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Abstract

Camera traps are a powerful tool for inventorying elusive and rare species and very useful to obtain ecologi-
cal data for plans that involve wildlife conservation. In Peru, several surveys have been carried out in lowland
Amazonia especially in the southeastern part of the country, but none in montane cloud forests or Yungas. We
present the first camera trap studies produced in Peruvian Yungas at the locality of Querocoto village (Chota,
Cajamarca), based on 2002 (dry season) and 1264 (wet season) camera traps-days (CTD). Two localities were
surveyed in wet and dry season: The Pagaibamba Protection Forest and the San Lorenzo Forest. The wet
season study was carried out in October and November, and the dry season in July to September of 2008. Eight
mammalian species were recorded in both seasons. Some 66 (91.7%) independent records were obtained in
the dry season, but only six (8.3%) in the wet one, suggesting a seasonality effect. The Mountain Paca Cunicu-
lus taczanowskii was the most commonly photographed species, with 17.0 and 1.6 capture frequencies (dry
and wet season respectively), whereas the Long-tailed weasel Mustela frenata (0.5 capture frequency in the
dry season) was the most rare species. Activity patterns suggest that Mountain Paca C. taczanowskii and the
Andean Skunk C. chinga are nocturnal, while Spectacled Bear T. ornatus and Tayra E. barbara are diurnal in
the study area. Our records of the Ocelot Leopardus pardalis and the Tayra E. barbara are among the highest
altitudinal records known for each species. In addition, the Anta Tapirus pinchaque was also identified by its
tracks, representing one of the first record known south of the Huancabamba Depression.

Keywords: Camera traps, inventory, montane cloud forest, Cuniculus taczanowskii, Huancabamba Depres-
sion, Peru.

Resumen

Las trampas camara son una herramienta muy poderosa en el registro de mamiferos raros y elusivos; muy
utiles en la obtencion de datos ecoldgicos necesarios para formular planes que involucren la conservacion de
la fauna. Estos estudios principalmente se han realizado en la Amazonia del Per( especialmente en la parte
sur oriental; pero muy pocos en los bosques montanos o yungas. Nosotros presentamos uno de los primeros
estudios en las yungas peruanas realizado con trampas camaras; se llevo a cabo en la localidad de Querocoto
(Chota, Cajamarca) con un esfuerzo de muestreo de 2002 (estacion seca) y 1264 (estacion humeda) trampas
camara-dia (TCD). Dos lugares fueron evaluados en las estaciones humeda y seca: el bosque de proteccion
de Pagaibamba y el bosque de San Lorenzo. El estudio durante la época humeda fue llevado a cabo entre
octubre y setiembre, mientras la evaluacién en época seca fue entre julio y setiembre de 2008. En total se
registraron ocho especies de mamiferos. En la época seca se obtuvo 66 (91,7%) de los eventos independientes
mientras en la época humeda solamente seis eventos (8,3%) sugiriendo un efecto por estacionalidad. La Paca
de Montafa (Cuniculus taczanowskii) fue el mamifero mas fotografiado con frecuencias de captura de 17,0y
1,6 para época seca y humeda respectivamente mientras que Mustela frenata con 0,5 fue la especie mas rara
registrada solo en la época seca. Los patrones de actividad sugieren que la Paca de Montana, C. taczanowskii
y el Zorrillo Andino, Conepatus chinga son nocturnos, mientras que el Oso de Anteojos, Tremarctos ornatus y
la Tayra Eira barbara son diurnos en el area de evaluacion. Nuestros registros del Ocelote Leopardus pardalis
y la Tayra E. barbara estan entre los registros altitudinales méas altos conocidos para ambas especies. En
adicion el Anta Tapirus pinchaque fue identificado por medio de sus huellas y representa su primer registro al
sur de la depresion de Huancabamba.

Palabras clave: Trampas camara, inventario, bosques de niebla, Cuniculus taczanowskii, Pera.

are very difficult landscape with strong slope, dense vegetation

Camera traps are a powerful and non invasive tool for inven-
torying elusive and rare species, and have become very popular
in the last few years. Camera traps have been used successfully
in numerous studies of mammals, and potential applications
of this field technique in wildlife studies are increasing. This
method provides information on population dynamics (Varma
et al. 20006), species richness (Shek et al. 2007, Lyra-Jorge et al.
2008), activity patterns (Maffei et al. 2007, Arispe et al. 2008),
habitat use (Bowket et al. 2007, Tobler et al. 2009), population
density (Trolle & Kery 2005, Rios-Uzeda et al. 2007, Rowcliffe
etal. 2008), and abundance (Silver et al. 2006, Marnewick et al.
2008); which are essential data for wildlife conservation. Several
surveys have been carried out in Peru, principally in lowland
Amazonia, but none in montane cloud forests. Montane forests

and have adverse climate condition. Camera traps, however,
are not dependent on the environment and the photographs
allow an accurate identification of animals. We present the first
biodiversity survey of montane mammals in the Peruvian Yungas
in the Querocoto village area (Chota, Cajamarca) using camera
traps, to complement a standard evaluation and build baseline
information for future conservation planning in the area. Caja-
marca, with five protected areas, is poorly represented. Besides,
these are small in extension except by the Tabaconas-Namballe
Sanctuary National and the Hunting Area of Sunchubamba.
Some other areas were created for different purposes (e.g. re-
served area of Chancay bafios). Data from Cutervo National
Park indicate that the park is habitat of endangered species of
wild fauna, such as the Jaguar Panthera onga (Linnaeus 1758),
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Figure 1. Study area within Pagaibamba Protection Forest and su-
rrounding forests from 2500 to 3700, Cajamarca, Peru. White circles
indicate the position of the camera traps.

the Ocelot Leopardus pardalis (Linnaeus 1758), the Spectacled
Bear Tremarctos ornatus (Cuvier 1825), the Otter Lontra longi-
caudis (Olfers 1818), the Wildcat Leopardus colocolo (Molina
1782), the Mountain Tapir Tapirus pinchaque (Roulin 1829);
whereas in the Hunting Area of Sunchubamba, the Peruvian
White tailed Deer Odocoileus virginianus Zimmermann 1780,
the Brazilian Rabbit Sylvilagus brasiliensis (Linnaeus 1758), the

Skunk (Conepatus sp.), the Zariguellas (Didelphis sp.), and the
Vizcacha Lagidium peruanum Meyen, 1833 are present.

Material and methods

The study area is located near the Querocoto village (Chota
Province, Cajamarca Department) (Fig. 1), on the headwaters
of the Rio Paltic, which flows into the Rio Marafién, and south
of the Huancabamba Depression. The study was carried out in
the Pagaibamba Protection Forest and surrounding forests from
2500 to 3700 m. The main habitat types are the cloud forest and
paramo; however, some areas are currently used for agriculture or
to raising livestock, especially along the lower margins. Montane
cloud forests of the department of Cajamarca are very important
due to the existence of endemic species and their high diversity.

This study was performed during the wet season (October
and November 2008) and dry season (July to September 2008)
in two localities: The Pagaibamba Protection Forest and San
Lorenzo Forest. A set of 25 camera traps (15 Reconyx RC55
and 10 Cuddeback Digital Cam, Expert 3.0 camera traps) were
placed on animal trails or where mammals' traces were found.
Cameras were set up to an average height of 40 cm above ground,
and programmed to take three photos per trigger (Reconyx)
with intervals of one second between pictures, or one photo
per trigger (Cuddeback). The quiet period or no delay was set
to one minute and the sensitivity was also set to high for both.
Cameras operated 24h per day recording date and time of each
photograph and power was supplied by alkaline batteries. For
each Reconyx photograph the temperature and lunar phase
were also recorded. Cameras traps were checked twice during
the evaluation. The capture frequency was calculated for every
given species as the number of photos/1000 camera days (To-
bler et al. 2008). To ensure that the events were independent,
photographs of the same species and at the same station within
a phase of one hour were excluded.

Activity periods were classified following Gémez et al. (2005),
with the exception that a crepuscular category was included.
Sunset and sunrise hours were determined using Moonrise 3.5
(Sidell 2002). Species were classified as diurnal (<10% of ob-

Table 1. Mammals recorded and type of record. Type of Record: S=sighting, O=0seous, |= interview, F= footprint, Fe= Feces, P= Photos, Sk=
Skin. Locality: PAG, Pagaibamba; CSL, Cerro San Lorenzo; P6, Plataforma 6.

Species Common name Locality Type of record
Rodentia
Cuniculidae Cuniculus taczanowskii Mountain paca CSL, PAG I, P
Dinomyidae Dinomys branickii Pacarana PAG ILF
Lagomorpha
Leporidae Sylvilagus brasiliensis Brazilian Rabbit PAG O, 1, Sk
Carnivora
Felidae Leopardus pardalis Ocelot PAG, CSL P, F 1
Puma concolor Puma PAG, P6 F, I, Fe
Canidae Lycalopex culpaeus Culpeo fox PAG F,1,Fe, P
Ursidae Tremarctos ornatus Spectacled bear CSL, PAG P,F, 1, Fe
Mephitidae Conepatus chinga Andean Skunk PAG LP
Mustelidae Eira barbara Tayra PAG, CSL O, Fe, P
Mustela frenata Long-tailed Weasel PAG I,Sk, P
Perissodactyla
Tapiridae Tapirus pinchaque Mountain tapir PAG, CSL LF
Artiodactyla
Cervidae Mazama sp. Small red brocket PAG, CSL ILF
Odocoileus virginianus White-tailed deer PAG, CSL L P
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servations in the dark), nocturnal (>90% of observations in the
dark), mostly diurnal (between 10 and 30% of observations in
the dark), mostly nocturnal (between 70 and 90% of observa-
tions in the dark) and crepuscular (50% of observations during
the crepuscular phase). The rest of the species were classified as
cathemeral (e.g., organism that has sporadic and random inter-
vals of activity during the day or night in which food is acquired).

Results

A sampling effort of 2002 (dry season) and 1264 (wet sea-
son) camera traps-day (CTD) was performed in both localities:
Pagaibamba Protection Forest and San Lorenzo Forest, gather-
ing 313 photographs of wildlife, representing 72 independent
events of medium and large mammals. Other photographs
for cattle, small mammals (rodents and marsupials) and birds
were obtained too, but were not considered for the purpose of
this report. A total of eight mammalian species were recorded

(Table 1, Fig. 2), some of them are considered cryptic, rare or
pootly known mammals. These include the rodent Mountain
Paca Cuniculus taczanowskii (Stolzmann 1865), the Ocelot L.
pardalis, the Andean Fox Lycalopex culpaeus (Molina 1782), the
Spectacled Bear 7. ornatus, the Tayra Eira Barbara (Linnaeus
1758), the Long-tailed Weasel Mustela frenata (Lichtenstein
1831), the Andean Skunk Conepatus chinga (Molina 1782), and
the White-tailed Deer O. virginianus.

A75 CTD were employed to record the first mammal during
dry season, whereas 44 CTD were needed in wet season. Based
on 66 independent events (91.7%) obtained in the dry season
(Fig. 3), and only six independent events (8.3%) for the wet
season, eight and five species were recorded for the dry and wet
season respectively. The species 7. ornatus, C. chinga, and M.
frenata were not recorded in the wet season. C. taczanowskii was
the most frequent recorded species, with 17.0 and 1.6 capture

Figure 2. Mammalian species recorded for camera traps. (a) Mountain Paca Cuniculus taczanowskii , (b) Spectacled Bear Tremarctos ornatus,
(c) Ocelot Leopardus pardalis, (d) Andean Skunk Conepatus chinga, (e) White-tailed Deer Odocoileus virginianus, (f) Tayra Eira barbara.
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Table 2. Capture frequency for all species observed for season.

Frequency (season)

Species Common name

Dry Wet
Cuniculus taczanowskii Mountain paca 17.0 1.6
Leopardus pardalis Ocelot 3.0 0.8
Lycalopex culpaeus Andean fox 2.0 0.8
Tremarctos ornatus Spectacled bear 1.5 0.0
Eira barbara Tayra 2.0 0.8
Conepatus chinga Andean skunk 2.00 0.00
Mustela frenata Long-tailed weasel 0.5 0.0
Odocoileus virginianus White-tailed deer 5.0 0.8

frequency for dry and wet season respectively. On the other
hand, the White-tailed deer O. virginianus obtained 5.2 and
0.8 capture frequency for the dry and wet seasons respectively.
In case of the Long-tailed weasel M. frenata, with 0.5 capture
frequency, this small carnivore obtained the poorest capture
frequency, it may be biased for its size (Table 2). Activity patterns
for the eight mammals are summarized in Table 3.

Our results suggest that C. taczanowskii and C. chinga are
nocturnal, while M. frenata, L. culpaeus, T. ornatus and E.
barbara are diurnal; L. pardalis is mainly nocturnal, whereas
O. virginianus is cathemeral in the study area. Two noteworthy
records were the Ocelot L. pardalis and the Tayra E. barbara,
who were recorded at 3379 m in the Pagaibamba Protection
Forest, to our knowledge the highest altitudinal record known
for both species.

Other mammals were recorded for signs or interviews dur-
ing the development of this survey, including the Puma Puma
concolor (Linnaeus, 1771), the Anta T. pinchaque, the Pacarana
Dinomys branickii Peters 1873, the deer Mazama sp., and the
Brazilian Rabbit S. brasiliensis. The record of T. pinchaque, by
an unequivocal track recorded on the paramo of Pagaibamba
Protection Forest, is highlighted because it represents one of the
southernmost records of the species, and south of the Huan-
cabamba Depression. The Brazilian Rabbit was registered by a
skin and the puma by scats. The Pacarana and the unknown
deer were recorded by interviews only.

Discussion

Eight species of medium and large mammals belonging
to three orders were confirmed in the Pagaibamba Protection
Forest and surrounding Forests. This result shows that camera
traps are highly efficient for inventories in Yunga habitats. In
addition, other three species were recorded by indirect signs
such as tracks, scats or skins. The Pacarana (D. branickii) and
the deer (Mazama sp.) were recorded only by interviews. Both

7 Dryseason

Species (n)
O P N W b 01 O N 0 ©

25 300 575 850 1125 1400 1654 1896

Camera days

Wetseason

Species (n)

22 242 462 682 902
Camera days

1122

Figure 3. Comparison between dry and wet season based on cumula-
tive number of species recorded versus trapping effort.

species are expected based on current potential distribution maps
(Patterson et al. 2007).

Dry season was the most productive, and appears to be the
best season to produce inventory surveys with camera traps.
Some mammals such as Ocelots in Central America tended to
have larger home range in dry season (Dillon & Kelly 2008).
In addition higher values of capture frequency during the dry
season appear to indicate an increase of movements by mam-
mals to harvest the scant food resources. These results are in
line with those obtained by Stirrat (2003) who demonstrated
that the Agile Wallaby Macropus agilis (Gould 1841) increased
its home range in the dry season when food quality is scarce.

We obtained lower values of capture frequency in compari-
sons with survey from lowland forests, which might indicate that
mammals in mountain cloud forest have lower densities. For
example the Mountain Paca had 17.0 capture frequency while
the Brown Agouti Dasyprocta punctata Gray 1842, a related
species, had 30.7 and 20.5 capture frequencies in two different

Table 3. Activity periods registered using camera traps for some mammals.

Photografic events (%)

Species N Classification
Diurnal Nocturnal Crepuscular

Cuniculus taczanowskii 36 - 97 3 Nocturnal
Leopardus pardalis 7 14 86 - Mostly nocturnal
Odocoileus virginianus 11 64 9 27 Cathemeral
Eira barbara 5 100 - - Diurnal
Tremarctos ornatus 3 100 - - Diurnal
Conepatus chinga 4 75 - 25 Mostly diurnal
Lycalopex culpaeus 5 100 - - Diurnal
Mustela frenata 1 100 - - Diurnal
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evaluations with similar capture effort (Tobler et al. 2008); in
spite the first species is bigger. Kelly and Holub (2008) showed
the relation between body size and photo rates, mentioning
that small animals are less detected and have a lower capture
probability, explaining the low frequency of the Long-tailed

weasel in our survey.

Activity periods for Ocelot, Spectacled bear, White-tailed
Deer, Andean Skunk, Mountain Paca, and Tayra were similar
to those reported previously in the literature (Peyton 1980,
Ludlow & Sunquist 1987, Castro 1993, Sheffield & Thomas
1997, Presley 2000, Donadio et al. 2001, Maffei et al. 2005).
However, we disagree with Novaro (1997) and Salvatori et al.
(1999) who considered the Andean Fox to be nocturnal. Most of
our photographs of this species were predominantly taken during
the day. We placed O. virginianus in the category of cathemeral;
however this activity pattern might be local. Previous studies in
O. virginianus in North America mentioned that the activity
patterns for this cervid depended on environment conditions
(Beier & McDullough 1990). Our data for Mountain Paca shows
more activity from 20:00 h to 22:00 h (Fig. 4), similar to what
was obtained for the Lowland Paca Cuniculus paca (Linnaeus

1766) (Gémez et al. 2005).
Van Schaik and Griffiths (1996) reported for Indonesian

mammals a relation between body size and activity patterns,
where small mammals tend to be nocturnal as an anti-predation
strategy and medium-size mammals are expected to be cathem-
eral and diurnal. However, our data suggest that the Mountain
Paca (medium mammal) appears to be an exception. Nocturnal
activity might be a strategy to avoid predation or to take advan-
tage of underutilized food niches, but not to avoid competition
as pointed out by Gémez et al. (2005) for the Lowland Paca
Cuniculus paca. Lowland Paca avoids direct competition with
the Brown Agouti D. punctata by means of temporal separation
of their activity patterns.

The elevational record of the Tayra was increased in 179
meters from the previous one by Alberico et al. (2000). This
species is unusual < 1200 m (Eisenberg 1989). The Ocelot’s
highest observed altitude was at 2900 m in Colombia based
on tracks (Sdnchez et al. 2004). In this study, the Ocelot was
observed at 3379 m, 479 m higher than the previous record.

12 1

10 A

Frequency

18-20 20-22 22-00 00-02

Hours

02-04 04-06

Figure 4. Hourly activity periods for Cuniculus taczanowskii based
on camera traps.

Tewes and Schmidly (1987) indicated the Ocelot is able to oc-
cupy different sort of habitats such as humid tropical, subtropi-
cal forests, swampy savannas, estuarine mangroves and thorny
bushes, but it is most common at elevations lower than 1200 m
(Eisenberg 1989). We recorded it in both season for which we
think that felid is a permanent resident in the area. Furthermore
this carnivore had been recorded previously in other mountain
forest of Mexico (Chdvez-Leén 2005) and Colombia (Sdnchez
et al. 2004)

The Mountain Tapir 7. pinchague inhabits montane forests
and Paramos between 2,000 and 4,000 m a.s.l. (Downer 1996,
1997). Lizcano and Sissa (2003) recorded it in the Tabaconas-
Namballe National Sanctuary and mentioned that the mountain
tapir is absent south of Huancabamba valley. Our record south
of the Huancabamba depression by an unequivocal track extends
significantly its range and challenge the role of the Huancabamba
Depression as a potential barrier for large mammals.

Noteworthy records of mammals found in the study site
demonstrates its importance and the need for a better protec-
tion status of the Pagaibamba Forest. In spite of the advance in
knowledge, more species are expected to be known in the region.
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