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Abstract Activities involving fauna monitoring are usually
limited by the lack of resources; therefore, the choice of a
proper and efficient methodology is fundamental to
maximize the cost–benefit ratio. Both direct and indirect
methods can be used to survey mammals, but the latter are
preferred due to the difficulty to come in sight of and/or to
capture the individuals, besides being cheaper. We com-
pared the performance of two methods to survey medium
and large-sized mammal: track plot recording and camera
trapping, and their costs were assessed. At Jataí Ecological
Station (S21°31'15"–W47°34'42"-Brazil) we installed ten
camera traps along a dirt road directly in front of ten track
plots, and monitored them for 10 days. We cleaned the
plots, adjusted the cameras, and noted down the recorded
species daily. Records taken by both methods showed they
sample the local richness in different ways (Wilcoxon, T=
231; p ;;0.01). The track plot method performed better on
registering individuals whereas camera trapping provided
records which permitted more accurate species identifica-
tion. The type of infra-red sensor camera used showed a
strong bias towards individual body mass (R2=0.70; p=
0.017), and the variable expenses of this method in a 10-
day survey were estimated about 2.04 times higher
compared to track plot method; however, in a long run
camera trapping becomes cheaper than track plot recording.
Concluding, track plot recording is good enough for quick
surveys under a limited budget, and camera trapping is best

for precise species identification and the investigation of
species details, performing better for large animals. When
used together, these methods can be complementary.
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Introduction

Different methods can be used to monitor fauna populations
or communities. Surveys of medium and large mammals
often adopt indirect methods such as the identification of
dung, footprints, and other vestiges, due to the great
difficulty to come in sight of, or to capture such animals.
Although being practical and objective, indirect methods
are not always very accurate (Smallwood and Fitzhugh
1995). Among them, probably the oldest method used to
survey medium and large mammals is the identification of
their footprints in the ground (Bider 1968). The identifica-
tion of dung, nests, path trails, and scratches also came to
be used. Nowadays, more systematic methodologies are
also available such as line transects (Rudran et al. 1996),
vocal call identification (Jones et al. 1996), camera trapping
(Wemmer et al. 1996; Cutler and Swann 1999), or video
recording (Reif and Tornberg 2006; Scheibe et al. 2008).

Whichever method chosen to study medium and large
mammals it will always reveal different levels of accuracy
and precision, as well as different cost–benefit ratios
(Gaidet-Drapier et al. 2006). A good choice of a survey
method requires clear research objectives and the awareness
about the method efficiency and limitations towards the
desired objectives. Limitations may vary as much as from
operational conditions—such as accessibility to the area, or
the interaction with local people (Gaidet-Drapier et al.
2006)—to the project execution timing, or the available

Eur J Wildl Res (2008) 54:739–744
DOI 10.1007/s10344-008-0205-8

Communicated by: H. Kierdorf

M. C. Lyra-Jorge (*) :G. Ciocheti :V. R. Pivello :
S. T. Meirelles
Departamento de Ecologia, Universidade de São Paulo,
Rua do Matão, Travessa 14, 321,
CEP 05508900 Cidade Universitária, São Paulo, Brazil
e-mail: carolina_ecologia@hotmail.com



budget. Activities involving fauna monitoring are frequent-
ly limited by the lack of resources, and consequently it is
essential to analyze the relation between the method
performance and its cost.

Two of the most commonly applied methods to survey
large- and medium-sized mammals are the track plot
recording and camera trapping, both non-invasive methods
which permit the estimation of species presence and/or
abundance (Wemmer et al. 1996; Cutler and Swann 1999),
especially of animals that are very shy to human presence.
A comprehension of their efficacy and costs is essential to
assist researchers to adequately prepare studies to document
mammal species presence, richness, and activity patterns,
making possible the planning of conservation strategies and
monitoring programs (Sadlier et al. 2004; Barea-Azeón et
al. 2007).

A number of authors agree that investigations on the
performance of different sampling methods in a variety of
regions and focusing on distinct animal groups are
extremely necessary but still scarce (Voss and Emmons
1996; Cutler and Swann 1999; Carbone et al. 2002;
Jannelle et al. 2002; Srbek-Araújo and Chiarello 2005,
2007; Gaidet-Drapier et al. 2006; Barea-Azeón et al. 2007).
In this sense, this study aimed at investigating the strengths
and weaknesses of these two methods—track plot recording
and camera trapping—for registering mammal species
richness, together with a cost-benefit analysis. Our specific
objectives were: (1) to compare the performance between
the track plot and the camera trap methods in terms of
detection rates of large- and medium-sized mammals, (2) to
verify if any of these detection methods is biased towards
the animal size, and (3) to assess and compare the costs and
benefits of both methods.

Material and methods

The experiment was carried out at the Jataí Ecological
Station (EEJ) (São Paulo State, Brazil: 21°31'15"S–21°
44'24"S; 47°34'42"W–47°52'01"W) in July 2006 (dry
season). The regional vegetation is composed of remnant
fragments of semideciduous forest and savanna forms,
dispersed in an agricultural matrix (mainly eucalyptus and
sugar cane monocultures). In the EEJ, the predominant
vegetation is the woodland savanna (cerradão), on sandy
soils. The EEJ represents one of the last few savanna
remnants in São Paulo State (Shida 2005).

Field data were collected inside the EEJ, where ten track
plots and ten camera traps were distributed along a dirt
road. We tested the performance of the national camera trap
(“Trapa-camera Company”: http://trapacamera.com) against
an imported make Stealth Cam (http:www.stealthcam.net),
and the national ones showed more adequate in our tropical

weather conditions (high temperature and air humidity)
besides being considerably cheaper; sensitivity and detec-
tion zone were also satisfactory (according to Swann et al.
2004). National camera traps with digital cameras were not
available in the market by the time the field work was carry
out (they are available now). For these reasons we chose the
national camera traps with automatic photographic cameras.
The films used in the cameras allowed 36 photos, a
sufficient number of pictures for the study period and
ecological conditions (Lyra-Jorge et al. 2008).

The cameras used were equipped with infra-red move-
ment sensor, having a coverage area of 90° horizontally and
30° vertically, reaching up to 8 m of distance. Movements
of infra-red sources within the coverage area were detected
by the sensor which automatically triggered the camera.
Approximately 1 s was the time lag between the animal
detection by the infra-red sensor and the triggering. The
sensitivity of the sensor was adjusted through a photoelec-
tric cell, becoming higher when infra-red sources in the
environment decreased; consequently, the maximum sensi-
tivity occurred at night.

Ten track plots (length=1.5 m, X dirt road width ≈4 m)
were created along the dirt road using the road sandy soil,
and arranged every 700 m (since 7,000 m was the
maximum continuous distance in adequate condition of
soil and topography). The camera traps were installed
facing each track plot. Each paired camera trap plus track
plot formed a “sampling unit”.

Track plots and camera traps were checked once a day
during ten consecutive days in July (dry season), when the
recorded footprints in each plot and the number of photo-
graphs taken by each camera were noted down. After
collecting the data, the plots were cleaned to eliminate animal
records from that day. Records of the same species in the same
day and in the same track plot were counted only once, and so
were the sequential photographs of the same species. The
species registered in track plots were identified in situ by two
skilled researchers with large experience in the task.

We considered each point/day as one sample, totaling 100
samples (10 points×10 days). Since data (photos or footprints)
distribution was not normal, the Wilcoxon test was used to
compare the performance of both methods (Zar 1999).

Detection rate of each method was assessed dividing the
number of effective records (photos or footprints where the
animal could be identified) by the number of hours of
exposure (240 h).

Dependence between the number of records obtained
through each method was assessed by a Chi-square test
with Yates correction, using a 2×2 contingency table (Zar
1999). When a species was not registered by one of the
methods, we tested the dependence between species
average body mass and the number of records taken with
each method through Spearman correlation. Even though
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the animal size could be represented by its volume or
surface, body mass is also a good indicator of the animal
total heat (infra-red source) and this kind of data is
available in the literature. Species body mass values were
based on Silveira’s data (1999). We used the program
BioStat 3.0 (Ayres et al. 2003) for statistical analyses.

The cost of each method consisted of fixed and variable
expenses (Martins 2003). Fixed expenses were those which
did not change throughout the project, i.e. global position-
ing system set, the value of the vehicle used, and its
depreciation. As the fixed costs were the same for both
methods here tested they were kept out of the calculations.
Variable expenses changed according to project activities
(Martins 2003), and included:

– Camera trap method: camera traps, photographic films,
batteries (five per camera trap), film development, fuel,
researcher’s daily allowance, field assistant’s daily
allowance;

– Track plot method: fuel, researcher’s daily allowance,
field assistant’s daily allowance.

We estimated and compared costs of a 10-day survey
and a 30-day survey (as this is the maximum time interval
to replace camera films and batteries under the ecological
conditions of the present study) using both methods. We
considered ten camera traps, ten track plots, ten or 30
sampling days, and a distance of about 100 km to the
sampling area. The camera trap method considered 2 days
of researcher’s allowance: one to set up camera traps and
another day to interpret the photos, for both time-interval
surveys. Although in the present study the field assistant
checked the cameras every day, this is not necessary in a
conventional survey; after a monitoring period and assuring
the system is working well, the cameras can be left unaided
in the field for several days (up to a month in this study
ecological conditions) and field assistant will be required
only at the beginning of the time interval, to set up camera
traps together with the researcher, and at the end of the
interval, to change films and batteries or to remove the
equipment. The track plot method considered 1 day of field
assistant’s allowance—to prepare the plots—and 10 or 30
days of researcher’s allowance, as the researcher is needed
every day in the field to correctly identify the footprints.
Costs were converted from the local currency (real) to
American dollar (average exchange rate of April/2008:
US$1.00≈R$1.66).

Results

We obtained 17 records of six species through camera traps,
and 28 records of six taxa through track plots (Table 1).
Two genera—Mazama and Dasypus—are known to have

more than one species in the region, and the identification
at species level was only possible through camera trapping.

The Wilcoxon test resulted highly significant (T=231,
p<<0.01) indicating that detection by both methods is not
the same. Detection rates of camera trap and track plot
methods were respectively 0.071 and 0.117. The Chi-square
independence test was significant for animals of higher
body mass and non-significant for smaller animals, sug-
gesting that the efficiency of both traps is similar for larger
animals but unlike for the smaller mammals (Table 1).
Detection through camera trap was dependent on the
species body mass, and such a tendency was confirmed
by the Spearman correlation test (R2=0.70; p=0.017).

The per-day costs of variable expenses estimated for
both methods in a 10-day survey and in a 30-day survey
were, respectively, US$ 305.13 and US$ 101.71 for camera
trapping, and US$ 149.90 and US$ 145.89 for the track plot
recording (Table 2).

Discussion

Camera trapping and track plot recording tended to sample
large- and medium-sized mammals in different ways.
Although sampling units did not have spatial independence,
this was not a problem in this study since variables such as
land cover, the distribution of camera traps and track plots,
number of hours of exposure (240 h), and the average body
mass of the individuals were the same for both methods,
therefore, different results should relate to the sampling
method.

Some advantages and inconveniences could be perceived
in both methods. The track plot method showed better
detection efficiency, 1.65 times higher than that of camera
trapping. However, species identification in track plots is
strongly dependent on the researcher’s ability to identify the
recorded footprints. For that reason, the researcher himself
is required in the field most of the time, instead of a field
assistant. Ground characteristics may occasionally bewilder
the researcher concerning the animal size, since the same
animal footprint gets larger in softer grounds (Stander
1998); in addition, hard and dry substrata are not adequate
to record footprints. In this study, some days the soil was so
dry that we could not securely identify footprints usually
easily identifiable, as of Puma concolor. The track plot
method efficiency also depends on weather conditions
during the sampling period, since a strong rain or wind
can eliminate some records. If the footprint stays in the dry
soil for several hours, the wind carries the soil particles
away and the footprint begins to fade. It is also challenging
even for a skilled person to identify species whose
footprints are very similar, as some deer (Mazama
americana and Mazama guazoubira) for example. Still,
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such a method demands long time in the field, as the plots
have to be frequently checked and cleaned.

The camera trap method, even though showing lower
detection efficiency, certainly provides more accurate
records as once photographed the mammal can be easily
identified to species level. For some species, especially
those having spotted skin, it may be possible to identify
individuals (Rudran et al. 1996) that can be very useful
when working on capture-mark-recapture of animals; if the
marker is well visible (e.g., bright colors in the body or ear

rings) it will show in the photograph and the photo itself
may function as a recapture, saving costs and lowering the
risk of wounding and stressing both the animal and the
researcher (Tomas and Miranda 2003), and may allow
the estimation of population density (Trolle et al. 2007). In
some situations, the reproductive condition of the animal
can also be recognized in the photos (Srbek-Araújo and
Chiarello 2005). Besides, the camera trap method offers
conditions to analyze activity patterns of the photographed
species, since it is possible to record the time when each

Table 2 Comparison of the estimated costs of different items (variable expenses) for both methods used to sample mammals (camera trapping
and track plot recording), considering a 10-day survey and a 30-day survey, under this study ecological conditions

Variable expenses (US$) 10-day survey 30-day survey
Item Unit value Quantity Total Quantity Total

Camera trapping Camera traps 240.96 10 2,409.60 10 2,409.60
Films 6.02 10 60.20 10 60.20
Batteries 1.66 50 83.00 50 83.00
Film development 9.03 10 90.30 10 90.30
Diesel 1.17 (1 l) 2×20 l (field ≈100 km

distance; 2 return
field trips)

46.80 2×20 l(field ≈100 km
distance; 2 return
field trips)

46.80

Researcher’s
day allowance

120.48 2 days 240.96 2 days 240.96

Field assistant’s
day allowance

60.24 2 days 120.48 2 days 120.48

Total 3,051.34 3,051.34
Per-day cost 305.13 101.71
Track plot recording Diesel 1.17 (1 l) 10×20 l (field ≈100 km

distance; 10 return
field trips)

234.00 30×20 l (field ≈100 km
distance; 30 return
field trips)

702.00

Researcher’s
day allowance

120.48 10 days 1,204.80 30 days 3,614.40

Field assistant’s
day allowance

60.24 1 day 60.24 1 day 60.24

Total 1,499.04 4,376.64
Per-day cost 149.90 145.89

Values in US$, average exchange rate of April/2008: US$1.00≈R$1.66

Table 1 Records of mammal species surveyed through camera traps and track plots, and the values of Chi-square (X2) independence test with
Yates correction, comparing both survey methods

Species Number of records Body mass (kg) X2

Track plot Camera trap

Puma concolor 6 8 70.0 29.84*

Chrysocyon brachyurus 6 4 23.0 20.18*

Mazama sp.a 2 1 30.0 49.49*

Conepatus semistriatus 6 2 3.0 0.13
Dasypus sp.a 4 1 1.0 0.42
Sylvilagus brasiliensis 4 1 2.0 0.27
Total 28 17

Species body mass according to Silveira (1999)
* p<0.01
aMore than one species of the genus is known in the area; identification at species level was not possible through track plot recording
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photo is taken. Time recording also permits to assess the
presence of different individuals of the same species at
different times in the same day, while records in track plots
do not allow such a differentiation, as footprints of the same
species in the same plot and in the same day are reckoned
as only one register.

Another advantage of camera trapping is that the
researcher is not required to monitor the equipment
constantly, as the cameras can be left unaided in the field
for several days and any trained person is able to change
camera films (if not digital cameras) and batteries. In
another study in the same region (Lyra-Jorge et al. 2008)
we verified that it was necessary to change 36-picture films
only once a month, and the researcher was required in the
field only to install the cameras (1 day) plus an additional
period to analyze the photos taken.

On the other hand, detection by camera traps showed a
strong dependency on the animal body mass, performing in
favor of large species. Such a tendency has also been
reported by other researchers, since the earliest infra-red
camera traps (Wemmer et al. 1996) to the more recent ones
(Carbone et al. 2002; Silveira et al. 2003). Other potential
failures for infra-red camera traps can be pointed. The
cameras used in this study take about one second between
the animal detection by the sensor and the triggering, and in
some cases the animal can run away before being photo-
graphed. This is a possible reason for lower detection rates
of the camera traps compared to the track plot method.
Also, as the sensor detects motion and changes in
temperature, the camera performance reduces in hot days,
when the environmental temperature becomes close to the
animal body temperature. This is also a reason for higher
detection at night, when the contrast between the animal
body and the environment temperature is higher (Srbek-
Araújo and Chiarello 2005). Higher detection at night was
also noticed in this study, what can be in part due to that
condition and in part because most of the animals detected
here have nocturnal habit (Emmons 1997; Reis 2006; G.
Ciocheti unpublished data).

Still related to the camera temperature-detection system
was the initial difficulty in calibrating the infra-red sensor
under hot weather conditions, as it would trigger with
temperature oscillation. This problem was much easier to
overcome with the national Trapa-camera than with the
imported make (Stealth Cam MC2-GV, 35 mm), as the
national camera trap was adjusted for tropical conditions.
Its sealing system was also more effective, therefore
humidity and excess heat did not damage the mechanism.

Camera avoidance behavior in mammals has been
noticed, especially in long term studies in which the
cameras remain in the same sites, as the animals “remem-
ber” the camera presence and avoid the flash. This may be
the reason for a higher detection rate at the beginning of

long term studies (Wemmer et al. 1996; York et al. 2001;
Wegge et al. 2004; Jackson et al. 2006). In an 18-month
sampling study we also noticed camera shyness (Lyra-Jorge
et al. 2008) but not in the present short-time sampling study.

Despite the cost of camera trapping being high at first
sight, this method produces permanent records and the
cameras can be re-used in other projects. In a medium/long
run project, per-day cost of this method lessens with time
because the equipment can stay unaided in the field for up
to a month, saving travel and personnel expenses. On the
other hand, track plot recording method requires daily field
visits. Comparing a 10-day with a 30-day survey, camera
trapping per-day costs decreased from US$ 305.13 to US$
101.71 whereas per-day cost of the track plot method
remained almost the same (US$ 149.90 against US$
145.89). If using digital cameras, the cost would be even
lower because films (and films development) would not be
necessary. Most researchers who evaluate costs and benefits
of mammal recording methods agree that more expensive
methods, if more accurate, are the best for long term studies
and/or when different research groups share field equip-
ment, and that the combination of two or more methods
always result in better quality data, especially when
surveying rare or secretive species (Stander 1998; Silveira
et al. 2003; Sadlier et al. 2004; Gaidet-Drapier et al. 2006;
Barea-Azeón et al. 2007; Scheibe et al. 2008).

Considering the benefits and shortcomings of both
methods in relation to performance and costs we can
conclude that the track plot method is satisfactory when the
purpose is to assess local species richness through quick
surveys and under a limited budget. Camera trapping,
although being more expensive and biased towards larger
animals permits precise species identification, the investi-
gation of species activity patterns, and sometimes, the
estimation of population density (through individualized
records) (Voss and Emmons 1996; Srbek-Araújo and
Chiarello 2005); it is an efficient method especially to
record vagile animals which are solitary, in low density or
live in small groups (Carbone et al. 2001). Both methods
can be used together, enhancing field data quality and
providing complementary results.
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