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Abstract

Camera trapping is an increasingly important tool in animal ecology that is generally
targeted towards large mammals, and especially large carnivores. Nonetheless, the
cameras are triggered by all large and medium-sized animal species in the area, and
thus gathers valuable data on the whole ecological community, like their diel and sea-
sonal activity patterns. White light flashes are sometimes utilized to get more detailed
photos allowing for capture-recapture based population estimates for naturally marked
species, like the Eurasian lynx (Lynx lynx). However, the white light could function
as a stressor or attractant for different species, which would affect density estimates.
There is evidence of behavioural change in several mammal species, when exposed to
a white flash, but quantifications on the detection rate of species are still lacking.
Therefore, I investigated whether introducing an additional white LED camera trap
(CT) at established CT sites affected the detection rates of the most common wild
mammal species in the area. As CT flashes only are used while ambient lighting is low,
I quantified the species’ diel patterns in the process.
I predicted that the detection rate of species with nocturnal and crepuscular activity
patterns would be altered as a response to the white light stimuli, and that the extent
of the effect would depend on the species’ visual acuity.
The results showed no significant effects of white LED flashes, when compared to IR
flashes, suggesting that white-flash cameras are suitable for studies using indices and
capture-mark-recapture estimators.
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1. Introduction
Estimating the number of animals is central in population ecology, and census meth-
ods have always been under development in order to get accurate, reliable ways of
conducting surveys (Morellet et al. 2011). Direct observations are prone to under-
counting, as many species are elusive and observer concentration dwindles over time.
Telemetry studies can provide very detailed knowledge, but studies are usually limited
in extent, as they are costly and invasive in nature (Ikeda et al. 2016). Distribution
of medium sized and large mammals are therefore often based on proxy data such as
harvest statistics, but such methods tend to be quite unreliable due to variable hunter
effort. In particular for large carnivores, harvest may also be low or absent for periods
where management targets are not obtained (Morellet et al. 2011).

In recent years, automated camera traps (CT) have been developing fast, and become
quite affordable (Burton et al. 2015). CTs offer a consistent, standardised sampling
method, and provide information about the presence, demography and behaviour of
multiple species with a high temporal resolution (Ikeda et al. 2016). CTs are tradition-
ally used to study a single species in a specific study site, but they are increasingly
seen as a tool for investigating multiple sympatric species, their interactions and diel
patterns (Ikeda et al. 2016). The underlying assumption is that CTs are unselective
in which species they capture, or that biases in capture rates can be corrected for by
using covariates in a statistical framework (Hofmeester et al. 2019).

Camera traps have been considered non-invasive, but can affect animal behaviour in
several ways Meek et al. 2014, for example through detecting sounds from triggering
camera, scents from human operators, the unfamiliar shape of the camera itself or the
flash used in night-time (Beddari 2019; Burton et al. 2015; Wegge et al. 2004). During
night time, CTs normally use infra-red (IR) light from an array of light-emitting di-
odes (LED) to photo capture animals, which is invisible to human eyes, but has been
shown to be visible to several other mammals (Meek et al. 2016, 2014). However, the
lack of sharpness and detail from IR photos limit the information we can retrieve from
them, as for example individual variation in coat patterns (e.g. tigers (Panthera tigris),
jaguars (Panthera onca) and lynx) which can be used in capture-mark-recapture mod-
els to accurately estimate population numbers (Meek et al. 2014; Rovero et al. 2013).

Needing more photographic detail, white LED, as well as the original white xenon
flashes, has been increasingly incorporated in CT surveys (Rovero et al. 2013). Xenon
provides the sharpest photos due to a more powerful light Rovero et al. 2013, but has
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the disadvantage of requiring long cool downs after each photo (Henrich et al. 2020).

Naturally, white light is highly visible to all land dwelling mammals, and can therefore
increase the number of CT aware animals (Dryja et al. 2005; Glen et al. 2013). The
white light could even increase the chance of causing flash blindness in the passing
animal Dryja et al. 2005. That could be detrimental, as studies using indices and
capture-mark-recapture estimators must avoid altering animal behaviour during or
between monitoring sessions, not to affect their detectability (Meek et al. 2014). There-
fore, there is a need to determine which species are influenced, and to what extent
their detection rates are altered in comparison to IR flash CTs. A CT’s flash is used
whenever natural light gets scarce. The darker it is, the stronger the white flash stim-
ulus will be (because of dark habituated eyes). Thus, white and IR flash CTs should
in theory only differ in effect during night, and animal responses will depend on the
species activity patterns (see below).

White light affects all photoreceptors in an animals retina (Dryja et al. 2005), whereas
IR flash only would affect those that are sensitive to IR wavelengths. A white flash
can therefore increase the total number of CT aware animals. The white light could be
associated to human presence in the form of artificial light at night, and could trigger
a response depending on the animal’s relationship to humans. Scavengers could be
attracted to the light in search for garbage (food). High conflict species, like the grey
wolf (Canis lupus), could be scared off, as high hunting pressure could select for shy
and elusive individuals. However, a quantification of the effects white flash CTs have
on species detectability is still lacking, to the best of my knowledge.

Eye morphology in animals differ with diel activity patterns, e.g. between nocturnal
and diurnal species (Schmitz and Motani 2010). Most mammals vary less in eye mor-
phology than other amniotes (birds and reptiles) (Hall et al. 2012; Schmitz and Motani
2010), but they have other adaptations to increase light sensitivity (Ollivier et al. 2004;
Solovei et al. 2009). Eye characteristics governing nocturnal behaviour could also affect
a species’ response to the white flash. More light sensitive eyes will react stronger to
the white flash, especially considering that rod cells (low-light sensitivity) take longer
to depolarize than cone cells (visual acuity and color distinction) (Dryja et al. 2005).
Thus, nocturnal and crepuscular (active at twilight) mammals could experience glare
or flash blindness. Flash blindness can cause spatial disorientation or loss of situation
awareness in humans (Nakagawara and Montgomery 2001), but as most mammals rely
less on optical senses than humans, they might not react as strongly. I argue that rel-
ative visual acuity is correlated with a species’ reliance on sight, and it has been used
in previous studies as a way to compare animals of disparate size (Hall et al. 2012).
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In this study, I will quantify how the usage of white LED flash affects the detection
rate of the most common large mammal species in an area in southeastern Norway.
White LED CTs have similar recovery speeds to that of regular IR CTs, as both utilize
LED flashes, which makes them well fit for meaningful comparison. A subgoal is to
quantify the species’ activity patterns, providing data on nine sympatric mammalian
species at high northern latitudes, and how their diel patterns change along the sea-
sons. Mammalian diel patterns can be categorized into diurnal, nocturnal, crepuscular
(active at twilight), and cathemeral (active throughout the day) (Ikeda et al. 2016).
In their CT study of seasonal and diel activity patterns, Ikeda et al. (2016) strictly
defined a species as cathemeral when no differences were observed in the photographic
frequencies among day, night and twilight. Since this also is a CT study, I will use the
same definition.

I have restricted the analysis to all wild species observed at least 50 independent times
during my survey, which totaled nine species. There were three cervids (roe deer
(Capreolus capreolus), moose (Alces alces) and red deer (Cervus elaphus)), four car-
nivores, of which two were mustelids (badger (Meles meles), European pine marten
(Martes martes)), one was canid (red fox (Vulpes vulpes)), one was felid (lynx), and
two were members of the clade Glires; one rodent (red squirrel (Sqiurus vulgaris)), and
one lagomorph (mountain hare (Lepus timidus)). The species will be grouped by taxo-
nomic relationships in results and discussion, assuming closely related species to have
similar sensory anatomy (e.g. visual acuity), and therefore similar experiences of be-
ing exposed to a white flash during night time. Squirrels and hares are more distantly
related than the two other groupings I’ve presented, and as such should be expected
to have larger differences in their sensory anatomy. I predict usage of white LED flash
will stress nocturnal and crepuscular species, and therefore lower their detection rates.
The effect will likely be stronger for species with high relative visual acuity (lynx, pine
martens) than low relative visual acuity (badgers).
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2. Method and materials

2.1 Study area

The study area (59.36-60.45° N, 9.31-11.13° E) extends over much of the southeastern
parts of Norway in municipalities Flå, Krødsherad, Sigdal, Ringerike, Modum, Hole,
Lier, Øvre Eiker, Asker, Oslo, Enebakk, Indre Østfold, Våler, Råde, Moss, Frogn and
Vestby in Oslo and Viken counties. The climate has a continental character due to
rain shadows of the mountain ridges from the west.

The mean annual temperatures ranges from 2-6 ℃, precipitation lies between 700-
1500mm and growing season length lies between 170-190 days (Moen 1999). Topo-
graphy is predominantly flat towards the south, and more rugged and elevated to-
wards the north. The landscape is a mosaic of forest and agricultural areas, divided
with a wide network of gravel roads. The area is situated in the southern boreal and
boreonemoral zones. Norway spruce (Picea abies) and Scots pine (Pinus sylvestris)
make up the dominating boreal coniferous forests, with frequent presence of silver
birch (Betula pendula) and downy birch (Betula pubescens), then aspen (Populous
tremula), alder (Alnus incana) and black alder (Alnus glutinosa).

Figure 2.1: 60 sites in Southeastern Norway were included in the survey. Point colouration

represents camera brand, and white dots represent sites that had periods with an additional

white LED camera trap.
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2.2 Study design

In northern areas, like Norway, counting animal tracks on snow has been a popular
method (Linnell et al. 2007). Snow track counts have the benefit of visible tracks,
and provide a somewhat accurate dating of the tracks to the last snowfall, when old
tracks fade. However, lately the snow season in southern Norway has been variable,
which makes snow track counts unpredictable and difficult to conduct at a consistent
time of year (Odden 2015). Therefore, the Norwegian Institute of Nature Research
(NINA) started with camera trap (CT) surveys in 2010, as an additional method to
monitor family groups of Eurasian lynx (Lynx lynx) in southeastern Norway (Odden
2015). The surveys are integrated in a coordinated Scandinavian science project on
lynx, called Scandlynx.

I was given access to CTs used in the Scandlynx project, and chose 60 sites to get
a substantial amount of data. For logistical reasons, I chose the sites closest to Oslo
which weren’t already equipped with white LED flashes. Instead, these CTs were
equipped with infra-red flashes, and I will refer to them as the IR CTs.

The IR CTs had been installed on trees 1-3 m from wildlife, human or tractor paths,
20-160 cm above ground level, 100-3000 m from closest house (median 495 m). They
were set up and handled by people from NINA, and in some places by local volunteers.
The installation of the cameras did not follow a strict protocol, nor were their locations
chosen randomly. The overall placement was systematic as decided by NINA. Then
there was a deliberately-biased placement of the CTs put up in areas where the NINA
employees or local volunteers deemed it most likely to photograph lynx, and hence,
based on a combination of site accessibility and expectations of animal occurrence.

I divided the sites randomly into three groups of 20 sites. The first group remained
unchanged as a control, and the other two groups (hereby referred to as the treatment
groups) were equipped with an additional white LED camera (hereby referred to as
the white LED CTs) in alternating 3 month-periods, as illustrated in figure 2.2 on the
following page. Periods when an additional white LED CT was present (and opera-
tional), I will refer to as white LED periods. Periods when the white LED was absent
(or inactive), I will refer to as IR periods. All periods from the control group, I will
refer to as control periods. Note that control periods also are periods that only had IR
CTs present, but they differ from the IR periods in that there never was a white LED
present at these sites.

I up all white LED CTs above the IR CTs already in place (installation examples in
figure 2.3). Using an electric drill, I mounted the CTs with metal cases that remained
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Figure 2.2: The experimental setup. 60 sites with preinstalled Infrared Camera Traps (IR

CTs) that was divided into three groups, where the first group remained unchanged (control

group), and the two other alternated on having additional white LED CTs present or not

(treatment groups).

locked between visits. I used short logs to adjust the angle of the white LED CTs,
aligning them to match the corresponding IR CT’s field of view. Vegetation obstruct-
ing the view of any camera was removed at setup, or when noticed during a later vis-
itation (e.g. tall grass during summer). At one site the IR camera had been installed
so far above ground level that I chose to position the white LED CT below the IR CT.
The metal cases containing the white LED CTs remained at each site until the end of
the survey. Note that the second treatment group had no additional metal case before
the start of their first white LED period in May 2019.

I visited sites of the treatment groups at least once every three months in order to
move the white LED cameras. For logistical reasons I visited sites of the control group
less often. However, as all cameras were part of other, ongoing projects, they were oc-
casionally visited by workers from NINA to retreive the Secure Digital memory cards
(hereby SD Cards) for data. This was mostly the case for sites close to, and south of,
Oslo, or rather, the cameras not normally operated by local volunteers.
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Figure 2.3: Examples of camera installations. The preinstalled IR cameras varied in the

way they were set up. Lower cameras had Infra-Red flash, upper cameras had white LED

flash. Additional CT boxes remained during IR periods, as seen in picture a.

2.3 Data Collection

Five different models of Reconyx (address: 3828 Creekside Ln, Ste 2, Holmen, WI
54636, USA, www.reconyx.com) cameras were used, and one model of Browning
(address: One Browning Place, Morgan, UT 84050, USA, www.browningtrailcameras.com).
Model names and flash types are presented in table 2.1. As seen in the map in figure
2.1, there was a correlation between latitude and camera brand. Since all Reconyx
models were from the same series, they were practically identical in all aspects except
for the type of flash. Differences in features and settings between the Reconyx an the
Browning CTs are presented in table 2.2. For my analyses, I assumed all IR CTs to be
practically identical.

Cameras were operating 24 hours per day. All were set to take photos as quickly as
possible with the rapidfire and no delay settings. The two brands differed slightly
in their trigger recovery speed, as shown in table 2.2. However, the difference was
not large enough to affect the results. More important for the result would be differ-
ences in detection area due to my placement of the white LED CTs. Differences in
horizontal angle between IR and white LED CTs could cause the white LED to trig-
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ger first, and sometimes scare the passing animal away before entering the IR CT’s
field of view. Browning CTs had a slightly wider detection angle than the Reconyx
CTs, which could be beneficial in minimizing the times a white LED was triggered
first. Both brands had passive infrared (PIR) motion detectors1 with ranges that far
exceeded the expected travelling route. The largest functional difference between the
two brands was in the number of photos taken per trigger. While Reconyx CTs were
set to take 3 photos per trigger, the Browning CTs were set to 8 photos per trigger.
In turn, Browning CTs tended to fill their memory cards faster in areas with sheep
or cattle, and due to triggering by vegetation. Consequently, they tended to have less
active days than the Reconyx, as CTs stop taking pictures when their memory cards
are full. Adding insult to injury, the Browning CTs did not have a time lapse function,
confounding the number of active days. To approach the true number of active CT
days, I assumed all Browning cameras to be functional every day, unless the camera
was inactive when I visited it. In that case, I considered the camera inactive since the
day of its last photo. On the other hand, Reconyx cameras were set to take one time
lapse photo per day, making it easy to verify which days they were operational.

Table 2.1: Camera models included in the survey.
The Reconyx cameras were from the same series, and differed mainly in type of flash. The white LED
CTs were also from the same series of Reconyx cameras.

Brand Model name Flash type

Browning Spec Ops: Extreme No-glow IR
Reconyx HC500 Semi-Covert IR Red-glow IR
(HyperFire HC600 High-Output Covert IR No-glow IR
Series) PC800 Professional Semi-Covert IR Red-glow IR

PC900 Professional Covert IR No-glow IR
PC850 Professional White Flash LED White LED

2.4 Data processing

All SD cards were delivered to NINA for data processing. The white LED CTs were
considered as external flashes, and so, only the pictures from the preinstalled IR CTs
(mounted underneath the white LED cameras) were sorted for species identification.
First, a facial recognition algorithm (FRA) was used to identify species on all pictures.

1PIR motion detectors work by detecting heat radiation (infrared light), and are triggered by
moving objects that are warmer than their surroundings.
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Table 2.2: Overview of camera feature and settings.
One model of Browning and five models of Reconyx cameras were used (see Table 2.1). Camera
specifications were gathered from product reviews (www.trailcampro.com).

Browning Reconyx

Number of (IR) cameras 33 27
PIR Sensor Range 24 m 18 m
Trigger speed 0.43 s 0.28 s
Recovery speed 0.8 s 0.9 s
Photos per trigger 8 3
Detection angle 45.5◦ 42◦

Field of view 40.6◦ 42◦

Quiet period No delay No delay
Trigger interval rapidfire rapidfire
Time lapse No Yes

Second, a human sorter reviewed the software’s output, confirming all the correct iden-
tifications and rectifying the wrong ones. Consequently, the rate of correctly identified
species has increased as the FRA sometimes detect animals that aren’t easily noticed
by human sorters (John Odden personal communication). NINA’s goal is for the FRA
to automatically and reliably delete pictures of humans, which has been requested
from The Norwegian Data Protection Authority (Datatilsynet) (John Odden personal
communication).

Third, NINA provided me with a data frame containing time stamps for every trig-
gering of each IR CT, including all metadata from the CTs, coupled with predicted
species (FRA output, with a confidence number), verified species (by human sorters),
number of animals and distance from camera. Thus, if a moose ruminated in front
of a camera for 30 minutes, the data frame would include an entry for each time the
moose triggered the IR CT. Finally, I extracted metadata from all pictures taken by
the white LED CTs, and used that to define the duration of each white LED period.

Four times a site’s white LED CT stopped working (eg. due to full SD card or empty
batteries) before the day I came to relocate it, which can be seen as the dark blue lines
transitioning to light blue outside of a field work period in figure 2.4. Time lapse pho-
tos from the white LED CTs made dating of these stops in treatment accurate, keep-
ing the transition to IR periods reliable. Whenever an IR CT stopped working during
a white LED period, the rest of the period represented a data gap even if the white
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LED CT was functioning.2 Nevertheless, inhabitant animals would still be exposed to
the white flash up until the start of the following IR period. I never experienced that
both the IR and white LED CTs of a site had stopped working at the same time.

In order to remove autocorrelation in the observations, I defined an event to be any
sighting of a species that occurred more than 20 minutes after the previous sighting of
the same species. Number of individuals was not taken into account. Ergo, I counted
the number of independent times a species was observed, not the number of individu-
als. My predictor variable of interest was the three different types of periods, namely
IR, white LED and control periods, and how they interacted with time since deploy-
ment (ie. time since the start of each period).

When modelling the detection rates, periods of similar lengths were required. White
LED and IR periods were clearly defined, but control periods lacked a common defin-
ition for period splits, as I visited control sites less frequently than the treatment sites.
Therefore, I divided the control sites into four periods of similar lengths to that of the
IR- and white LED-periods (see figure 2.4).

Before the analysis, four sites were removed due to technical faults, or alike. One site
was removed from the control group, as the CT turned out to have a white LED flash,
contrary to what was logged in NINA’s documents. Three sites were removed from the
treatment groups, because of large or frequent gaps in the data due to technical errors,
and at one site, ineffective placement of the additional white LED camera.

2.5 Statistical analysis

To test for effects of the white LED flash I used the R programming language (R Core
Team 2021), in the RStudio IDE (RStudio Team 2020), adopting large parts of the
tidyverse (Wickham et al. 2019) and the easystats (Makowski et al. 2020) frameworks
along the way. Ensuring that all species were modelled equally (and reducing work-
load), I wrote code in an RMarkdown-file, using the R package knitr Xie 2015, which
iteratively (re)ran all processes on subsets for each species, and stored updated plots
and tables to include in the final manuscript. Dates were handled using the R pack-
age lubridate (Spinu et al. 2021), and for the plots of diel patterns, I defined winter as
December - February, spring as March - May, and so on. Plots were produced using
the R packages ggplot2 (Wickham 2016) and sjPlot (Lüdecke 2021). The map was
produced using the R package ggmap (Kahle et al. 2019).

2Remember that white LED CTs were considered as external flashes, and their pictures were left
out of the analyses.
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Exploring the effect of LED flash on detection rates

I used Generalised Linear Mixed Models (GLMM) with the glmer function from the
R package lme4 (Bates et al. 2020). I fitted separate models for each species to avoid
overly complicated models. Locations that had 0 observations of the modelled spe-
cies were filtered out before the modelling, but for all locations that had observed the
species, all periods were included. The dependent variable was count data (number
of observations per day), and I therefore assumed the error term followed a Poisson
distribution (X∼Pois(λ)).

Although there were differences between the Browning and Reconyx IR CTs, I didn’t
include them as variables in my models, because they correlated with spatial and
microhabitat-variables. Instead, I included location ID and week of the year as random
effects to account for differences between camera sites and seasonal changes during the
year of study. 95% Confidence Intervals (CIs) and p-values were computed using the
Wald approximation.

The main term of interest was time since deployment (continuous) interacting with
type of flash period (categorical; formula: n.obs ∼ time.deploy ∗ flash). For the sites
that were equipped with an additional white LED camera, time since deployment
starts from the day I visited the camera, and set up or took down the white LED. For
the sites that started with an IR period, time since deployment started at the first
day of field work, or when I visited them. The control group’s “day 0” of time since
deployment were set at points reflecting the onset of field work each time, in order to
obtain periods of similar lengths to that of the white LED-locations.

I trimmed the period lengths down to a reduced maximum length, based on the me-
dian length of the IR and white LED periods, to enhance meaningful comparison
(Figure 2.5). Finally, due to large eigenvalues in the fixed effects, the model failed to
converge, and an error message prompted me to rescale variables. Therefore I divided
the time since deployment-variable by ten, which solved the convergence issue. Con-
sequently, the time parameter estimates represent the change in detection rates per 10
days.

The control periods should stay horizontal, representing a baseline detection rate,
given that the random effects succeeded in removing seasonal variation. If there were
any effect of the white LED, and detection rates were altered, I expect the IR period
to show a regression to the norm, ie. counteracting the trend during the white LED
periods. Thus, if the white LED had a negative slope along the time axis, the IR
should have a positive slope. To prove an effect, white LED and IR periods have to be
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significantly different from each other, rather than just significantly different from the
control group. Using the R package performance (Lüdecke et al. 2021b) I checked the
model for overdispersion, zero-inflation and singularity, which held up in every model.

Equivalence test and Second Generation P-Values

I used the standard significance level of α= .05, and performed an equivalence test on
my model outputs, using the function equivalence_test from the R package paramet-
ers (Lüdecke et al. 2021a). In an equivalence test, model parameters are tested against
a Region of Practical Equivalence (ROPE) as opposed to merely one single mean value
which is done in a standard Null Hypothesis Significance Test (NHST). Thus, rather
than saying that a parameter’s effect was significantly different (or not) from 0, the
effect size is also considered. If the parameter estimate and confidence interval (CI)
lies outside the ROPE, the effect is significantly and practically different from 0, and
the null hypothesis is rejected. However, if the CI is inside the ROPE, H0 is accepted,
no matter if a NHST would have deemed it significantly different, because the differ-
ence is so small that there is practically no effect. The percentage of the CI inside the
ROPE is identical to the Second Generation P-Value (SGPV), which was proposed as
a way to account for all the empirical data supporting null hypotheses.

Inside the function equivalence_test I used the Two One-Sided Tests (TOST) rule,
where the CI is set to 1 − 2 × α. In my case that gave a CI of 0.90.3 For models
from count data, the residual variance is often used to define the ROPE range. How-
ever, the description of the rope_range function from the package bayestestR (R-
bayestestR) states this threshold as "rather experimental" and that the range is prob-
ably often similar to the default [-0.1, 0.1] of a standardized parameter. Hence, I used
the default ROPE range which corresponds to a negligible effect size according to
Cohen, 1988.

3Therefore, a significant difference in a TOST differs slightly from a significant difference in a
standard NHST, which is based on a CI of 0.95.
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Figure 2.4: Overview of active camera days for each camera throughout the whole study

period. Colours indicate the different periods for each site. White spaces indicate gaps where

the IR CTs were inactive. Control camera periods were defined in similar lengths to that of

the treatment group during analysis. As a result, the first day of control periods are often set

at dates far from when I actually visited a site. Shaded areas represent my field work periods.

Figure 2.5: Period lengths for each camera. Vertical line represents the median IR period

length, which was shorter than the median of the other groups. Data superseding the median

were trimmed away for the GLMM.
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3. Results
There were a total of 18133 active camera trapping days, which were unevenly distrib-
uted between the different period types (see figure 3.1b). Filtering out time lapses and
photos of nothing, there were 10600 triggers of the CTs. Of the nine most common
wild species, there were a total of 5 844 independent events. Figure 3.1a shows the
total events of each species, and how the trimming of the data affected the count.

The type of CT flash had an overall minor effect on detection rates. The three least
common species (lynx, pine marten and red deer) had the most variation explained
by type of period and time since deployment (ie. highest marginal R2), as shown in
table 3.1, suggesting the high fit of fixed effect to be due to low sample sizes. Most
of the explained variation in detection rate was due to seasonal changes and variation
between the different camera sites captured in the random terms. For most species,
the control periods (which never had white flashes) had a somewhat lower detection
rate than the IR and white LED periods. Diel patterns were consistent between all
three types of periods.

I here present detailed results of all the nine mammalian species included in my ana-
lyses, grouped by taxonomic relationship. Each species is presented with a photo taken
by a white LED CT, a figure showing seasonal varitation in activity across time of day,
a plot of the marginal means of the fixed effects in the GLMM model, showing the
detection rates of all three types of periods (Control, IR and white LED) along a time
axis, and effect sizes in an equivalence test.
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Figure 3.1: Trapping days and events, before and after trimming the data. a) Total number of events per species.
Grey area marks the number of events that were included in the modelling. b) Total number of active camera days per
period type. Trimming the data evened out the disproportions between period types.

Table 3.1: Performance of species specific models. Conditional R2 is a measure of how much variation was
explained by both random and fixed effects, ranging from 0 to 1. Marginal R2 is for the fixed effects alone, and
somewhere between 0.10 and 0.01 is considered good. Week of the year and site ID were used as random effects. The
larger their standard deviations, the more variation in the data they can explain. Only sites that observed a species at
least once were included in the model of said species.

Explained variation Standard deviations of random effects
Species R2 (marg.) R2 (cond.) Week of the year Site ID N sites

Lynx 0.060 0.18 0.52 0.68 22
Pine marten 0.052 0.22 0.72 0.74 42
Red deer 0.011 0.20 0.51 0.85 26
Red squirrel 0.010 0.30 0.81 1.03 37
Badger 0.006 0.39 1.27 1.01 48
Moose 0.004 0.19 0.73 0.63 41
Roe deer 0.003 0.38 0.56 1.29 47
Mountain hare 0.003 0.33 0.70 1.15 45
Red fox 0.001 0.19 0.27 0.87 53
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Table 3.2: Results of Poisson mixed effects models on detection rate of species at 56 different locations in
southeastern Norway, with three different treatment levels interacting with time since deployment (Time); periods from
control sites (Intercept), periods with only IR camera (IR), periods with an additional white LED camera (wLED).
Second Generation P-Values (SGPV) is identical to the proportion of a parameter that is inside the Region of Practical
Equivalence (ROPE) in an equivalence test. Random effects were location ID and week of year.

Species Parameter Coefficient SE 95% CI z p SGPV

Roe deer Intercept -2.85 0.38 (-3.58, -2.11) -7.57 < .001 0.00
Time -0.05 0.02 (-0.09, -0.01) -2.24 0.025 1.00
IR -0.26 0.44 (-1.12, 0.60) -0.59 0.557 0.14
wLED -0.13 0.44 (-0.99, 0.73) -0.30 0.761 0.14
Time * IR 0.02 0.03 (-0.04, 0.08) 0.71 0.476 1.00
Time * wLED < 0.01 0.03 (-0.05, 0.06) 0.12 0.901 1.00

Moose Intercept -4.15 0.30 (-4.75, -3.56) -13.75 < .001 0.00
Time < 0.01 0.05 (-0.08, 0.10) 0.14 0.890 1.00
IR -0.08 0.35 (-0.77, 0.60) -0.23 0.814 0.17
wLED 0.30 0.34 (-0.36, 0.97) 0.89 0.373 0.18
Time * IR 0.05 0.06 (-0.06, 0.17) 0.86 0.389 0.75
Time * wLED < 0.01 0.06 (-0.12, 0.10) -0.12 0.902 1.00

Red deer Intercept -3.89 0.41 (-4.69, -3.09) -9.55 < .001 0.00
Time -0.09 0.06 (-0.21, 0.02) -1.63 0.104 0.53
IR < 0.01 0.50 (-0.99, 0.97) -0.02 0.984 0.12
wLED -0.69 0.53 (-1.72, 0.35) -1.30 0.192 0.12
Time * IR 0.06 0.08 (-0.09, 0.21) 0.81 0.421 0.65
Time * wLED 0.23 0.08 ( 0.08, 0.38) 2.96 0.003 0.00

Badger Intercept -4.49 0.37 (-5.22, -3.76) -12.12 < .001 0.00
Time 0.06 0.03 ( 0.00, 0.13) 1.85 0.064 0.82
IR 0.17 0.39 (-0.59, 0.93) 0.44 0.657 0.16
wLED 0.24 0.38 (-0.51, 0.99) 0.64 0.523 0.16
Time * IR 0.01 0.04 (-0.07, 0.09) 0.27 0.784 1.00
Time * wLED < 0.01 0.04 (-0.07, 0.08) 0.11 0.914 1.00

Pine Marten Intercept -5.95 0.54 (-7.02, -4.89) -10.95 < .001 0.00
Time 0.09 0.09 (-0.09, 0.28) 0.97 0.331 0.52
IR 1.69 0.58 ( 0.55, 2.82) 2.92 0.004 0.00
wLED 0.76 0.61 (-0.43, 1.95) 1.25 0.210 0.10
Time * IR -0.11 0.11 (-0.32, 0.09) -1.07 0.286 0.46
Time * wLED 0.03 0.11 (-0.18, 0.24) 0.30 0.768 0.56

Red fox Intercept -3.44 0.26 (-3.94, -2.94) -13.40 < .001 0.00
Time < 0.01 0.03 (-0.06, 0.05) -0.02 0.985 1.00
IR 0.03 0.32 (-0.59, 0.65) 0.09 0.926 0.19
wLED 0.18 0.31 (-0.44, 0.79) 0.56 0.574 0.19
Time * IR < 0.01 0.04 (-0.08, 0.07) -0.06 0.949 1.00
Time * wLED -0.01 0.04 (-0.08, 0.06) -0.30 0.763 1.00

Lynx Intercept -4.82 0.58 (-5.96, -3.67) -8.24 < .001 0.00
Time -0.22 0.14 (-0.49, 0.05) -1.58 0.113 0.24
IR -0.20 0.72 (-1.61, 1.21) -0.28 0.781 0.08
wLED 0.15 0.72 (-1.26, 1.55) 0.20 0.839 0.08
Time * IR 0.25 0.16 (-0.07, 0.57) 1.53 0.127 0.22
Time * wLED 0.26 0.16 (-0.06, 0.58) 1.59 0.112 0.20

Hare Intercept -3.91 0.36 (-4.61, -3.21) -10.94 < .001 0.00
Time 0.04 0.03 (-0.03, 0.10) 1.12 0.263 1.00
IR 0.38 0.42 (-0.44, 1.21) 0.91 0.363 0.14
wLED 0.25 0.42 (-0.58, 1.08) 0.59 0.555 0.14
Time * IR -0.05 0.04 (-0.13, 0.03) -1.26 0.209 0.88
Time * wLED < 0.01 0.04 (-0.08, 0.08) 0.03 0.975 1.00

Red squirrel Intercept -4.82 0.41 (-5.63, -4.00) -11.63 < .001 0.00
Time 0.08 0.05 (-0.01, 0.18) 1.67 0.095 0.62
IR 0.91 0.47 (-0.02, 1.83) 1.93 0.054 0.00
wLED 0.61 0.48 (-0.32, 1.54) 1.28 0.201 0.13
Time * IR -0.17 0.06 (-0.29, -0.05) -2.85 0.004 0.13
Time * wLED -0.02 0.06 (-0.13, 0.10) -0.29 0.771 0.92
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3.1 Cervidae

Three species of the family Cervidae, namely roe deer, moose and red deer, were detec-
ted. All three cervids were detected throughout the day, but had pronounced bimodal
peaks around the twilight hours. However, during winter, roe deer shifted towards a
more diurnal pattern, as seen in figure 3.2a. On the other hand, moose (figure 3.3)
and red deer (figure 3.4) showed a crepuscular pattern throughout the year. Con-
sequently, all cervids were subject to the white flash during twilight and night.

Roe deer had the highest detection rates in the study. Moose and red deer had similar
detection rates at the sites where they were present, but moose were detected at more
sites. Roe deer and red deer had significant responses to any model parameters in a
standard null hypothesis significance test (NHST). During white LED periods there
was a significant increase in red deer detection rates along the time axis (p = 0.003).
However, white LED periods weren’t significantly different from IR periods, as they
had a large overlap of confidence intervals.

For roe deer, the control period had a significantly negative trend along the time axis.
However, the equivalence test deemed it practically equivalent to having no effect, as it
was completely inside the ROPE. The slopes of the IR periods and white LED periods
were also found practically equivalent to zero effect (ie. Second Generation P-Value of
100%). The moose also had no trend along the time axis during control periods, but
although the SGPV for Time * wLED were 100%, the equivalence test failed to decide
on the parameter’s practical equivalence.

3.2 Carnivora

Four of the most commonly detected species were from the order Carnivora, split by
the three families Mustelidae, Canidae and Felidae. Badgers showed a clear nocturnal
activity pattern, and was most active during spring, as seen in figure 3.5a. The other
three species showed a crepuscular pattern, having activity peaks around the twilight
hours. Both foxes (figure 3.7) and pine martens (figure 3.6) had clear peaks at dusk.
Martens were increasingly active during the summer, whilst foxes remained almost
identical in activity the whole year through. In fact, foxes had the lowest variation in
seasonal pattern overall, which is represented by the low standard deviation in week
of the year in table 3.1. The lynx was the least common of the nine species included
in my analyses, with 78 events on 22 of the 56 sites. Accordingly, the density curves
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in figure 3.8a were quite rugged. Nevertheless, all peaks coincided well with the twi-
light hours of the respective seasons, and the summer had fewest total detections. All
carnivores were subject to the white LED during twilight and night time.

Badgers and red foxes had third and fourth highest detection rates, whilst pine marten
and lynx had the lowest detection rates. Pine marten was the only carnivore with a
significant parameter in a standard NHST. During IR periods the pine marten de-
tection rates were significantly higher than that of control periods, but the difference
between IR and white LED periods were non-significant. For both badger and red fox,
the treatment groups’ trends along the time axis were practically identical to that of
the control periods. Hence, the equivalence tests accepted the null hypothesis of no
effect for those two species.

3.3 Glires

The final two species in study both belong to the clade Glires, which consists of the
two orders Rodentia (red squirrel) and lagomorphs (mountain hare). The two Glires
species were polar opposites in their diel patterns. Hares showed a nocturnal to crepus-
cular pattern, whereas squirrels were diurnal, and were never observed around mid-

Figure 3.2: a) Bars represent the raw count of total roe deer detections per hour of the day, and density curves
show the diel pattern for each season. b) LED-CT photograph of a roe deer. This deer foraged near the flashing CTs
for a while. c) Equivalence test of model parameters. 90% confidence intervals are tested against the Region of Practical
Equivalence (set to ±0.1 Log-Mean). d) The predicted detection rate of roe deer for each period type. 95% confidence
intervals are represented by dotted lines.
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Figure 3.3: a) Bars represent the raw count of total moose detections per hour of the day, and density curves
show the diel pattern for each season. b) LED-CT photograph of a moose. This bull foraged in front of the flash for
a minute. c) Equivalence test of model parameters. 90% confidence intervals are tested against the Region of Practical
Equivalence (set to ±0.1 Log-Mean). d) The predicted detection rate of moose for each period type. 95% confidence
intervals are represented by dotted lines.

night. Like badgers, mountain hares were markedly more active during during the
spring. On the other hand, red squirrels were least detected during spring, and primar-
ily from dawn untill midday. Long summer days allowed them to spread their activity
between more sunlit hours, and peak detectability was during fall and winter. There-
fore, out of these two species, only the hare was subject to white light during night,
although squirrels sometimes passed a white LED CT during dawn.

Mountain hares had the second highest detection rates in the study, whilst red squir-
rels had similar detection rates to that of moose. Nevertheless, the squirrel was the
only Glires species that had any significant parameters in the standard NHST. IR
periods had a significantly negative slope compared to the control periods (p = 0.003),
but they were not significantly different from the white LED periods. In other words,
white LED had no effect on the trapping rates of neither red squirrels nor mountain
hares.
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Figure 3.4: a) Bars represent the raw count of total red deer detections per hour of the day, and density curves
show the diel pattern for each season. b) LED-CT photograph of a red deer. This stag stopped in front of the flash
for a minute, observing the CTs intently, before moving on. c) Equivalence test of model parameters. 90% confidence
intervals are tested against the Region of Practical Equivalence (set to ±0.1 Log-Mean). d) The predicted detection
rate of red deer for each period type. 95% confidence intervals are represented by dotted lines.

Figure 3.5: a) Bars represent the raw count of total badger detections per hour of the day, and density curves show
the diel pattern for each season. b) LED-CT photograph of a badger. This badger was foraging during rain weather,
and showed no reaction to the white flash. c) Equivalence test of model parameters. 90% confidence intervals are tested
against the Region of Practical Equivalence (set to ±0.1 Log-Mean). d) The predicted detection rate of badgers for each
period type. 95% confidence intervals are represented by dotted lines.
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Figure 3.6: a) Bars represent the raw count of total pine marten detections per hour of the day, and density curves
show the diel pattern for each season. b) LED-CT photograph of a pine marten. This marten defecated while observing
the camera traps, then went on inspecting the area. c) Equivalence test of model parameters. 90% confidence intervals
are tested against the Region of Practical Equivalence (set to ±0.1 Log-Mean). d) The predicted detection rate of
martens for each period type. 95% confidence intervals are represented by dotted lines.

Figure 3.7: a) Bars represent the raw count of total fox detections per hour of the day, and density curves show the
diel pattern for each season. b) LED-CT photograph of a red fox. This fox stopped in front of the flashing camera and
scratched its ear, before moving on. A second fox followed right behind. c) Equivalence test of model parameters. 90%
confidence intervals are tested against the Region of Practical Equivalence (set to ±0.1 Log-Mean). d) The predicted
detection rate of foxes for each period type. 95% confidence intervals are represented by dotted lines.
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Figure 3.8: a) Bars represent the raw count of total lynx detections per hour of the day, and density curves show
the diel pattern for each season. b) LED-CT photograph of a lynx. This lynx stopped to observe the CTs, before
moving on. c) Equivalence test of model parameters. 90% confidence intervals are tested against the Region of Practical
Equivalence (set to ±0.1 Log-Mean). d) The predicted detection rate of lynx for each period type. 95% confidence
intervals are represented by dotted lines.

Figure 3.9: a) Bars represent the raw count of total hare detections per hour of the day, and density curves show
the diel pattern for each season. b) LED-CT photograph of a mountain hare in winter coat. This camera had repeated
hare detections at night. c) Equivalence test of model parameters. 90% confidence intervals are tested against the
Region of Practical Equivalence (set to ±0.1 Log-Mean). d) The predicted detection rate of hares for each period type.
95% confidence intervals are represented by dotted lines.
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Figure 3.10: a) Bars represent the raw count of total squirrel detections per hour of the day, and
density curves show the diel pattern for each season. b) LED-CT photograph of a squirrel. Squirrels
were seen at this site often, and the pine marten in figure 3.6 was seen sniffing around repeatedly
during the same period. c) Equivalence test of model parameters. 90% confidence intervals are tested
against the Region of Practical Equivalence (set to ±0.1 Log-Mean). d) The predicted detection rate
of squirrels for each period type. 95% confidence intervals are represented by dotted lines.
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4. Discussion
This study examined the detection rates of nine sympatric mammal species during
periods with and without white LED camera traps present, and their activity patterns.
Animals can detect CTs using IR flash, both by hearing, smelling and seeing it (Meek
et al. 2014), but to a varying degree, as their surroundings are filled with distractions.
However, a white light emitting CT is noticeable for any land dwelling mammal during
night, and does startle some individuals (Glen et al. 2013; Meek et al. 2014; Rovero
et al. 2013). Contrary to my prediction, I found no clear evidence that capture rates of
any species were significantly impacted by the usage of white LED.

There were examples of individual foxes, roe deer, pine marten and one badger turn-
ing around and fleeing, when flashed by a white LED CT, but more common were
examples of species merely observing the CTs. Most animals seemed indifferent when
passing the white LED CTs, and individuals from all species of cervids were observed
ruminating for several minutes, while being repeatedly flashed. Nevertheless, the over-
all effect of white LED was minimal, suggesting these responses were short term avoid-
ance behaviour and did not lead to longer term avoidance of the sites. As shown in
the density plots (figure 3.2-3.10 a), CTs successfully recorded diel activity patterns for
all species, revealing seasonal variation in roe deer, badgers, pine martens, hares and
red squirrels. Red squirrel was the only diurnal species. Mountain hare and badger
showed nocturnal patterns, whereas the rest had crepuscular activity patterns.

4.1 Activity patterns and the effect of CT flashes

4.1.1 Carnivores

I did not detect an effect of white LED on badgers and red foxes. Lynx and pine
martens showed lower detection rates during control periods, than during IR and
white LED periods. Due to examples of frightened individuals, I expected to find de-
tection rates of foxes at least slightly lowered. Surprisingly, the mean detection rates
were highest during white LED periods, although the difference was non-significant.
Red fox was the fourth most common species, and so the frightened individuals could
represent a small minority that avoided white LED sites. To find out whether frightened
individuals were less likely to be redetected, one would need to recognize individuals.

In a recent study, Taggart et al. (2020) did just that, studying feral cats’ (Felis catus)
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responses to white and IR flash, by using a capture-mark-recapture design. They
found no evidence for white LED CTs affecting redetection, nor that flash type af-
fected behavioural responses to CTs. Beddari (2019) found lynx and wolves’ reactions
to CTs to vary with flash type, although she did not quantify the effect on detection
rates. Lynx were more dependent on visual cues to detect the camera traps, substan-
tiating their dependence on sight (Beddari 2019). However, just like Taggart et al.
(2020), I found no effect of white LED on the detection rates of felids. Whenever the
white LED CTs were absent, an empty metal case remained above the IR CT that
often got filled with snails, arthropods and dirt. The empty metal cases can have ac-
ted as hiding places and food sources for birds and squirrels. Consequently, they could
represent either an attractant or a repellant based on whatever occupied or marked
the case. Could this explain the attractant effect IR periods had on pine marten? If so,
my study design confounded the effect of white LED on pine martens detection rates.

Nevertheless, the overall effect of white LED was minimal, suggesting these responses
were short term avoidance behaviour and did not lead to longer term avoidance of
the sites. Hence, CT with or without white flashes are not likely to affect the four
carnivores in this study. This is important for the monitoring of lynx as white light
flashes provide detailed photos which can be used to distinguish between individuals
through their coat patterns. Being able to recognize individuals allows for capture-
mark-recapture study designs (Rovero et al. 2013), and higher accuracy of species
identification (Glen et al. 2013).

The daily activity patterns of badgers remained identical throughout my study, al-
though the overall activity level varied, seeing an especially large increase during
spring. Bartra Cabré (2020) found the activity patterns of badgers to be more affected
by temperature and time of day, than photoperiod, which hints at a low importance
of visual senses. The peak in activity during spring was also reported from Russia
(Ogurtsov et al. 2018), and is likely due to food availability (earth worms) and the
breeding season (Bartra Cabré 2020). Lynx were reported as crepuscular to cathem-
eral in the Russian study on diel patterns (Ogurtsov et al. 2018), which argued that
access to prey was the main cause for lynx diel patterns, in favour of ambient light.
They also noted that lynx elicit a cathemeral activity pattern in areas protected from
human disturbance. Foxes have been reported on having similar activity patterns
throughout the year (Ikeda et al. 2016), whilst pine martens vary from low and noc-
turnal activity in the winter, towards cathemeral patterns in the summer breeding
season (Zalewski 2000), both supported by my findings. Red foxes were found to be
more diurnal in areas with low human impact, whereas Zalewski’s (2020) report on
pine martens were from the Bialowieza National Park were human impact is low, fur-
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ther substantiating the claim that smaller animals react less to human disturbance,
than large animals (Gaynor et al. 2018). Conclusively, using a subset of camera traps
deployed by NINA, I was able to find diel and seasonal patterns of four carnivores
coinciding with earlier findings in the literature.

4.1.2 Cervids

Contrary to my prediction, cervid detection rates were similar between all periods,
and no species showed signs of white LED negatively impacting redetections. Hen-
rich et al. (2020) studied roe deer and red deer’s responses to no-glow IR, red-glow IR
and white flash, and found no change in trapping rates over time for any flash type or
species. However, they used a xenon white flash, which had a cool down of minimum
22 seconds, effectively hindering any meaningful comparisons of white flash detection
rates with the other two flash types. Although white LED periods saw a significantly
positive trend in red deer detection rates, the difference was non-significant compared
to the IR periods from the same sites. As red deer only were present at 26 of the 56
sites, seasonal changes not accounted for by the model random effects could explain
the differences between the period types. In my study, most cervids either reacted by
passing the white LED CTs unflustered, or by stopping in front of the camera for a
minute, inspecting the CTs and possibly scanning the area for other threats. As with
the carnivores, the overall effect of white LED was minimal, and did not lead to long
term avoidance of the sites.

Similar to my findings, earlier telemetry studies have shown crepuscular activity pat-
terns for roe deer, moose (Cederlund 1989) and red deer (Godvik et al. 2009). How-
ever, Kamler et al. (2007) found red deer to be cathemeral in the Bialowieza National
Park, Poland, where human hunting was prohibited, and abundant populations of
both lynx and wolves were present. The activity patterns of ungulates seem to be
driven by similar limitations in forage resources and avoidance of human disturbance
(Cederlund 1989; Kamler et al. 2007). My findings match the expected findings of
higher activity in summer (spent foraging for easily digestible plant material), and
lower activity during winters (spent ruminating on lower quality plant material).

4.1.3 Glires

Neither squirrel nor mountain hare detection rates were significantly affected by white
LED. However, squirrel detection rates had a significantly negative trend compared
to the control periods. Pine martens are predators of squirrels (Zalewski 2000), and
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squirrels may therefore try to avoid pine martens. The negative trend for squirrels
during IR periods could be correlated with the positive trend for pine martens during
the same periods. Many mountain hare events were excluded from the model when
I trimmed the period lengths, and presumably most of them from IR periods. That
could explain the negative slope for IR periods in figure 3.9d, and why the IR slope
wasn’t accepted as practically equivalent to the control slope. Moreover, it is also
worth considering the scaling when interpreting effect sizes of continuous variables,
like the variable for time since deployment. I scaled my time variable to represent 10
day intervals, in order for the model to converge. Consequently, the estimated effect of
time since deployment was ten times larger than it would have been unscaled, as one
day intervals. Conversely, had I scaled it to represent the whole span of 84 days, the
estimated effect and confidence interval would have been 8.4 times larger than what
it is now, thus leaving the equivalence tests of all species undecided on the effect sizes
of time since deployment. Notwithstanding, the standard null hypothesis significance
tests were unaffected as parameters remain proportionally distributed around 0.

Red squirrels are clearly adapted for diurnal activity, which has been observed re-
gardless of potential predators being present (Ikeda et al. 2016). I found spring to be
least active time of year for red squirrels. Both Ikeda et al. (2016) and Ogurtsov et al.
(2018) reported mountain hares as being nocturnal during autumn-winter and crepus-
cular during spring-summer. Their high activity in spring was explained by molting
and breeding season. I also found mountain hares to be more active during spring,
but they were nocturnal throughout the year, supporting the building evidence on
nocturnally shifting mammals in response to human disturbance (Gaynor et al. 2018).

4.2 Eye physiology and white flashes

Eye morphology in animals differ with diel activity patterns, e.g. between nocturnal
and diurnal species (Schmitz and Motani 2010). Most mammals vary less in eye mor-
phology than other amniotes (birds and reptiles) (Hall et al. 2012; Schmitz and Motani
2010), but they have other adaptations to increase light sensitivity. Nocturnal mam-
mals have a higher rod cell to cone cell proportion in their retina, than diurnal mam-
mals, sacrifizing colour vision and visual acuity for higher light sensitivity (Solovei et
al. 2009). Moreover, their rod cells are more efficient (Solovei et al. 2009), and they
have the reflecting intraocular structure, tapetum lucidum, which acts as a light amp-
lifyer and causes the ’eye-shine’ seen in night photographs (Ollivier et al. 2004). Eyes
more light sensitive than the human eyes could react stronger to white flashes (Dryja
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et al. 2005), and hence, I expected white LED CTs to pose an additional stressor on
night-active species in the form of flash blindness (Nakagawara and Montgomery 2001).
However, most mammals rely less on optical senses than humans, and so I used relat-
ive visual acuity as a measure of hypothetical importance of sight for each species.

In their supplementary material, Hall et al. (2012) provided data on the species they
had analysed, with eye measurement data. Three of the species in my study were
represented in their dataset, whilst most other were represented by the same genus
(except for roe deer). Relative visual acuity is given as axial length divided by corneal
diameter. Of the species in my study, lynx and pine martens ranked the highest (1.43),
cervids, squirrels and red foxes ranked medium (1.25 - 1.34), whilst mountain hares
(1.18) and badgers (1.05) ranked lowest. Contrary to my predictions, I found no evid-
ence supporting that visual acuity influence the impact of white LED on detection
rates. An argument for flash blindness could still be made when using xenon flashes,
as they are stronger than white LEDs (Rovero et al. 2013). To quantify the effect, the
researchers would need to deploy a second CT with the ability to take consecutive
photos or shoot video, as have already been proposed (Glen et al. 2013; Henrich et al.
2020).

Henrich et al. (2020) found evidence suggesting habituation to CTs, arguing that short
disturbances not connected to dangerous situations did not lead to long-term avoid-
ance. The white LED CTs in my study, were used as additional flashes at already
established IR CT sites. The white LEDs offered a novelty in emitting white light and
additional sound, but this was not enough to significantly alter the trapping rates to
any of the nine species. In other words, habituated animals were unaffected by the
increase of light and sound emittance in my survey.

There are growing evidence on CTs being low-invasive rather than non-invasive (Bed-
dari 2019; Henrich et al. 2020; Meek et al. 2016, 2014), but our expectation of white
light affecting animals more than IR CTs is still largely based on anecdotal evidence
and expectations. I argue that the expected difference between IR and white light
cameras is largely due to confirmation bias from CT operators and surveyors Seeing
is believing, and so, the conspicuous white light has mislead us to give more weight to
examples of white flashes affecting animals negatively. In reality, unsuspecting animals
will be surprised regardless of the sound or light wavelengths being emitted, as long as
they are detectable.
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5. Conclusion
Camera trapping is an increasingly important tool in animal ecology and wildlife con-
servation, exemplified by my findings on activity patterns. Using a subset of camera
traps deployed by NINA, I was able to find diel and seasonal patterns of nine sym-
patric mammal species, which matched earlier findings in the literature. Mountain
hares, cervids, lynx and red foxes showed signs of nocturnal shifts due to human dis-
turbance, whilst badgers, pine martens and red squirrels were unaffected.

The underlying assumptions for using CTs to investigate multiple species are that
CTs are unselective in which species they capture, or that biases in capture rates can
be corrected for. An accurate interpretation of data from camera trap studies is de-
pendent on understanding of how study design decisions such as the flash type may
influence the trapping rates of the target animals. I found no evidence that capture
rates of any of the nine mammal species in my study were significantly impacted by
the usage of white LED. My findings suggest that white-flash cameras are suitable
for studies using indices and capture-mark-recapture estimators. It is still uncertain if
some frightened individuals are less likely to be redetected, a question that can only
be answered by surveying marked individuals responses to both IR and white light
flashes. There are several reports on startled animals reacting to the sound output of
CTs before the white flash went off. As can be seen, nocturnally active mammals rely
on all their sensory inputs when interpreting their surroundings, highlighting the many
ways we can, and do, disturb our target species when monitoring them.
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