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INTRODUCTION 
Trail cameras, or camera traps, are now very popular and 
used by amateur and professional ecologists to detect 
and monitor wildlife, whereas currently, fixed closed 
circuit television (CCTV) systems are widely used for 
video surveillance and security in and around factories, 
shopping centres and private homes. Wildlife CCTV 
applications are generally limited to domestic bird boxes, 
or live-streaming webcams (Fazio et al. 2010, Wildlife 
Trusts 2021, Hawk and Owl Trust 2021). However, 
portable CCTV monitoring offers an alternative to trail 
cameras, being a more feature-rich way of monitoring 
wildlife for both professional ecologists and wildlife 
conservationists. A large number of species can be 
monitored, but this paper concentrates on portable CCTV 
projects monitoring bats, dormice, and otters, and 
describes some key features of trail cameras and CCTV 
systems. The quoted estimates and costs of buying 
equipment are as of the time of writing. 

Trail cameras 
Trail cameras are portable tools for establishing the 
presence of species and are widely used for mammal 
monitoring (Evans et al. 2019, Wearn & Glover-Kapfer 
2017), but there are challenges involved in working with 
them (Newey et al.  2015, Glover-Kapfer et al. 2019).   
Two main issues are limited user-defined parameters 
(Table 1), and a fixed design structure. The trail camera 
box holds a camera and recorder, which default to an 
inactive state. The system is generally connected to a 

passive infrared sensor which detects changes in heat 
from moving wildlife, and switches on the camera and 
recorder, triggering the recording of a single file at a time, 
and saving it to a secure digital (SD) card. At night, light is 
generally supplied by infrared LEDs. The video files are of 
a fixed maximum length, for example 60 seconds in 
daytime and 15 s at night with the Bushnell Nature View 
camera, and analysis can be time-consuming. The cost of 
trail cameras ranges from £100 to £600 depending on 
make and model.  

Portable CCTV 
A portable CCTV system consists of one or more 
cameras and a recorder, which can be selected by the 
user and which are connected by a cable of user-defined 
length. However, when the battery is connected, the 
CCTV system is always in an active state, even if not 
recording, with resulting greater battery requirements. 
The CCTV camera sends images continuously to the 
recorder, which examines the images, and on detecting 
changes caused by motion, triggers recording according 
to parameters set by the user. Recording can also be 
continuous. One feature of modern CCTV systems is the 
pre-record function.  Images from the camera flow 
through a buffer in the recorder, and once recording is 
triggered, a few seconds of data from the buffer are 
added to the beginning of the recording. This user-
defined function makes CCTV systems particularly useful 
with fast-moving wildlife, such as bats. 
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A post-record function is often available and can be 
adjusted to ensure that recording continues while motion 
takes place. Files are thus variable in length. CCTV can 
produce false triggers from moving water or moving 
foliage, but such areas can often be masked digitally 
during onsite setup. This prevents triggering in the 
masked area, while keeping it visible in videos. The play 
back system of a CCTV recorder is very flexible. Fast 
forward can be used to play through a day’s worth of files 
at a time, speeding up the analysis process. User defined 
time periods can also be used to search for sections of 
interest. 
The recent addition of inbuilt video content analysis 
(VCA) to an increasing number of CCTV recorders and 
cameras allows the user to set up and search for “smart 
events”. This reduces time spent in video analysis by 
automatically pinpointing events that fit user-defined 

criteria. Two useful smart events for wildlife monitoring 
are line crossing and intrusion detection. To set up line 
crossing, a line is drawn digitally on the scene being 
viewed, and a tag is set when something moves across 
the line. With intrusion detection, a tag is set when an 
object enters a pre-defined area and remains for a 
specified number of seconds. Intrusion is useful for 
reducing false triggers, for example from insect motion.  
A wide range of cameras is compatible with CCTV 
systems, allowing access to small, confined areas, distant 
objects, and underwater species (Figure 1). With the use 
of wireless equipment, videos can be sent several 
kilometres to a recorder, where the camera zoom, focus 
and, with some cameras, position, can be controlled from 
the reception site. If power and access to an internet hub 
are available, videos can be viewed remotely. 

 
Table 1. Comparison of user-defined parameters for trail cameras and CCTV systems. 

User-defined feature Trail cameras CCTV systems 
Pre-record X Range of values 
Post-record 15 s night, 60 s day Wide range of values 
Scheduled recording Day, night, or both User defined for one or more timespans 
Sensitivity to motion Low, auto, high Continuous range 
Motion detection masking X Masks out unwanted triggers 
VCA Line crossing X Now available 
VCA Intrusion X Now available 
Variable focus cameras X e.g., 2 mm to 12 mm, 4 mm to 94 mm 
Image parameters  X e.g., brightness, sharpness, contrast 
Video quality Fixed Variable to control file size 

 

APPLICATIONS OF PORTABLE CCTV MONITORING 
Otters 
Otters are notoriously difficult to survey as they are very 
mobile as well as generally being nocturnal. In 2020, a 
short survey for otters took place on a small brook that 
feeds into the River Bovey in Devon. Otter footprints and 
an otter ‘sandcastle’ with a spraint on top were observed 
near a bridge, and a Hikvision 4MP HD CCTV infrared 
camera, with focal length variable from 2 mm to 12 mm, 
was attached to a tree on the side of the brook. The cable 
from the camera was connected to a Hikvision 4 input 
DVR recording to a 1TB hard disc. When on site, a test 
monitor was used to set up motion detection masking, 
which reduced the effect of false triggers from moving 
foliage and turbulent water. Pre-record was set to 

10 seconds, so that otter movement would be recorded 
while the otter passed over a masked area of turbulent 
water (Figure 2). Post-record was set at 10 s as the otter 
was expected to move continually until out of sight. 
Over a 4-week period in June, with actual monitoring 
taking place for about 20 days, the otter was seen on 9 
occasions (5 swimming downstream and 4 upstream), 
giving a rough average of once every 2 days. From the 
frequency of sightings, and the speed at which the otter 
moved, it was surmised that the area was being used as 
a regular corridor rather than a main foraging area. 
Although VCA was not available at the time of the project, 
it was concluded that intrusion detection could be used 
across the central rocks to pinpoint otter presence. 

.
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Figure 1: A video still of an otter swimming underwater  

 
Figure 2: The area in the red rectangle was masked for motion and pre-record set so that the otter was seen on the whole 
image, although motion was not triggered until it reached the central rocks. 
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Bats 
A four-month study monitoring barbastelle (Barbastella 
barbastellus) bats was carried out in the Bovey Valley in 
Devon (Young et al. 2018). A CCTV camera was set up 
to point at a known barbastelle tree roost. The camera 
was connected to a DVR which was time synchronised 
with two full spectrum bat recorders. Power was supplied 
with a 60 Ah lithium iron phosphate battery, which was 
switched for charging twice a week. The CCTV 
equipment used in the project is no longer available, but 
the equipment described for monitoring otters can also be 
used for bats. A waterproof double box system was used 
to protect the recorder and the battery from the outdoor 
environment. The outer box was camouflaged and 
chained to a tree for security.  
The DVR was scheduled to record from an hour before 
dusk to an hour after dawn, with motion detection 
enabled. Pre-record was 5 s to ensure that the motion of 
fast-moving bats across the camera view was fully 
displayed. Post record was 30 s to ensure that motion 
triggers overlapped, and a continuous file of motion 
produced. Files varied from several seconds to several 
minutes, depending on bat movements.  
Camera, recorder, and hard disc can now be obtained for 
under £200. Lithium iron phosphate batteries cost 

anything from £100 to £1000 or more, depending on 
capacity. Lithium-ion batteries are cheaper. This 
equipment has also been used for bat emergence 
surveys, building surveys and surveying for Daubenton’s 
bats (Williams, 2020). 
The Bovey Valley bat project discovered three call types 
not previously recognised. (Figure 3) These were: 
approach echolocation, which took place as a bat 
approached close to the tree roost; swarming 
echolocation calls, produced when a group of bats were 
flying round the roost (Figure 4), and which may be 
designed to negotiate the other bats and the woodland 
surrounds; swarming honking, which were an extremely 
high amplitude calls from groups of bats flying round the 
roost and which appeared to be a warning social call 
between bats on a collision course.  
The ability to have videos showing what the bats were 
doing at the same time as their calls were recorded, 
made it possible to recognise and categorise the three 
new calls. The use of pre- and post-record ensured that 
all motion within the camera view was recorded, although 
bat motion on occasion was completed in less than a 
second. 

 
Figure 3. Standard barbastelle echolocation call with three calls not previously recognised  
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Figure 4: Video still of five barbastelle bats swarming near a tree roost. Four of the bats were fast moving and appear 
blurred 

 
Dormice 
A system for monitoring dormice in typical dormouse 
boxes in the wild was developed with the Woodland 
Trust. A standard dormouse box lid had a hole drilled in 
the top, and a small ‘birdbox’ CCTV camera, encased in a 
3D printed waterproof box, was fixed on top of the lid, 
(Figure 5). The infrared LEDs of the camera and its lens 
were contained in the lid and did not protrude into the 
box. The camera was connected to a small DVR that 
recorded to an SD card. The length of cable carrying 
power to the camera and video from the camera was 20 
m, reducing the chance of disturbance when swapping 
the battery for charging. The cost of camera and recorder 
was £110. The power requirement of a SD card system is 
lower, and cheaper lithium polymer batteries were used. 
A 22 Ah battery lasted three to four days with low 
sensitivity motion detection recording. 
Natural dormouse behaviour, not previously observed in 
the wild was monitored. Dormice were seen to groom 

their fur thoroughly before leaving the box to forage, 
interactions between mother and young were seen, as 
well as sibling interactions (Figure 6), and a fight between 
a young dormouse and a wood mouse several times its 
size.  The videos produced in a hot summer showed that 
dormice used boxes without building a nest. Lack of nests 
can be interpreted as caused by a lack of dormice, and 
these videos showed this is not always the case. 
The dormice paid little attention to the camera parts 
inside the lid, occasionally sniffing at them, then carrying 
on as usual, suggesting that the CCTV camera did not 
disturb them. The ease in swapping lids meant that 
several boxes could be sampled with one camera lid.  
The setup used was suitable for public engagement 
videos, but for more comprehensive research on dormice 
behaviour it could be extended to groups of camera 
boxes, with each group connected to a multi-input DVR, 
for example in captive breeding programmes. 
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Figure 5: Adapted dormouse box lid showing the camera box on top. the latest designs are dark grey. 

Figure 6: Video still of two young dormice siblings in a dormouse box. 

 

DISCUSSION 
CCTV is a flexible method of wildlife monitoring with a 
range of features that can be tailored by the user to each 
species monitored (Gula et al. 2010, Rodríguez-Muñoz et 
al 2011). Recent advances in VCA make it possible to 
select user-defined ‘smart’ events. This feature alone 
makes analysis of data more efficient, and when used 
with continuous or motion detection recording, can reduce 
analysis time in a way that at present is impossible with 
trail cameras. 
Trail cameras are well suited to detecting the presence 
and location of wildlife (e.g. see Croose & Carter 2019, 

Littlewood et al. 2021), but once the likely presence of a 
particular species has been determined, CCTV offers 
superior functionality and control. The main issue with 
portable CCTV monitoring is the greater requirement for 
battery power. However, for monitoring lasting more than 
a few days, power can be managed using solar panels 
and either suitable lithium batteries (lithium ion or lithium 
iron phosphate) or lead acid batteries. 
Portable CCTV systems are particularly suitable for bat 
surveys, which are frequently conducted in poor light, or 
using bat detectors without the surveyor seeing the bats. 
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As regular bat surveys are generally conducted at 
emergence or at dawn, lithium batteries of 8 Ah to 12 Ah 
may be adequate, reducing costs and increasing 
portability. Daubenton bat surveys at present depend on 
the surveyor using a torch to highlight the bat, when 
alerted by a bat detector. CCTV systems do not use 
visible light, thus reducing the possibility of disturbance. 
In addition, videos make it clearer whether one or more 
bats have passed, at the same time showing those bats 
which circle over water or fly back and forth, thus 
increasing the accuracy of the count. 
Dormouse box surveys are carried out by licensed 
operators, but camera monitoring does not     appear to 
cause disturbance, suggesting that individual boxes could 
potentially be monitored by volunteers.  CCTV cameras 
show how the dormouse behaves ‘in the wild’ and give a 
valuable insight into the life of the dormouse. 

Trail cameras often give noticeably short night videos at 
low resolution, whereas CCTV systems give high quality 
images at night. As much UK wildlife is crepuscular or 
nocturnal, this is a distinct advantage, and can make 
CCTV filming of otters, for example, more successful. 
Neither system, however, will make otter sightings more 
frequent. 
The flexibility of CCTV systems makes it possible to 
monitor a wide variety of species such as beavers, small 
mammals (Figure 7), badgers and deer (Figure 8), as well 
as fish, rockpool life, seabirds, raptors, and reptiles 
(Young 2016).  
An online training website is being developed to give 
comprehensive details of the practical methods of 
portable CCTV monitoring for a wide range of species 
with the aim of increasing interest in this exciting 
monitoring method (see https://wildlifecctvtraining.co.uk). 

 
Figure 7: A small mammal survey tube. 

Figure 8: A possible CCTV system for monitoring mammal movement through an underpass. 
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