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»  Scent detection dogs can identify a small sample of live European spruce bark beetles with
a 98% sensitivity in the laboratory.

» Training a scent detection dog to detect bark beetles is relatively time-efficient.

» Early intervention strategies may benefit from inclusion of scent detection dogs in the man-
agement process

The European spruce bark beetle (Ips typographus L.) thrives in weakened mature spruce (Picea
abies (L.) H. Karst.) stands, causing massive destruction and becoming more abundant in Europe
since the late 2010s. Early identification of new outbreaks is essential to ensure timely logging of
infested trees to control the bark beetle population. Scent detection dogs (Canis lupus familiaris L.)
are being used to identify illegal substances, diseases, and animal scat. In this study, the use of
scent detection dogs in the identification of the European spruce bark beetle was tested. The main
objective was to examine whether a dog could be trained to reliably identify the scent of a small
group of live bark beetles. In this study we carried out comprehensive testing of the accuracy of
the method in the laboratory and performed a small-scale functionality study in a field setting.
The study was conducted by training two scent detection dogs to identify live bark beetles from
empty samples and interference samples. This study differs from previous publications regarding
spruce bark beetle detection, as our dogs were trained on live beetles. We concluded that, after a
relatively short training period (23 days within eight weeks), scent detection dogs can identify a
small sample of live European spruce bark beetles with a 98% sensitivity in the laboratory. The
sensitivity was remarkably high and gave positive indications of the method’s functionality and
usability in the future also in field conditions. The use of a scent detection dog can be a welcome
and effective way to identify bark beetle damage.
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1 Introduction

The European spruce bark beetle (Ips typographus L. (Spruce bark beetle; Coleoptera: Curculio-
nidae)) is considered to be the most economically significant forest pest of the Norway spruce
(Picea abies (L.) H. Karst.; hereafter referred to as spruce) (Wermelinger 2004; Venéldinen et al.
2020). The spruce bark beetle thrives in weakened mature spruce stands, and can cause massive
destruction in large, forested areas. Newly attacked trees show signs of boring holes, resin flow,
discoloration and eventually visible bark damage. Due to the changing climate, pest insects are
becoming increasingly prominent, broadening their range drastically (Battisti and Larsson 2015).
Attack risk is related to the nutrient and water supply of the trees (Wermelinger 2004; Netherer et
al. 2019), and due to increasing temperatures, conditions have become more favorable to spruce
bark beetle outbreaks in Northern Europe (Tikkanen and Lehtonen 2023). In Finland, though the
scale of damage has for now remained less significant compared to the Central Europe (Hantula et
al. 2023), spruce bark beetle outbreaks have become more abundant since the late 2010s (Hantula
et al. 2023; Tikkanen and Lehtonen 2023). Due to these progressing concerns, there is an immense
need to further develop new practices for mapping and controlling spruce bark beetle outbreaks
(Pulgarin Diaz et al. 2024). To decrease the risk of outbreaks spreading further, it is important that
infested trees are removed swiftly (Hlasny et al. 2021). To ensure success, this sanitation logging
should be done immediately after the infestation, before new spruce bark beetle adults emerge
from the spruce trees (Pulgarin Diaz et al. 2024). Humans are unable to visually note very early
infestations, which leads to complications in identifying new outbreaks and being able to act
promptly (Johansson et al. 2019).

Professionally trained scent detection dogs (also known as conservation detection dogs)
are specifically trained to detect a certain odor. The olfactory capabilities of dogs are central to
their success in working together with humans (Serpell 2016). Humans have six million olfactory
receptor cells, whereas sheepdog noses have more than 200 million, and beagle noses over 300
million (Horowitz 2009), allowing them to detect specific scents in a variety of environmental
conditions (DeMatteo et al. 2019). This extraordinary olfactory ability is harnessed in conservation
detection to locate species in the wild, such as endangered plants, mammals, and birds, or to detect
the presence of invasive species (DeMatteo et al. 2019). This non-invasive method is often more
efficient and less costly than traditional methods like camera traps or direct observation, especially
in dense or inaccessible terrain (Dahlgren et al. 2012; Bennett et al. 2019).

Despite their remarkable capabilities, the use of scent detection dogs in species identifica-
tion is not without challenges. Training these dogs requires significant resources and expertise,
as the process can be lengthy and expensive (DeMatteo et al. 2019). Furthermore, dogs must be
carefully matched to the environment and task, as different species and ecosystems present unique
challenges (DeMatteo et al. 2019). Previously, dogs have been trained to detect spruce bark beetle
pheromones by utilizing synthetic semiochemicals (Johansson et al. 2019; Vosvrdova et al. 2023).
Dogs have also been trained to detect other elusive insects like termites (Brooks et al. 2003), bed
bugs (Pfiester et al. 2008), palm weevils (Suma et al. 2014) and endangered Coleoptera (Mosconi
et al. 2017).

The purpose of this study was to investigate and describe a new, not much researched tool
for detecting spruce bark beetles. We wanted to establish whether scent detection dogs could be
trained to detect live spruce bark beetles in a laboratory setting within a relatively short three-
month training period. The main research questions were how sensitive a trained dog would be
to the scent of a small group of live bark beetles, how quickly could the training be done without
compromising accuracy, and could the method be transferred into a real forest setting.
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2 Methods
2.1 Dog selection

Two dogs were selected for the study, an 8-year-old spayed female medium German spitz (Dog A),
and a 2-year-old intact male volpino italiano (Dog B). Both dogs represented spitz-type breeds,
which is uncommon but not unheard of in scent detection use (Grimm-Seyfarth et al. 2021). There
are three groups of breeds most often utilized in species detection: sheepdogs and cattledogs, point-
ers and setters, and retrievers, flushing dogs and water dogs (Grimm-Seyfarth et al. 2021). While
dog selection is crucial for the success of a study (DeMatteo et al. 2019), we considered our study
approach to be executable with a variety of breeds. Dog selection poses additional challenges
regarding housing the dogs and where to place the dogs after a study is finished (DeMatteo et al.
2019), but our choice enabled us to work with dogs we were already familiar with. The dogs had
no previous experience in scent detection, but they were well-established sport dogs, allowing them
to be very trainable and enthusiastic. The dogs had been training and competing in other dog sports
like agility and obedience, and had therefore a lot of training experience outside of scent detection.

2.2 Material storage and handling

Spruce bark beetle adults were collected using pheromone traps (baited with Ipsowit® lures). To
ensure variability in sample scents, pheromone traps were placed in three different locations (fur-
thest ones being 467 km apart): Kontiolahti in the province of North Karelia (62°44'N, 29°55E);
Tampere (61°28'N, 23°45°E) and Sastamala (61°20°N, 22°55°E), in the province of Pirkanmaa.
Some spruce bark beetles were collected also by hand straight from the tree bark. All beetles were
collected from late May to early June. The was a large-scale ongoing epidemic at the time of
collection on all three collection sites. All collection sites were mature spruce dominated forests.
The beetles were handled with boiled tweezers to eliminate handler scent. All spruce bark beetle
material was stored in labeled glass containers in +4 °C, allowing the beetles to stay alive for the
duration of the study. After the study was finished, the beetles were euthanized by freezing.

Glass containers (128 cm?3) with metallic lids were used in the study (Fig. 1). The lids had
small air holes in them, allowing scent to pass through, but preventing the dogs from touching
the spruce bark beetles or other material. During testing, the containers were placed into opaque
ceramic holders, to avoid any visual cues for the dogs. After each test, the containers were boiled
and dried out to ensure no residual odor is left.

2.3 Outlines of the training and testing process

The dogs were trained using positive reinforcement. Positive reinforcement is a reward-based train-
ing technique, and it is an effective way to promote learning in scent detection (Hurt and Smith
2009; Johnen et al. 2013). In this study, mainly food rewards were used during initial training, but
occasionally also play-time (tug or ball). Our goal was to complete the training process within
three months, allowing some room for error in case of difficulties. Eventually, the training period
was eight weeks (23 training days), and it was split into three phases: imprinting phase, training
phase and pre-testing phase. Each dog was trained three times per week.

During the imprinting phase, the dogs were trained to associate spruce bark beetle odor
with food. When imprinting a dog on a new odor, the dog must learn that the recognition of this
specific odor is linked to a reward (Johnen et al. 2013). The dogs were trained directly on the target
smell, although synthetic pheromones had been used in previous studies on spruce bark beetle
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identification (Johansson et al. 2019; Vosvrdova et al. 2023). Training on live beetles was chosen
out of interest, one of the research questions being whether dogs could be trained directly on live
insects instead of synthetic pheromones. During the imprinting phase, the dog was allowed to sniff
only one individual container (spruce bark beetles inside) and was immediately rewarded with
food. A clicker was used as an aid to mark the correct action for the dog. A clicker is a device used
in dog training that emits a double-click sound and can be used as an additional tool to give the
dog a positive secondary reinforcement when the handler is further away, before the actual food
reward (Smith and Davis 2008).

Separately, the dogs were trained to perform a final alerting task called an “indication”
(Fig. 1). Dog A was trained to indicate the correct odor source by lying on the ground. Dog B was
trained to touch the right container with his left front paw. The methods of indication were chosen
according to the dogs’ own willingness and were trained using food. When moving to the next
phase the dogs already knew the indication behavior.

After the imprinting phase, the training proceeded to the training phase. During the train-
ing phase, the dog learned to discriminate between the target odor and interference (distracting,
incorrect) odors, and to perform the final indication on the target odor. In the training phase, the
dog was cued to search along a lineup-setting of containers, one of which contained the target
odor (spruce bark beetle), and the others being empty. The training phase was conducted as non-
blind: the handler knew which choice was correct. The training phase was continued until both
dogs presented over 75% correct indications on the ten-option lineup. This happened within 11
training days for both dogs.

Fig. 1. Dog A performs the final indication on the bark beetle
target container. Bark beetles are visible for illustrative purposes.



Silva Fennica vol. 60 no. 1 article id 25022 - Kangaslampi et al. - Training and utilizing scent detection dogs in....

During the pre-testing phase, the dogs were trained on a ten-option lineup, mimicking the
test setting. Interference odors were presented in the setting, to ensure the dogs had learned the
precise target odor. Spruce needles, tree bark, animal fur, dog food and wood chippings were used
as interference odors. The pre-testing phase was continued until both dogs showed 100% sensitiv-
ity (percentage of correct positives of all positives) during two training sessions, on a ten-option
lineup with one target odor and two interference odors.

The final testing phase consisted of 11 testing days, during which the dogs were tested a
total of 100 rounds. Dog A was tested on nine days, dog B 11 days, each dog performed 5 test runs
during one testing day. The testing phase was carried out by two people (dog handler and research
assistant) to enable the tests to be carried out as double blind tests (dog handler does not know
which option is correct, research assistant is not present in the room). This eliminated the risk of
the dog handler giving unconscious clues to the dog, which improves the reliability and repeat-
ability of the testing process. The test setting consisted of a ten-option line-up: ten containers were
placed side-by-side on the floor in ceramic opaque containers to avoid any visual clues (Fig. 2).
Each arrangement presented one correct option, one interference sample (tree bark, spruce needles,
dog food, animal fur), and eight empty containers. The research assistant placed the containers in
a random order, each container numbered (1-10), whilst the handler waited outside the labora-
tory room. After each test, the handler noted the indicated container number to the assistant, who
then confirmed (correct/not correct). The dog and handler were removed from the room after each
test round, to avoid handler interference. Each testing day consisted of five test runs per dog. All
indications were marked down.

Fig. 2. During the bark beetle detection testing phase, the glass
containers were placed into opaque containers to eliminate any
visual clues for the dog or the handler.
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Fig. 3. Dog B indicating on a bark beetle target placed into a spruce tree dur-
ing the field tests on area C.

After the initial laboratory tests, the dogs were tested in an outdoor setting. Outdoor testing
phase focused on indicating on targets higher up (in a tree, Fig. 3) and searching larger areas. After
two weeks (eight training sessions for both dogs) of transferring the search skill into a woodland
setting, the dogs’ skills were tested in the field to more reliably assess future research opportunities.
Four field sites were chosen, three of which being mature spruce-dominated forest stands, typical
for bark beetle damage, one being a grassy field area surrounded by some trees (Fig. 4). Spruce
bark beetles were hidden in trees at the height of 0-2 meters, using glass vials. At this stage, the
dogs’ skills were evaluated by observing and reporting. We performed 12 testing days, four for dog
A and eight for dog B. The size of the search area was 0.5—1 hectares, and each test run had 1-3
pre-hidden targets of spruce bark beetle. Three empty vials were hidden in each test. Each target
vial contained about 20 live spruce bark beetle individuals. When hiding target vials and empty
vials, the test assistant would walk around the study site and randomly touch additional trees to
ensure the dogs can’t just follow human scent to the vials. During one testing day, we performed
2-3 testing runs. The purpose of the small-scale field study was to collect data for larger field-
testing opportunities in the future, and to ensure the skills of the dogs were transferable from the
laboratory setting to a forest or field area.
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Fig. 4. Area A field-type test site, urban area, Area B forested test site, Area C forested test site, and Area D forested test
site. Terrain information and Creative Commons Licence CC BY-SA 4.0, © Maanmittauslaitos, 1/2025.

2.4 Data analysis

During each day of the testing phase, the numbers of correct positive, correct negative, false-
positive and false-negative indications were counted. These values characterize testing success in
scent detection. From the results of the test rounds, the following three indicators were calculated:
(1) Sensitivity = number of correctly identified positives/total number of positive samples % 100,
(2) Specificity = number of correctly identified negatives/total number of negative samples x 100,
and (3) Accuracy = number of correctly identified positives + correctly identified negatives/all
samples.

To analyze data relevance, we performed two non-parametric binomial tests (laboratory
results, field test results). Additionally, the difference between dogs’ performances in the labora-
tory was analyzed using a Mann-Whitney U-test. The statistical program used was IBM SPSS
Statistics 27.

3 Results

We found that after 23 days of training, during 11 testing days (Table 1), scent detection dogs could
identify a small (less than 10 individuals) group of spruce bark beetles effectively. In laboratory
setting, the choice of correct indication of spruce bark beetles by dogs was not random (binominal
test, n=100, p<0.0001), with a 98% (S.D. 3.86%) sensitivity (Table 2). Although the performance
of Dog B was slightly better than Dog A (A identified correctly 43/45, B 55/55), the difference
between the dogs was not significant (Mann & Whitney U=38.5, p=0.42). Overall specificity was
99.8% and accuracy was 99.6% (Table 2).
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Table 1. Schedule and results of the scent detection dog testing phase of spruce bark beetle detection in laboratory
conditions. Dogs were tested on a blind trial, ten-option line-up setting. Dog A participated in nine testing days, dog B
in 11 testing days.

Date Correct positives/ Correct negatives / Correct positives/ Correct negatives/
total positives (Dog A) total negatives (Dog A) total positives (Dog B) total negatives (Dog B)

27.7.2022 - - 5/5 45/45
29.7.2022 - - 5/5 45/45
1.8.2022 5/5 45/45 5/5 45/45
3.8.2022 5/5 45/45 5/5 45/45
9.8.2022 5/5 45/45 5/5 45/45
13.8.2022 5/5 45/45 5/5 45/45
15.8.2022 4/5 44/45 5/5 45/45
19.8.2022 4/5 44/45 5/5 45/45
20.8.2022 5/5 45/45 5/5 45/45
29.8.2022 5/5 45/45 5/5 45/45
2.9.2022 5/5 45/45 5/5 45/45
Overall 43/45 403/405 55/55 495/495

Table 2. Spruce bark beetle detection sensitivity, specificity and accuracy (n = 100) in the scent detection
dog laboratory testing phase.

Spruce bark beetle  n Sensitivity Specificity Accuracy

detection Mean S.D. Mean Correct! Mean Correct?
Dog A 45 95.6% +8.31% 99.5% 403/405 99.1% (43+403)/450
Dog B 55 100% +0,00% 100% 495/495 100% (55+495)/550
Overall 100 98.0% +3.86% 99.8% 898/900 99.6%  (98+898)/1000

I'correct negatives/all negatives x 100
2 correct positives+correct negatives/all samples x 100

Table 3. Results of field tests where the abilities of laboratory trained dogs to detect spruce bark
beetles in natural conditions were evaluated. Dogs were tested on 12 days, on four different field
sites. Each day consisted of two or three test runs; 1-3 targets were hidden for each run. One dog
was tested per day.

Date Field site, location, area Total number of Finds Dog
targets per day (correct positives)
5.6.2023 A, Sastamala; 5519 m? 2 2 A
3.7.2023 A, Sastamala; 5519 m? 3 3 B
15.7.2023 A, Sastamala; 5519 m? 5 4 A
28.7.2023 B, Urjala; 6724 m? 6 6 B
29.7.2023 B, Urjala; 6724 m? 8 7 B
5.8.2023 A, Sastamala; 5519 m? 4 3 A
12.8.2023 C, Huittinen; 8390 m? 4 4 B
14.8.2023 B, Urjala; 6724 m? 5 4 B
16.8.2023 A, Sastamala; 5519 m? 3 3 A
4.9.2023 D, Sastamala; 10050 m? 4 2 B
5.9.2023 D, Sastamala; 10050 m? 4 3 B
11.9.2023 B, Urjala; 6724 m? 6 5 B
Total sum 54 46
Overall sensitivity! 85.2%

I Correct positives/all positives x 100
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During the field tests, dogs were able to detect hidden vials of spruce bark beetle adults with
a sensitivity of 85.2% (Table 3). Sensitivity did not differ significantly between dogs (dog A 85.7%,
dog B 85.0%); however, dog A was tested only on four days, dog B on eight days. Bark beetle
detection and indication in an outdoor setting was not random (binominal test, n=54, p<0.0001).

4 Discussion

Our study demonstrated the proficient usability of scent detection dogs in identifying small groups
of spruce bark beetles. Our results show a remarkable 98% sensitivity under laboratory conditions,
which is in accordance with other similar studies. In comparison, other studies have proved detec-
tion dogs to be able to identify beetles or associated scents with a sensitivity of 84% (Osmoderma
eremita scent infiltrated paper, Mosconi et al. 2017), 73.3—-100% (Anoplophora glabripennis and
Anolophora chinensis, Hoyer-Tomiczek and Hoch 2020), and 99% (Ips typographus synthetical
semiochemicals, laboratory setting, Johansson et al. 2019). Accuracy was not mentioned in some
studies, as sensitivity is a more direct measure in identifying correct positives in a laboratory setting.

Accuracy of trained dogs in our study was also excellent, 99.6%. Johansson et al. (2019)
reported that their dogs did not sample (sniff) all presented containers, which resulted in lower
correct negatives (specificity) and thus lower accuracy. In our study, the dogs sampled all odor
containers, resulting in high accuracy. This does not directly correlate between dogs’ skills but is
more due to differences in training strategies.

In our study, the dogs were trained in only 23 days before the testing phase, during the period
of eight weeks (three times per week). Few previous studies report the duration of training before
testing dogs. Suma et al. (2014) reported a training period of three months with inexperienced dogs,
thrice weekly, which is of similar duration. Johnen et al. (2013) suggested that the duration of scent
detection dog training could vary between 7 days and 16 months, depending on the experience level
of the dog. While the basic training period can be only 1-3 months, the subsequent discrimination
phase can last up to 6 or 7 months (Suma et al. 2014; Hoyer-Tomiczek et al. 2016). Our study also
shows that dogs can be trained directly on live spruce bark beetles, which differs from previous
studies (e.g. Johansson et al 2019). Regarding other species, however, there are indications of
successful training directly on insects (e.g. Suma et al. 2014; Hoyer-Tomiczek and Hoch 2020).

Although the number of dogs used in this study and the test settings were limited, the
results are extremely encouraging. During small-scale field tests, the dogs found hidden spruce
bark beetle targets with an 85% sensitivity. In relation to other publications (but different beetle
species), our results appear similar. Hoyer-Tomiczek and Hoch (2020) reported a 73% sensitivity
in a field-setting, Mosconi et al (2017) 69% in difficult terrain. Our field study was limited and
was only intended as a pilot test to offer insight into performing a larger study in the future. Dog
A participated in only four testing days, due to feeling under the weather in September, so mainly
dog B was tested. During the initial field tests, we could purposefully plan for future large-scale
field tests, to ensure method functionality in a real-life scenario. However, the field test success-
fully achieved its main purpose, which was to confirm that the dogs’ skills were transferable into
a more demanding setting, outside of a laboratory room.

It can be concluded that scent detection dogs could be used in early identification of spruce
bark beetles, especially as an additional tool to complement visual inspection or remote sensing
methods. Remote sensing techniques can be useful in forest canopy mortality assessments (Junt-
tila et al. 2024; Turkulainen et al. 2025) but lack the timely accuracy of terrestrial surveys (Kautz
et al. 2024). Remote sensing can therefore be an important tool to complement terrestrial surveys
but cannot currently fully replace them (Kautz et al. 2024), which highlights the need for other
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options. Dogs’ main advantage compared to humans is search speed and accuracy (Johansson et
al. 2019; Vosvrdova et al. 2023). Currently, the “search and pick” method of removing infested
trees by sanitation logging within 2—3 weeks of attack seldom succeeds (Svensson 2007) due to
timing errors and unclear identification of new infestations. Utilizing scent detection dogs can help
pinpoint the colonized trees at the exact time of infestation, thus enabling acting more swiftly. A
more timely risk assessment would enhance workflow and management efficacy (Kautz et al. 2024).

This study indicates that scent detection dogs can be a versatile, effective and welcome addi-
tion to the toolbox of forest owners and managers to tackle the problem that bark beetles cause to
forest health. Though detection dog training requires expertise and time investment, it does not
appear to be too demanding or excessively expensive, in comparison to its possibilities in avoiding
huge financial losses in silviculture.

Further experiments should be carried out to confirm the usability and efficiency of the
method in a larger forest setting over a longer time period. Sample placement at different heights
should be studied and evaluated due to its relevance to a natural spruce bark beetle detection situ-
ation. The training method described in this study is not only suitable for detecting spruce bark
beetles, but it can also be used to train dogs to detect a variety of other forest pests, including
invasive alien species.
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