There is also no indication of under-

sampling for the few species for which we able to cal-

culate the mean number of days until first photograph.

We know of two large mammal species that occur in

the reserve and were not detected during the survey:

giant panda and Asiatic black bear. We have detected

these species using the cameras at other reserves

(unpublished data) and the black bear was detected by

a remote-trip camera at Tangjiahe shortly after this

survey ended. Densities of these animals within the

reserve must be below that for detection at our sam-

pling effort. Schaller and others (2000) estimated both

species at less than 20 individuals within the reserve in

the 1980s. The low predator density could also be a

legacy of the reserve’s recent past, having been only

established from a logging concession in the late 1970s.

The reliance of the camera unit on detecting heat

profiles of approaching animals compromises our

ability to compare species that differ in body size. For

example, the most abundant species photographed was

also the largest mammal (takin) and the least photo-

graphed included two of the smallest mammals [white-

bellied rat (Niviventer andersoni) and Himalayan

weasel (Martes sibirica)]. Beause one of the primary

functions of the reserve was to preserve the takin, the

abundance of photographs at multiple locations is an

indication that the takin population is abundant and

widespread. However, we would not infer from these

data that the takin population is more abundant than

the population of white-bellied rats because of differ-

ences in detection distance (Swann and others 2004).

Although the utility of comparisons between species

is limited, there is validity in comparing ‘‘capture’’

locations within a species. Mammal species are rela-

tively mobile and the distribution of animals across a

landscape or reserve should indicate the location of

favorable and unfavorable locations for species

(Garshelis 2000). Locations are favorable due to both

environmental factors (i.e., temperature, moisture, and
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forest types) and management activities (i.e., lack of

poaching activity or disturbance and habitat quality).

Changes in effectiveness of conservation stations and

patrolling routes should be reflected by changes in

species distributions, taking into account differences in

environmental factors. For 6 of 13 species tested, our

surrogate measure of conservation activity (i.e., dis-

tance to a conservation station or patrolling route) was

positively associated with the species detection, indi-

cating that patrolling by the reserve staff does have a

conservation value. For two species, animals were

found farther from villages. Fu and others (2004) dis-

cussed the pressures on villagers in China to derive

income from nearby nature reserves. We do not know

the mechanism by which the conservation stations en-

hance mammal detections; either the patrolling activi-

ties itself or the presence of staff within specific valleys

or drainages might deter poaching. For most species,

the results indicate that conservation stations are of

value, and, possibly, additional stations should be

established at higher elevations to enhance conserva-

tion within those habitats. The addition of conservation

stations or patrolling routes should expand the range of

several species, and this change would be rapidly de-

tected with the remote-trip cameras. For the golden

monkey, for which the response to human activity was

negative, it might need focused management attention

that cannot be provided by standard patrolling or

station establishment.

We used only the detection/nondetection of a spe-

cies at an individual survey point in order to minimize

detection variability due to camera setup, ambient

temperature, or body size. Manley and others (2004,

2005) proposed that a monitoring program employing

presence/absence detections for multiple species is the

most effective means to monitor biodiversity over a

large scale. They proposed a monitoring program for

the state of California based on rapid indexes of

presence/absence at multiple sample locations. They

considered a monitoring protocol to be effective if

there are sufficient species’ detections and the ability to

sample a large number of locations.

All indirect measures of mammal populations have

shortcomings. Sight transects are limited by visibility,

such as vegetation density, weather, and ambient light

levels (Caro 1999). Care must be taken in sign surveys,

as tracks are not consistent for all habitats (Grigione

and others 1999) and droppings degrade at different

rates depending on moisture, temperature, and the

deposition site (Fuller 1991). Cameras have logistic

problems of faulty settings, faulty batteries, and detec-

tion ranges (Swann and others 2004), but these prob-

lems are not influenced by the habitat if properly set up.

Species-specific habitat associations are a common use

of survey activity in reserves (Garshelis 2001; Gibbs

2001) and camera survey data (Moruzzi and others

2002). Our survey protocol could be improved by

incorporating more detection probability theory

(MacKensie 2005; Royal and Nichols 2003). The danger

of single surveys is that failure to record a species can

signify either absence or nondetection due to habitat or

sampling attributes. We minimized habitat differences

by limiting the range of the infrared sensor. Neverthe-

less, detection probability theory shows that repeat

measures of detection/nondetection at a survey point

can be used to estimate the probability of a false record

of absence. With repeat surveys, it is possible to esti-

mate how often the survey technique fails to detect a

species that is truly present; repeat surveys can either be

multiple surveys of the same sample point or a single

survey divided into sequential periods. This second

scenario would fit best within our protocol, with cam-

eras left in place for 14 days, but our survey cameras did

not reliably produce time and date stamps on pictures

to allow such an analysis. As opposed to track or sign

surveys, it is logistically easier for camera surveys to

provide repeat measures because the technique would

not depend on frequent returns by staff.

Effective measures of conservation need to be

quantifiable, relatively rapid, and relevant to the threat

(Ervin 2003; Parrish and others 2003). Some conserva-

tionists are advocating moving away from basing

effectiveness on ground-based biological surveys be-

cause of their costs and slow speed (Green and others

2005; Parrish and others 2003). Population measures

are difficult and time-consuming for most mammal

species, but recent theoretical advances hold the po-

tential of deriving population estimates from presence/

absence data (Royle and Nichols 2003; Tosh and others

2004). Even with the retention of the survey as an

indirect measure, the distribution of species relative to

conservation infrastructure and activity is a rapid

assessment of the necessity of these activities. Over the

long term, monitoring does not need to rely on popu-

lation estimates; it can rely on presence/absence

detections (Manley and others 2004). Remote-trip

cameras offer an indirect means to detect changes in

species presence at sample points distributed through-

out a system of reserves. For comparisons between re-

serves, their use would minimize reserve differences in

reserve staff training or expertise, which is the main

limitation of sign surveys (Wemmer and others 1996).

Remote-trip cameras have limitations in detections and

species identification, but these are not severe enough

to preclude their use for presence/absence detections of

broad suites of species, which is exactly what is needed
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to establish broad monitoring programs (Manley and

others 2004). Effective management of reserves is

desperately needed in China (Fu and others 2004) and

quantitative measures of success would be one critical

step in that direction.
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