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IAN THOMSON1, STEPHANNY ARROYO-ARCE1, BEN LUKE2 AND MAX KING3

Custom designed camera 
traps: lessons learned from a 
case study in Costa Rica
Despite gaining popularity worldwide for capturing high quality images of wildlife, 
the usage of custom designed camera traps has been poorly documented. Herein, we 
record video behavioural responses of wildlife to this equipment, and highlight the 
need to establish clear guidelines to minimise or prevent their potential negative im-
pact on wildlife.

Fig. 1. Wildcat images taken with a custom designed camera trap in Costa Rica. Above: 
an adult female jaguar looking towards the white flashes while feeding from the carcass 
of a green sea turtle in Tortuguero National Park (Photo I. Thomson). Below: an adult male 
melanistic oncilla displaying a negative response to the activation of the white flashes in 
Cloudbridge Nature Reserve, Costa Rica (Photo B. Luke).

original contribution

The use of camera trapping to study 
wildlife dates back to the late 1890s 
(Sanderson & Trolle 2005) and has since 
become a commonly used tool in wildlife 
monitoring. A key aspect of its popula-
rity is the belief that camera traps do not 
cause disturbance to the target animal, 
and are therefore considered non-invasive 
(Henrich et al. 2020). However, studies 
regarding their impact are scarce (Weg-
ge et al. 2004, Rovero et al. 2010, Huang  
et al. 2011, Meek et al. 2014, 2015, 
2016; Henrich et al. 2020). Here we pro-
vide insight concerning the use of custom 
designed camera traps based on our re-
search in Costa Rica.
Data collection took place in two 
protected areas, Tortuguero National 
Park (10°26'12.1'' N / 83°30'35.4'' W) and 
Cloudbrige Nature Reserve (9°28'18.7'' N / 
83°34'38.1'' W). In both locations, custom 
designed camera traps were used oppor-
tunistically to obtain high quality photos 
of wildcats and their prey species for edu-
cational dissemination purposes between 
2013 and 2022 (Table 1). A commercial 
camera trap was positioned to video the 
behavioural response of the species to 
the presence or triggering of each custom 
designed camera trap (Table 2). For the 
purposes of our study, a ‘custom designed 
camera trap’ was defined as a unit con-
sisting of several independent pieces in-
cluding a DSLR camera inside a housing, a 
passive infrared sensor, and slaved white 
light flashes. In turn, a ‘commercial camera 
trap’ is a single unit consisting of a cam-
era, a passive infrared sensor, and infrared 
flashes that can be purchased from various 
manufacturers (e.g. Bushnell, Browning, 
Moultrie). 
After 152 photographic events, 23 species 
were identified (1 reptile, 3 birds, 19 mam-
mals; Fig. 1). A photographic event was 
defined as a sequence of photos that ends 
when the animal is no longer detected by 
the custom designed camera trap. The 
species recorded varied in size (6 small: 
≤1 kg, 13 medium: 1–15 kg, 4 large: ≥15 kg, 
Azevedo 2008) and activity pattern (26% 
diurnal, 26% crepuscular, 48% noctur-
nal; Maffei et al. 2005). Based on the be-
havioural response, 36% of the photogra-
phic events were classified as no response, 
18% as minor response, 14% as major re-
sponse and 32% as unclassified (Table 3). 
There was no discernible correlation be-
tween negative response (minor and major) 
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and the body size or activity pattern of the 
species recorded (Fig. 2). 
One of the most significant negative be-
havioural reactions recorded was that 
of a female jaguar Panthera onca. On 3 
December 2013, both a custom designed 
and commercial camera traps were in-
stalled near a fresh carcass (< 24 h) of a 
green sea turtle Chelonia mydas predated 
by a jaguar in Tortuguero National Park. 
An adult female jaguar was recorded ap-
proaching the carcass on three different 
occasions (see video at https://www.
youtube.com/watch?v=a26Tm8VhRlg). Dur-
ing the first event (3 December 2022 at 
18:12 h) the individual is only present for 
less than 5 s as she immediately reacts to 
the activation of the camera trap by flee-
ing the site (hitting her snout with a branch 
while doing so). The jaguar then returned 
at 21:05 h, carefully approaching the car-
cass while looking directly at the housing. 
Although the custom designed camera 
trap did not activate, the jaguar leaves the 
area almost immediately with body lan-
guage showing clear evidence of nervous-
ness and skittish behaviour. The following 
day at 02:21 h, the female returned and 
approached the carcass while again look- 
ing directly at the housing. The jaguar 
tries to drag the carcass into the vegeta-
tion away from the camera housing and 
activation zone. The animal then leaves the 
site quickly without trying to feed from the 
carcass. It is important to highlight that in 
Tortuguero National Park commercial cam-
era traps have been used since 2010 to 
record jaguar predation on sea turtles (Guil-
der et al. 2015), and this constitutes the 
first time a negative reaction was recorded, 
coinciding with the first time a custom 
designed camera trap was used in our re-
search. Following this event, our team be-
gan to test various measures to reduce their 
negative impact on wildlife (Arroyo-Arce & 
Thomson 2014).
As other authors have suggested (Wegge 
et al. 2004, Huang et al. 2011, Meek et al. 
2014, 2015), the different components of the 
custom designed camera trap can trigger 
negative behavioural reactions. In our study 
areas, the main factors could be the mere 
presence of the equipment (e.g. unfamil- 
iar shape), the sound of the equipment 
while triggering, and the type of flash 
used (e.g. white flash). Additionally, the 
characteristics of the location also play 
an important role in our study sites. For 

Set up specifications Tortuguero National Park CNR

Equipment placement in 
the field

At human-made trails, at carcasses 
of green sea turtles Chelonia my-
das and leatherbacks Dermochelys 
coriacea predated by jaguars

At human-made trails

Equipment site locations 22 14

Study year 2013, 2015, 2016, 2017, 2018, 
2019, 2021 2022

Length of deployment 1–12 camera trap nights 7–30 camera trap nights

DSLR cam. make and model Nikon 610
Canon EOS 30D

Canon 1DX, Canon 1200D, 
Canon 7D mkii

Housing Pelican case (customised) Camtraption, Pelican case 
(customised)

DSLR cam. installation 
height 0.2–2 m 0.2–2 m

Flashes installation height 0.2–2 m 1–2 m

Passive infrared sensor Yes Yes

Shutter speed 30, 60, 160, 200, 250, 320 250

Photos per second 1 1, 4, 14

Photos per activation 3 3, 4, 14

Delay between activations 0 0

ISO 100, 400, 800, 1000 100, 200, 250, 400, 500, 
1000, 1250

Aperture 3.5, 4, 4.5, 5.6, 6.3, 8, 9, 10, 11 6.3, 7.1

Quiet Continuous Shutter 
Release Yes Yes

Flash model
Nikon Speedlight SB-5000, Nikon 
Speedlight SB-900, Nikon Speed-
light SB-700

Nikon SB-28

Power of flashes 0.5, 1, ½, ¼, ⅛, TTL 0.25, 0.5, 0.6

Nº flashes used 2 2

Nº flash fires per activation 2, 4, 3, strobe 1, strobe

Flashes activation system
Wireless system (Camtraption  
wireless trigger) Cable connec-
tion

Wireless system (Cam-
traption wireless trigger)
Cable connection

Distance between DSLR 
cam. and the predicated 
point of activation

1–4 m 1–4 m

Distance between flashes 
and the predicated point of 
activation

1–2 m 1–2 m

Placement of commercial 
cam. trap relative to the  
custom designed cam. trap 

1–4 m from predicated location of 
an animal before, during, and af-
ter activation

1–4 m from predicated lo-
cation of an animal before, 
during, and after activation

Infrared DSLR Only used for one year No

Commercial cam. trap 
model Bushnell Ceyomour

Table 1. Specifications of the custom designed camera traps set up in the study areas: 
Tortuguero National Park and Cloudbrige Nature Reserve, Costa Rica.

custom designed camera traps
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example, camera traps at feeding sites 
or in dense vegetation were most like-
ly to trigger a negative reaction since  
the animal may be more sensitive to exter-
nal stimuli. In conclusion, since this type 
of equipment is becoming increasingly 
popular, it is essential to establish clear 
guidelines to mitigate or prevent their im-
pact across all species, as well as address 
the regulation on their use by local autho-

rities responsible for issuing permits. The 
authors of this paper also emphasise that 
it is responsibility of the people employing 
these devices (e.g. biologists, photogra-
phers) to monitor them using commer-
cial camera traps set to record video. We 
believe that it is inaccurate to determine 
the behavioural reaction of the species by 
looking at pictures alone. Finally, when em-
ploying custom designed camera traps the 

primary concern of all those involved must 
be the welfare of the animals, and that the 
quality and number of images taken a very 
distant second. 
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triggering.

Minor response The individual seems to be aware (i.e. looking at the equipment) of the 
equipment but displays no negative response (e.g. flee response) to 
the equipment’s presence/triggering.

Major response The individual displays an evident negative response (i.e. flee re-
sponse) to the equipment’s presence/triggering.

Unclassified Unable to determine if the reaction of the individual was a response to 
the equipment’s presence/triggering; and instances when the commer-
cial camera trap failed to record a video. 

Fig. 2. Comparison between the activity pattern and body size of the species with their 
behavioural response to the custom designed camera trap recorded in the study areas: 
Tortuguero National Park and Cloudbrige Nature Reserve, Costa Rica. 

Thomson et al.
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Order Family Species No response Minor 
response

Major 
response

Unclassified

Galliformes Odontophoridae Odontophorus guttatus*1 0.66 0.00 0.00 1.97

Cathartiformes Cathartidae Coragyps atratus**1 0.66 0.00 0.00 0.00

Pelecaniformes Ardeidae Nyctanassa violacea*2 0.00 0.00 0.00 0.66

Squamata Iguanidae Iguana iguana**1 0.66 0.00 0.00 0.00

Cetartiodactyla Cervidae Mazama americana**3 0.66 0.00 1.32 1.32

Cetartiodactyla Tayassuidae Pecari tajacu***3 1.97 0.66 3.29 1.97

Carnivora Felidae Panthera onca***3 7.89 9.87 1.32 9.87

Carnivora Felidae Puma concolor***3 0.66 0.00 0.66 1.97

Carnivora Felidae Leopardus pardalis**3 0.66 3.29 0.00 0.00

Carnivora Felidae Leopardus tigrinus**2 0.00 0.66 0.66 0.00

Carnivora Mephitidae Conepatus semistriatus**2 0.00 0.00 0.66 0.00

Carnivora Procyonidae Nasua narica**1 3.95 1.32 3.95 0.00

Carnivora Procyonidae Potos flavus**2 0.66 0.00 0.00 0.00

Carnivora Procyonidae Procyon lotor**2 0.00 0.00 0.00 0.66

Didelphimorphia Didelphidae Philander opossum*2 0.66 0.00 0.00 0.00

Didelphimorphia Didelphidae Didelphis marsupialis**2 6.58 0.00 0.66 1.97

Lagomorpha Leporidae Sylvilagus brasiliensis*2 5.26 0.00 0.00 0.66

Perissodactyla Tapiridae Tapirus bairdii***3 0.00 0.00 0.66 0.00

Rodentia Sciuridae Sciurus granatensis*1 1.32 0.00 0.66 7.24

Rodentia Geomyidae Orthogeomys cavator*2 0.66 0.00 0.00 0.00

Rodentia Cuniculidae Cuniculus paca**2 1.97 1.32 0.66 3.29

Rodentia Dasyproctidae Dasyprocta punctata**1 1.32 0.00 0.00 0.66

Rodentia Erethizontidae Coendou mexicanus**2 0.00 0.00 0.66 0.00

No response: the individual has no visible response to the equipment’s presence/triggering.
Minor response: the individual seems to be aware (i.e. looking at the equipment) of the equipment but displays no negative response (e.g. flee response) to 
the equipment’s presence/triggering.
Major response: the individual displays an evident negative response (i.e. flee response) to the equipment’s presence/triggering.
Unclassified: unable to determine if the reaction of the individual was a response to the equipment’s presence/triggering; and instances when the commer-
cial camera trap failed to record a video.
Species size: *small, **medium, ***large
Activity pattern: 1diurnal, 2nocturnal, 3crepuscular

Table 3. Species behavioural response (proportions of photographic events) to the custom designed camera trap recorded in the study 
areas: Tortuguero National Park and Cloudbrige Nature Reserve, Costa Rica. 

custom designed camera traps
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